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Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)

1 Executive Summary
1.1.

Product Introduction

Brexpiprazole (OPC-34712, OPC-331, and Lu AF41156; proposed proprietary name “Rexulti”) is
a new molecular entity atypical antipsychotic co-developed by Otsuka Pharmaceutical Co, Ltd
(Otsuka) and H. Lundbeck A/S (Lundbeck). It has partial agonist activity at serotonergic 5-HT1A
and at dopaminergic D2 receptors, antagonist activities at serotonergic 5-HT2A, and antagonist
activity at noradrenergic α1/2 receptors. The Sponsor states that it also has a broad spectrum
of binding affinities and actions on several other central monoaminergic receptor subtypes.
With this submission, the Sponsor is seeking claims for treatment of schizophrenia and
adjunctive treatment of major depressive disorder (MDD). The product will be available as
tablets for oral administration, for which the Sponsor has proposed 0.25 mg, 0.5 mg, 1 mg, 2
mg, 3 mg, and 4 mg dosage strengths. For schizophrenia, the proposed dosing regimen is 1 mg
per day for the first four days of treatment, with an increase to 2 mg after Day 4 and to 4 mg
after Day 7, based on the patient’s clinical response and tolerability. For adjunctive treatment
of MDD, the proposed dosing regimen is 0.5 or 1 mg per day as a starting dose, with titration to
a target dose of 2 mg per day at intervals up to 1 week based on the patient’s clinical response
and tolerability.
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2 Therapeutic Context
2.1.

Analysis of Condition

The Sponsor is seeking two indications for this product—adjunctive treatment of major
depressive disorder (MDD) and treatment of schizophrenia.
Adjunctive Treatment of Major Depressive Disorder
MDD is a debilitating and chronic illness. According to a 2012 World Health Organization (WHO)
Fact Sheet, depression is “the leading cause of disability worldwide, and is a major contributor
to the global burden of disease.” This disease is characterized by low mood, anhedonia, feelings
of guilt and worthlessness, low energy, and other emotional and physical symptoms. In severe
cases, MDD can result in suicide.
Partial response to pharmacologic treatment is common. In the National Institute of Mental
Health (NIMH)-sponsored Sequenced Treatment Alternatives to Relieve Depression (STAR*D)
trial, only 28% of patients achieved remission (defined as a score of ≤ 7 on the 17-item
Hamilton Depression Rating Scale [HAM-D17]) during first-line treatment with a selective
serotonin reuptake inhibitor (SSRI).
The HAM-D17 is one of the two most commonly used measures in clinical trials to assess
symptoms of depression. The other is the Montgomery Åsberg Depression Rating Scale
(MADRS), which was used in the brexpiprazole development program.
Schizophrenia
Schizophrenia is a severe and chronic mental illness affecting approximately 1% of the
population. The onset of illness is typically sometime between one’s late teens and mid-thirties.
This chronic, disabling disease is characterized by abnormal behavior and psychosis. Symptoms
are categorized into to positive (e.g., hallucinations and delusions) and negative (e.g., social
withdrawal and lack of emotion, energy, and motivation) domains, with most available
medications having their predominant effects on positive symptoms. Although there are a
number of approved treatments for this condition, an individual patient may require several
trials with different antipsychotic drugs before an effective and reasonably-tolerated treatment
is identified.
In clinical trials, the Positive and Negative Syndrome Scale (PANSS) is frequently used for
measuring symptom severity of patients with schizophrenia and other psychotic disorders. The
scale captures both positive and negative symptoms, as well as general psychopathology. The
PANSS is an interviewer-rated scale consisting of 30 items: 7 positive, 7 negative, and 16
general, all of which are rated on a scale of 1 to 7. Thus, 30 is the minimum possible score, and
18

Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
210 is the maximum. The PANSS is one of the most common and widely accepted scales
available for quantifying psychotic symptoms.

2.2.

Analysis of Current Treatment Options

Adjunctive Treatment of MDD
To date, only two drugs have received an indication for the adjunctive treatment of MDD—
aripiprazole and quetiapine XR. Like brexpiprazole, these drugs are in the class of atypical
antipsychotic medications. In fact, aripiprazole was also developed, and is currently marketed,
by Otsuka.
Other strategies commonly used by clinicians when patients have an inadequate response to
antidepressant treatment include:
• maximizing antidepressant doses
• changing to a different antidepressant
• adding or changing psychotherapy
• ECT
• Off-label augmentation with lithium, thyroid hormone, anticonvulsants, or stimulants
Schizophrenia
A number of “typical” and “atypical” antipsychotics are currently available for the treatment of
schizophrenia. Though not an exhaustive list, examples of typical antipsychotics include
haloperidol, thioridazine, and trifluoperazine. Atypical antipsychotics include olanzapine
(Zyprexa), risperidone (Risperdal), quetiapine (Seroquel), aripiprazole (Abilify), ziprasidone
(Geodon), paliperidone (Invega), iloperidone (Fanapt), and asenapine (Saphris). Because of the
risk of agranulocytosis, clozapine (Clozaril) is approved only for treatment-resistant
schizophrenia.
Some of the relevant class safety issues for antipsychotics include extrapyramidal side effects,
tardive dyskinesia, neuroleptic malignant syndrome, hyperprolactinemia, orthostatic
hypotension, weight gain, metabolic changes, and blood dyscrasias. In general, the typical
antipsychotics have been associated with more extrapyramidal side effects compared to the
atypical antipsychotics, though the latter are not devoid of this adverse effect. The atypical
antipsychotics have been associated more with weight gain, hyperglycemia and hyperlipidemia
side effects compared to the typical antipsychotics. Within each class of typical or atypical
antipsychotic, the incidence of these adverse effects varies.
Although there are a number of approved atypical antipsychotics currently on the market,
including some with indications for adjunctive treatment of MDD, individual patient response
to a given antipsychotic cannot be predicted. For an individual patient, several trials of different
products are often required before an effective treatment can be identified. There are also
19
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some patients for whom an effective treatment has yet to be identified, despite multiple trials.
Thus, having additional treatment options is always valuable.

3 Regulatory Background
3.1. U.S. Regulatory Actions and Marketing History

Brexpiprazole is a new molecular entity (NME), and is not currently marketed in the United
States or elsewhere.

3.2.

Summary of Presubmission/Submission Regulatory Activity

Bexpiprazole was developed for the treatment of schizophrenia under IND 101,871, which was
allowed to proceed on May 18, 2008. The development program for adjunctive treatment of
MDD occurred under IND 103, 958, which was allowed to proceed on April 2, 2009. The list
below is not exhaustive; rather, it is focused on major pre-submission activities, decisions, and
advice. Chemistry, Manufacturing, and Controls (CMC)-specific End of Phase 2 and pre-NDA
meetings are not included in the list below.
Meetings
March 29, 2011: End of Phase 2 Meeting
At this meeting, both the schizophrenia and MDD development programs were addressed.
Related to the MDD program, FDA informed Lundbeck that Study 331-08-211 would not likely
be considered a positive study (failed to demonstrate efficacy based on the pre-specified
analysis), and that at least two positive studies, including at least one fixed-dose study, would
be required to support an indication of adjunctive treatment of MDD. FDA further
recommended studying fixed doses of 1 mg and 3 mg. Possible dose-dependent risks for
akathisia, weight gain, and increased CPK concentration were noted, and FDA recommended
that these be systematically assessed. FDA did acknowledge that 331-09-222 might serve as a
pivotal study if the Sponsor could provide data from an adequate and well-controlled positive
fixed-dose study. In response to FDA’s recommendation, the Sponsor proposed two fixed-dose
studies: one with 1 mg and 3 mg doses, the other using only a 2 mg dose. FDA stated that this
was acceptable, but recommended including all three doses in a single study. FDA agreed to the
Sponsor’s proposed use of the Sheehan Disability Scale (SDS) as a key secondary endpoint, but
noted that other proposed secondary endpoints (e.g., remission rate) would be viewed as
exploratory.
In regard to the schizophrenia development program, the Sponsor proposed two potential
pivotal trials: one with four treatment arms (placebo, 1 mg, 2 mg, and 4 mg), and the other with
three treatment arms (placebo, 2 mg, 4 mg). FDA agreed that the Clinical Global Impression20
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Severity (CGI-S) and Personal and Social Performance Scale (PSP) would be acceptable key
secondary endpoints.
September 27, 2013: Written Response Only pre-NDA guidance on non-CMC issues.
In response to the Sponsor’s inquiry whether positive results from Studies 331-10-227 and 33110-228 would be sufficient to support an indication for adjunctive treatment in MDD, FDA
stated:
As previously stated in the EOP2 meeting, we would require at least one positive fixeddose study to support an NDA application. Although this will be a matter for review, it
appears that the two fixed-dose studies 227 and 228 would be sufficient to support an
NDA application, if they are positive studies.
FDA further noted that efficacy data from the individual studies would be reviewed for the
primary endpoint. The Sponsor noted a plan to also include pooled data; FDA stated the pooled
analyses could be submitted as supportive data, but that it was not clear how the information
would be used.
FDA also agreed that positive results from 331-10-230 and 331-10-231 could support an NDA
for schizophrenia.
May 12, 2014: Pre-NDA Meeting
FDA’s preliminary comments note, “On face, only one study demonstrated the efficacy of
brexpiprazole as adjunctive therapy in MDD.” At the face-to-face meeting, the Sponsor
presented the data to support an indication for adjunctive treatment of MDD. At that time, the
Division agreed that the data from the clinical trials support filing, but remained silent on the
acceptability of the Sponsor’s analyses, leaving the results up to interpretation as a potential
review issue. In addition, FDA informed the Sponsor that the population of patients with MDD
(b) (4)
studied would not warrant an indication for
, only “adjunctive
treatment” of MDD.
FDA stated that the summary of efficacy results for the schizophrenia studies appeared to
support filing.
Key Protocol Submissions
On February 28, 2011, the Sponsor submitted a thorough QT study protocol. FDA provided
comments on April 28, 2011, noting that the Sponsor’s proposed design was not acceptable,
and providing alternative options. The Sponsor responded on May 19, 2011, acknowledging
FDA’s comments, and incorporating changes in the study protocol to address them.
In April of 2011, the Sponsor submitted protocols for the proposed pivotal trials in both the
schizophrenia and adjunctive MDD programs. FDA sent comments to the Sponsor related to
both development programs on May 19, 2011.
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• MDD: FDA strongly discouraged the use of last observation carried forward (LOCF)
approach for the primary analysis, recommended that the Sponsor propose sensible
sensitivity analyses in case the missing data mechanisms is “missing not at random,” and
recommended including the Sheehan Disability Scale (SDS) at additional time points.
Pertaining only to Study 331-10-227, FDA noted that the proposed hierarchical multiple
testing procedure (Hochberg) is a non-separable procedure. Thus, the null hypothesis
associated with the key secondary endpoint could only be tested if both null hypotheses
associated with the primary endpoint were rejected.
• Schizophrenia: Statistical comments on these protocols were similar to those on the
MDD protocols—LOCF was discouraged, the Sponsor was encouraged to explore
alternative sensitivity analyses if the data are “missing not at random,” and potential
problems with the Hochberg procedure were noted (applicable to both proposed pivotal
trials). FDA advised the Sponsor that either the CGI or PSP could be used as a key
secondary, but not both.
The Sponsor responded to the pivotal trial design comments on August 15, 2011. The Sponsor
made changes to the primary analyses and sensitivity analyses as advised but, regarding the
Hochberg procedure, acknowledged our concerns but kept this procedure in the statistical
plans.
In April, 2012, the Sponsor submitted Amendment 3. This amendment provides the basis for
the Sponsor’s claim that Study 331-10-227 is a positive trial; however, this claim is based on
analyses using the per-protocol set, rather than the intent-to-treat set. FDA sent an Information
Request to the Sponsor on May 4, 2012 seeking clarification on several points, to which the
Sponsor replied on May 11, 2012. Key among these:
FDA Comment #6: Clarify your analysis plan regarding subjects who have already
been randomized based on the original response criteria. Will they be completely
excluded from the final analysis, or will they be included in the final analysis?
Otsuka’s Response: The final analysis will be based on the intent-to-treat (ITT) principle
to include all randomized subjects in the analysis as randomized. In addition, we will
provide the analysis on the per protocol set (PPS) analysis, which will exclude those
subjects who do not meet the new response criteria as supportive analysis. Statistical
analysis will be done to examine the impact on study conclusions of these patients.
Thus, the at the time Amendment 3 was submitted, the Sponsor reaffirmed that the primary
efficacy analysis would be conducted on the ITT population, not the newly-established perprotocol set.
Statistical Analysis Plans
The Sponsor submitted a revised Statistical Analysis Plan (SAP) for Study 331-10-228, including
the changes related to Amendment 3, on May 24, 2013 (note: Study 331-10-228 is a positive
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study, regardless of changes related to this amendment). FDA sent comments to the Sponsor
on July 8, 2013. FDA informed the Sponsor that we would not accept individual items from the
SDS as additional key secondary endpoints.
The Sponsor submitted an SAP for studies 331-10-230 and 331-10-231 on November 18, 2013,
with a proposal for analysis of the primary endpoint via a two-step process. FDA sent comments
on this plan to the Sponsor on December 17, 2013, noting that the plan appeared acceptable,
but discouraging the Sponsor from making modifications to the protocol near the end of the
studies. The Sponsor replied to those comments on December 23, 2013, noting that the
proposed changes were based on experience in the MDD development program:
The Hochberg method tended to be overly conservative when used in the above
referenced studies, with less power to test for treatment effects with multiple
comparisons. In both studies the p-value for the higher dose group was less than 0.05 but
greater than 0.025.
The Sponsor also noted that the data in the schizophrenia trials had not yet been unblinded.
FDA responded to that submission on February 11, 2014, asking the Sponsor to include results
based on the originally-proposed testing procedure and the new plan with the NDA application.
Initial Pediatric Study Plan
The Sponsor submitted an initial pediatric study plan (iPSP) to IND 103,958 (adjunctive MDD) on
October 31, 2013. FDA sent comments on the MDD iPSP on December 20, 2013, acknowledging
the Sponsor’s request for a full waiver from pediatric studies for this indication. The Agreed
iPSP was submitted on January 10, 2014.
The Sponsor submitted an iPSP to IND 101,871 (schizophrenia) on November 26, 2013 and the
schizophrenia iPSP on February 25, 2014. The Sponsor responded to FDA’s comments on the
schizophrenia iPSP on March 31, 2014. The Sponsor was granted a waiver for studies in children
less than 13 years old for schizophrenia, and a deferral for studies in children ages 13 to 17. The
Agreed iPSP was submitted on April 24, 2014. The Sponsor intends to conduct three studies, all
in children ages 13 to 17—a Phase 2 PK/PD study, a Phase 3 efficacy study, and a Phase 3 openlabel safety study.
Information Requests
On September 21, 2010, the medical reviewer for these applications requested additional
safety information related to cases of seizures and other serious adverse events in the
development program. The Sponsor responded to the request on October 25, 2010.
FDA sent an information request on September 6, 2012, for additional information regarding
seizures, tremors, and musculoskeletal adverse events. The Sponsor responded on October 16,
2012.
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On February 14, 2014, FDA requested information regarding potential risk factors for seizures
and other serious adverse events. The Sponsor responded on March 12, 2014.
Data from each of these requests has been incorporated into the Review of Safety in Section 8,
below.

3.3.

Foreign Regulatory Actions and Marketing History

Brexpiprazole is not currently marketed in any other country.

4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety
4.1.

Product Quality

(b) (4)
The proposed commercial product is an unscored, immediate-release,
tablet.
Proposed strengths include 0.25, 0.5, 1, 2, 3, and 4 mg. Because the product is unscored and,
thus, not designed to be split, some of the smaller dosage forms may be required to achieve
lower doses (e.g., when the product is co-administered with CYP2D6 inhibitors). It is not a
sterile drug substance.

The primary review (original dated 2/26/15; addendum 6/3/15) from Wendy Wilson, PhD, and
Thomas Wong, PhD, notes that adequate information has been provided to allow a satisfactory
evaluation of the quality of both drug substance (DS) and drug product (DP). DS and DP are
manufactured and packaged in accordance with the procedures and proposed specifications to
assure their quality throughout shelf life. At the time the original review was filed, there were
several outstanding issues. The June 3 addendum notes that all previously pending issues
regarding the dissolution method, facilities evaluation, methods validation evaluation, and
(b) (4)
evaluation of the need for a control limit for the
impurity by the nonclinical
reviewer are resolved satisfactorily. Thus, Drs. Wilson and Wong recommend approval from a
CMC perspective.
Minerva Hughes, Ph.D., was the primary Biopharmaceutics reviewer. She noted that Study 33113-209 was conducted to demonstrate bioequivalence between the clinical Phase 3 tablets and
the proposed commercial tablets, not because of a difference in the qualitative and
quantitative composition of the clinical and commercial tablets, but because the clinical Phase 3
tablets exhibited slower dissolution rates owing to a change in the drug product manufacturing
process. Bioequivalence was demonstrated satisfactorily, and Dr. Hughes recommended
approval from a Biopharmaceutics perspective.
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4.2.

Devices and Companion Diagnostic Issues

4.3.

Clinical Microbiology

4.4.

Nonclinical Pharmacology/Toxicology

Not applicable.

John Metcalfe, PhD, conducted the primary Product Quality Microbiology assessment (review
dated December 2, 2014). He noted that the microbial limits specification for brexpiprazole is
acceptable from a Product Quality Microbiology perspective. The drug product will also be
tested for Microbial Limits annually as part of the post-approval stability protocol.

Violetta Klimek, PhD, was the primary nonclinical reviewer for this application. She filed her
review on March 19, 2015. She notes that brexpiprazole was adequately assessed in nonclinical
studies and there are no findings that would prevent the approval of this drug.
Standard nonclinical studies were adequately conducted to support chronic use of
brexpiprazole. Toxicities observed in rats, mice, and monkeys were related to the exaggerated
pharmacological activity of brexpiprazole which caused hypoactivity, tremors (monkey),
hypothermia, increased serum prolactin (rats and mice), decreased blood pressure, and
prolonged QT/QTc interval (monkey and dog at 146 – 243 times, respectively, the maximum
recommended human dose (MRHD) of 4 mg/day on mg/m2 basis).
Brexpiprazole is considered to be not genotoxic. The two-year carcinogenicity study resulted in
increased incidence of mammary gland adenocarcinoma at 0.9 to 6.1 times the MRHD, and
adenosquamous carcinoma at 2.4 and 6.1 times the MRHD in female mice. No drug-related
tumors were seen in male mice. Elevated prolactin levels in mice were observed in a 2-week
study of brexpiprazole at 6.1 times the MRHD. Increases in prolactin level are known to cause
mammary tumors in rodents and this finding has been seen with similar antipsychotic drugs
(e.g., aripiprazole). In the rat study, brexpiprazole was not carcinogenic in either sex at doses up
to 73 times the MRHD.
Brexpiprazole was not teratogenic in rats or rabbits at doses up to 73 times or 730 times the
MRHD, respectively, although in the pre- and postnatal study in rats, developmental toxicity in
offspring of low birth weight, impaired viability, suppressed body weight gain, delayed pinna
unfolding, and decreased number of corpora lutea were noted at maternally toxic doses (73
times the MRHD) that included impaired nursing behavior attributable to pharmacologicallymediated effects on the CNS.
Dr. Klimek included labeling recommendations in her review that reflect the above findings.
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4.5.

Clinical Pharmacology

The Office of Clinical Pharmacology (OCP) review (lead author, Huixia Zhang, PhD) was filed on
March 9, 2015. OCP concluded the following:
• Brexpiprazole can be taken with or without food.
• For schizophrenia and MDD patients with renal or hepatic dysfunction (moderate
impairment or worse), the maximum recommended doses are 3 mg/day and 2 mg/day,
respectively. Close monitoring of patients with renal or hepatic dysfunction during dose
initiation is highly recommended.
• Brexpiprazole dose should be reduced by half in patients taking strong CYP3A4 or
CYP2D6 inhibitors, or in patients with known CYP2D6 poor metabolizer (PM) status.
• Brexpiprazole dose should be reduced to a quarter (25%) of the usual dose when
coadministered with a strong CYP3A4 inhibitor and a strong CYP2D6 inhibitor, or in
patients with known CYP2D6 PM status concomitantly taking a strong CYP3A4 inhibitor.
• Brexpiprazole dose should be doubled in patients coadministered with a strong CYP3A
inducer. Further dose adjustments on the basis of clinical response may be needed.
• No significant QTc prolongation effect of brexpiprazole at a dose of 12 mg was detected
in a thorough QT study.
4.5.1. Mechanism of Action

Brexpiprazole is a partial agonist at serotonergic 5-HT1A and dopaminergic D2 receptors, and
an antagonist at serotonergic 5-HT2A receptors. It also has antagonist activity at noradrenergic
α1/2 receptors and a broad spectrum of binding affinities and actions on several other central
monoaminergic receptor subtypes and transporters. The major metabolite of brexpiprazole,
DM-3411 (> 10% compared with total drug-related exposure), is present in all species studied
(mice, rats, rabbits, dogs, monkey and humans), has a pharmacological profile similar to
brexpiprazole, but is generally less potent. DM-3411 was not detected in rat brain even with
high doses of brexpiprazole, suggesting poor penetration into the brain.
As with most psychiatric medications, the exact mechanism of action for brexpiprazole is
unknown. Antipsychotic effects are thought to be related to actions on the dopamine system,
whereas antidepressant effects are thought to be related to action at serotonergic receptors.
4.5.2. Pharmacodynamics

OCP evaluated the relationship between brexpiprazole exposure and clinical response. As
shown in Figure 1, below, there was no significant increase in responder rate with the increase
of brexpiprazole AUC in the MDD trials. However, as shown in Figure 2, below, there was a
significant increase in responder rate with the increase of brexpiprazole AUC in subjects with
schizophrenia.
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Figure 1: No Significant Increase of Respondera Rate with the Increase of AUC in
Brexpiprazole-Treated Patients, MDD Trials

a

Response defined as > 50% reduction in MADRS total score at Week 14 from end of Phase A (Week 8).
(source: OCP review, Figure 4)

Figure 2: Increase in Respondera Rate with the Increase of AUC in Brexpiprazole-Treated
Patients, Schizophrenia Trials

a

Response defined as > 30% reduction in PANSS score at Week 6/ET or CGI-I value of 1 or 2 at Week 6/ET.
(source: OCP review, Figure 2)

4.5.3. Pharmacokinetics

The current submission includes 26 clinical pharmacology studies (19 in healthy subjects and
seven in patients), and 20 in vitro studies. The submitted studies include six PK studies (two
single ascending dose PK studies in healthy volunteers, two multiple dose PK studies in healthy
volunteers, and two multiple dose PK studies in patients), three intrinsic factor studies (hepatic
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impairment, renal impairment, race and gender studies), seven extrinsic studies (effect of food,
activated charcoal with sorbitol, and increased gastric pH, rifampin, ketoconazole, quinidine
and ticlopidine on brexpiprazole PK; effect of brexpiprazole on CYP3A4, CYP2D6, and CYP2B6
substrates as well as BCRP and P-gp substrates), two receptor binding studies, and one
thorough QT study. Population PK and ER analyses were also performed. All of these studies
were reviewed by OCP. Some of the key findings from the OCP review include:
•
•
•

•
•
•
•
•
•
•

Absolute bioavailability of brexpiprazole is about 95%.
Administration of brexpiprazole with food (high-fat meal) does not affect its rate or
extent of absorption.
Even though aqueous solubility of brexpiprazole is pH dependent, co-administration of
brexipiprazole with omeprazole does not result in clinically relevant changes in
bioavailability of brexpiprazole. Gastric acid pH modifiers (including antacids, H2
receptor antagonists, and PPIs) are not expected to affect the absorption of
brexpiprazole significantly.
Brexpiprazole is highly bound (greater than 99%) to plasma proteins. Brexpiprazole
protein binding is not affected by renal or hepatic impairment.
Hepatic clearance is the major route of elimination, and brexpiprazole (0.25 mg, 1 hour
IV infusion) clearance is 19.8 (±10.0) mL/h/kg.
Brexpiprazole is mainly metabolized by CYP3A4 and CYP2D6; about 14% and < 1% of the
dose is excreted as unchanged parent drug in the feces and urine, respectively.
After single-dose and multiple-dose (once-daily) administration, brexpiprazole and its
metabolite DM-3411 are the major moieties with greater than 10% of the total exposure
in the systemic circulation. DM-3411 is not considered as an active metabolite.
The steady state median brexpiprazole Tmax is 3.0 hours, and the mean terminal T1/2 is
about 91 hours. The overall median Tmax of DM-3411 is 5.0 hours, and the mean
terminal T1/2 is about 86 hours.
Brexpiprazole steady state is reached after 10 to 12 days of once daily administration,
and the accumulation ratio is about 4-fold. At steady state, DM-3411 represents 23-48%
of brexpiprazole exposure in plasma.
Brexpiprazole Cmax and AUC increase approximately in proportion to the dose after
either single-dose or multiple-dose (once-daily) oral administration.

Intrinsic factors:
• Age: Elderly (≥ 65 years) and adult (18 to 45 years) subjects exhibited similar
brexpiprazole PK parameters (Cmax and AUC).
• Gender: Female subjects exhibited 42% to 46% higher brexpiprazole systemic exposure
(Cmax and AUC) compared with male subjects. This is likely due to differences in body
weight.
• Hepatic impairment: Subjects with mild, moderate, and severe hepatic impairment
exhibited 26%, 73%, and 4% increases in brexpiprazole exposure (AUC), respectively.
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• Subjects with mild, moderate, and severe hepatic impairment exhibited 10%, 15%, and
47% reduction in brexpiprazole Cmax values, respectively.
• Renal impairment: In subjects with severe renal impairment, brexpiprazole exposure
(AUC) was increased by 72% compared with matched subjects with normal renal
function, while brexpiprazole Cmax was unchanged. Population PK analysis indicated
that brexpiprazole exposure (AUC) in patients with mild or moderate renal dysfunction
was increased by 7% and 71%, respectively.
Drug-drug interactions – effect of other drugs on brexpiprazole
• Co-administration of a potent CYP3A4 inhibitor (ketoconazole) or CYP2D6 inhibitor
(quinidine) with brexpiprazole resulted in about 100% increase in brexpiprazole
exposure (AUC) and about a 1.5-fold increase in the terminal T1/2 of brexpiprazole.
• Co-administration of a potent CYP3A4 inducer (rifampin) with brexpiprazole resulted in
approximately a 73% decrease in brexpiprazole exposure and a 50% decrease in the
terminal T1/2 of brexpiprazole.
• Co-administration of food, omeprazole, or ticlodipine did not cause clinically meaningful
changes in brexpiprazole exposure.
Drug-drug interactions – effect of brexpiprazole on other drugs
• Based on the results of in vitro studies, brexpiprazole and metabolite DM-3411 showed
mild-to-negligible potential to inhibit CYP enzymes (CYPs 1A2, 2A6, 2C8, 2C9, 2C19, 2D6,
2E1, and 3A4). Results of a drug-drug interaction trial also showed that administration of
brexpiprazole had no effect on the PK parameters of probe substrates of CYP3A4,
CYP2D6, CYP2B6, P-gp, or BCRP.
• Brexpiprazole was a weak or non-inhibitor of OAT1, OAT3, OCT2, MATE1, MATE2-K,
OATP1B1, OATP1B3, or OCT1.
There appears to be an exposure/dose-response relationship for both efficacy and safety in
schizophrenia patients. However, there was no clear exposure/dose-response relationship
for efficacy shown in MDD patients, whereas it was evident that the risk of adverse events
increased as exposure/dose increased.

4.6. Office of Scientific Investigations (OSI)

A total of four sites, two from the schizophrenia program and two from the MDD program,
were selected for inspection based on high enrollment. There was no a priori reason to suspect
misconduct at the selected sites.
In the schizophrenia development program, sites 507 (Scott Segal, M.D., North Miami, FL, study
331-10-230) and 525 (David Walling, Ph.D., Garden Grove, CA, study 331-10-231) were
inspected. No deviations were identified, and the data from these sites was deemed
acceptable.
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In the MDD development program, sites 206 (Beal Essink, M.D., Portland, OR, study 331-10227) and 215 (Alexander E. Horwitz, M.D., Salem, OR, study 331-10-228) were inspected. At Dr.
Essink’s site, isolated data discrepancies were noted between source and the data provided by
the Sponsor. However, the data of the primary efficacy endpoint (MADRS Total Score) and the
key secondary endpoint (SDS) were verifiable. The discrepancies noted were considered
unintentional transcriptional errors. At Dr. Horwitz’s site, some protocol deviations were noted,
but none that would affect data integrity. Also, one isolated data discrepancy between source
data and the CRF was noted.

5 Sources of Clinical Data and Review Strategy
5.1. Table of Clinical Studies

Table 1 below contains only those studies pertinent to the evaluation of efficacy and safety in
the proposed treatment populations. Those listed in the table are the studies identified by the
Sponsor as either pivotal, or supportive of the proposed efficacy claims. Reports from a number
of additional Phase 1 and Phase 2 studies were submitted with this NDA and included in the
Integrated Summary of Safety (ISS), but were not included in the two indication-specific
Summaries of Clinical Safety (SCS). For a complete listing of study reports submitted with this
NDA, see Section 15 in the Appendix of this review.
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Table 1. Listing of Clinical Trials Relevant to this NDA
Trial Identity

Trial Design

Regimen/ schedule/
route

Study Endpoints

Controlled Studies to Support Efficacy and Safety—Adjunctive Treatment of MDD
*
331-10-228
Phase 3, double-blind,
2 mg/day
Mean change
placebo-controlled, fixedplacebo
from Phase B
dose
baseline in
Phases: single-blind
MADRS Total
prospective treatment
Score
(Phase A); followed by 6week double-blind
randomization (Phase B)
for non-responders OR 6week cont. of Phase A
treatment (Phase A+)
*
331-10-227
Phase 3, double-blind,
1 mg/day
Mean change
placebo-controlled, fixed3 mg/day
from Phase B
dose
placebo
baseline in
MADRS Total
Phases: single-blind
Score
prospective treatment
(Phase A); followed by 6week double-blind
randomization (Phase B)
for non-responders OR 6week cont. of Phase A
treatment (Phase A+)
331-08-211
Phase 2, double-blind,
0.15 mg/day fixed
Mean change
placebo-controlled, fixed0.5+0.25 mg/day
from Phase B
dose
baseline in
1.5+0.5 mg/day
Phases: single-blind
placebo
MADRS Total
prospective treatment
Score
(Phase A); followed by 6week double-blind
randomization (Phase B)
for non-responders OR 6week cont. of Phase A
treatment (Phase A+)

Treatment
Duration/
Follow Up

No. of
patients
enrolled

Study Population

No. of Centers
and Countries

6 weeks:
End of Phase A
(Week 8) to
Week 14

379 nonresponders
randomized in
Phase B

Adults with MDD,
current episode >8wks,
1-3 failed
antidepressant trials

59 sites
5 countries

6 weeks:
End of Phase A
(Week 8) to
Week 14

677 nonresponders
randomized in
Phase B

Adults with MDD,
current episode >8wks,
1-3 failed
antidepressant trials

92 sites
7 countries

6 weeks:
End of Phase A
(Week 8) to
Week 14

429 nonresponders
randomized in
Phase B

Adults with MDD,
current episode >8wks,
1-3 failed
antidepressant trials

50 US sites
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331-09-222

331-10-238

331-08-212

Phase 2, double-blind,
placebo-controlled, fixeddose
Phases: single-blind
prospective treatment
(Phase A); followed by 6week double-blind
randomization (Phase B)
for non-responders OR 6week cont. of Phase A
treatment (Phase A+)
Long-term, open-label,
flexible-dose
Long-term, open-label

1 to 3 mg/day
placebo

Mean change
from Phase B
baseline in
MADRS Total
Score

6 weeks:
End of Phase A
(Week 8) to
Week 14

372 nonresponders
randomized in
Phase B

Adults with MDD,
current episode >8wks,
1-3 failed
antidepressant trials

44 US sites

0.5 to 3 mg/day

Long-term safety
and
tolerability

52 weeks

Long-term safety
and
tolerability

52 weeks

Adults completing one
of two parent trials:
331-10-227 or 331-10228
Adults completing one
of two parent trials:
331-08-211 or 331 09222, plus de novo
subjects

152 sites
9 countries

0.5 to 3 mg/day

1809 as of
data cutoff
(May 31,
2014)
1036 (792
rollover, 244
de novo)

Change from
baseline to Week
6 in PANSS total
score
Change from
baseline to Week
6 in PANSS total
score
Change from
baseline to Week
6 in PANSS total
score

6 weeks

674

Adults with
schizophrenia

59 sites
8 countries

6 weeks

636

Adults with
schizophrenia

65 sites
10 countries

6 weeks

459

Adults with
schizophrenia

74 sites
12 countries

Controlled Studies to Support Efficacy and Safety—Schizophrenia
331-10-230
Phase 3, double-blind,
4 mg/day
placebo-controlled, fixed2 mg/day
dose
1 mg/day
Placebo
331-10-231
Phase 3, double-blind,
4 mg/day
placebo-controlled, fixed2 mg/day
dose
0.25 mg/day
Placebo
331-07-203
Phase 2, double-blind,
0.25 mg/day fixed
placebo- and active1+0.5 mg/day
2.5+0.5 mg/day
controlled, flexible-dose
5.0+1 mg/day
Placebo
Aripiprazole 15+5
mg/day

74 US sites

32

Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)

*

331-10-237

Long-term, open-label,
flexible-dose

1 to 4 mg/day

Long-term safety
and
tolerability

52 weeks

850 as of data
cutoff
(May 31,
2014)

331-08-210

Long-term, open-label,
flexible-dose

1 to 4 mg/day

Long-term safety
and
tolerability

52 weeks

244

Adults completing one
of two parent trials:
331-10-230 or 331-10231, plus de novo
subjects
Adults completing 33107-203

152 sites
9 countries

73 sites
12 countries

Pivotal Phase 3 trials
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5.2. Review Strategy

The review of efficacy will focus on Studies 331-10-227 and 331-10-228 for adjunctive
treatment of MDD, and Studies 331-10-230 and 331-10-231 for schizophrenia. In addition to a
detailed review of each of these pivotal efficacy trials, relevant Phase 2 trials were also
reviewed, but will not be discussed in detail in Section 6. However, information gleaned from
those trials will be incorporated in the Integrated Review of Effectiveness (Section 7, below).
The efficacy review is based analyses submitted by the Sponsor, supplemented with additional
data from our clinical pharmacology and biometrics teams. FDA analyses will be clearly
identified as such in the text below.
The safety review will focus primarily on findings of four short-term, placebo-controlled, Phase
3 studies, as well as data from Phase 2 studies in MDD and schizophrenia. The Sponsor has also
submitted data from subjects with other conditions, and from several early phase clinical
pharmacology studies in healthy subjects. Data from Phase 1, from other populations, and from
ongoing or open-label studies will also be reviewed below, but with a focus on adverse events
at the more serious end of the spectrum (deaths, non-fatal serious adverse events, and adverse
events that led to dropout).

6 Review of Relevant Individual Trials Used to Support Efficacy
6.1. Study 331-10-227: Adjunctive Treatment of Major Depressive Disorder
6.1.1. Study Design

Overview and Objective
The primary objective of this study was to compare the efficacy of brexpiprazole (1 and 3
mg/day) to placebo as adjunctive therapy to an assigned open-label antidepressant therapy
(ADT) in subjects who demonstrate an incomplete response after eight weeks of prospective
treatment with the same assigned open-label ADT.
The secondary objective was to evaluate the safety and tolerability of brexpiprazole (1 and 3
mg/day) as adjunctive therapy to ADT in the proposed subject population with MDD.
Trial Design
Study 331-10-227 was a Phase 3, multinational, randomized, double-blind, placebo-controlled,
trial designed to assess the safety and efficacy of two fixed doses of brexpiprazole as adjunctive
therapy to an assigned open-label ADT in depressed subjects who have demonstrated an
incomplete response to prospective treatment with the same ADT. The study consisted of a
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Screening phase, a Single-blind Prospective Treatment Phase, and a Double-blind
Randomization Phase, as well as a single follow-up visit 30 + 2 days after the end of the trial or
early discontinuation. For a schematic of the study design, see Figure 3, below. For a complete
listing of study procedures, refer to Table 2 and Table 3, below.
Figure 3. Study Design Schematic, 331-10-227

(source: Study 331-10-227, original clinical trial protocol—April 8, 2011 version, Figure 3.1-1, page 33)

Screening Phase: The screening period ranged from a minimum of seven days to a maximum of
28 days. The purpose of this phase was assessment of study eligibility (including documenting
historical ADT treatment failures) and washout of prohibited concomitant pharmacotherapy.
Phase A (Single-blind Prospective Treatment Phase): Subjects with a 17-item Hamilton
Depression Rating Scale (HAM-D17) Total Score of ≥ 18 (i.e., moderate depression) at both
screening and baseline were enrolled into the 8-week Prospective Treatment Phase (Phase A).
All subjects received single-blind placebo plus an investigator-determined, open-label ADT.
Once assigned to an ADT by the investigator, subjects were required to remain on the same
ADT for the duration of the trial. This phase included initial weekly study visits (Weeks 1, 2, 3,
4), then biweekly (Weeks 6 and 8). The purpose of this phase was to prospectively demonstrate
incomplete response to ADT treatment.
The choice of ADT was individualized based on each subject’s antidepressant treatment history.
Subjects were not assigned to an ADT to which they had a previous inadequate response in the
current episode, or a lifetime history of intolerability. They were not assigned to a different
formulation of a medication to which they previously had an inadequate response (e.g.,
paroxetine and paroxetine CR). Any subject with previous inadequate response to citalopram
was not assigned to escitalopram. Options for ADT included: escitalopram, fluoxetine,
35
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
paroxetine CR, sertraline, duloxetine, and venlafaxine XR. Any subject required to change from
one ADT to another at any point during the 14-week treatment period (Phase A, B, and A+) was
withdrawn from the trial.
Note: Paroxetine CR, fluoxetine, and duloxetine are all CYP2D6 inhibitors. Thus, for patients
taking these ADTs, concomitant treatment with brexpiprazole results in greater brexpiprazole
exposure (see 4.5.3 Pharmacokinetics).
Phase B (Double-blind Randomization Phase): Subjects with an incomplete response at the end
of Phase A were eligible to enter the 6-week Double-blind Randomization Phase (Phase B).
Incomplete response was defined as < 50% reduction in depressive symptom severity between
baseline and the Week 8 visit, as measured by the HAM-D17 Total Score; AND a HAM-D17 Total
Score ≥ 14 at the Week 8 visit; AND a Clinical Global Impression-Improvement (CGI-I) score ≥ 3
at the Week 8 visit. Eligible subjects were randomized in a 1:1:1 ratio to one of the following
double-blind treatment regimens:
• Adjunctive 1.0 mg/day brexpiprazole-plus-ADT
• Adjunctive 3.0 mg/day brexpiprazole-plus-ADT
• Continued placebo-plus-ADT
The dose of ADT was based on the final dosage of the assigned open-label ADT reached during
Phase A. During Phase B, randomized subjects attended weekly visits at Weeks 9, 10, 11, 12, 13,
and 14.
Note: Phase B is the portion of the study on which the efficacy assessment is based. Subjects
entering this phase had both a documented historical inadequate response to 1-3
antidepressants in the current episode and a prospectively established incomplete response to
an additional antidepressant. Previously used antidepressant drugs were all used at adequate
dose and duration based on approved labeling for the given antidepressant. This trial design
and the criteria for inadequate response are similar to those used to establish efficacy of other
drugs for this indication.
•

Amendment 3: On March 23, 2013, the Sponsor submitted Amendment 3 to protocols
331-10-227 (and 331-10-228). At the time, the Sponsor reported that blinded review of
data from Trial 331-10-227 indicated that some subjects had responded to their ADT
during the prospective phase prior to Week 8, but did not meet criteria for response at
the Week 8 visit, and thus were eligible for randomization at Week 8. The Sponsor felt
that these subjects should not be considered non-responders, given that they had
previously demonstrated response during the prospective phase. With Amendment 3,
subjects responding to their ADT before Week 8 would be considered responders and
would not be eligible for randomization at the Week 8 visit. These subjects could be
eligible to receive single-blind placebo-plus-ADT for an additional six weeks in Phase A+.
The Sponsor stated that, in order to reduce the potential for bias in the ratings, the trial
sites would remain blinded to the details of the changes to the randomization criteria.
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At the time this amendment was implemented, 210 subjects had already been
randomized. Forty-two of them did not meet the Amendment 3 criteria.
• The revised criteria for incomplete response are as follows:
o < 50% reduction in HAM-D17 Total Score between baseline of Phase A and the
Week 8 visit, AND
o HAM-D17 Total Score ≥ 14 at the Week 8 visit, AND
o [New] < 50% reduction in Montgomery Åsberg Depression Rating Scale (MADRS)
Total Score between baseline of Phase A and scheduled visits at Weeks 2, 4, 6,
and 8, AND
o [Week 2, 4, and 6 criteria new] CGI-I score of ≥ 3 at scheduled visits at Weeks 2,
4, 6, and 8.
• Amendment 3 was considered acceptable by FDA at the time it was submitted. The
Sponsor asserted that the primary analysis would be based on the intent-to-treat
population, thus would include the 42 subjects already randomized who did not meet
the new criteria.
Continued Treatment in Phase A+ (Single-blind Phase A Responder): Phase A+ was comprised of
subjects who met criteria for response at the end of Phase A and subjects who were not
suitable for randomization per the investigator’s judgment. Subjects in Phase A+ received
single-blind placebo-plus-ADT for an additional six weeks, for a total of 14 weeks.
Follow-up: For subjects discontinuing the trial prematurely, investigators attempted to
complete the Week 14 evaluations. Subjects who completed all trial visits through the Week 14
visit, whether or not they were randomized into Phase B, were offered entry into an optional
open-label rollover trial. Subjects who did not enter the open-label trial were prescribed
antidepressant treatment (per investigator judgment) and followed-up for safety via telephone
contact or clinic visit 30 + 2 days after the last dose of investigational medicinal product (IMP).
This contact also applied to subjects withdrawn prematurely from the trial.
•

Dose selection: Dose selection for this trial was based on preliminary efficacy and safety
data from Phase 1 and 2 trials, as well as discussion with FDA at the End of Phase 2
(EOP2) meeting. In a Phase 2 trial (Study 331-08-211) with a similar design, flexiblydosed adjunctive brexpiprazole 1.5 ± 0.50 mg/day was numerically superior to
adjunctive placebo with respect to the primary endpoint (change from Week 8 to Week
14 in MADRS Total Score). The effect of this dose did not reach statistical significance
using the pre-specified adjustment for multiple comparisons in the primary analyses.
However, the Sponsor noted that brexpiprazole had a “favorable profile with respect to
movement disorders” in subjects with MDD at doses up to 3 mg/day. The Sponsor also
reported that brexpiprazole did not result in any consistent, clinically relevant changes
in laboratory values, vital signs (blood pressure or heart rate), or electrocardiogram
(ECG) parameters in the completed Phase 1 and 2 clinical trials in subjects with MDD;
however, statistically significant increases in weight were observed relative to placebo.
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The Sponsor further stated that, in patient trials, brexpiprazole had been well tolerated
at multiple doses up to 4 mg/day in subjects with MDD who received concomitant ADT.
Note: Based on these data, and FDA’s advice to conduct two Phase 3 trials with at least
one fixed-dose trial, the Sponsor chose to explore the dose range from 1 mg to 3 mg
daily. Between this study and Study 331-10-228, doses of 1 mg, 2 mg, and 3 mg were
evaluated; however, whereas the dose ranges of the trials overlapped, the actual doses
did not.
•

Choice of control group: All subjects entering Phase B continued on the antidepressant
treatment initiated in Phase A; those in the control group were assigned to receive
adjunctive placebo.

•

Diagnostic criteria: Subjects met Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) criteria for MDD by clinical exam, and the
diagnosis was confirmed via the Mini International Neuropsychiatric Inventory (MINI), a
semi-structured interview commonly used in psychiatric clinical trials. In addition, a
HAM-D17 Total Score ≥ 18 at the Screening and Baseline visits was required for
inclusion. A score of 18 on the HAM-D17 corresponds roughly to moderate symptom
severity.

•

Key inclusion/exclusion criteria: The study population included male and female
outpatients between 18 and 65 years of age, inclusive, with a DSM-IV-TR diagnosis of a
single or recurrent, non-psychotic episode of MDD of at least 8 weeks duration.
Additionally, subjects had to have a treatment history for the current episode of an
inadequate response to one to three adequate antidepressant trials. “Inadequate
response” was defined as less than a 50% reduction in depressive symptom severity, as
measured by the subject’s self-report on the Massachusetts General Hospital
Antidepressant Treatment Response Questionnaire (ATRQ). Adequate treatment is
defined as an antidepressant treatment for at least 6 weeks duration at a minimum
dose (or higher) as specified in the ATRQ.
Note: Atypical antipsychotics carry class warning language and a boxed warning because
of increased risk of cardiovascular adverse reactions, stroke, and mortality in elderly
patients with dementia-related psychosis. Subjects with dementia or other cognitive
disorders were excluded from the trial, as were subjects with known cardiovascular
disease. The Sponsor did conduct a Phase 2 PK trial in 48 healthy males and females
over age 65; these subjects exhibited similar PK parameters (Cmax and AUC) to those
observed in healthy adults aged 18 to 45. Given these factors, one might reasonably
assume that recruitment of patients older than 65 years of age would have been
acceptable. However, it is not unusual to exclude elderly subjects in clinical studies of
atypical antipsychotics.
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Sexually active subjects of child-bearing potential were required to use at least two of
the following methods of contraception throughout the trial: vasectomy, tubal ligation,
vaginal diaphragm, IUD, birth control pill, birth control implant, birth control depot
injections, condom, or sponge with spermicide.
Subjects who reported treatment with an adjunctive antipsychotic for a minimum of
three weeks during the current episode were excluded. Subjects who had undergone
electroconvulsive therapy (ECT) during the current episode, had a past history of
inadequate response to ECT, or who had an implanted vagal nerve stimulator or deep
brain stimulation device were also excluded. Other exclusion criteria were similar to
those typically seen in trials using atypical antipsychotics as adjunctive antidepressant
treatment.
•

Study treatments: Throughout the trial, ADT was provided in an open-label fashion.
Options for ADT included: escitalopram (10-20 mg/day), fluoxetine (20-40 mg/day),
paroxetine CR (25-50 mg/day), sertraline (50-200 mg/day), duloxetine (30-60 mg/day),
and venlafaxine XR (37.5-225 mg/day). In all cases, titration could occur at weekly
intervals until the highest tolerated dose was reached. No dose decreases were allowed
after the Week 4 visit, and no dose increases were allowed after the Week 3 visit. The
Sponsor instructed investigators to strive to distribute the choice of 6 ADTs evenly at
their respective sites, with no more than four of every six subjects assigned to any one
ADT without permission by the medical monitor.
Note: The dosing strategies for each ADT appear reasonable, and conformed to
approved product labeling.
During Phase B, subjects were randomized in a double-blind fashion to adjunctive
treatment with either brexpiprazole 1 mg/day, brexpiprazole 3 mg/day, or placebo. ADT
treatment was continued during this phase using the same dose established in Phase A.
Subjects who responded to ADT treatment and entered Phase A+ also continued ADT
treatment at the same dose as in Phase A, but with the addition of daily placebo on a
single-blind basis (the investigator, but not the subject, knew the subject was receiving
placebo).

•

Assignment to treatment: Treatment assignments were based on a computer-generated
randomization code provided by the Otsuka Pharmaceutical Development &
Commercialization, Inc. Biometrics Department. Sponsor personnel, including those
involved in monitoring, data management, and data analysis, did not have access to the
treatment code during the trial. An interactive voice response system (IVRS) or
interactive web response system (IWRS) was used to obtain the subject identification
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for each subject with a signed informed consent form (ICF). Access to the treatment
codes was restricted to personnel charged with generating and maintaining
randomization files, packaging trial medication, operating the IVRS/IWRS, and reporting
serious adverse events (SAEs) to regulatory agencies.
Phase B treatment assignments were obtained by accessing the IVRS or IWRS. The fixedblock, computer-generated randomization schedule was stratified by trial center and
designed to allocate subjects in a double-blind fashion to a treatment regimen in a 1:1:1
ratio with a block size of 3.
•

Dose Modification, dose discontinuation: Dose modifications were allowed during Phase
A, as described in “Study treatments,” above. There were no pre-specified dose
adjustments in Phase B.

•

Administrative structure: All aspects of the trial were managed by Otsuka
Pharmaceutical Development & Commercialization, Inc. (OPDC), including oversight of
the contract research organization (CRO) that was used to conduct the trial. The
Sponsor notes that, in an effort to fulfill legal and scientific obligations in accordance
with established research principles, the International Conference on Harmonisation
(ICH) Good Clinical Practice (GCP) Guideline, FDA regulations, applicable regulatory
requirements, and local laws, the Sponsor's monitors or designee visited study sites
during the trial, and communicated frequently via telephone and written
communications. The Sponsor's Quality Management Unit (or representative) had
authority to conduct trial site audits including, but not limited to, drug supply, presence
of required documents, the informed consent process, and comparison of eCRFs with
source documents. Investigators were required to agree to participate with audits.
Trained and experienced clinicians administered the MADRS, HAM-D17, CGI-S, CGI-I,
and HAM-A. In addition, the raters were required to be certified for this trial to
administer the MADRS, HAM-D17, and HAM-A. The Sponsor notes that the number of
raters within each trial center was kept to a minimum, and that all efforts were made to
ensure that the same clinician administered the scales for a given subject. Training,
(b) (4)
certification, and materials for rating were provided by

•

Dietary Restrictions/Instructions: There were no dietary restrictions. Brexpiprazole can
be administered with or without food.

•

Concurrent Medications: See “Study treatments,” above for concurrent antidepressant
treatments. Prohibited medications include: monoamine oxidase inhibitors (MAOIs)
within the 14 days prior, benzodiazepines and/or hypnotics (including nonbenzodiazepine sleep aids) within 7 days prior, oral neuroleptics within 7 days prior or
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long-acting approved neuroleptics ≤ one full cycle plus 1/2 cycle prior to the first dose of
IMP in Phase A.
•

Blinding: As noted above, ADT treatment was administered in an open-label fashion.
Phase B treatment assignments were obtained by accessing the IVRS or IWRS. The fixed
block, computer-generated randomization schedule was stratified by trial center and
designed to allocate subjects to a treatment regimen in a 1:1:1 ratio.

•

Procedures and Schedule: See Table 2 and Table 3, below.

Table 2: Schedule of Assessments - Screening and Phase A (All Subjects), Study 331-10-227
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(source: Study 331-10-227, original clinical trial protocol—April 8, 2011 version, Table 3.7-1, pages 50-53)

Table 3: Schedule of Assessments - Phase B (Incomplete Responders) and Phase A+
(Responders), Study 331-10-227
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(source: Study 331-10-227, original clinical trial protocol—April 8, 2011 version, Table 3.7-2, pages 54-56)

•

Treatment compliance: Trial personnel were responsible for dispensing the IMP (i.e.,
brexpiprazole/matching placebo and ADTs). Compliance was to be documented in the
subject’s trial records. Poor compliance (e.g., multiple missed doses resulting in less
than 80% overall compliance at any point in the trial) could be considered grounds for
discontinuing the subject from the trial.

•

Rescue Medication: Not applicable.

•

Subject completion, discontinuation, or withdrawal: The treatment period was defined
as the time period during which subjects were evaluated for primary and/or secondary
objectives of the trial, irrespective of whether or not the subject actually took all doses
of IMP. Subjects who were evaluated at the last scheduled visit during the treatment
period were defined as trial completers; for purposes of this trial, subjects who
completed the Week 14 visit.
When subjects discontinued from the trial prematurely, the reason was to be fully
evaluated and recorded appropriately in source documents and the eCRF. If the subject
was withdrawn due to an adverse event (AE), that AE was noted as the reason for
withdrawal. Subjects could withdraw at any point during treatment without prejudice.
The investigator could discontinue a subject’s participation if medically necessary.
Withdrawal from the trial was required if subjects met the following criteria:
a) occurrence of any AE, intercurrent illness or abnormality in a laboratory
assessment which, in the opinion of the investigator, warranted the subject’s
permanent withdrawal from the trial;
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b) treatment with a prohibited concomitant medication other than the use of
appropriate medications for the treatment of AEs under direction of the
investigator;
c) subject noncompliance, defined as refusal or inability to adhere to the trial
schedule or procedures;
d) at the request of the subject, investigator, Sponsor or designee, or regulatory
authority;
e) subject became pregnant;
f) subject could not tolerate the minimum therapeutic dose of open-label ADT in
Phase A or Phase A+, or subject required a change in the dose of ADT or a
different ADT in Phase B;
g) subject could not tolerate the assigned dose of brexpiprazole (or matching
placebo); or
h) subject was lost to follow-up.
Subjects who withdrew prematurely completed early termination evaluations and were
assessed 30 (+ 2) days after the last dose of IMP for evaluation of safety. This
assessment could be accomplished via telephone contact or clinic visit at the
investigator’s discretion. Withdrawn subjects were not replaced.
Subjects who could not be contacted on or before the Week 14 visit during the
treatment period and who did not have a known reason for discontinuation (e.g.,
withdrew consent or AE) were classified as “lost to follow-up” as the reason for
discontinuation.
Study Endpoints
The primary efficacy outcome variable was the change from the end of Phase A (Week 8 visit)
to the end of Phase B (Week 14 visit) in the MADRS Total Score. The MADRS consists of 10
items, all rated on a 0 to 6 scale with zero being the “best” rating and 6 being the “worst”
rating. The MADRS Total Score is the sum of ratings for all 10 items; therefore, possible total
scores range from 0 to 60. It is commonly used in clinical trials to assess symptom severity in
MDD. For this trial, the MADRS was administered using the Structured Interview Guide for the
MADRS (SIGMA) which provides detailed instructions for administration of this structured
interview.
There are no hard and fast rules for interpreting MADRS scales. Although the severity cutoffs
may vary from one publication to another, scores from 0 to 6 are generally considered
“normal,” scores from 7 to 19 are consistent with mild depression, 20 to 34 with moderate
depression, and >34 with severe depression.
The key secondary efficacy variable is the change from end of Phase A (Week 8 visit) to end of
Phase B (Week 14 visit, LOCF) in Sheehan Disability Scale (SDS) Mean Score (the mean of 3
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individual item scores). The SDS is a self-rated instrument used to measure the effect of the
subject’s symptoms on work/school, social life, and family/home responsibilities. The SDS is a
visual analogue scale that uses spatio-visual, numeric, and verbal descriptive anchors
simultaneously to assess disability across the three domains. The number most representative
of how much each area was disrupted by symptoms is marked along the line from 0 = not at all,
to 10 = extremely. Scores of 5 and above on any of the three domains are associated with
significant functional impairment. In addition to the visual scale, the SDS includes two questions
related to productivity losses due to the psychiatric symptoms and impairment. The SDS is
commonly used as a secondary measure to assess impairment in functioning associated with
MDD.
Other secondary efficacy variables were also assessed; however, they were considered
exploratory. These variables are as follows:
• Change from end of Phase A (Week 8 visit) in MADRS Total Score for every trial week
visit in Phase B other than Week 14 visit;
• Change from end of Phase A (Week 8 visit) for every trial week visit in Phase B in CGI Severity of Illness scale (CGI-S) score;
• Change from end of Phase A (Week 8 visit) for every trial week visit in Phase B in
Inventory of Depressive Symptomatology (Self-Report) (IDS-SR) Total Score;
• Change from end of Phase A (Week 8 visit) in SDS score for every trial week visit in
Phase B other than Week 14 visit;
• Change from end of Phase A (Week 8 visit) to end of Phase B (Week 14 visit, LOCF) in
HAM-D17 Total Score;
• Change from end of Phase A (Week 8 visit) to end of Phase B (Week 14 visit, LOCF) in
Hamilton Anxiety Rating Scale (HAM-A) Total Score;
• CGI-I score at each trial week visit in Phase B;
• MADRS Response Rate, where response is defined as ≥ 50% reduction in MADRS Total
Score from end of Phase A (Week 8 visit);
• CGI-I Response rate, where response is defined as a CGI-I score of 1 or 2 (very much
improved or much improved).
Statistical Analysis Plan
Xiang Ling, Ph.D. conducted the statistical review of the adjunctive MDD portion of this NDA
application. The comments below are based on both her review, dated March 16, 2015, and my
own assessment of the application. For a detailed evaluation of the Sponsor’s planned
statistical analysis, please refer to Dr. Ling’s review.
The original protocol defined the following analysis sets:
• Enrolled Sample: all subjects who provided informed consent for the trial and enrolled
into Phase A.
• ADT Sample: all subjects who took at least one dose of antidepressant IMP.
• Randomized Sample: all subjects who were randomized in Phase B.
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• Safety Sample: those randomized subjects in Phase B who received at least one dose of
double-blind trial medication as indicated on the dosing record.
• Efficacy Sample: all subjects in the Safety Sample who had an end of Phase A (i.e., Week
8) value and at least one post-randomization efficacy evaluation for MADRS Total Score
in Phase B.
• The Phase A+ Sample: all subjects who respond at the end of Phase A (are therefore not
randomized), and who continue on ADT + single-blind placebo beyond Week 8.
The core dataset for all efficacy analyses was defined as the intent-to-treat (ITT) dataset,
consisting of data from all randomized subjects. The primary analysis was performed by fitting
an analysis of covariance (ANCOVA) model to the change from the end of Phase A (Week 8 visit)
to the end of Phase B (Week 14 visit, LOCF) in MADRS Total Score. The MADRS Total Score was
considered unevaluable if less than 8 of the 10 items were recorded. If 8 or 9 of the 10 items
were recorded, the MADRS Total Score was calculated as the mean of the recorded items
multiplied by 10 and then rounded to the first decimal place. The LOCF data set included data
recorded at a scheduled Phase B visit or, if no observation was recorded at that visit, data
carried forward from the previous scheduled Phase B visit. Baseline data (e.g., the last visit of
Phase A) was not carried forward to impute missing values for the LOCF data set. The model
included end of Phase A (Week 8 visit) value as a covariate and treatment and trial center as
main effects.
Hochberg’s procedure was used to adjust for the multiple comparisons of the two
brexpiprazole groups vs placebo and maintain the overall Type I error at 0.05 (two-tailed). For
the two comparisons, if both p-values were ≤ 0.05, both doses (1 mg and 3 mg) would be
declared significantly better than placebo. If the larger p-value was > 0.05, but the smaller pvalue was ≤ 0.025, only the dose corresponding to the smaller p-value would be declared
significantly better than placebo.
The planned comparisons of the key secondary endpoint (SDS Mean Score) employed another
Hochberg procedure at an alpha level of 0.05 (two-sided), and could only be considered if both
null hypotheses for the primary endpoint (MADRS Total Score) were rejected.
Planned subgroup analyses of change from end of Phase A in MADRS Total Score to every study
week in Phase B included the following:
• Gender
• Race (Caucasian and Non-Caucasian)
• Age group (age <55 and age ≥55)
• ADT
• Region (North America and Europe)
• Country (US and non-US)
• Exclude those subjects who did not meet the new incomplete ADT response criteria in
Protocol Amendment 3 as a supportive analysis.
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Protocol Amendments
While the study was ongoing, the Sponsor submitted Amendment 3 which amended the
randomization criteria to redefine incomplete responders as those subjects who did not meet
response criteria over the entire course of Phase A, and not solely at the end of Phase A.
Protocol Amendment 3 added criteria based on the MADRS (Weeks 2, 4, 6, and 8) and CGI-I
(Weeks 2, 4, and 6), in addition to the existing criteria for the HAM-D17 and CGI-I at Week 8, in
order for a subject to be eligible for randomization into Phase B (see Trial Design, above, for
details). When this change was implemented, 210 subjects had already been randomized into in
Study 331-10-227.
The Efficacy Sample per Amendment 3 Criteria included all subjects in the Efficacy Sample who
met the revised randomization criteria for incomplete response as defined in Protocol
Amendment 3. This sample was a pre-specified “per protocol set” for the Phase 3 trials, as
communicated in the correspondence with the FDA (IND 103, 958; Serial # 0148, dated May 15,
2012): “The final analysis will be based on the intent-to-treat (ITT) principle to include all
randomized subjects in the analysis as randomized. In addition, we will provide the analysis on
the per-protocol set (PPS) analysis, which will exclude those subjects who do not meet the new
response criteria as supportive analysis.”
Data Quality and Integrity: Sponsor’s Assurance
Prior to trial initiation, during the trial, and after trial completion, the investigational sites were
visited by clinical research associates (CRAs) from the CRO. The CRAs verified electronic case
report form (eCRF) entries against available source documents and ensured that appropriate
data were collected and documented.
The Quality Management department of OPDC provided quality assurance support for this trial.
Audits were conducted periodically to ensure compliance with the regulations, guidelines, and
standard operating procedures in place at the time of the trial.
6.1.2. Study Results

Compliance with Good Clinical Practices
The Sponsor provided the following attestation:
This trial was conducted in compliance with Good Clinical Practice (GCP) guidelines for
conducting, recording, and reporting trials, as well as for archiving essential documents.
Consistent with ethical principles for the protection of human research subjects, no trial
procedures were performed on trial candidates until written consent had been obtained
from them. The informed consent form (ICF), protocol, and amendments for this trial
were submitted to and approved by the institutional review board (IRB) or independent
ethics committee (IEC) for each respective trial site or country.
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Financial Disclosure
Financial disclosures for each of the four pivotal trials under this NDA were reviewed at the
time the NDA was filed. See Appendix 13.2 for details. For Study 331-10-227, no investigators
had disclosable financial interests.
Patient Disposition
Approximately 1653 subjects were planned for enrollment into Phase A in order to randomize
660 subjects into Phase B. A total of 2310 subjects were screened for the trial, 1539 were
enrolled into Phase A, and 1532 received at least one dose of Sponsor-provided ADT. Of these,
255 subjects (16.6%) discontinued during Phase A, 677 subjects (44.2%) were randomized into
Phase B (226 in the 1 mg/day brexpiprazole+ADT group, 230 in the 3 mg/day
brexpiprazole+ADT group, and 221 in the placebo+ADT group), and 600 subjects (39.2%)
continued treatment with placebo+ADT in Phase A+. See Table 4 and Figure 4, below.
Table 4: Disposition of Efficacy Samples in Trial 331-10-227

(source: Study 331-10-227, Clinical Study Report, Table 10.1.2-1, page 144)

Figure 4: Disposition of Efficacy Samples in Trial 331-10-227
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(source: Study 331-10-227, Clinical Study Report, Figure 11.1-1, page 151)

Protocol Violations/Deviations
Protocol deviations were deemed major if their occurrence could meaningfully affect any
important safety assessments or present undue noise with regards to clinical outcome
assessments at one or more visits (including baseline) in a manner that could affect
interpretation of a subject’s results for safety, tolerability, or efficacy. Major protocol deviations
occurred across multiple categories, with only deviations related to concomitant medications
appearing to occur more frequently in a particular group (3 mg/day brexpiprazole+ADT).
Among the concomitant medication deviations in the 3 mg/day brexpiprazole+ADT group, 11
subjects received medications (e.g., benzatropine, biperiden, diphenhydramine) likely used for
the treatment of extrapyramidal symptoms (EPS); three subjects in the 1 mg/day
brexpiprazole+ADT group, and one in the placebo+ADT group received similar medications. It is
not entirely clear why these were listed as protocol violations, given that the protocol explicitly
states, “Anticholinergics were permitted for the treatment of EPS up to a maximum of
4 mg/day of benzatropine or its equivalent.” If these medications are excluded from
consideration, the percentage of subjects with concomitant medication deviations in 3 mg/day
brexpiprazole+ADT and placebo+ADT groups is similar. This suggests that the rate of EPS may
be higher in the 3 mg/day group.
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Of the 677 subjects in the Randomized Sample, 22% had at least one major protocol deviation
during the trial (18.6% of subjects randomized to 1 mg/day brexpiprazole+ADT, 28.3% of
subjects randomized to 3 mg/day brexpiprazole+ADT, and 19% of subjects randomized to
placebo+ADT). The types of major protocol deviations are summarized in Table 5, below.
Table 5: Summary of Subjects with Major Protocol Deviations by Type of Deviation
(Randomized Sample, Study 331-10-227)
Deviation Classification
Any Deviation
Entry Criteria
Randomization
Dosing
Concomitant Medications
Procedural

1 mg Brex+ADT
(N=226)
a
n(%)
42 (18.6)
18 (8.0)
0 (0)
7 (3.1)
12 (5.3)
10 (4.4)

3 mg Brex+ADT
(N=230)
a
n(%)
66 (28.7)
21 (9.1)
0 (0)
7 (3.0)
30 (13.0)
10 (4.3)

Placebo+ADT
(N=221)
a
n(%)
43 (19.5)
15 (6.8)
0 (0)
7 (3.2)
17 (7.7)
8 (3.6)

Total
(N=667)
a
n(%)
151 (22.3)
54 (8.0)
0 (0)
21 (3.1)
59 (8.7)
28 (4.1)

a
n is the number of subjects with a major protocol deviation; the denominator for percentage calculation is the number of subjects in the
Randomized Sample.

(Adapted from: Study 331-10-227, Clinical Study Report, Table10.2-1, page 147)

Table of Demographic Characteristics
This study was conducted at 92 sites in seven countries. Of the 677 randomized subjects, the
enrollment distribution across countries was as follows: US (442 subjects, 65.3%); Germany (77
subjects, 11.4%); Ukraine (55 subjects, 8.1%); Russia (48 subjects, 7.1%); Hungary (28 subjects,
4.1%); Canada (15 subjects, 2.2%); and Romania (12 subjects, 1.8%). Other demographic
characteristics are summarized in Table 6, below.
As specified by the protocol, all subjects received antidepressant medications for treatment of
the current major depressive episode prior to the start of the trial. The most frequently
reported antidepressants at study entry were sertraline hydrochloride (HCl; 25.0%), fluoxetine
HCl (21.0%), and bupropion HCl (20.0%). All subjects were assigned to new antidepressant
treatment in Phase A, and continued that treatment into Phase B or Phase A+, as appropriate.
Table 6 lists the distribution of antidepressant treatments in Phase B.
Table 6: Demographic and Baseline Characteristics of ITT population, Randomized Sample
(Phase B), Study 331-10-227
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Age
Sex

Race

Ethnicity
Location
Weight (kg)

Mean (SD)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Other (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
Unknown (%)
US
Non-US
Mean (SD)

Body Mass Index (kg/M2)
Mean (SD)
Duration of current episode (mos) Mean (SD)
# of lifetime episodes
Mean (SD)
single (%)
Type of episode
recurrent (%)
escitalopram (%)
fluoxetine (%)
paroxetine CR (%)
Antidepressant therapy
sertraline (%)
duloxetine (%)
venlafaxine XR (%)

brexpiprazole
1 mg + ADT
N = 226

brexpiprazole
3 mg + ADT
N = 230

45.7 (11.6)
68 (30.1%)
158 (69.9%)
183 (81%)
6 (2.7%)
34 (15%)
1 (0.4%)
2 (0.9%)
13 (5.8%)
213 (94.2%)
0 (0%)
148 (65.5%)
78 (34.5%)
80.3 (20.8)

44.5 (11.2)
74 (32.2%)
156 (67.8%)
201 (87.4%)
0 (0%)
23 (10%)
3 (1.3%)
3 (1.3%)
14 (6.1%)
214 (93%)
2 (0.9%)
149 (64.8%)
81 (35.2%)
84.8 (20.9)

45.6 (11.0)
75 (33.9%)
146 (66.1%)
188 (85.1%)
2 (0.9%)
29 (13.1%)
1 (0.5%)
1 (0.5%)
16 (7.2%)
205 (92.8%)
0 (0%)
145 (65.6%)
76 (34.4%)
85.0 (21.5)

29.4 (6.7)
18.7 (43.0)
3.6 (3.9)
29 (12.8%)
197 (87.2%)
53 (23.5%)
16 (7.1%)
31 (13.7%)
33 (14.6%)
53 (23.5%)
40 (17.7%)

29.9 (7.0)
17.4 (33.0)
3.5 (2.8)
31 (13.5%)
199 (86.5%)
41 (17.8%)
28 (12.2%)
22 (9.6%)
30 (13%)
72 (31.3%)
37 (16.1%)

29.6 (7.0)
16.9 (35.0)
3.7 (4.9)
33 (14.9%)
188 (85.1%)
41 (18.6%)
34 (15.4%)
14 (6.3%)
29 (13.1%)
52 (23.5%)
51 (23.1%)

placebo + ADT
N = 221

(Adapted from: Study 331-10-227, Clinical Study Report, Table11.2-1, page 152-153, and Table11.2.1-1, page 154)

The groups appear balanced across treatment arms with regard to baseline characteristics. Of
note, the 2:1 female-to-male ratio reflects the incidence of MDD in the adult population.
Treatment Compliance, Concomitant Medication, and Rescue Medication Use
• Treatment Compliance: During Phase B, four subjects in the 3 mg/day
brexpiprazole+ADT group and one subject each in the 1 mg/day brexpiprazole+ADT and
placebo+ADT treatment groups were discontinued from the trial due to noncompliance.
•

Concomitant Medications: Overall, 63.3% of subjects in the Safety Sample reported
using one or more medications prior to the start of trial treatment in Phase A, exclusive
of the protocol requirement for ADT. Other than ADTs, the most frequently reported
class of prior medications was anti-inflammatory and anti-rheumatic products (19.7%).
Ibuprofen was the most frequently reported individual baseline medication (13.5%).
Administration of these concomitant medications was not considered to affect
brexpiprazole concentrations.

Efficacy Results – Primary Endpoint
The primary efficacy endpoint was the change in MADRS Total Score from Baseline (End of
Phase A) to Week 14 for the ITT population. The 3 mg/day brexpiprazole+ADT group showed
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numerically greater improvement compared with the placebo+ADT group for the primary
efficacy parameter (LS mean difference=−1.52, p=0.0327); however, the p-value did not meet
the pre-specified threshold of 0.025 using the Hochberg method to correct for multiplicity. The
LS mean change for the 1 mg/day brexpiprazole+ADT group also showed a numerically greater
improvement compared with the placebo+ADT group (LS mean difference=−1.19, p=0.0925).
These results are presented in Table 7, below, and were confirmed by Dr. Ling, the statistical
reviewer. Based on the pre-specified statistical plan, this is a negative trial.
Table 7: Prospectively Planned Primary Efficacy Analysis—Mean Change in MADRS Total
Score, Study 331-10-227

(source: Study 331-10-227, Clinical Study Report, Table11.4.1.1.1-1, page 158)

•

Analysis by population: The Sponsor also provided results using the Amendment 3
Criteria, and based on this analysis, asserted that the trial was statistically significantly
positive. In fact, the proposed labeling includes the results of these analyses rather than
the pre-specified ITT analyses.
With removal of the 42 subjects who did not meet Amendment 3 criteria for
randomization, the Week 14 LS mean differences for the 1 mg/day brexpiprazole+ADT
group and the placebo+ADT group were essentially unchanged from the results of the
prospectively planned analysis (compare Table 7 with Table 8, below). In contrast, the LS
mean difference for the 3 mg/day brexpiprazole+ADT group was slightly larger (-8.29 ±
0.53 rather than -7.98 ± 0.51; Table 7 and Table 8), and the p-value met the Hochberg
threshold (p=0.0079). The results for the 1 mg/day brexpiprazole+ADT group were
similar to those obtained from the prospectively planned analysis (LS mean
difference=−1.30, p=0.0737), and again failed to reach statistical significance.

Table 8: Per Protocol Analysis—Mean Change in MADRS Total Score, Amendment 3 Criteria,
Study 331-10-227

(source: Study 331-10-227, Clinical Study Report, Table11.4.1.1.2-1, page 159)

Dr. Ling performed her own analysis for the per-protocol set. Her results were similar
but not exactly the same as the Sponsor’s results. The LS mean differences in MADRS
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score were -1.29 (p=0.0770) and -1.93 (p=0.0085) for brexpiprazole 1 mg and 3 mg
respectively, favoring brexpiprazole groups compared with placebo. The LS mean
differences in SDS mean score were -0.45 (p=0.0258) and -0.44 (p=0. 0311) for
brexpiprazole 1 mg and 3 mg respectively. Dr. Ling noted that, in her opinion, the
Efficacy Sample should be used for the primary analysis as it preserves the
randomization and is pre-specified as the primary efficacy set. I concur with that
assessment.
•

Handling missing data: The incidence of subjects who discontinued early from the trial
was less than 10%; therefore, the issue of missing values was limited. One of the prespecified sensitivity analyses for missing data was ANCOVA based on the LOCF dataset.
This was the original primary analysis prior to protocol Amendment 3. The analysis
result was consistent with the primary analysis. The LS mean difference was -1.47 with
p=0.0307 for the brexpiprazole 3mg group. Other pre-specified sensitivity analyses
including Pattern Mixture Models based on Multiple Imputation, the shared parameter
model and random coefficient pattern mixture model, ANCOVA based on observed data
all yielded similar results to the primary analysis, with p-value ranging between 0.022
and 0.032 for the brexpiprazole 3mg group.

•

Analysis by site: Dr. Ling created plots of by-site raw mean of the primary efficacy
endpoint against number of subjects of each site. Last observed values were used to
calculate the raw means for each study site. Most sites enrolled a small number of
subjects. No single site affected the primary efficacy result such that excluding this site
from the analysis would change the study conclusion. Her results are presented in
Figure 5, below.

Figure 5: Plots of LOCF Raw Mean Change from Baseline Score in MADRS Total Score by Site,
Study 331-10-227
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(source: Statistical review, Figure 1)

Because this trial was deemed to be a negative study, further analyses of the primary endpoint
(e.g., effects in demographic or other subgroups, effects over time, etc.) will not be examined
here.
Data Quality and Integrity – Reviewers’ Assessment
As noted in Section 4.6, above, site 206 (Beal Essink, M.D., Portland, OR) was the only site
inspected in 331-10-227. Isolated data discrepancies were noted between source and the data
provided by the Sponsor. However, the data of the primary efficacy endpoint (MADRS Total
Score) and the key secondary endpoint (SDS) were verifiable. The discrepancies noted were
considered unintentional transcriptional errors. Excluding this site did not change the efficacy
results on the primary endpoint.
Efficacy Results – Secondary and other relevant endpoints
The key secondary endpoint of mean change from baseline (end of Phase A) to Week 14 in SDS
Mean Score was analyzed using MMRM model with heterogeneous toeplitz covariance
structure (TOEPH). Both brexpiprazole+ADT dose groups showed greater improvement (p<0.05)
than the placebo+ADT group for the change in SDS Mean Score, with LS mean differences of
−0.49, (p=0.0091) and −0.37 (p=0.0474) for the 1 mg/day brexpiprazole+ADT group and 3
mg/day brexpiprazole group, respectively (see Table 9, below). However, because neither doses
showed statistical significance for the primary endpoint, the pre-specified hierarchical testing
procedure was terminated after evaluation of the primary endpoint. It is also worth noting that,
despite small p-values, the magnitude of improvement in the brexpiprazole+ADT groups was
quite small as well; the clinical relevance of this degree of change is questionable.
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Table 9: Key Secondary Efficacy Analysis—Summary of Mean Change from Baseline to Week
14 in SDS Mean Score, Study 331-10-227

(source: Study 331-10-227, Clinical Study Report, Table11.4.1.2.1-1, page 169)

Dose/Dose Response
It is difficult to draw any meaningful conclusions regarding dose-response from this study. Of
the two pivotal trials, this was the only one that included more than one brexpiprazole dose
group. While the 3 mg/day group certainly fared better than the 1 mg/day group, neither was
statistically better than placebo on the pre-specified analysis. Based on exposure-response
modeling using data from both this trial and Study 331-10-228, OCP concluded that there was
no significant increase in responder rate with the increase of brexpiprazole AUC in the MDD
trials (see Section 4.5.2, above).
Additional Analyses
• Additional FDA Analyses: The Sponsor stated that subjects who did not meet the revised
criteria for incomplete response in Protocol Amendment 3 “were fundamentally
dissimilar to those with a persistent inadequate response during this phase.” Dr. Ling
performed the primary MMRM analysis with the additional variable “amend3” (meeting
Amendment 3 criteria, yes vs no). The result was almost identical with that of the
primary analysis. The p-value for the factor “amend3” was 0.34, suggesting that this
factor does not significantly impact the analysis results.
In the primary analysis, study center was included in the model and sites that did not
have at least one evaluable subject in each treatment group in Phase B were pooled as
described in the SAP. Dr. Ling conducted an analysis using the same MMRM model
without site as a factor. The result was similar to that of the primary analysis (LS mean
difference=-1.22 and -1.44, p=0.0848 and 0. 0422 for the brexpiprazole 1 mg and 3 mg
groups respectively).

6.2. Study 331-10-228: Adjunctive Treatment of Major Depressive Disorder
6.2.1. Study Design

Overview and Objective
The primary objective of this study was to compare the efficacy of brexpiprazole (2 mg/day) to
placebo as adjunctive therapy to an assigned open-label ADT in subjects who demonstrate an
incomplete response after eight weeks of prospective treatment with the same assigned openlabel ADT.
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The secondary objective was to evaluate the safety and tolerability of brexpiprazole (2 mg/day)
as adjunctive therapy to ADT in the proposed subject population with MDD.
Trial Design
Study 331-10-228 was a Phase 3, multicenter, randomized, double-blind, placebo-controlled,
fixed-dose trial designed to assess the safety and efficacy of 2 mg/day of brexpiprazole as
adjunctive therapy to an assigned open-label ADT in depressed subjects who have
demonstrated an incomplete response to prospective treatment with the same ADT. This study
was identical in design to Study 331-10-227 with the exception of brexpiprazole dose in Phase B
and the statistical analysis plan; therefore, only the pertinent differences will be reviewed
below. For a schematic of the study design, see Figure 6, below. The schedule of study
procedures is identical to that in Study 331-10-227 (refer to Table 2 and Table 3, above).
Figure 6: Study Design Schematic, 331-10-228

(source: Study 331-10-228, original clinical trial protocol—April 8, 2011 version, Figure 3.1-1, page 33)

•

Study treatments: As in Study 331-10-227, antidepressant treatment was provided in an
open-label fashion, with ADT treatment chosen from among the same options:
escitalopram (10-20 mg/day), fluoxetine (20-40 mg/day), paroxetine CR (25-50 mg/day),
sertraline (50-200 mg/day), duloxetine (30-60 mg/day), and venlafaxine XR (37.5-225
mg/day). Instructions for dose titration or decrease, and for distribution of
antidepressant selection within each site were identical to Study 331-10-227.
During Phase B, subjects were randomized in a double-blind fashion to adjunctive
treatment with brexpiprazole 2 mg/day or placebo. ADT treatment was continued
during this phase using the same dose established in Phase A.
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Subjects who responded to ADT treatment and entered Phase A+ also continued ADT
treatment at the same dose as in Phase A, but with the addition of daily placebo on a
single-blind basis.
Statistical Analysis Plan
The comments below are, again, based on Dr. Ling’s review, dated March 16, 2015, and my own
assessment of the application. For a detailed evaluation of the Sponsor’s planned statistical
analysis, please refer to Dr. Ling’s review.
The original protocol defined the following analysis sets:
• Enrolled Sample: all subjects who signed an ICF for the trial and enrolled into Phase A.
• ADT Sample: all subjects who took at least one dose of antidepressant IMP.
• Randomized Sample: all subjects who were randomized in Phase B.
• Safety Sample: those randomized subjects in Phase B who received at least one dose of
double-blind trial medication as indicated on the dosing record.
• Efficacy Sample: all subjects in the Safety Sample who have an end of Phase A (i.e.,
Week 8) value and at least one post-randomization efficacy evaluation for MADRS Total
Score in Phase B.
• The Phase A+ Sample: all subjects who respond at the end of Phase A (are therefore not
randomized), and who continue on ADT + single-blind placebo beyond Week 8.
The core dataset for all efficacy analyses was defined as the intent-to-treat (ITT) dataset,
consisting of data from all randomized subjects. The primary analysis was performed by fitting
an analysis of covariance (ANCOVA) model to the change from the end of Phase A (Week 8 visit)
to the end of Phase B (Week 14 visit, LOCF) in MADRS Total Score. The MADRS Total Score was
considered unevaluable if less than 8 of the 10 items were recorded. If 8 or 9 of the 10 items
were recorded, the MADRS Total Score was calculated as the mean of the recorded items
multiplied by 10 and then rounded to the first decimal place. The LOCF data set included data
recorded at a scheduled Phase B visit or, if no observation was recorded at that visit, data
carried forward from the previous scheduled Phase B visit. Baseline data (e.g., the last visit of
Phase A) was not carried forward to impute missing values for the LOCF data set. The model
included end of Phase A (Week 8 visit) value as a covariate and treatment and trial center as
main effects.
The primary difference in the statistical analysis plan of this trial compared to Study 331-10-227
was in the plan for dealing with multiple comparisons. In 331-10-227, Hochberg’s procedure
was used to adjust for the multiple comparisons of the two brexpiprazole groups vs placebo
and maintain the overall Type I error at 0.05 (two-tailed). In this case, the only comparison was
the single dose of brexpiprazole vs. placebo; therefore, Hochberg’s procedure was not required.
The comparison between brexpiprazole+ADT and placebo+ADT was tested at a significance
level of 0.05 (2-sided).
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Similarly, the analysis of the key secondary endpoint (SDS Mean Score) did not require the
Hochberg procedure; however, a hierarchical testing procedure was still used so that the
overall experiment-wise type I error rate was maintained at 0.05.
Planned subgroup analyses of change from end of Phase A in MADRS Total Score to every study
week in Phase B included the following:
• Gender
• Race (Caucasian and Non-Caucasian)
• Age group (age <55 and age ≥55)
• ADT
• Region (North America and Europe)
• Country (US and Non-US)
• Exclude those subjects who do not meet the new incomplete ADT response criteria in
Protocol Amendment 3 as supportive analysis.
Protocol Amendments
The aforementioned Amendment 3 also applied to this trial. This is the amendment that
modified the randomization criteria to redefine incomplete responders as those subjects who
did not meet response criteria over the entire course of Phase A, and not solely at the end of
Phase A. Protocol Amendment 3 added criteria based on the MADRS (Weeks 2, 4, 6, and 8) and
CGI-I (Weeks 2, 4, and 6), in addition to the existing criteria for the HAM-D17 and CGI-I at Week
8, in order for a subject to be eligible for randomization into Phase B (see Trial Design, above,
for details). When this change was implemented, 153 subjects had already been randomized
into in Study 331-10-228.
6.2.2. Study Results

Compliance with Good Clinical Practices
The Sponsor provided the following attestation:
This trial was conducted in compliance with Good Clinical Practice (GCP) guidelines for
conducting, recording, and reporting trials, as well as for archiving essential documents.
Consistent with ethical principles for the protection of human research subjects, no trial
procedures were performed on trial candidates until written consent had been obtained
from them. The informed consent form (ICF), protocol, and amendments for this trial
were submitted to and approved by the institutional review board (IRB) or independent
ethics committee (IEC) for each respective trial site or country.
On November 17, 2014, the Sponsor informed the Division that two investigators, Bernadette
B. D’Souza, M.D. and Otto Dueno, M.D., of Midwest Clinical Research Center in Dayton, OH,
were terminated from conducting a number of ongoing trials for Otsuka and Lundbeck for
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safety concerns. The Sponsor also reported the relevant findings to the Division of Scientific
Investigations, Office of Compliance.
The Sponsor was informed that, in principle, patients from the affected study center should still
be included in the primary analysis set. However, FDA also asked the Sponsor to plan to run
analyses excluding these patients to explore the impact of the non-compliance violation on the
efficacy outcome, and to include these analyses in future study reports. FDA noted that the
analysis set to be used to describe the efficacy outcome in the labeling would be a matter of
review.
Financial Disclosure
Financial disclosures for each of the four pivotal trials under this NDA were reviewed at the
time the NDA was filed. See Appendix 13.2 for details. For Study 331-10-227, one investigator
had disclosable financial interests.
Patient Disposition
A total of 1227 subjects were screened for this trial, and 826 subjects enrolled into Phase A.
Two subjects discontinued the trial before taking any Sponsor-provided ADT in Phase A
(protocol violation and lost to follow-up); therefore, 824 subjects received at least one dose of
ADT during Phase A. Of these subjects, 114 subjects (13.8%) discontinued the trial during Phase
A, 379 subjects (46.0%) were subsequently randomized to double-blind IMP in Phase B (188
subjects randomized to 2 mg/day brexpiprazole+ADT, and 191 randomized to placebo+ADT),
and 331 subjects (40.2%) continued placebo+ADT in Phase A+. See Table 10 and Figure 7,
below.
Table 10: Disposition of Efficacy Samples in Trial 331-10-228

(source: Study 331-10-228, Clinical Study Report, Table 10.1.2-1, page 131)

Figure 7: Disposition of Efficacy Samples in Trial 331-10-228
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(source: Study 331-10-228, Clinical Study Report, Figure 11.1-1, page 138)

Protocol Violations/Deviations
Overall, 21.4% of the 379 subjects in the Randomized Sample had at least one major protocol
deviation during the trial (25.5% of the subjects randomized to brexpiprazole+ADT, and 17.3%
of those randomized to placebo+ADT). The types of major protocol deviations are summarized
in Table 11, below.
Subjects in the brexpiprazole+ADT group had more entry criteria deviations than those in the
placebo+ADT group. However, for five subjects in the brexpiprazole group, an entry criteria
deviation for not having a confirmed history of inadequate response to antidepressant therapy
for the current depressive episode was recorded, but this deviation resulted from incorrect
completion of the ATRQ by these subjects. Thus, only 17 subjects in the brexpiprazole+ADT
group truly had entry criteria deviations. Deviations across other categories appear generally
comparable between the two treatment groups.
Table 11: Summary of Subjects with Major Protocol Deviations by Type of Deviation
(Randomized Sample, Study 331-10-228)
Deviation Classification
Any Deviation
Entry Criteria

2 mg Brex+ADT
(N=188)
a
n(%)
48 (25.5)
22 (11.7)

Placebo+ADT
(N=191)
a
n(%)
33 (17.3)
14 (7.3)

Total
(N=379)
a
n(%)
81 (21.4)
36 (9.5)

60
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
Randomization
Dosing
Concomitant Medications
Procedural

1 (0.5)
7 (3.7)
13 (6.9)
10 (5.3)

0 (0)
6 (3.1)
8 (4.2)
8 (4.2)

1 (0.3)
13 (3.4)
21 (5.5)
18 (4.7)

a
n is the number of subjects with a major protocol deviation; the denominator for percentage calculation is the number of subjects in the
Randomized Sample.

(Adapted from: Study 331-10-227, Clinical Study Report, Table10.2-1, page 136)

Table of Demographic Characteristics
This study was conducted at 59 sites in five countries. Of the 379 subjects randomized in Phase
B, 67% were from the US, 11.3% from France, 11.1% from Poland, 7.4% from Canada, and 3.2%
from Slovakia. Other demographic characteristics are summarized in Table 12, below.
Table 12 also presents course of illness information for each group, focused solely on the
current major depressive episode. Other psychiatric diagnoses were considered exclusionary,
thus, there is no list of comorbid illnesses. The duration of current depressive episode, number
of lifetime episodes, and number of subjects with recurrent episodes was similar across groups.
As specified by the protocol, all subjects received antidepressant medications for treatment of
the current major depressive episode prior to the start of the trial. The most frequently
reported antidepressant medications at study entry were sertraline HCl (30.3%), fluoxetine HCl
(29.8%), and bupropion HCl (21.6%). All subjects were assigned to new antidepressant
treatment in Phase A, and continued that treatment into Phase B or Phase A+, as appropriate.
Table 12 lists the distribution of antidepressant treatments in Phase B.
Table 12: Demographic and Baseline Characteristics of ITT Population, Randomized Sample
(Phase B), Study 331-10-228
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brexpiprazole
2 mg + ADT
N = 188
Age
Sex

Race

Ethnicity
Location
Weight (kg)

Mean (SD)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Other (%)
Unknown (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
Unknown (%)
US
Non-US
Mean (SD)

44.1 (11.6)
58 (30.9%)
130 (69.1%)
163 (86.7%)
1 (0.5%)
19 (10.1%)
1 (0.5%)
3 (1.6%)
1 (0.5%)
20 (10.6%)
162 (86.2%)
6 (3.2%)
125 (66.5%)
63 (33.5%)
84.2 (21.2)

placebo + ADT
N = 191
45.2 (11.3)
54 (28.3%)
137 (71.7%)
166 (86.9%)
0 (0%)
22 (11.5%)
0 (0%)
2 (1%)
1 (9.4%)
18 (9.4%)
168 (88%)
5 (2.6%)
129 (67.5%)
62 (32.5%)
82.3 (19.7)

29.9 (6.8)
29.6 (7.1)
Mean (SD)
Body Mass Index (kg/M2)
13.7 (17.1)
Duration of current episode (mos) Mean (SD)
13.5 (14.2)
Mean (SD)
3.8 (3.2)
3.8 (2.9)
# of lifetime episodes
single (%)
21 (11.2%)
20 (10.5%)
Type of episode
recurrent (%)
167 (88.8%)
171 (89.5%)
escitalopram (%)
41 (21.8%)
39 (20.4%)
fluoxetine (%)
23 (12.2%)
29 (15.2%)
21 (11%)
paroxetine CR (%)
26 (13.8%)
Antidepressant therapy
sertraline (%)
28 (14.9%)
26 (13.6%)
40 (21.3%)
41 (21.5%)
duloxetine (%)
30 (16%)
35 (18.3%)
venlafaxine XR (%)
(Adapted from: Study 331-10-228, Clinical Study Report, Table11.2-1, page 139-140 and Table11.2.1-1, page 141)

The groups appear balanced across treatment arms with regard to baseline characteristics. As
previously noted, the 2:1 female-to-male ratio reflects the incidence of MDD in the adult
population.
Treatment Compliance, Concomitant Medication, and Rescue Medication Use
• Treatment Compliance: During Phase B, four subjects were discontinued from the study
due to noncompliance with dosing and/or study visits. One of these subjects was in the
2 mg/day brexpiprazole+ADT group, and three were in the placebo+ADT group.
•

Concomitant Medication: Overall, about 3/4 of subjects in both groups reported using
one or more medications prior to the start of trial treatment in Phase A, exclusive of the
protocol requirement for ADT. Other than ADTs, the most frequently reported class of
prior medications was anti-inflammatory and anti-rheumatic products (25.9%).
Ibuprofen was the most frequently reported individual baseline medication (20.8%).
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Efficacy Results – Primary Endpoint
The primary comparison between the brexpiprazole-plus-ADT arm and the placebo-plus ADT
arm at Week 14 was estimated as the difference between Least Squares (LS) means.
Brexpiprazole+ADT was superior to placebo+ADT for the primary endpoint (LS mean
difference=−3.12, p=0.0001, MMRM). These results are presented in Table 13, below, and were
confirmed by Dr. Ling, the statistical reviewer.
Table 13: Primary Efficacy Analysis—Mean Change in MADRS Total Score, Study 331-10-228

(source: Study 331-10-228, Clinical Study Report, Table 11.4.1.1.1-1, page 144)

The Sponsor also provided data using the Efficacy Sample per Amendment 3 Criteria (the per
protocol set), and the results were similar (p=0.0002).
Additional analyses to consider on the primary endpoint, once the primary endpoint is
successful:
• Effects in demographic subgroups: Analyses by sex, race, age, and region of origin are
presented in Table 14. Overall, there was a trend in favor of brexpiprazole in most of the
subgroups, except for some subgroups with small sample size. Subjects in the US tended
to have a larger treatment effect than non-US subjects.
Table 14: Analysis of the Primary Endpoint by Demographic Subgroups, Study 331-10-228

(source: statistical review, Dr. Ling)

•

Effects in other subgroups: Subgroup analyses based on the degree of improvement
during Phase A (<25% improvement and ≥25% improvement) were prospectively
defined and additional subgroups (no improvement versus >0% improvement) were
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requested post-hoc. The treatment effect seemed larger in the subgroup of patients
with less improvement during Phase A. Table 15, below, summarizes this data.
Table 15: Analysis of Primary Endpoint by Percent Improvement in MADRS Total Score at End
of Phase A, Study 331-10-228

(Adapted from Summary of Clinical Efficacy-MDD, Tables 2.7.3.3.3.6-1 and 2.7.3.3.3.6-2, pages 146-149)

•

Time-related effects: In an analysis of change in MADRS Total Score by trial week that
did not adjust for multiple comparisons, the change in MADRS Total Score for the 2
mg/day brexpiprazole+ADT group was greater compared with the placebo+ADT group
between the end of Phase A and each trial visit in Phase B. The LS mean difference
between the 2 mg/day brexpiprazole+ADT and placebo +ADT groups indicated a
treatment effect (p<0.05) after 1 week of double-blind IMP and at all subsequent visits
during Phase B. Figure 8, below, summarizes these data.

Figure 8: Mean Change from End of Phase A to Week 14 in MADRS Total Score by Trial
Week—MMRM, Efficacy Sample, Study 331-10-228

(source: Study 331-10-228, Clinical Study Report, Figure 14.4.1.1.4-1, page 152)

•

Analysis by population: The “per protocol” analysis for the primary endpoint on the
Efficacy Sample per Amendment 3 Criteria excluded 25 subjects who did not meet
Amendment 3 criteria. Exclusion of these subjects did not affect the primary and key
secondary efficacy results.
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•

Handling missing data: As a result of the low dropout rate in this trial, sensitivity
analyses based on missing not at random and ANCOVA based on LOCF and observed
data all yielded similar results to the primary analysis.

•

Analysis by site: Dr. Ling created plots of by-site raw mean of the primary efficacy
endpoint against number of subjects of each site. Last observed values were used to
calculate the raw means for each study site. Most sites enrolled a small number of
subjects. No single site affected the primary efficacy result such that excluding it from
the analysis would change the study conclusion. Her results are presented in Figure 9,
below.
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Figure 9: Plots of LOCF Raw Mean Change from Baseline Score in MADRS Total Score by Site,
Study 331-10-228

(source: Statistical review, Figure 2)

Data Quality and Integrity – Reviewers’ Assessment
As noted in Section 4.6, above, site 215 (Alexander E. Horwitz, M.D., Salem, OR) was the only
site inspected in 331-10-228. At this site, some protocol deviations were noted, but none that
would affect data integrity. Also, one isolated data discrepancy between source and CRF was
noted.
Efficacy Results – Secondary and other relevant endpoints
The key secondary endpoint of mean change from baseline (end of Phase A) to Week 14 in SDS
Mean Score was analyzed using the same MMRM model described for the primary analysis (see
Table 16, below). This value is obtained by taking the sum of the three domain scores (max=30),
and dividing by three (max mean=10). A hierarchical testing procedure was used to control for
Type I error. Brexpiprazole+ADT showed greater improvement (p<0.05) than the placebo+ADT
group for the change in SDS Mean Score, with LS mean differences of −0.45, (p=0.0372). Similar
to Study 331-10-227, despite small p-values, the magnitude of improvement in the
brexpiprazole+ADT groups was quite small, leading to questions about the clinical relevance of
this degree of change.
Table 16: Key Secondary Efficacy Analysis—Summary of Mean Change from Baseline to Week
14 in SDS Mean Score, Study 331-10-228
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(source: Study 331-10-228, Clinical Study Report, Table11.4.1.2.1.1-1, page 153)

Dose/Dose Response
This study only included one dose group, so it is not possible to draw any meaningful
conclusions regarding dose-response.
Persistence of Effect
• Persistence of effect was not assessed in this short-term trial.
Additional Analyses Conducted on Individual Trial
• Additional FDA Analyses: Dr. Ling conducted analyses using the primary MMRM model
without site as a factor, or with additional factor of “amend3” (meeting Amendment 3
criteria, yes vs no). The results supported the primary analysis.

6.3. Study 331-10-230: Schizophrenia
6.3.1. Study Design

Overview and Objective
The primary objective of this study was to compare the efficacy of each of three fixed doses of
brexpiprazole with placebo in the treatment of acute schizophrenia in adults. The secondary
objective was to compare the safety and tolerability of each of three fixed doses of
brexpiprazole with placebo in the treatment of acute schizophrenia in adults.
Trial Design
Study 331-10-230 was a Phase 3, multinational, randomized, double-blind, placebo-controlled
trial designed to assess the efficacy, safety, and tolerability of each of three fixed doses of
brexpiprazole (1, 2, and 4 mg/day) versus placebo for the treatment of hospitalized adult
subjects with schizophrenia. The study consisted of a screening phase, a double-blind treatment
phase, and a single follow-up visit at 30 (+2) days after the end of the trial or early
discontinuation. For a schematic of the study design, see Figure 10, below. For a complete
listing of study procedures, refer to Table 18, below.
Figure 10: Study Design Schematic, 331-10-230
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Note: “N” signifies planned recruitment.
(source: Study 331-10-230, clinical trial protocol, Figure 3.1-1, page 30)

Screening Phase: Prior to randomization, subjects entered a pre-treatment screening phase of
up to 14 days to assess eligibility criteria and to washout from prior antipsychotic medications
and other prohibited concomitant medications.
Double-Blind Treatment Phase: To meet entrance criteria subjects were required to have a
diagnosis of schizophrenia as defined by DSM-IV-TR criteria, and confirmed by the MINI for
Schizophrenia and Psychotic Disorders Studies. Subjects with a total Brief Psychiatric Rating
Scale (BPRS) score > 40; AND a score of > 4 on two or more of the following BPRS items:
hallucinatory behavior, unusual thought content, conceptual disorganization, or suspiciousness;
AND a score of > 4 on the CGI-S were eligible for enrollment. Eligible subjects included those
who would benefit from hospitalization or continued hospitalization for the treatment of a
current acute relapse of schizophrenia. For subjects not already hospitalized, hospitalization
began when the subjects signed the consent form. A baseline visit was required for all subjects
no more than 21 days after the date of hospital admission. Hospitalization continued for the
entire 6-week double-blind treatment period. Based on the investigator’s judgment of the
subject’s clinical status, supervised day passes could be issued at or after the Week 3 visit.
During the 6-week treatment phase, subjects were randomized into one of the following
treatment groups in a 3:3:2:3 ratio:
• Brexpiprazole 4 mg/day (N = 184)
• Brexpiprazole 2 mg/day (N = 186)
• Brexpiprazole 1 mg/day (N = 120)
• Placebo (N = 184)
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Follow-up: Subjects who completed all trial visits through the Week 6 visit could be offered
entry into an optional open-label rollover trial. Subjects who did not enter the open-label
rollover trial and those who withdrew early were prescribed appropriate treatment (as per
investigator judgment) and followed-up for safety via telephone contact or clinic visit 30 (+ 2)
days after the last dose of trial medication.
•

Dose selection: The Sponsor states that the specific doses of brexpiprazole used in Study
331-10-230 were determined based on results from a PET trial in healthy subjects (33107-202) and a completed Phase 2 trial in adults with an acute relapse of schizophrenia
(331-07-203). According to the Sponsor, results from the PET trial in healthy subjects
(Trial 331-07-202) predicted steady state receptor occupancies of at least 80% to 90% at
brexpiprazole doses of 1 to 2 mg/day and higher (79.3% predicted occupancy at
brexpiprazole 1 mg, 88.8% at brexpiprazole 2 mg, and 95.1% at brexpiprazole 4 mg).
Based on these data, the Sponsor predicted brexpiprazole’s active dose range to be 1 to
6 mg/day for the treatment of schizophrenia. However, review of the safety data for this
trial revealed dose-dependent increases in EPS-related TEAEs (e.g., akathisia), weight
gain, somnolence, and laboratory abnormalities (i.e., elevated creatine phosphokinase
[CPK] and prolactin) for some subjects assigned to brexpiprazole 5.0 + 1.0 mg/day.
Based on the collective safety, efficacy, and receptor occupancy data, the Sponsor
selected fixed doses of brexpiprazole of 1, 2 and 4 mg/day for evaluation in Study 33110-230.

•

Choice of control group: A placebo control was used in this trial.

•

Diagnostic criteria: Subjects met DSM-IV-TR criteria by clinical exam, and the diagnosis
was confirmed via the MINI, a semi-structured diagnostic interview.

•

Key inclusion/exclusion criteria: This study included male and female subjects between
18 and 65 years of age, inclusive, with a DSM-IV-TR diagnosis of schizophrenia who
would benefit from hospitalization or continued hospitalization for the treatment of a
current acute relapse of schizophrenia. Scores of > 40 on the BPRS, with a score of > 4
on items evaluating specific psychotic symptoms, and > 4 on the CGI-S were required.
Subjects were required to have a stable living environment when not in the hospital.
The Sponsor made an attempt to avoid inclusion of treatment-resistant subjects with
the following criteria:
Inclusion—Subjects who had received previous outpatient antipsychotic
treatment at an adequate dose (minimal recommended dose for the treatment
of schizophrenia according to the manufacturer labeling) for an adequate
duration (at least 6 weeks) and who showed a previous good response to such
antipsychotic treatment (other than clozapine) in the 12 months prior to study
entry, according to the investigator’s opinion.
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Exclusion—Subjects with schizophrenia who were considered
resistant/refractory to antipsychotic treatment by history or who had a history of
failure to respond to clozapine or response to clozapine treatment only.
Note: As noted above in the description of Study 331-10-227, recruitment of subjects
older than 65 years of age would not be unreasonable. In this case, it would be
particularly important, had elderly subjects been included, to ensure that subjects had
schizophrenia rather than dementia-related psychosis. It is not unusual to exclude
elderly subjects in clinical studies of atypical antipsychotics.
Sexually active subjects of child-bearing potential were required to use at least two of
the following methods of contraception throughout the study: vasectomy, tubal ligation,
vaginal diaphragm, intrauterine or other approved birth control device, birth control pill,
birth control implant, birth control depot injections, condom, or sponge with
spermicide.
Subjects presenting with a first episode were excluded, as were those who had been
hospitalized more than 21 days for the current episode at the time of the Baseline visit
and those who had a > 30% improvement in total BPRS score between screening and
baseline. Other exclusion criteria were similar to those seen in other trials evaluating
atypical antipsychotics for the treatment of schizophrenia.
•

Study treatments: Subjects were randomized in a 3:3:2:3 ratio to brexpiprazole 4, 2, or 1
mg/day, or placebo. The first dose of IMP was administered on the day of randomization
(Day 1). All subjects initiated treatment with brexpiprazole 1 mg/day (or matching
placebo) for 4 days. The dose was then increased to brexpiprazole 2 mg/day in the
brexpiprazole 4 and 2 mg/day groups until the Week 1 visit, but remained at 1 mg/day
in the brexpiprazole 1 mg/day group. All subjects achieved the assigned dose the day
after the Week 1 visit. The titration schedule is outlined in Table 17, below. Subjects
unable to tolerate their assigned treatment were discontinued from the trial.
Table 17: Titration and Dosing of Double-Blind Trial Medication, Study 331-10-230

(source: Study 331-10-230, clinical trial protocol, Table 3.2-1, page 32)
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• Assignment to treatment: Similar to the MDD program, subjects were randomly
assigned through an IVRS or IWRS to receive brexpiprazole or matching placebo. The
randomized treatments were administered in a double-blind fashion. Treatment
assignments were based on a computer-generated randomization code provided by the
OPDC Biometrics Department.
•

Dose Modification, dose discontinuation: There were no pre-specified dose adjustments
in the Treatment Phase. Subjects who could not tolerate the assigned dose were to be
discontinued from the trial.

•

(b) (4)
Administrative structure: All aspects of the trial were managed by
the CRO, with oversight by OPDC. Trial procedures were reviewed at
multicenter investigator meetings. Responsibilities of the CRO included trial
management, site monitoring, pharmacovigilance services, and data management. The
Sponsor also used contract vendors for the clinical laboratory, bioanalytical laboratory,
pharmacogenomic laboratory, electronic data capture, rater training, subject
recruitment/retention, ECG analysis, IMP supply, IVRS/IWRS, and translation services.

A structured rater training and certification program for this trial consisted of both
didactic and experiential training on the PANSS and PSP scales. Additional rater training
was provided on the CGI-S and CGI-I.
•

Dietary Restrictions/Instructions: There were no dietary restrictions. Brexpiprazole can
be administered with or without food.

•

Concurrent Medications: Prohibited medications included: antipsychotics,
antidepressants, mood stabilizers, varenicline, benzodiazepines (see note regarding
rescue therapy, below), CYP2D6 inhibitors, and CYP3A4 inhibitors and inducers. All
prohibited medications were discontinued during the 14-day screening and washout
period. Longer washouts were required for certain medications (e.g., long-acting depot
antipsychotics, fluoxetine); subjects taking these medications at screening were
excluded from the trial.

•

Blinding: An IVRS/IWRS was used to obtain the subject identification and to assign trial
medication for randomized subjects.

•

Procedures and Schedule: See Table 18, below.
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Table 18: Schedule of Assessments, Study 331-10-230

(Adapted from Study 331-10-230, clinical trial protocol, Table 3.7-1, pages 42-45)

•

Treatment compliance: To facilitate enrollment of acutely ill subjects and optimize
treatment compliance, a 6-week inpatient hospitalization was required following the
initial screening period. Responsible trial personnel dispensed the IMP to subjects.
Accountability and compliance verification were documented in the subjects’ trial
records. Subjects were counseled on the importance of taking the IMP as directed at all
trial visits. Poor compliance (e.g., less than 80% overall compliance) could be considered
grounds for discontinuing the subject from the trial.

•

Rescue Medication: Use of intramuscular benzodiazepines and continual use of oral
benzodiazepines were prohibited throughout the trial. Limited use of specific oral
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benzodiazepines (see Table 19, below) was allowed for the control of agitation and/or
insomnia. Non-benzodiazepine sleep aids (i.e., zolpidem, zaleplon, zopiclone, and
eszopiclone only) were permitted for the treatment of insomnia, but not on the same
day as administration of a benzodiazepine, regardless of indication. Neither
benzodiazepines nor non-benzodiazepine sleep aids were to be administered within 12
hours prior to scheduled efficacy and safety assessments, including EPS scales.
Investigators were encouraged to delay scale administration until 12 hours elapsed, if at
all possible.
Table 19: Oral Benzodiazepine Rescue Therapy During Trial 331-10-230

(source: Study 331-10-230, clinical trial protocol, Table 4.1-3, page 69)

•

Subject completion, discontinuation, or withdrawal: The treatment period was defined
as the time period during which subjects were evaluated for primary and/or secondary
objectives of the trial, irrespective of whether or not the subject actually took all doses
of IMP. Subjects who were evaluated at the last scheduled visit during the treatment
period were defined as trial completers; for purposes of this trial, subjects who
completed the Week 6 visit.
When subjects discontinued the trial prematurely, the reason was to be fully evaluated
and recorded in source documents and the eCRF. If the subject was withdrawn because
of an AE, that AE was noted as the reason for withdrawal. Subjects could withdraw at
any point during treatment without prejudice. The investigator could discontinue a
subject’s participation if medically necessary.
Withdrawal from the trial was required if subjects met the following criteria:
a) Occurrence of any AE, intercurrent illness, or laboratory abnormality which, in
the opinion of the investigator, warranted the subject’s permanent withdrawal
from the trial;
b) treatment with a prohibited concomitant medication other than the use of
appropriate medications for the treatment of AEs under direction of the
investigator;
c) subject noncompliance, defined as refusal or inability to adhere to the trial
schedule;
d) at the request of the subject, investigator, Sponsor, or regulatory authority;
e) subject became pregnant;
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f) subject could not tolerate the assigned dose of brexpiprazole (or matching
placebo); or
g) subject was lost to follow-up.
Subjects who withdrew prematurely completed early termination evaluations and were
assessed 30 (+2) days after the last dose of IMP for evaluation of safety. This assessment
could be accomplished via telephone contact or clinic visit at the investigator’s
discretion. Withdrawn subjects were not replaced.
Study Endpoints
The primary outcome variable for determination of efficacy was the change from baseline to
Week 6 in the PANSS Total Score using an MMRM analysis. The PANSS consists of three
subscales containing a total of 30 symptom constructs and was administered using the
Structured Clinical Interview (SCI)-PANSS. For each symptom construct, severity was rated on a
7-point scale, with a score of 1 indicating the absence of symptoms and a score of 7 indicating
extremely severe symptoms. Thus, the minimum possible PANSS score is 30 and the maximum
possible score is 210. The symptom constructs for each subscale were as follows:
a) Positive Subscale
 7 positive symptom constructs: delusions, conceptual disorganization,
hallucinatory behavior, excitement, grandiosity, suspiciousness/persecution, and
hostility
b) Negative Subscale
 7 negative symptom constructs: blunted affect, emotional withdrawal, poor
rapport, passive/apathetic social withdrawal, difficulty in abstract thinking, lack
of spontaneity and flow of conversation, stereotyped thinking
c) General Psychopathology Subscale
 16 symptom constructs: somatic concern, anxiety, guilt feelings, tension,
mannerisms and posturing, depression, motor retardation, uncooperativeness,
unusual thought content, disorientation, poor attention, lack of judgment and
insight, disturbance of volition, poor impulse control, preoccupation, and active
social avoidance.
The key secondary efficacy variable was the change from baseline to Week 6 in CGI-S score. To
perform this assessment, the rater or investigator answered the following question:
“Considering your total clinical experience with this particular population, how mentally ill is
the subject at this time?” Response choices include: 0= not assessed; 1= normal, not at all ill; 2=
borderline mentally ill; 3= mildly ill; 4= moderately ill; 5= markedly ill; 6= severely ill; and 7=
among the most extremely ill subjects.
Other secondary efficacy endpoints were also assessed; however, they were considered
exploratory. These variables are as follows:
• Change from baseline to Week 6 in Personal and Social Performance scale (PSP) score
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• Change from baseline to Week 6 in PANSS Positive Subscale score
• Change from baseline to Week 6 in PANSS Negative Subscale score
• Week 6 CGI-I score
• Response rate (defined as reduction of ≥ 30% from baseline in PANSS Total Score OR
CGI-I score of 1 [very much improved] or 2 [much improved]) at Week 6
• Discontinuation rate for lack of efficacy during the trial
• Change from baseline to Week 6 in PANSS Excited Component (PEC) score
• Change from baseline to Week 6 in PANSS Marder Factor scores
Statistical Analysis Plan
George Kordzakhia, Ph.D. conducted the statistical review of the schizophrenia portion of this
NDA application. The comments below are based on both his review, dated March 11, 2015,
and my own assessment of the application. For a detailed evaluation of the Sponsor’s planned
statistical analysis, please refer to Dr. Kordzakhia’s review.
The protocol defined the following analysis sets:
• Randomized: consists of all subjects who were randomized into this trial.
• Safety: consists of all subjects who took at least one dose of IMP.
• Efficacy: consists of all subjects who are in the Randomized Sample, took at least one
dose of IMP, and have a baseline and at least one postbaseline evaluation for PANSS
Total Score.
The core dataset for all efficacy analyses was based on the intent-to-treat (ITT) population
which consisted of all randomized subjects who took at least one dose of IMP. In order to
handle missing data and restrictions imposed by different types of analyses (e.g., change from
baseline analysis), datasets derived from the ITT population were used for the efficacy analyses.
The primary efficacy outcome variable was change from baseline to Week 6 in PANSS Total
Score. The difference between the average effect of 4 mg/day and 2 mg/day brexpiprazole
versus was tested first, at an alpha level of 0.05. If this global test was significant, then
comparisons for each group (4 mg/day brexpiprazole versus placebo and 2 mg/day
brexpiprazole versus placebo) were performed at a significance level of 0.05. The null
hypotheses of these comparisons were that there is no difference between the brexpiprazole
treatment groups and placebo in change from baseline in PANSS Total Score at Week 6. The
stepwise testing approach was applied to control the family-wise error rate (FWE) of multiple
comparisons. A primary comparison was considered significant at the 0.05 FWE significance
level if both the global test and the primary comparison test were significant at 0.05.
The primary analysis of the primary outcome variable was based on MMRM analysis with an
unstructured variance covariance matrix for the repeated measures in which the change from
baseline in PANSS Total Score from Week 1 to Week 6 was the dependent variable based on the
OC data set. The model included fixed class effect terms for treatment, trial center, visit week,
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and an interaction term of treatment by visit week. The model also included the interaction
term of baseline by visit week as a covariate. The primary comparison between the
brexpiprazole 4 mg/day and brexpiprazole 2 mg/day groups and the placebo group at Week 6
was estimated as the difference between LS means at Week 6. The average contrasts based on
the LS mean difference of 2 mg/day and 4 mg/day brexpiprazole with placebo at Week 6 of the
MMRM analysis served as the global test.
An unstructured variance covariance matrix was used for the within subject variation. In case
there was a convergence problem in the MMRM model with the unstructured variance
covariance matrix, the following variance covariance matrix structures were pre-specified in the
order of 1) heterogeneous toeplitz, 2) heterogeneous autoregressive of order 1, and 3)
heterogeneous compound symmetry. The first (co)variance structure which did not have
convergence problem was to be the one used for the analysis.
The analysis of the key secondary endpoint was conducted if both comparisons of 4 mg/day
brexipiprazole vs. placebo and 2 mg/day brexipiprazole vs. placebo of the primary endpoint
were significant. A test procedure similar to the one used in the analysis of the primary efficacy
endpoint was adopted.
Planned subgroup analyses of the change from baseline in PANSS Total Score at Week 6
included the following factors:
• Gender
• Race (Caucasian and Non-Caucasian)
• Age (Age<55 and Age>55)
• Country (US and Non-US)
• Region (Asia, Europe, North America, and Latin America)
Protocol Amendments
Protocol Amendment 2 was submitted December 20, 2013. Prior to that Amendment, the
Sponsor had proposed using the Hochberg procedure to adjust for multiple comparisons. With
Amendment 2, the method of analyzing data for multiple comparisons was changed from the
Hochberg procedure to the Average Effect method (described above).
Data Quality and Integrity: Sponsor’s Assurance
Prior to trial initiation, during the trial, and after trial completion, the investigational sites were
visited by the CRO's CRAs. The CRAs verified CRF entries against available source documents
and ensured that appropriate data were collected and documented.
The Quality Management department of OPDC provided quality assurance support for this trial.
Audits of the quality systems that support the preparation, conduct and reporting of this trial
were conducted to assure compliance with the regulations, guidelines, and standard operating
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procedures in place at the time of the trial. All findings were reported to appropriate personnel
for corrective action.
6.3.2. Study Results

Compliance with Good Clinical Practices
The Sponsor provided the following attestation:
This trial was conducted in compliance with International Conference on Harmonisation
(ICH) Good Clinical Practice (GCP) guidelines for conducting, recording, and reporting
trials, as well as for archiving essential documents. Consistent with ethical principles for
the protection of human research subjects, no trial procedures were performed on trial
candidates until written consent had been obtained from them. The informed consent
form (ICF), protocol, and amendments for this trial were submitted to and approved by
the institutional review board (IRB) or independent ethics committee (IEC) for each
respective trial site or country.
Financial Disclosure
Financial disclosures for each of the four pivotal trials under this NDA were reviewed at the
time the NDA was filed. See Appendix 13.2 for details. For Study 331-10-230, one investigator
had disclosable financial interests.
Patient Disposition
A total of 1005 subjects were screened for this trial, and 674 were randomized to double-blind
treatment. All randomized subjects received double-blind IMP and were included in the Safety
Sample. A total of 17 subjects (3 subjects who received brexpiprazole 4 mg/day, 7 subjects who
received brexpiprazole 2 mg/day, 3 subjects who received brexpiprazole 1 mg/day, and 4
subjects who received placebo) did not have both baseline and post-baseline efficacy (PANSS)
assessments, and thus were excluded from the analysis of efficacy.
Overall, 68% of subjects completed the trial and the percentage of early withdrawals was
similar across treatment groups. The most frequent reported reason for discontinuation was
subject withdrew consent to participate (12.5%). The percentage of subjects that completed
was similar across the brexpiprazole treatment groups and slightly greater than the placebo
group over the course of the trial. Subject disposition is summarized in Table 20 and Figure 11,
below.
The proportion of subjects remaining in the trial was highest from Week 1 to Week 6 in the
brexpiprazole 4 mg/day group. From Week 3 to the end of the trial, the proportion of subjects
remaining in the trial was lowest in the placebo group.
Table 20: Subject Disposition, Study 331-10-230
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(source: Study 331-10-230, Clinical Study Report, Table 10.1-1, page 76)

Figure 11: Subject Disposition, Study 331-10-230

(source: Study 331-10-230, Clinical Study Report, Figure 10.1-1, page 75)

Protocol Violations/Deviations
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Protocol deviations resulted in discontinuation for 0.4% of subjects; the percentage of subjects
withdrawn due to protocol deviations was similar in the brexpiprazole and placebo groups. A
total of 25 subjects had at least one major protocol deviation during the trial. Major protocol
deviations reported for this trial included the following: entry criteria (subject did not meet
inclusion criteria for BPRS and CGI-S at screening and/or baseline), concomitant medications
(subject took prohibited medication during the trial [mood stabilizers, antipsychotics, and
antidepressant]), and dosing (subject was >120% compliant). The types of protocol deviations
are summarized in Table 21, below.
Table 21: Summary of Subjects with Major Protocol Deviations by Type of Deviation
(Randomized Sample, Study 331-10-230)

(source: Study 331-10-230, Clinical Study Report, Table 10.2-1, page 78)

Table of Demographic Characteristics
This trial was conducted at 68 sites in 8 countries (Colombia, Croatia, Mexico, Philippines,
Russia, Slovakia, Taiwan, and the US). Of the 674 randomized subjects, most were from Russia
(266 subjects) and the US (243 subjects). Other demographic characteristics are summarized in
Table 22, below.
Table 22 also shows course of illness information for each group. Other psychiatric diagnoses
were considered exclusionary, so there is no list of comorbid illnesses. Psychiatric history at
enrollment was similar across the treatment groups. Overall, the mean age of first diagnosis for
schizophrenia was 25.6 years and the mean duration of the current episode of schizophrenia
was 2.5 weeks. All subjects had received treatment for previous episodes of schizophrenia prior
to entry into the trial.
Baseline disease severity was similar across the treatment groups. Subject were markedly ill at
study entry, mean overall PANSS Total Scores was 95 and mean overall CGI-I score was 4.9 (see
Table 22).
Table 22: Demographic and Baseline Characteristics of Randomized Sample, Study 331-10-230
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Age

Mean (SD)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Other (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
Unknown (%)
US
Non-US
Mean (SD)

Sex

Race

Ethnicity
Location
Weight (kg)

Body Mass Index (kg/M2)
Mean (SD)
Age at first diagnosis (yrs)
Mean (SD)
Duration of current episode (weeks) Mean (SD)
Total Score
PANSS [Mean (SD)]
Positive Subscale Score
Negative Subscale Score
CGI-S Score
Mean (SD)
PSP Score
Mean (SD)
BPRS Total Score
Mean (SD)

brexpiprazole
1 mg
N = 120

brexpiprazole
2 mg
N = 186

brexpiprazole
4 mg
N = 184

39.1 (11.9)
77 (64.2%)
43 (35.8%)
75 (62.5%)
5 (4.2%)
26 (21.7%)
5 (4.2%)
9 (7.5%)
27 (22.5%)
93 (77.5%)
0 (0%)
44 (36.7%)
76 (63.3%)
80.3 (20.8)

36 9 (10.9)
122 (65.6%)
64 (34.4%)
118 (63.4%)
7 (3.8%)
41 (22%)
8 (4.3%)
12 (6 5%)
31 (16.7%)
155 (83.3%)
0 (0%)
66 (35.5%)
120 (64.5%)
84 8 (20.9)

38.6 (11.0)
113 (61.4%)
71 (38.6%)
104 (56.5%)
12 (6.5%)
50 (27 2%)
6 (3.3%)
12 (6.5%)
32 (17.4%)
150 (81.5%)
2 (1.1%)
66 (35 9%)
118 (64.1%)
84.8 (20.9)

39.3 (10.8)
111 (60.3%)
73 (39.7%)
110 (59.8%)
10 (5.4%)
45 (24.5%)
5 (2.7%)
14 (7.6%)
31 (16.8%)
151 (82.1%)
2 (1.1%)
67 (36.4%)
117 (63.6%)
85.0 (21.5)

29.4 (6.7)
18.7 (43.0)
3.6 (3.9)
93.3 (12.8)
24.9 (4.3)
23.2 (5.4)
4.9 (0.7)
45.5 (10.7)
54.4 (8.6)

29.9 (7.0)
17.4 (33.0)
3 5 (2.8)
96 3 (12.8)
24.9 (4.3)
24.1 (5.2)
5 (0.7)
43.7 (11.4)
55.5 (7.5)

29.9 (7.0)
17.4 (33.0)
3.5 (2.8)
95.1 (12.5)
24.9 (4.4)
23.9 (5.0)
4.9 (0.6)
44.7 (11.1)
55.2 (7.5)

29.6 (7.0)
16.9 (35.0)
3.7 (4.9)
94.8 (13.0)
25 (4.6)
24 (5.3)
4.9 (0.6)
43.7 (10.8)
55.1 (8.0)

placebo
N = 184

(Adapted from: Study 331-10-230, Clinical Study Report, Table 11.2-1, pages 78-79, Table 11.2.1-1, page 80, and Table 11.2.2-1,
page 81)

Treatment Compliance, Concomitant Medication, and Rescue Medication Use
• Treatment Compliance: Because dosing administration was conducted in an in-hospital,
supervised setting, the majority of subjects in each treatment group had 100%
treatment compliance. One subject in the brexpiprazole 2 mg/day group had treatment
compliance <90%, all other subjects had treatment compliance > 90%.
•

Concomitant Medication: Overall, 74.8% of subjects in the Safety Sample reported using
one or more medications during the treatment period (73.3% in the brexpiprazole 1
mg/day group, 76.9% in the brexpiprazole 2 mg/day group, 77.7% in the brexpiprazole 4
mg/day group, and 70.7% in the placebo group). The most frequently reported class of
concomitant medication (i.e., those used by more than 20% of subjects overall) was
psycholeptics (66.6%). Lorazepam was the most frequently reported individual
concomitant medication (44.5%). The use of lorazepam was similar across all the
treatment groups.

•

Rescue Medication: There were no defined rescue medications to address psychotic
symptoms. Use of benzodiazepines for sleep was similar across treatment groups.

Efficacy Results – Primary Endpoint
FDA requested presentation of the efficacy results with multiplicity handled using both the
Average Effect method and the original Hochberg procedure to verify that there was no
difference in the conclusions regardless of the method used to handle multiplicity. The gate
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keeping Average Effect method met the criterion for the brexpiprazole 2 mg/day and 4 mg/day
combined treatment groups (LS mean difference=−4.78, p=0.0093), so that comparisons of
individual brexpiprazole 2 mg/day and 4 mg/day groups with placebo group could proceed,
with brexpiprazole 4 mg/day superior to placebo. In addition, since the p-value of brexpiprazole
4 mg/day versus placebo was less than 0.025, brexpiprazole 4 mg/day was also superior to
placebo from the Hochberg procedure, so that the conclusions of the primary analysis are
consistent, using either the Hochberg procedure or the Average Effect Method to handle
multiplicity.
The improvement in PANSS Total Score was statistically significantly superior for the
brexpiprazole 4 mg/day group compared with the placebo group (LS mean difference=−6.5,
p=0.002). The brexpiprazole 2 mg/day group did not demonstrate superiority to placebo,
although it showed a greater numerical improvement (LS mean difference=−3.1, p=0.14). These
results are presented in Table 23, below, and were confirmed by Dr. Kordzakhia.
Table 23: Primary Efficacy Analysis—Mean Change from Baseline to Week 6 in PANSS Total
Score, Study 331-10-230

(source: Study 331-10-230, Clinical Study Report, Table 11.4.1.1.1-1, page 83)

•

Effects in demographic subgroups: The Sponsor conducted subgroup analysis of the
change from baseline to Week 6 in PANSS Total Score by gender, race, age, region, and
country. The results of the subgroup analysis in US and Non-US were consistent with the
overall study results. Sample sizes were small in several subgroups and no qualitative
treatment subgroup interaction was found. The subgroup analyses did not show any
consistent influence of gender, race, age, country, or region on the primary efficacy
results.
Dr. Kordzakhia conducted his own exploratory subgroup analyses. Those results are
presented in Table 24 and Table 25, below.

Table 24: Subgroup Analysis: Mean Change from Baseline in PANSS at Week 6 (MMRM),
Study 331-10-230
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(source: Statistical review, Table 7)

Table 25: Subgroup Analysis by Geographic Region (North America vs. non North
America): Mean Change from Baseline in PANSS at Week 6 (MMRM), Study 331-10-230

(source: Statistical review, Table 8)

•

Change in PANSS by Trial Week: The PANSS Total Score was assessed at weekly visits;
Figure 12 shows the change in PANSS Total Score by week. Although there was no
attempt to control Type-I error for these weekly analyses, the p-value for the 4 mg/day
groups vs. placebo was nominally statistically significant at Week 3, and the difference
was maintained for the remainder of the double-blind treatment period.
Figure 12: Mean Change from Baseline to Week 6 in PANSS Total Score by Visit—
MMRM (Efficacy Sample), Study 331-10-230

(source: Statistical review, Figure 3)
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• Handling missing data: Results of the sensitivity analyses for the primary endpoint by
planned dose, a model that accounted for the lead-in titration scheduled, supported the
result obtained for the primary MMRM analysis. In this model, the brexpiprazole 4
mg/day and 2 mg/day groups were combined for the first week of the randomization
period since the dosing was identical due to the titration scheme. See Table 26, below.
Table 26: Sensitivity Analyses: Summary of Mean Change from Baseline to Week 6 in
PANSS Total Score by Planned Dose—MMRM (Efficacy Sample), Study 331-10-230

(source: Study 331-10-230, Clinical Study Report, Table 11.4.1.1.2-1, page 84)

Sensitivity analyses showed that the assumption of data missing not at random does not
alter the result of the primary analysis.
•

Analysis by site: Dr. Kordzakhia explored mean treatment differences of brexipiprazole
2 mg/day and brexipirazole 4 mg/day with placebo by study site (non-model based
calculations). Figure 13 displays the scatter plots of site treatment differences versus
site sizes (number of patients) for study 230. The scatter plots did not follow a specific
shape, although the magnitude of upper and lower bounds on treatment differences
appeared to decrease for larger site sizes in general. In the brexipiprazole 2 mg vs.
placebo scatter plot, there was one observation with large treatment effect that
potentially stood out from the general pattern. The observation corresponds to Site 452
located in Bogota, Columbia. The removal of this site from the primary analysis did not
affect nominal statistical significance of brexipiprazole 4 mg vs. placebo comparison (pvalue=0.0087). The global test of average effect of the two doses versus placebo serving
as a gatekeeper in the multiple testing procedure was on the edge of reaching statistical
significance (p=0.0504).
Figure 13: Mean Change from Baseline in PANSS total score by study center (LOCF)—
Study 331-10-230
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(source: Statistical review, Figure 5)

Data Quality and Integrity – Reviewers’ Assessment
As noted in Section 4.6, above, site 507 (Scott Segal, M.D., North Miami, FL) was the only site
inspected in 331-10-230. Excluding this site did not change the efficacy results on the primary
endpoint, but it was selected for inspection based on large enrollment. No deviations were
identified, and the data from these sites was deemed acceptable.
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Efficacy Results – Secondary and other relevant endpoints
The key secondary endpoint change from baseline to Week 6 in CGI-S score. Because only the
comparison of brexpiprazole 4 mg/day versus placebo met the threshold in the primary
analysis, further formal statistical testing in the key secondary endpoint was not able to
proceed. The results below would thus be considered exploratory in this context.
The improvement in CGI-S score from baseline to Week 6 was superior for the brexpiprazole 4
mg/day group compared with the placebo group (LS mean difference=−0.38, p=0.002). Greater
numerical improvements in CGI-S score from baseline to Week 6 were also observed in the
brexpiprazole 2 mg/day and brexpiprazole 1 mg/day groups compared with placebo (LS mean
difference=−0.19, p=0.127 and LS mean difference=−0.10, p=0.445, respectively).
Dose/Dose Response
In this study, only the highest dose (4 mg/day) of brexpiprazole was superior to placebo. A
more detailed discussion of a potential dose-response relationship will be presented in Section
7.2.4, below.
Persistence of Effect
• Persistence of effect was not assessed in this short-term trial.

6.4. Study 331-10-231: Schizophrenia
6.4.1. Study Design

Overview and Objective
The primary objective of this study was to compare the efficacy of each of three fixed doses of
brexpiprazole with placebo in the treatment of acute schizophrenia in adults. The secondary
objective was to compare the safety and tolerability of each of three fixed doses of
brexpiprazole with placebo in the treatment of acute schizophrenia in adults.
Trial Design
Study 331-10-231 was a Phase 3, multinational, randomized, double-blind, placebo-controlled
trial designed to assess the efficacy, safety, and tolerability of each of 3 fixed doses of
brexpiprazole (0.25, 2, and 4 mg/day) versus placebo for the treatment of adult subjects with
schizophrenia. This study was identical in design to Study 331-10-230 with the exception of the
lowest brexpiprazole dose; therefore, only the pertinent differences will be reviewed below.
The statistical analysis plan was also identical, again with the exception of the lowest dose. For
a schematic of the study design, see Figure 14, below. The schedule of study procedures is
identical to that in Study 331-10-230 (refer to Table 18, above).
Figure 14: Study Design Schematic, 331-10-231
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(source: Study 331-10-231, clinical trial protocol, Figure 3.1-1, page 30)

•

Study treatments: Subjects were randomized in a 2:2:1:2 ratio to brexpiprazole 4, 2, or
0.25 mg/day, or placebo. The first dose of IMP was administered on the day of
randomization (Day 1). Subjects randomized to brexpiprazole 4 or 2 mg/day will initiate
treatment with brexpiprazole 1 mg/day for 4 days. The dose will then be increased to
brexpiprazole 2 mg/day until the Week 1 visit. Subjects randomized to brexpiprazole
0.25 mg/day or matching placebo will receive brexpiprazole 0.25 mg/day or matching
placebo until the Week 1 visit. All subjects achieved the assigned dose the day after the
Week 1 visit. The titration schedule is outlined in Table 27, below. Subjects unable to
tolerate their assigned treatment were discontinued from the trial.
Table 27: Titration and Dosing of Double-blind Trial Medication, 331-10-231

(source: Study 331-10-231, clinical trial protocol, Table 3.2-1, page 32)

6.4.2. Study Results

Compliance with Good Clinical Practices
The Sponsor provided the following attestation:
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This trial was conducted in compliance with International Conference on Harmonisation
(ICH) Good Clinical Practice (GCP) guidelines for conducting, recording, and reporting
trials, as well as for archiving essential documents. Consistent with ethical principles for
the protection of human research subjects, no trial procedures were performed on trial
candidates until written consent had been obtained from them. The informed consent
form (ICF), protocol, and amendments for this trial were submitted to and approved by
the institutional review board (IRB) or independent ethics committee (IEC) for each
respective trial site or country.
On November 17, 2014, the Sponsor submitted a letter of notification, informing the Division
that two investigators from Midwest Clinical Research Center in Dayton, OH, were terminated
from conducting a number of ongoing trials for Otsuka and Lundbeck for safety concerns. The
Sponsor also reported the relevant findings to the Division of Scientific Investigations, Office of
Compliance. The Sponsor’s decision to terminate these two investigators was based on the
totality of the information analyzed in relation to allegations of GCP noncompliance at the
Midwest Clinical Research Center.
The Sponsor was informed that, in principle, patients from the affected study center should still
be included in the primary analysis set. However, FDA also asked the Sponsor to run analyses
excluding these patients to explore the impact of the non-compliance violation on the efficacy
outcome, and to include these analyses in future study reports. FDA noted that the analysis set
to be used to describe the efficacy results in labeling would be a matter of review.
Financial Disclosure
Financial disclosures for each of the four pivotal trials under this NDA were reviewed at the
time the NDA was filed. See Appendix 13.2 for details. For Study 331-10-231, two investigators
had disclosable financial interests.
Patient Disposition
A total of 949 subjects were screened for this trial, and 636 were randomized to double-blind
treatment. All randomized subjects received double-blind IMP and thus were included in the
Safety Sample. Ninety-eight percent (98%) of these subjects had both baseline and postbaseline efficacy (PANSS) assessments, and thus were included in the Efficacy Sample.
A total of 410 subjects (64.5%) completed the trial, and the incidence of discontinuations was
highest in the placebo group (40.8%). The most frequent reason for discontinuation in all
randomized subjects was subject withdrew consent to participate (14.0%). Only one subject
was lost to follow-up, which is not surprising given that these were inpatients. Subject
disposition is summarized in Table 28 and Figure 15, below.
The fractions of subjects who discontinued were similar across the treatment groups.
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Table 28: Disposition of Subjects in Study 331-10-231

(source: Study 331-10-231, Clinical Study Report, Table 10.1-1, page 78)

Figure 15: Disposition of Subjects in Study 331-10-231

(source: Study 331-10-231, Clinical Study Report, Figure 10.1-1, page 78)

Protocol Violations/Deviations
Protocol deviations resulted in discontinuation for only 2 (0.6%) subjects. A total of 28 subjects
had at least one major protocol deviation during the trial. Major protocol deviations reported
for this trial included entry criteria, concomitant medications (majority were due to
concomitant use of mood stabilizers), and dosing. These major protocol deviations did not
result in any subjects being excluded from the analysis. Three subjects with major protocol
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deviations were, however, excluded for other reasons (missing either baseline or post-baseline
assessments). The incidence of major protocol deviations was highest in the placebo group. The
types of protocol deviations are summarized in Table 29, below.
Table 29: Summary of Subjects with Major Protocol Deviations by Type of Deviation
(Randomized Sample, Study 331-10-231)

(source: Study 331-10-231, Clinical Study Report, Table 10.2-1, page 81)

Table of Demographic Characteristics
This study was conducted at 65 sites in ten countries. Of the randomized subjects, the
enrollment distribution across countries was as follows: Canada, 7 subjects at 2 sites; Japan, 19
subjects at 5 sites; South Korea, 15 subjects at 5 sites; Latvia, 31 subjects at 5 sites; Malaysia, 21
subjects at 3 sites; Poland, 16 subjects at 4 sites; Romania, 109 subjects at 11 sites; Serbia, 75
subjects at 4 sites; Ukraine, 115 subjects at 11 sites; United States, 228 subjects at 15 sites.
Other demographic characteristics are summarized in Table 30, below.
Table 30 also shows course of illness information for each group. Other psychiatric diagnoses
were considered exclusionary, so there is no list of comorbid illnesses. Psychiatric history at
enrollment was similar across the treatment groups. Overall, the mean age of first diagnosis for
schizophrenia was 27.4 years and the mean duration of the current episode of schizophrenia
was 2.6 weeks. All subjects had received treatment for previous episodes of schizophrenia prior
to entry into the trial.
Baseline disease severity was similar across the treatment groups. Subject were markedly ill at
study entry, mean overall PANSS Total Scores was 95.2 and mean overall CGI-I score was 4.9
(see Table 30).
Table 30: Demographic and Baseline Characteristics, Study 331-10-231
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Age

Mean (SD)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Native Hawaiian/Pacific Islander
Other (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
US
Non-US
Mean (SD)

Sex

Race

Ethnicity
Location
Weight (kg)

Body Mass Index (kg/M2)
Mean (SD)
Age at first diagnosis (yrs)
Mean (SD)
Duration of current episode (weeks) Mean (SD)
Total Score
PANSS [Mean (SD)]
Positive Subscale Score
Negative Subscale Score
CGI-S Score
Mean (SD)
PSP Score
Mean (SD)
BPRS Total Score
Mean (SD)

brexpiprazole
0.25 mg
N = 90

brexpiprazole
2 mg
N = 182

brexpiprazole
4 mg
N = 180

40.5 (11.4)
61 (67.8%)
29 (32.2%)
63 (70%)
7 (7.8%)
20 (22.2%)
0 (0%)
0 (0%)
0 (0%)
8 (8.9%)
82 (91.1%)
33 (36.7%)
57 (63.3%)
78.0 (18.7)

39.6 (10.2)
111 (61%)
71 (39%)
120 (65.9%)
19 (10.4%)
43 (23.6%)
0 (0%)
0 (0%)
0 (0%)
3 (1.6%)
179 (98.4%)
63 (34.6%)
119 (65.4%)
80.0 (19.7)

40 8 (11.0)
111 (61.7%)
69 (38.3%)
119 (66.1%)
16 (8.9%)
42 (23.3%)
0 (0%)
1 (0.6%)
2 (1.1%)
10 (5.6%)
170 (94.4%)
65 (36.1%)
115 (63 9%)
80.1 (18.3)

39.7 (10.8)
118 (64.1%)
66 (35.9%)
121 (65.8%)
16 (8.7%)
45 (24.5%)
1 (0.5%)
1 (0%)
0 (0%)
9 (4.9%)
175 (95.1%)
67 (36.4%)
117 (63.6%)
77.8 (18.3)

26.2 (6.3)
27.5 (8.9)
2.6 (1.8)
93.4 (11.7)
24.9 (3.5)
22.7 (4.5)
4.9 (0.6)
44.2 (9.8)
55 (7.5)

27.3 (5.9)
26.6 (8.6)
2.8 (2.3)
95.9 (13.7)
25.6 (4.4)
23.2 (4.60
4.9 (0.6)
45.4 (10.5)
56.4 (8.6)

27.1 (5.8)
28 (9.6)
2.4 (1.6)
94 9 (12.2)
25 (4 5)
23.3 (4.7)
4 8 (0.6)
45 3 (10.9)
55.3 (7.4)

26.5 (5.4)
27.4 (9.5)
2.7 (2.6)
95.9 (11.5)
25.2 (4.1)
23.5 (4.4)
4.8 (0.7)
45.1 (9.5)
55.7 (7.1)

placebo + ADT
N = 184

(Adapted from: Study 331-10-231, Clinical Study Report, Table 11.2-1, pages 81-82, Table 11.2.1-1, page 83, and Table 11.2.2-1,
pages 83-84)

Treatment Compliance, Concomitant Medication, and Rescue Medication Use
• Treatment Compliance: Because dosing administration was conducted in an in-hospital,
supervised setting, the majority of subjects in each treatment group had 100%
treatment compliance. In the brexpiprazole groups, 2.8%, 2.2%, and 2.2% of the
subjects in the 4, 2, and 0.25 mg/day groups, respectively, had treatment compliance in
the range of 92-98%. In the placebo group, 1 subject (0.5%) had a treatment compliance
rate of 98%.
•

Concomitant Medication: The percentages of subjects using one or more concomitant
medication during the treatment period were 73.3% in the 4 mg/day brexpiprazole
group, 69.8% in the 2 mg/day group, and 80.0% in the 0.25 mg/day group versus 71.7%
in the placebo group. The most frequently reported class of concomitant medications
was psycholeptics. Lorazepam was the most frequently reported individual concomitant
medication (47.8% overall, similar across treatment groups).

•

Rescue Medication: There were no defined rescue medications to address psychotic
symptoms. Use of benzodiazepines for sleep was similar across treatment groups.

Efficacy Results – Primary Endpoint
The improvement in mean change in PANSS Total Score from baseline to Week 6 was superior
for the average of the brexpiprazole 4 mg/day and 2 mg/day doses (p<0.0001) compared with
placebo, so comparisons of individual brexpiprazole 2 mg/day and 4 mg/day groups could
proceed. The mean change in PANSS Total Score from baseline to Week 6 was superior for the 4
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mg/day (LS mean difference=−7.64, p=0.0006) and brexpiprazole 2 mg/day (LS mean
difference=−8.72, p<0.0001) groups over placebo (see Table 31, below). These results are
presented in Table 35, below, and were confirmed by Dr. Kordzakhia.
Because the p-values for the 4 mg/day and 2 mg/day brexpiprazole groups were <0.05, these
doses of brexpiprazole were also superior to placebo using the Hochberg approach. Thus, the
conclusions of the primary analysis are consistent, either using the Hochberg procedure or the
Average Effect method to handle multiplicity.
The treatment effect in the 0.25 mg/day group was not statistically significant.
Table 31: Primary Efficacy Analysis—Summary of Mean Change from Baseline to Week 6 in
PANSS Total Score, Study 331-10-231

(source: Study 331-10-231, Clinical Study Report, Table 11.4.1.1.1-1, page 85)

Additional analyses to consider on the primary endpoint, once the primary endpoint is
successful:
• Effects in demographic subgroups: The Sponsor conducted subgroup analysis of the
change from baseline to Week 6 in PANSS Total Score by gender, race, age, region, and
country. The results indicated that the treatment effects of brexpiprazole 4 mg/day and
2 mg/day are consistent among all subgroups with reasonable sample size, based on
gender, race, age, country, and region.
Dr. Kordzakhia conducted his own exploratory subgroup analyses. Those results are presented
in Table 32 and Table 33, below.
Table 32: Subgroup Analysis: Mean Change from Baseline in PANSS at Week 6 (MMRM),
Study 331-10-231
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(source: Statistical review, Table 7)

Table 33: Subgroup Analysis by Geographic Region (North America vs. non North
America): Mean Change from Baseline in PANSS at Week 6 (MMRM), Study 331-10-231

(source: Statistical review, Table 8)

•

Time-related effects: The analysis of change in PANSS Total Score by trial week is shown
in Figure 16. There was no attempt to control Type-I error for these weekly analyses;
however, the p-values for the 2 and 4 mg/day groups vs. placebo were nominally
statistically significant at Week 2 (LS means of the PANSS Total Score between
treatment groups of −8.86 or greater at each visit; p<0.05). The mean difference
between the brexpiprazole 0.25 mg/day group and placebo did not reach the level of
p<0.05 at any visit week during the trial.
Figure 16: Mean Change from Baseline to Week 6 in PANSS Total Score by Visit—
MMRM (Efficacy Sample), Study 331-10-231
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(source: Statistical review, Figure 4)

•

Handling missing data: Results of the sensitivity analyses for the primary endpoint by
planned dose, a model that accounts for the lead-in titration schedule, corroborated the
results obtained for the MMRM analysis. In this model, the 4 mg/day and 2 mg/day
brexpiprazole groups are combined for the first week of the randomization period, since
the dosing is identical (2 mg/day) due to the titration scheme. See Table 34, below.
Table 34: Sensitivity Analyses: Summary of Mean Change from Baseline to Week 6 in
PANSS Total Score by Planned Dose—MMRM (Efficacy Sample), Study 331-10-231

(source: Study 331-10-231, Clinical Study Report, Table 11.4.1.1.2-1, page 86)

Sensitivity analyses confirmed that the superiority of the LS mean differences between
the 2 and 4 mg/day groups and placebo were sustained even at high rates of
imputation.
•

Analysis by site: Dr. Kordzakhia explored mean treatment differences of brexipiprazole
2 mg/day and brexipirazole 4 mg/day with placebo by study site (non-model based
calculations). Figure 17 displays the treatment effect for each site.
Figure 17: Mean Change from Baseline in PANSS total score by study center (LOCF)—
Study 331-10-231
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(source: Statistical review, Figure 6)

Data Quality and Integrity – Reviewers’ Assessment
As noted in Section 4.6, above, 525 (David Walling, Ph.D., Garden Grove, CA) was the only site
inspected in 331-10-230. No deviations were identified, and the data from this site was deemed
acceptable.
Efficacy Results – Secondary and other relevant endpoints
The improvement in mean change in CGI-S score from baseline to Week 6 was superior for the
average of the brexpiprazole 4 mg/day and 2 mg/day doses (p=0.0006) compared with placebo.
The key secondary endpoint of mean change in CGI-S score from baseline to Week 6 was
superior for the brexpiprazole 4 mg/day (LS mean difference=−0.38, p=0.0012) and the
brexpiprazole 2 mg/day (LS mean difference=−0.33, p=0.0056) groups compared with placebo.
The change in CGI-S score from baseline to Week 6 showed no improvement between the
brexpiprazole 0.25 mg/day group and the placebo group (LS mean difference=−0.03, p=0.85).
Because the p-values for the 4 mg/day and 2 mg/day brexpiprazole groups were <0.05, these
doses of brexpiprazole were considered superior to placebo from the Hochberg approach. Thus,
the conclusions of the key secondary endpoint analysis are consistent, either using the
Hochberg procedure or the Average Effect method to handle multiplicity.
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Dose/Dose Response
The Sponsor did not conduct any formal dose-response evaluations in this study. The results
from the 2 mg/day and 4 mg/day dose groups are similar, with both superior to 0.25 mg/day.
Persistence of Effect
• Persistence of effect was not assessed in this short-term trial.

7 Integrated Review of Effectiveness
7.1.

Assessment of Efficacy Across Trials—Adjunctive Treatment of MDD

7.1.1. Primary Endpoints

The brexpiprazole clinical development program for adjunctive treatment of MDD included the
Phase 3 trials described in detail above, and two Phase 2 trials. The Phase 2 trials were similar
to the pivotal trials, but used a flexible-dose rather than fixed-dose design. A summary of key
features across these trials is provided in Table 35, below.
Table 35: Overview of Brexpiprazole Clinical Program to Establish Efficacy for the Treatment
of MDD

(source: ISE-MDD, Table A, page 38)

The Sponsor views these trials, and the cumulative evidence they provide, as supportive.
However, it is important to note that neither of the Phase 2 trials was positive. Similar to Study
331-10-227, one dose group in 331-08-211 yielded a p<0.05 on the primary endpoint. But, also
similar to 331-10-227, the pre-specified multiplicity adjustment required a lower threshold. A
summary of results from Phase 2 and 3 trials is presented in Table 36, below.
Table 36: Primary Efficacy Parameter (MADRS Total Score): Mean Change from End of Phase
A to Week 14—MMRM
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(source: ISE-MDD, Table C, page 44)

Based on the prespecified statistical analyses, only one of the two pivotal Phase 3 trials can be
considered positive.
7.1.2. Secondary and Other Endpoints

Because of the pre-specified multiplicity adjustments in the statistical analysis plans for Studies
331-10-227 and 331-10-228, the key secondary endpoint of change from end of Phase A to
Week 14 in SDS score was only evaluable in Study 331-10-228. In that study, brexpiprazole 2
mg/day was superior to placebo on the key secondary endpoint. But, because SDS was not
evaluable in Study 331-10-227, the effects of brexpiprazole on the secondary endpoint cannot
be considered replicated. Thus, the SDS results should not be included in labeling.
7.1.3. Subpopulations

Subgroups analyses from Study 331-10-227 were not reviewed in detail because brexpiprazole
was not superior to placebo in the primary efficacy analysis. Neither Phase 3 trial was
adequately powered to draw any substantive conclusions from subgroup analyses.
As noted above, subgroup analyses in Study 331-10-228 were conducted based on
demographic characteristics (sex, race, age, and region of origin) and based on degree of
improvement during Phase A (<25% improvement and ≥25% improvement). Additional
subgroups (no improvement versus >0% improvement) were also examined, but not
prospectively defined.
With regard to demographic subgroups, the analysis in US and Non-US were consistent with the
overall study results. Sample sizes were small in several subgroups and no qualitative treatment
subgroup interaction was found. The subgroup analyses did not show any consistent influence
of gender, race, age, country, or region on the primary efficacy results. With regard to degree of
improvement in Phase A, the treatment effect seemed larger in the subgroup of patients with
less improvement during Phase A.
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7.1.4. Dose and Dose-Response

In Study 331-10-227, neither dose of brexpiprazole was superior to placebo on the primary
endpoint using the pre-specified statistical analysis. Study 331-10-228 included only one
brexpiprazole dose group, so dose-response explorations were not possible. Based on
exposure-response modeling using combined data from both trials, our clinical pharmacology
review team concluded that there was no significant increase in responder rate with the
increase of brexpiprazole AUC in the MDD trials (see Section 4.5.2, above). Taken together,
these data suggest that there is no dose-response relationship for brexpiprazole in the context
of adjunctive treatment of MDD.
7.1.5. Persistence (Duration and Durability) of Efficacy Effects

Time to effect and durability of efficacy effects from Study 331-10-227 were not reviewed in
detail because brexpiprazole was not superior to placebo in the primary efficacy analysis. In
Study 331-10-228, brexpiprazole 2 mg/day separated from placebo as early as the second week
of Phase B, and remained nominally statistically superior to placebo for the duration of the trial.

7.2. Assessment of Efficacy Across Trials—Treatment of Schizophrenia
7.2.1. Primary Endpoints

The brexpiprazole clinical development program for schizophrenia included the Phase 3 trials
described in detail above, and one Phase 2 trial. The Phase 2 trial was similar to the pivotal
trials, but used a flexible-dose rather than fixed-dose design, and included an active comparator
(aripiprazole) for assay sensitivity. Also, the eligibility criteria for the Phase 2 trial did not
include the BPRS component; acute exacerbation of psychotic symptoms and marked
deterioration of usual function were demonstrated by a PANSS Total Score > 80 and a score > 4
on the CGI-S at screening and baseline. A summary of key features across these trials is
provided in Table 37, below.
Table 37: Overview of Brexpiprazole Clinical Program to Establish Efficacy for the Treatment
of Schizophrenia
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(source: ISE-SCZ, Table A, pages 19-20)

In Phase 2, Study 331-07-203 did not meet the primary or key secondary endpoints; none of the
brexpiprazole arms achieved p<0.05 at the end of the trial (see Table 38, below). Given that the
aripiprazole treatment arm did not separate from placebo, the trial did not show assay
sensitivity. In individual Phase 3 trials, brexpiprazole 4 mg/day was superior to placebo on the
primary efficacy endpoint in both Studies 331-10-230 and 330-10-231. Brexpiprazole 2 mg/day
was only superior to placebo in Study 331-10-231; it was numerically, but not statistically,
superior to placebo in Study 331-10-230.
Table 38: Primary Efficacy Endpoint: Change in PANSS Total Score from Baseline to Week 6,
MMRM, Efficacy Sample—Pooled Phase 3 Trials and Phase 2 Trial
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(Adapted from: ISE-SCZ, Table 3.2.1-1, page 73-74)

7.2.2. Secondary and Other Endpoints

Because of the pre-specified multiplicity adjustments in the statistical analysis plans for Studies
331-10-230 and 331-10-231, the key secondary endpoint of change from baseline to endpoint
in CGI-S score was only evaluable in Study 331-10-231. In that study, both brexpiprazole 2
mg/day and 4 mg/day were superior to placebo on the key secondary endpoint. But, because
CGI-S was not evaluable in Study 331-10-230, the effects of brexpiprazole on the secondary
endpoint cannot be considered replicated. Thus, the CGI-S results should not be included in
labeling.
7.2.3. Subpopulations

Neither Phase 3 trial in the schizophrenia development program was adequately powered to
draw any substantive conclusions from subgroup analyses. As noted above, subgroup analyses
were conducted based on demographic characteristics. The subgroup analyses did not show
any consistent influence of gender, race, age, country, or region on the primary efficacy results.
7.2.4. Dose and Dose-Response

The Sponsor did not conduct any formal dose-response evaluations in either pivotal study. In
Study 331-10-230, the 4 mg/day group was the only group that was statistically superior to
placebo. In Study 331-10-231, the results from the 2 mg/day and 4 mg/day dose groups appear
similar, with both superior to 0.25 mg/day and superior to placebo. On face, this might lead one
to conclude that the effective dose range is between 2 and 4 mg/day, and that tolerability
might be the only thing to distinguish the two doses. However, when results are pooled across
the two Phase 3 studies, it appears that there may be a dose-response relationship (see Table
42, above).

99
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
The analyses conducted by our clinical pharmacology review team further support the concept
that there may be a dose-response relationship for brexpiprazole in the context of treatment of
schizophrenia (see Figure 2 in Section 4.5.2, above).
7.2.5. Persistence (Duration and Durability) of Efficacy Effects

Analyses of effects of brexpiprazole over time differed slightly between the two pivotal trials for
schizophrenia. In Study 331-10-230, the LS mean difference between the brexpiprazole 4
mg/day and placebo group were nominally statistically significant at Week 1 and later, except
for Week 2, when the difference was not nominally statistically significant. Numerical
improvements in PANSS Total Score were also observed for the brexpiprazole 2 mg/day and 1
mg/day groups compared with placebo, but neither of these groups were ever statistically
different from the placebo group.
In contrast, in Study 331-10-231, a greater change between baseline and each trial visit was
seen in the brexpiprazole 4 mg/day and 2 mg/day groups compared with the placebo group,
with nominally statistically significant differences observed starting at Week 2. The mean
difference between the brexpiprazole 0.25 mg/day group and placebo did not reach the level of
p<0.05 at any visit week during the trial.
Nominal statistical improvement at Week 2 or Week 3 was maintained, and the beneficial
effects of brexpiprazole in the treatment of schizophrenia persisted over the remainder of the
short-term trials. Whether or not these effects persist beyond 6 weeks cannot be evaluated
from the available data. However, a long-term, randomized withdrawal trial would be an
appropriate post-marketing commitment for evaluating maintenance of treatment effect.

7.3.

Additional Efficacy Considerations

7.3.1. Considerations on Benefit in the Postmarket Setting

Subjects older than age 65 were excluded from these trials. It is not unusual to exclude elderly
subjects in clinical studies of atypical antipsychotics, but schizophrenia and depression do not
suddenly remit at age 65. As a result, we do not have age-specific efficacy or safety information
in a population likely to use this product. The Sponsor did conduct a Phase 2 PK trial in 48
healthy males and females over age 65, and they exhibited similar PK parameters (Cmax and
AUC) to those observed in healthy adults aged 18 to 45. Given these results, it is reasonable to
expect that efficacy would be similar as well.
In considering potential differences in how the drug was administered and used in the clinical
trial versus its expected use in the postmarket setting, it is important to note that, in these
short-term schizophrenia trials, the study was conducted in an inpatient setting. Thus, staff
were available to monitor compliance. In a real-world setting, this will not be the case; the
degree to which such differential compliance will impact efficacy remains to be seen. It is likely
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that suboptimal compliance will result in suboptimal efficacy. That said, there is no reason to
suspect that compliance will have any greater impact on this product than it does on other
marketed antipsychotics.
7.3.2. Other Relevant Benefits

Brexpiprazole is intended for once-daily oral administration. One could argue that once-daily
administration is likely to result in better compliance than if split dosing was required. But,
because there are many other oral antipsychotics with similar once-daily instructions on the
market, this does not confer any particular benefit over available oral treatment options.

7.4.

Integrated Assessment of Effectiveness

7.4.1. Adjunctive Treatment of MDD

The Sponsor conducted two adequate and well-controlled trials to assess the efficacy of
brexpiprazole for the adjunctive treatment of MDD. Based on the pre-specified statistical
analysis plan, only one of these trials (Study 331-10-228) was positive. The Sponsor
acknowledges that Study 331-10-227 was not positive based on the pre-specified plan, but
provides a number of arguments to support the concept that brexpiprazole should nonetheless
be approved for this indication.
Approval of the adjunctive MDD indication would have to rest on one of two possible scenarios:
1) Study 331-10-227 can be considered a positive trial based on the retrospective application
of Amendment 3 criteria and use of the per protocol population instead of the intent-totreat population for the primary analysis.
2) Study 331-10-228 can be considered “strongly positive” and, thus, approval can be based
on this single study. Study 331-10-227 would then be viewed as “supportive evidence” for
this approval.
In the first scenario, it is true that efficacy of brexpiprazole 3 mg/day was demonstrated in
Study 331-10-227 using the per protocol population. When Amendment 3 was implemented,
the data were still blinded. At that time, the Sponsor assured the Division that the primary
analysis would still be based on the ITT population and did not request any modification to the
statistical analysis plan. Only once the data were unblinded and the “near miss” was discovered
did the Sponsor ask us to consider these alternative analyses. There is no question that
Amendment 3 resulted in randomization of more appropriate subjects; it is the retrospective
application of the amendment criteria to unblinded data that is problematic. This may be a case
in which hindsight is 20/20—had the Sponsor asked to modify the statistical analysis plan to use
the per protocol population for the primary efficacy analysis, we may have granted that
request. There is precedent for such decisions as long as the blind has not been broken. But, in
this case, no such request was made. Changing the statistical analysis plan after the blind has
been broken is not appropriate; thus, we cannot simply accept this as a positive trial.
101
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
On the other hand, the results of Study 331-10-227 can be viewed as supportive evidence,
allowing for approval based on the second scenario. As noted above, there is no question that
Amendment 3 resulted in randomization of more appropriate subjects, and no question that
this would have been a positive study if the Sponsor had used the Amendment 3 criteria from
the start of the study. Indeed, if one restricts the analysis of 331-10-227 to only those subjects
randomized after Amendment 3 (taking the question of blinded vs. unblinded selection of
subjects for analyses off the table), the 3 mg/day brexpiprazole+ADT would be statistically
superior to placebo+ADT (p=0.0033).
In addition to these considerations, the Sponsor picked a particularly stringent statistical
method for dealing with multiple comparisons—a method which we advised against. If the
Sponsor had chosen a less stringent method (for instance, testing 3 mg first then 1 mg), the
study would have been positive. The Sponsor also employed the Hochberg procedure in Study
331-08-211. Similar to Study 331-10-227, one dose group (1.5 + 0.5 mg/day) in 331-08-211
yielded a p<0.05 (p=0.0285) on the primary endpoint. But, also similar to 331-10-227, the prespecified multiplicity adjustment required a lower threshold. Of note, a retrospective
application of Amendment 3 criteria to the study population in 331-08-211 would also make
the treatment effect in this dose group statistically superior to placebo (p=0.0092).
One can also reasonably consider Study 331-10-228 a “strongly positive” study—in a population
of individuals with a history of multiple failed antidepressant trials and prospectively
demonstrated suboptimal response to an additional antidepressant, the addition of 2 mg/day
of brexpiprazole yielded an average additional symptom improvement of just over 8 points on
the MADRS. This was 3 points beyond the improvement in placebo—a difference that was
highly statistically significant at p=0.0001. These results are both clinically and statistically
meaningful.
Thus, with one strongly positive trial and supportive evidence from two additional trials, there
is adequate evidence of efficacy to approve this product for the adjunctive treatment of MDD.
7.4.2. Treatment of Schizophrenia

The Sponsor conducted two adequate and well-controlled studies to assess the efficacy of
brexpiprazole in the treatment of schizophrenia. In one, Study 331-10-231, both the 2 mg/day
and 4 mg/day dosage groups showed statistically greater improvement on primary efficacy
endpoint; however, in Study 331-10-230, only the 4 mg/day dosage group was statistically
superior to placebo.
Although statistical superiority was replicated for only one dose, there is no specific regulatory
requirement dictating that every labeled dosage must be replicated. The Dosage and
Administration section of labeling can reasonably list “target dosage” recommendations that
include both 2 mg/day and 4 mg/day. Pooling data across the two pivotal Phase 3 trials
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supports the concept that the 2 mg/day dosage is effective (p=0.0004). And, even in Study 33110-230, approximately 40% of subjects in the 2 mg/day group were classified as treatment
responders. In clinical practice, one should attempt to treat patients with the lowest effective
dose and, clearly, for a proportion of subjects in these trials, 2 mg/day was effective. However,
the Clinical Studies section language must be carefully crafted so that we do not suggest that
efficacy was demonstrated (i.e., replicated) for the 2 mg dose.
The pre-specified statistical analysis plan precluded consideration of the key secondary efficacy
endpoint unless the primary efficacy endpoint was positive. In this case, statistical significance
was required in both the 2 mg and 4 mg groups before the CGI-S could be considered. Because
the 2 mg/day dosage was not statistically superior to placebo in Study 331-10-230, the CGI-S
results cannot technically be considered. Thus, the secondary endpoint is not considered
replicated, and information related to the CGI-S should not be included in the Clinical Studies
section of the product label.

8 Review of Safety
8.1.

Safety Review Approach

This safety review focuses primarily on findings of four short-term, placebo-controlled, Phase 3
studies—two each for adjunctive treatment of MDD and for treatment of schizophrenia—as
well as data from Phase 2 studies in the same populations. The Sponsor has also submitted data
from subjects with other conditions, and from several early phase clinical pharmacology studies
in healthy subjects. Data from Phase 1, from other populations, and from ongoing or open-label
studies will also be reviewed below, but with a focus on adverse events at the more serious end
of the spectrum (deaths, non-fatal serious adverse events, and adverse events that led to
dropout).
The Sponsor coded all AEs from verbatim terms into Medical Dictionary for Regulatory
Activities (MedDRA) version 16.0, and presented them by system organ class (SOC) and
preferred term (PT). In addition, based on the known safety profile of atypical antipsychotics,
the Sponsor identified several safety topics of special interest. For events under the “special
interest” umbrella, the Sponsor included special safety assessments, beyond routine AE
monitoring, in the study protocols. These assessments, and the results thereof, are presented in
Section 8.5, below.
Of note, the Sponsor defined treatment-emergent adverse events (TEAEs) as follows:
An AE is defined as a Treatment-Emergent Adverse Event (TEAE) if it starts after start of
IMP, or an AE which continues from baseline and becomes serious, worsening, study drugrelated or results in death, discontinuation, interruption or reduction of IMP. An AE is
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considered treatment-emergent based on the start of IMP in current trial (Short-term
Controlled Trials or Long-term Open-label trial).
Unless otherwise specified, any discussion of TEAEs that follows is based on that definition and
the Sponsor’s characterization of the event.

8.2.

Review of the Safety Database

The Sponsor provided two Integrated Summary of Safety (ISS) documents—one for MDD trials,
and one for schizophrenia trials. The complete brexpiprazole clinical development program
(b) (4)
consists of trials conducted under US INDs for adjunctive treatment of MDD,
(b) (4)
and monotherapy of
(b) (4)
acute schizophrenia
In the MDD ISS,
safety information is presented separately for pooled short-term trials and for pooled longterm trials; the schizophrenia ISS is similarly organized. Both documents include pooled safety
data for clinical pharmacology trials and for all brexpiprazole trials. Ongoing studies are not
pooled, with exposure, SAEs, and AEs leading to discontinuation presented separately by trial. A
listing of trials included in each grouping is presented in Table 39, below.
Table 39: Grouping of Clinical Trials for Integrated Summary of Safety Analyses

Major Depressive Disorder—Adjunctive Therapy
Short-term Controlled Trials
Long-term Open-label Trials
Multinational
Multinational
331-08-211
331-08-212
331-09-222
(parent trials: 331-08-211 or 331 09-222, plus de novo subjects)
331-10-227
Ongoing
331-10-228
331-10-238 (parent trials: 331-10-227 or 331-10-228)
Schizophrenia—Monotherapy
Short-term Controlled Trials
Long-term Open-label Trials
Multinational
Multinational
331-07-203
331-08-210
331-10-230
(parent trial: 331-07-203)
331-10-231
Ongoing
331-10-237
(parent trials: 331-10-230 or 331-10-231, plus de novo subjects)
Clinical Pharmacology Trials
Subjects with Psychiatric Disease—US
Monotherapy
Adjunctive Therapy
Healthy Subjects
Other Populations
(b) (4)
Schizophrenia
Major Depressive
US
US
Disorder
331-07-201
331-07-202
331-08-206
331-08-207
331-08-208
331-09-224
331-10-239

Hepatic Impaired
331-09-225
Renal Impaired
331-09-226

331-08-205
331-08-209
331-10-242

331-09-221
331-12-291
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331-10-240
331-10-241
331-10-243
331-10-244
331-10-245
331-10-246
331-12-207
331-13-209

MDD Adjunctive Therapy
331-08-211
331-09-222
331-10-227
331-10-228
331-08-212
331-10-238

All Brexpiprazole Trials
Schizophrenia Monotherapy
331-07-203
331-08-210
331-10-230
331-10-231
331-10-237

(b) (4)

Ongoing Trials
MDD Adjunctive
Therapy
331-12-282
331-10-238
(rollover from
331-12-282)
14570A
14571A
15352A
14767B
15353A
331-13-001
(Japan)
331-13-002
(Japan)
331-13-003
(Japan)

Schizophrenia
Monotherapy
331-10-002
(Japan)
331-10-003
(Japan)
331-13-006
(Japan)
331-10-237
(rollover from
331-10-232)
331-10-232
14644A
14644B

(b) (4)

The ISS documents include safety data for the above trials through the safety cutoff date of
January 31, 2014. The 120-day safety updates (also one document each for MDD and
schizophrenia) include safety data through May 31, 2014. In all cases, the safety population is
comprised of all subjects who were randomized to treatment and received at least one dose of
brexpiprazole or placebo.
All the safety data from the short-term, placebo-controlled trials relevant to the two proposed
indications is included in the ISS documents; the review below is primarily based on data
submitted with the original NDA submission. Any additional deaths, SAEs, or AEs leading to
discontinuation listed in the 120-day update will be discussed below.
8.2.1. Overall Exposure

The ICH E1 Guideline suggests general standards for the clinical safety evaluation, including
standards for the size of a clinical safety database. According to these guidelines, the safety
database should include at least 1500 subjects with short-term exposure to the investigational
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Age

Weight (kg)

Mean (SD)
< 50 (%)
50 - 64 (%)
> 65 (%)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Native Hawaiian/Pacific Islander
Other (%)
Unknown (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
Unknown (%)
US
Non-US
Mean (SD)

Body Mass Index (kg/M2)

Mean (SD)

Sex

Race

Ethnicity
Location

< 1 mg
N = 182

brexpiprazole
1 - 3 mg
N = 950

all
N = 1132

placebo
N = 725

43 9 (11.4)
115 (0%)
67 (0%)
0 (0%)
55 (30.2%)
127 (69.8%)
153 (84.1%)
4 (2 2%)
22 (12.1%)
2 (1.1%)
1 (0 5%)
0 (0%)
0 (0%)
18 (9.9%)
162 (89%)
2 (1.1%)
182 (100%)
0 (0%)
84.4 (21.5)

44.7 (11.5)
572 (0%)
369 (0%)
9 (0%)
303 (31.9%)
647 (68.1%)
783 (82.4%)
14 (1.5%)
129 (13.6%)
10 (1.1%)
0 (0%)
13 (1.4%)
1 (0.1%)
70 (7.4%)
870 (91.6%)
10 (1.1%)
728 (76.6%)
222 (23.4%)
84.8 (21.2)

44.5 (11.5)
687 (0%)
436 (0%)
9 (0%)
303 (31.9%)
647 (68.1%)
783 (82.4%)
14 (1.5%)
129 (13.6%)
10 (1.1%)
0 (0%)
13 (1.4%)
1 (0.1%)
70 (7.4%)
870 (91.6%)
10 (1.1%)
728 (76.6%)
222 (23.4%)
84.7 (21.2)

44.5 (11.5)
454 (0%)
266 (0%)
5 (0%)
358 (31.6%)
774 (68.4%)
936 (82.7%)
18 (1.6%)
151 (13.3%)
12 (1.1%)
1 (0.1%)
13 (1.1%)
1 (0.1%)
88 (7.8%)
1032 (91.2%)
12 (1.1%)
910 (80.4%)
222 (19.6%)
86 (21.3)

29.9 (7.1)

30 (7)

30 (7)

30.4 (7.3)

(Adapted from: ISS-MDD, Table 7.2.1-1, pages 116-117)

In the MDD program, demographic characteristics for US and non-US subjects were similar,
with the exceptions of race (almost 100% of subjects were white at non-US sites compared with
approximately 78% at US sites) and BMI (the mean BMI of subjects at non-US sites was
approximately 27 kg/m2, compared with approximately 31 kg/m2 for US subjects), with similar
findings for associated characteristics (weight and waist circumference). Results for
demographic characteristics in the fixed-dose trials did not reveal any clinically meaningful
imbalances between the treatment groups.
Table 43: Summary of Demographic and Baseline Characteristics (Randomized Sample: ShortTerm, Controlled Trials—Schizophrenia)
< 2 mg
N = 341
Age

Weight (kg)

Mean (SD)
< 50 (%)
50 - 64 (%)
> 65 (%)
Male (%)
Female (%)
Caucasian (%)
Asian (%)
Black/African American (%)
Native American/Alaskan (%)
Native Hawaiian/Pacific Islander
Other (%)
Hispanic or Latino (%)
Not Hispanic or Latino (%)
Unknown (%)
US
Non-US
Mean (SD)

Body Mass Index (kg/M2)

Mean (SD)

Sex

Race

Ethnicity
Location

brexpiprazole
2 - 4 mg
> 4 mg
N = 822
N = 93

all
N = 1256

placebo
N = 463

ARI
N = 50

39.7 (11)
270 (0%)
69 (0%)
2 (0%)
218 (63.9%)
123 (36.1%)
215 (63%)
38 (11.1%)
73 (21.4%)
6 (1.8%)
0 (0%)
9 (2.6%)
41 (12%)
300 (88%)
0 (0%)
117 (34.3%)
224 (65.7%)
77 8 (20.3)

38.8 (10.8)
673 (0%)
147 (0%)
2 (0%)
517 (62.9%)
305 (37.1%)
517 (62.9%)
72 (8.8%)
192 (23.4%)
14 (1.7%)
1 (0.1%)
26 (3.2%)
85 (10.3%)
735 (89.4%)
2 (0.2%)
286 (34.8%)
536 (65.2%)
78.5 (19.5)

39 5 (11.1)
71 (0%)
22 (0%)
0 (0%)
55 (59.1%)
38 (40.9%)
60 (64.5%)
20 (21.5%)
13 (14%)
0 (0%)
0 (0%)
0 (0%)
4 (4.3%)
89 (95.7%)
0 (0%)
27 (29%)
66 (71%)
72.1 (18.4)

39.1 (10.9)
71 (0%)
22 (0%)
0 (0%)
517 (62.9%)
305 (37.1%)
517 (62.9%)
72 (8.8%)
192 (23.4%)
14 (1.7%)
1 (0.1%)
26 (3.2%)
85 (10.3%)
735 (89.4%)
2 (0.2%)
286 (34.8%)
536 (65.2%)
77.8 (19.7)

39.4 (10.9)
369 (79.7%)
94 (20 3%)
0 (0%)
517 (62.9%)
305 (37.1%)
517 (62.9%)
72 (8.8%)
192 (23.4%)
14 (1.7%)
1 (0.1%)
26 (3.2%)
85 (10 3%)
735 (89.4%)
2 (0 2%)
286 (34.8%)
536 (65.2%)
77.4 (18.4)

40.8 (11)
39 (78%)
11 (22%)
0 (0%)
55 (59.1%)
38 (40.9%)
60 (64.5%)
20 (21.5%)
13 (14%)
0 (0%)
0 (0%)
0 (0%)
4 (4 3%)
89 (95.7%)
0 (0%)
27 (29%)
66 (71%)
72.9 (17 3)

26.7 (6.4)

26.8 (6)

25.3 (6 3)

26.7 (6.2)

26 5 (5.5)

24.7 (4.8)

ARI=aripiprazole
(Adapted from: ISS-Schizophrenia, Table 7.2.1-1, pages 113-114)
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In the schizophrenia program, demographic characteristics for US and non-US subjects were
similar, with the exceptions of race (approximately 75% of subjects were white at non-US sites
compared with about 50% or less across groups at US sites) and BMI (the mean BMI of subjects
at non-US sites was approximately 25 kg/m2, compared with approximately 29 kg/m2 for US
subjects), with similar findings for associated characteristics (weight and waist circumference).
Results for demographic characteristics in the fixed-dose trials did not reveal any clinically
meaningful imbalances between the treatment groups.
8.2.3. Adequacy of the safety database:

The clinical safety database for this program is adequate to meet ICH E1 standards. Considering
demographic groups, there is essentially no experience in subjects > 65 years in the safety
database, primarily due to the age-based inclusion criteria for the pivotal trials. Of note, the
Sponsor did conduct a single safety, tolerability, and PK trial of once-daily oral brexpiprazole (up
to 3 mg/day for 14 days) as an adjunctive treatment in elderly subjects (ages 70 to 85 years, N =
11) with MDD. However, given the brief duration and small sample size of that trial, the ability
to draw meaningful conclusions regarding the safety of this product in elderly patients is quite
limited.

8.3.

Adequacy of Sponsor’s Clinical Safety Assessments

The clinical trials in this development program included routine laboratory assessments at
regular intervals, as would be expected in any clinical trial. Subjects were queried at each study
visit to assess potential AEs, with additional targeted assessments for AEs of special interest
(see Section 8.5, below). The assessments detailed below are adequate to assess safety
generally, and to assess population- and drug class-specific safety issues.
8.3.1. Issues Regarding Submission Quality or Integrity

The Sponsor provided original Case Report Forms (CRFs) for all deaths, SAEs, and AEs leading to
discontinuation. Upon review of the AE data files for each of the pivotal trials, it appears that
AEs were coded appropriately. All data was presented in an organized manner that allowed for
substantive review.
In both the MDD and schizophrenia development programs, AEs were reported more
frequently at US sites than non-US sites. The Sponsor specifically notes that, in the MDD
program, there was no statistically significant difference in the odds ratio for commonly
reported treatment-emergent AEs (TEAEs) between countries. However, in the schizophrenia
program, no such analysis is presented. The Sponsor provided the following table (Table 44) for
comparison of AEs between US and non-US sites.
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Table 44: Treatment-Emergent Adverse Events by 5% or More of Subjects by Country and by
Preferred Term (Safety Sample: Short-term, Controlled Trials—Schizophrenia)

(source: ISS-Schizophrenia, Table 17.3.1.1-1, page 293)

On review of the AE database, it does not appear that there was systematic underreporting of
AEs in any one country. Some small study sites have few or no AEs reported, but that is not an
unreasonable possibility if a site has very few subjects enrolled.
Because no non-US sites contributed disproportionately to the efficacy results, only US sites
were selected for inspection. There were no individual sites in any of the pivotal studies that
drove the efficacy results. Site 404 in Russia was the largest site in the schizophrenia program
with 33 subjects. Although site 507 enrolled 30 subjects, with only three additional subjects, no
site-specific concerns, and in the absence of a significant site effect, it seemed prudent to
choose a large US site over the Russian site. At site 404, there were a total of 34 AEs reported.
While this may seem somewhat low (particularly in contrast to Russian site 405—18 subjects,
73 AEs), there were only 17 reported AEs at the US site that was inspected, site 507.
Thus, although the data above does raise the question of possible underreporting of AEs at
non-US sites, there is no consistent pattern that would allow one to draw any definitive
conclusions, and certainly not enough data to suggest that sites from a particular region or
country should be excluded from the safety analyses.
8.3.2. Categorization of Adverse Events

As noted above, all AEs were coded from verbatim text into MedDRA version 16.0, and
presented by SOC and PT. An AE was defined as a TEAE if it started after the start of IMP, or an
AE that continued from baseline and became serious, worsened, was considered IMP-related,
or resulted in death, discontinuation, interruption, or reduction of IMP. If a subject reported a
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given TEAE more than once, that event was counted only once in the incidence summary.
Individual TEAEs were counted by the highest severity based on the investigator’s attribution.
The Sponsor used the following AE definitions:
• Adverse Event: any untoward medical occurrence associated with the use of a drug in
humans, whether or not considered drug related.
• Suspected Adverse Reaction: any AE for which there is a reasonable possibility that the
drug caused the AE.
• Adverse Reaction: any AE caused by a drug.
• A serious adverse event (SAE) includes any event that results in any of the following
outcomes:
o Death
o Life-threatening
o Persistent or significant incapacity or substantial disruption of the ability to
conduct normal life functions
o Requires in-patient hospitalization or prolongs an existing hospitalization
o Congenital anomaly/birth defect
o Other medically significant events that may jeopardize the subject and may
require medical or surgical intervention to prevent one of the outcomes listed
above.
• Non-serious adverse events are all AEs that do not meet the criteria for a "serious" AE. If
a subject is experiencing an extrapyramidal symptom, the specific extrapyramidal
symptom must be indicated on the AE page of the eCRF.
• Immediately Reportable Event:
o Any SAE
o Any AE that necessitates discontinuation of IMP.
o Potential Hy’s Law cases (Any increase of AST or ALT ≥ 3 times the upper normal
limit or screening value with an increase in total bilirubin ≥ 2 times the upper
normal limit or screening value)
o Pregnancy
• Clinical Laboratory Changes: If the laboratory value was determined by the investigator
to be an abnormal change from baseline for that subject, it was considered an AE.
Severity: Adverse events were graded on a 3-point scale:
1 = Mild: Discomfort noticed, but no disruption to daily activity.
2 = Moderate: Discomfort sufficient to reduce or affect normal daily activity.
3 = Severe: Inability to work or perform normal daily activity.
Assessment of causal relationship of an AE to the use of the IMP was defined as follows:
• Related: There is a reasonable possibility of a causal relationship.
• Possibly related: There is a reasonable causal relationship between the IMP and the AE.
Dechallenge is lacking or unclear.
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• Unlikely related: There is a temporal relationship to IMP administration, but there is not
a reasonable causal relationship between the IMP and the AE.
• Not Related: There is no temporal or reasonable relationship to the IMP administration.
Assessment of causal relationship in MDD trials: In Phase A and Phase A+, investigators
assessed IMP causality based on the ADT. In Phase B, investigators assessed IMP causality
based on brexpiprazole/matching placebo.
Adverse events were assessed at every study visit, from Screening through Follow-up. In order
to avoid bias in eliciting AEs, subjects were asked, "How have you felt since your last visit?" In
addition to soliciting AEs in this open-ended fashion, specific assessments were included for AEs
of special interest (see Section 8.5, below).
Information on AEs was followed for up to 30 (+ 2) days after the last dose of IMP. Post-trial
follow-up was not required for eligible subjects entering the optional open-label trial (periodic
AE assessment was included in the open-label trials). All non-serious events that were ongoing
at the final study visit were recorded as ongoing on the eCRF. For serious adverse events
identified on the last scheduled contact, the investigator was expected to follow the SAEs until
the events were resolved, or the subject was lost to follow-up. Events were considered
“resolved” when the subject returned to the baseline state of health, or the investigator did not
expect any further improvement or worsening of the subject’s condition.
8.3.3. Routine Clinical Tests

In both the MDD and schizophrenia programs, all laboratory tests were collected and analyzed
using central laboratories. A fasting blood sample was required at baseline assessments prior to
dosing. Clinical laboratory tests at other visits were to be drawn after the subject had fasted, if
possible, but fasting was again required for the end of treatment laboratory assessments. Any
laboratory value determined by the investigator to be a clinically significant change from
baseline for that subject was to be reported as a TEAE.
Adjunctive Treatment of MDD
Summaries of the safety assessments in short-term (Table 49) and long-term trials (Table 50) in
the MDD development program are presented below. The rating scales listed at the bottom of
the tables will be addressed in Section 8.3.4, below.
In the short-term MDD trials, safety assessments beyond those listed in Table 45 occurred in
Phase A and A+, but are not reviewed here because subjects were not exposed to brexpiprazole
during those study phases. Blood chemistry assessment included prolactin. Although marked in
both columns, ACTH and cortisol were assessed at Week 11 in the two Phase 2 trials, and at
Week 12 in the two Phase 3 trials. Any positive urine pregnancy test result was followed up
with a serum pregnancy test; if a subject became pregnant during the trial, she was
discontinued.
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Table 45: Safety Assessments in Short-term, Controlled Trials in MDD

(source: ISS-MDD, Table 4.1-1, page 98)

In Table 46, below, “Laboratory assessments” include standard chemistry, hematology, and
urinalysis assessments, as well as prolactin, coagulation parameters, HbA1c,
adrenocorticotropic hormone (ACTH), cortisol, insulin, and thyroid stimulating hormone (TSH).
Table 46: Safety Assessments in Long-term, Open-Label Trials in MDD
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(source: ISS-MDD, Table 4.1-2, page 99)

The types and frequency of routine clinical testing conducted in the short- and long-term MDD
studies are appropriate to assess the safety concerns relevant to this class of drug.
Schizophrenia
Summaries of the safety assessments in short-term (Table 47) and long-term trials (Table 48) in
the schizophrenia development program are presented below. The rating scales listed at the
bottom of the tables will be addressed in Section 8.3.4, below.
In the short-term trials, chemistry included prolactin and insulin. ECG at Week 1 occurred in
only Study 331-07-203 (schizophrenia, Phase 2). Any positive urine pregnancy test results were
confirmed by a serum test, and subjects with a positive serum pregnancy test result were
discontinued from the trial.
Table 47: Safety Assessments in Short-term, Controlled Trials in Schizophrenia
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(source: ISS-Schizophrenia, Table 4.1-1, page 94)

For the long-term, “Laboratory assessments” included standard chemistry, hematology, and
urinalysis assessments, as well as prolactin, coagulation parameters, HbA1c,
adrenocorticotropic hormone (ACTH), cortisol, insulin, and thyroid stimulating hormone (TSH).
Table 48: Safety Assessments in Long-term, Open-Label Trials in Schizophrenia

(source: ISS-Schizophrenia, Table 4.1-2, page 95)

The types and frequency of routine clinical testing conducted in the short- and long-term
schizophrenia studies are appropriate to assess the safety concerns relevant to this class of
drug.
8.3.4. Submission-specific clinical assessments

Both the MDD and schizophrenia trials included several standardized rating scales as part of the
safety assessment. Extrapyramidal symptoms (EPS), akathisia, and movement disorders were
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assessed using the Simpson Angus Scale (SAS), Barnes Akathisia Rating Scale (BARS), and
Abnormal Involuntary Movements Scale (AIMS). The Drug-induced Extrapyramidal Symptom
Scale (DIEPSS) was administered in place of the Simpson Angus Scale at Japanese sites in Study
331-10-231. The BARS was not administered at screening in Study 331-07-203 (schizophrenia,
Phase 2). Treatment-emergent suicidal ideation and behavior was assessed using the Columbia
Suicide Severity Rating Scale (C-SSRS).
Each of the aforementioned scales was administered at every study visit, with the exception of
SAS, BARS, and AIMS at screening in the MDD trials, and the C-SSRS at screening for the
schizophrenia trials. These exceptions do make some sense. Individuals in the MDD program
were unlikely to have had prior exposure to antipsychotics, so would consequently be unlikely
to have EPS, akathisia, or movement disorders prior to exposure to the study drug. Thus, the
baseline assessment could be considered adequate. In the schizophrenia program, one cannot
make the argument that individuals with schizophrenia are unlikely to experience suicidal
ideation. However, mood symptoms were not a primary concern at the time of screening.
Saving the lengthy assessment quantifying the degree of suicidal ideation and behavior for the
baseline assessment does not seem unwarranted, particularly given that these subjects were
already receiving inpatient services.
In addition to these scales, the MDD program included the Massachusetts General Hospital
Sexual Functioning Questionnaire (MSFQ). Sexual functioning was assessed at a reasonable
frequency in both the short-term and long-term trials. Sexual dysfunction is a common adverse
reaction related to antidepressants, but less frequent with antipsychotics. Given that
brexpiprazole is an antipsychotic being used (in this context) as an antidepressant, a formal
assessment of sexual adverse events is appropriate. However, because the rationale appears
based more on the context in which the product is being used than on its actual mechanism of
action, not including the MSFQ in the schizophrenia development program is also appropriate.

8.4.

Safety Results

8.4.1. Deaths

There were 13 deaths in the brexpiprazole clinical development program as of the data cutoff
date of January 13, 2014. Nine of these deaths occurred in brexpiprazole-treated subjects. No
deaths have been confirmed for placebo-treated subjects, but two deaths occurred in ongoing,
blinded trials. Of the 13 deaths, three were in male subjects (age range: 37 to 53 years) and ten
were in female subjects (age range: 27 to 87 years). One death (metastatic malignant
melanoma) occurred >30 days post-treatment. These deaths are summarized in Table 49,
below, followed by brief narratives for each case.
Table 49: Subject Deaths, Brexpiprazole Clinical Development Program
Trial/Subject

Treatment
Group/Dose

Age/Sex/Race

AE Preferred
Term

Day of Last IMP
Dose

Day of Death

115
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
•

•

•

•

Study 331-10-238, Subject 767-S5395-1586 (52yo WM): This subject was taking openlabel venlafaxine 225 mg/day with open-label brexpiprazole 2 mg/day. On Day 54 of the
open-label trial, he complained that the medication was “slowing him down,” so the
brexpiprazole dose was decreased to 1 mg/day. The subject continued to take the IMP
through Day 78. Then, on Day (b)
(6) , he hanged himself. Pertinent history includes ongoing
treatment for depression since 1993, with approximately 13 total episodes. This subject
had no prior history of suicidal ideation or hospitalization. No additional TEAEs were
reported for this subject at the same time as the event of completed suicide. High
fasting serum glucose levels were noted at all visits; otherwise, there were no other
potentially clinically relevant laboratory, vital sign, or ECG abnormalities reported during
the trial. The Sponsor assessed this death as “possibly related” to the study drug, but
confounded by the subject’s long history of depression. This assessment seems
reasonable.
Study 331-10-238, Subject 011-S0312-7334 ((51yo WF): This subject was taking openlabel paroxetine (37.5 mg) in combination with open-label brexpiprazole for 231 days.
She entered the open-label study from Study 331-10-227, and was assigned to
brexpiprazole 1 mg/day. At various points in the study, she was taking from 0.5 mg to 2
(b) (6)
mg/day. For the days prior to her death, she was taking 0.5 mg/day. The subject
committed suicide by gun on Day (b) (6) . Pertinent history includes long-standing history
of depression, beginning at age 10, with one prior suicide attempt at age 15. At study
visits prior to her completed suicide, the subject had denied any active or passive
suicidal ideation, and her CGI-S was consistently “borderline mentally ill” from Day 28
through Week 26 (her last visit prior to suicide). Approximately three weeks before her
death, the subject reported that a friend of hers had died and that she planned to move
away. After her death, the investigator learned from the subject’s brother that the
subject had also recently lost her job. There were no potentially clinically relevant
laboratory, vital sign, or ECG abnormalities reported during the trial. Given the length of
treatment, and the antecedent social stressors, it is not likely that this death was related
to the study drug.
Study 331-10-238, Subject 328-S0886-6619 (44yo WF): This subject received open-label
fluoxetine (20-40 mg) in combination with open-label brexpiprazole 1 mg/day for 112
days. She had previously been assigned to placebo in Study 331-10-227. The subject had
a medical history significant for hypertension. She was taking lisinopril, nebivolol, and
lorazepam; she was not taking hormone replacement therapy. The case narrative does
not state whether the patient was a smoker. She had a personal and family history of
pulmonary embolism. On Day (b) (6) she experienced a pulmonary embolism and IMP was
discontinued. The subject died on Day (b) (6) . It is unlikely that this death was related to
the study drug.
Study 331-08-212, Subject 022-S7088-4755 (49yo WF): This subject received open-label
brexpiprazole 0.5 mg/day and escitalopram 20 mg/day. Her medical history was
significant for a melanoma which she had removed from her upper chest in 2000, but
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she failed to tell the site at the screening visit. The subject took her last dose of IMP on
Day 54. The subject developed metastatic melanoma and died (b)
(6) days after the last
dose of IMP. This event does not appear to be related to the study drug.
• Study 331-10-238, Subject 003-S5373-1422 (57yo WF): This subject received open-label
brexpiprazole 3 mg/day and venlafaxine 225 mg/day. She entered the trial from Study
331-10-228, during which she had been assigned to placebo. On Day (b) (6) she had a fatal
gastric ulcer perforation. Of note, relevant concomitant medications included long-term
naproxen sodium use and ranitidine since 2009. The last reported dose of IMP was on
Day 244; no information was available for Day 224 through the day of death. Additional
TEAEs reported for this subject at the same time as the event of gastric ulcer perforation
included dizziness, weight increased, and diarrhea. There were no potentially clinically
relevant laboratory, vital sign, or ECG abnormalities reported during the trial. It is
unlikely that this death was related to the study drug.
•

Study 331-07-203, Subject 012-S0002-0051 (48yo BF): This subject was taking 5 mg/day
of brexpiprazole. Concomitant medications included ibuprofen and omeprazole. She had
no cardiac history, and no history of obesity. She completed the trial on Day 42, and had
sudden death (b)
(6) days later; she had complained of chest discomfort on the day of
death. The investigator did not obtain an autopsy report, so the cause of death is not
known. However, given that the subject stopped taking the IMP several days prior to
death, it is not likely that this death was related to the study drug.

•

Study 331-10-237, Subject 541-S0001-2435 (46yo BM): This subject entered the openlabel trial from Study 331-10-231 in which he was assigned brexpiprazole 2 mg/day for
41 days. (b) (6) days after entering the open-label trial, the subject had a fatal event of
peritonitis. The coroner attributed the peritonitis to a perforated peptic ulcer. Although
there were no confounding factors (in contrast to chronic naproxen use by Subject 003S5373-1422), it seems unlikely that this event was due to the IMP.
Study 331-10-237, Subject 570-S0006-4064 (56yo BF): This subject entered the openlabel trial and began open-label treatment with brexpiprazole, ultimately reaching a
(b) (6)
dose of 3 mg/day. She received IMP for 293 days.
days after the last dose
of IMP, she developed pneumonia, significant renal failure, atrial fibrillation, and died of
septic shock. Given the time elapsed between the end of IMP and onset of events
leading to death, it seems unlikely that this death was related to the study drug.
Study 331-10-237, Subject 400-S0013-0437 (62yo BF): This subject entered the trial from
331-10-230, where she had been assigned to brexpiprazole 4 mg/day for 42 days. In the
open-label trial, she was taking 2 mg/day, and died of cardiac failure on Day (b) (6) . On Day
178, the subject had a non-serious event of weight gain with a body weight of 92 kg, a
12.8 kg increase over the prior 6 months from her baseline. Her last known dose of IMP
was administered on Day 206. On Day (b) (6) she was hospitalized for an SAE of
schizophrenia (exacerbation of schizophrenia), and was withdrawn from the trial on Day
(b) (6)
She received haloperidol IM 5 mg twice daily and phenazepam IM 2 mg once daily

•

•
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members. There was no prior history of suicidal ideation or behavior reported. Given
the length of time on the IMP prior to suicide, it seems unlikely for the death to be
related to the study drug.
• Study 331-10-237, Subject 563-S0023-4222 (63yo WM): This subject received open-label
brexpiprazole for 393 days. The subject experienced an SAE of “coronary artery disease”
on Day 367; no complaints of chest pain, dyspnea, dizziness, or other symptoms were
reported. On Day 372, the subject was started on warfarin 4.5 mg for atrial fibrillation
and given a referral for cardiology. The narrative states that the diagnosis of coronary
artery disease was based on atrial fibrillation found by the site during routine ECG on
Study Day 394. IMP was discontinued on Day 394. The subject’s medical history included
chronic obstructive pulmonary disease, heavy smoking, and sedentary lifestyle.
However, he died (b)
(6) days after his last dose of IMP. At the time of death, he had been
(b) (6)
on brexpiprazole 4 mg/day for
. Given that coronary artery disease is a chronic condition, and that
this subject had other risk factors, it seems unlikely that his death was related to the
study drug.
•

Study 14570A, Subject S1459 (43yo WF): This subject received double-blind IMP and
fluoxetine 20 mg/day. On Day (b)
(6) she experienced a hemorrhagic stroke which led to
hospitalization and discontinuation of IMP. She ultimately died on Day (b)
(6) . Her medical
history was benign. She was not taking any concomitant medications 14 days prior to
the event, and there were no clinically significant laboratory tests. The narrative does
not note whether she had ever been on oral contraceptives or what her smoking status
was. Although no predisposing factors were identified in the narrative, it seems
mechanistically improbable that this event is related to the IMP. Until this trial is
unblinded, it will not be possible speculate further on a possible causal relationship to
IMP.
8.4.2. Nonfatal Serious Adverse Events

All Brexpiprazole Trials
A total of 233 out of 4,472 subjects (5.2%) who received brexpiprazole in the phase 2/3 MDD,
schizophrenia, and ADHD trials reported TEAEs that were assessed as serious. The highest
incidence of SAEs in the All Brexpiprazole Trials group (3.6% of subjects) occurred in the
Psychiatric Disorders SOC.
Adjunctive Treatment of MDD
In the short-term, controlled studies, at least one SAE was reported by 12 subjects total; six
(0.5%) in the all brexpiprazole+ADT group and six (0.8%) in the placebo+ADT group.
The SAEs reported by the 6 subjects in the brexpiprazole+ADT group were as follows:
• Study 331-10-227, Subject 006-S0657-6319: pneumonia
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• Study 331-10-227, Subject 380-S1665-7296: epilepsy
• Study 331-10-228, Subject 031-S4947-1050: comminuted fracture and syncope
• Study 331-10-228, Subject 716-S4919-1145: abdominal pain
• Study 331-08-211, Subject 049-S3672-0314: radius fracture and ulna fracture
• Study 331-08-211, Subject 010-S3653-0352: chronic obstructive pulmonary disease
A listing of SAEs in the long-term, open-label trials is presented in Table 50, below. The highest
incidence of SAEs in the long-term trials (1.3% of subjects) occurred in the Psychiatric Disorders
SOC; most appear related to underlying MDD-specific symptoms and likely lack of effect. The
120-day safety update included an additional five SAEs. Two of these were clarifications or
additional information related to previously reported SAEs. The three new reports included one
subject each with laceration, iron deficiency anemia, and intentional overdose.
Table 50: SAEs by SOC and PT (Safety Sample: Long-term, Open-label Trials—MDD Adjunctive
Therapy)
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(source: 120-day Safety Update-MDD, Table 10.3.1-1, pages 38-40)

A total of twenty patients have experienced SAEs in the ongoing MDD trials. These cases are
summarized in Table 51, below.
Table 51: Summary of SAEs in Ongoing MDD Trials

a

Fatal, described in 8.4.1, above.
(source: 120-day Safety Update-MDD, Table 10.3.3.1-1, pages 40-41)

Schizophrenia
In the short-term, controlled studies, at least one SAE was reported by 19 (2.3%) subjects in the
brexpiprazole 2-4 mg/day group, 33 (2.6%) in the all brexpiprazole group, and 20 (4.3%) in the
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placebo group. The SAEs reported by more than one subject in the all brexpiprazole group were
predominately in the Psychiatric Disorders SOC, including schizophrenia, psychotic disorder,
and schizophrenia, paranoid type. The incidence of these three events was higher or the same
in the placebo group than in the all brexpiprazole group, likely indicating lack of efficacy.
A total of three subjects (0.2%) experienced the SAE of rhabdomyolysis in the all brexpiprazole
group, compared to no subjects in the placebo group. Rhabdomyolysis will be discussed in
further detail in Section 8.5, below.
Twenty-one of the 33 brexpiprazole-treated subjects with SAEs were in the fixed-dose trials.
The incidence of SAEs in subjects in the fixed-dose trials decreased with dose: 4.4% (4/90
subjects) in the brexpiprazole 0.25 mg/day group, 2.5% (3/120 subjects) in 1 mg/day, 2.2%
(8/368 subjects) in 2 mg/day, and 1.6% (6/364 subjects) in 4 mg/day compared with 4.6%
(17/368 subjects) in the placebo group. Most subjects (19/21 subjects in brexpiprazole groups
and 15/17 subjects in placebo group) had events in the Psychiatric Disorders SOC that were
related to the underlying condition (e.g., acute psychosis, schizophrenia). A summary of all SAEs
in the short-term schizophrenia trials is presented in Table 52, below.
Table 52: SAEs by SOC and PT (Safety Sample: Short-term, Controlled Trials—Schizophrenia)
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ARI = Aripiprazole
(source: ISS-SCZ, Table 10.4.1-1, page 151)

A listing of SAEs in the long-term, open-label trials is presented in Table 53, below. The overall
incidence of SAEs in the long-term trials was 13.9%. As seen in the short-term trials, the highest
incidence of SAEs in the long-term trials (12% of subjects) occurred in the Psychiatric Disorders
SOC, reflective of the underlying schizophrenia-specific symptoms. Most other SAEs were
experienced by only one subject, making it difficult to draw any meaningful conclusions
regarding causality.
Table 53: SAEs by SOC and PT (Safety Sample: Long-term, Open-label Trials—Schizophrenia)
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(source: 120-day Safety Update-Schizophrenia, Table 10.3.1-1, page 38)

A summary of SAEs in ongoing schizophrenia trials is presented in Table 54, below. The most
frequently reported SAEs in these trials, schizophrenia and psychotic disorder, are associated
with the disease.
Table 54: Summary of SAEs in Ongoing Schizophrenia Trials
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a

Fatal, described in 8.4.1, above.
(source: 120-day Safety Update-Schizophrenia, Table 10.3.3.1-1, pages 40-41)

8.4.3. Dropouts and/or Discontinuations

The pivotal trial protocols for both MDD and schizophrenia included the following stopping
criteria for individual subjects:
• occurrence of any AE, intercurrent illness or abnormality in a laboratory assessment
which, in the opinion of the investigator, warrants the subject’s permanent withdrawal
from the trial
• treatment with a prohibited concomitant medication other than the use of appropriate
medications for the treatment of AEs under direction of the investigator
• subject noncompliance, defined as refusal or inability to adhere to the trial schedule or
procedures
128
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
• at the request of the subject, investigator, Sponsor or designee, or regulatory authority
• subject becomes pregnant
• subject cannot tolerate the assigned dose of brexpiprazole (or matching placebo)
• subject is lost to follow-up
The MDD trials also specified that a subject unable tolerate the minimum therapeutic dose of
open-label ADT in Phase A or Phase A+, or who requires a change in the dose of ADT or a
different ADT in Phase B would be discontinued. In the absence of a specific safety concern
from earlier phase trials or preclinical animal data, these criteria appear reasonable.
Subjects could discontinue from the trial at any time without prejudice, but investigators were
required to fully evaluate the reason for discontinuation and record it appropriately in source
documents and the eCRF. If the subject withdrew from the trial because of an AE, that AE was
to be indicated as the reason for withdrawal. Investigators could discontinue a subject’s
participation in the trial at any time if medically necessary. Discontinuation due to AEs are
discussed in more detail below.
All Bexpiprazole Trials
A total of 584 out of 4,472 subjects (13.1%) who received brexpiprazole in the phase 2/3 MDD,
schizophrenia, and ADHD trials had TEAEs leading to discontinuation of IMP. Schizophrenia was
the most frequently reported TEAE leading to discontinuation of IMP (3.0%). Weight increased
(1.8%) was the only other TEAE leading to discontinuation of IMP reported by >1% of subjects.
Adjunctive Treatment of MDD
The incidence of TEAEs leading to discontinuation of IMP in the all brexpiprazole+ADT group
was higher than the incidence in the placebo+ADT group. Akathisia led to discontinuation of
IMP in seven subjects (0.6%) in the all brexpiprazole+ADT group; all other TEAEs leading to
discontinuation of IMP were reported by two or fewer subjects each. A summary of TEAEs
leading to Discontinuation in the short-term, controlled trial is presented in Table 55, below.
Table 55: TEAEs Leading to Discontinuation of IMP by SOC and PT (Safety Sample: Short-term,
Controlled Trials—MDD Adjunctive Treatment)
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(source: ISS-MDD, Table 10.5.1-1, pages 156-157)

Of the 31 brexpiprazole-treated subjects with TEAEs leading to discontinuation of IMP,
17 were in the fixed-dose trials: 3 (1.3%) in the 1 mg/day brexpiprazole+ADT group, 6 (3.2%) in
the 2 mg/day brexpiprazole+ADT group, and 8 (3.5%) in the 3 mg/day brexpiprazole+ADT
group. Other than akathisia, all TEAEs leading to discontinuation were reported by only one
subject within any single treatment group.
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In long-term, open-label trials, 291 subjects (14%) experienced a TEAE leading to
discontinuation of IMP. Of these, weight increased was the most frequently reported (74
subjects [3.6%]), followed by depression (26 subjects [1.3%]), and akathisia (19 subjects [0.9%]).
For ongoing MDD trials, a summary of total TEAEs leading to discontinuation of IMP and for
those that occurred in more than one subject in a given trial is presented in Table 56, below. In
other ongoing MDD trials, one subject each discontinued from 331-13-003 and 14767B, and
two subjects each from 331-13-001, 331-12-282, and 15353A. No subject discontinued due to a
TEAE from 331-13-002 or 15352A.
Table 56: Total Discontinuations Due to TEAEs and PT of TEAEs Leading to Withdrawal of IMP
in More Than One Subject—Ongoing MDD Trials

(source: 120-day Safety Update-MDD, Table 10.4.3.1-1, pages 45-46)

Schizophrenia
The percentage of subjects reporting TEAEs leading to discontinuation of IMP was 7.4% (61
subjects) in the brexpiprazole 2-4 mg/day group, 8.1% (102 subjects) in the all brexpiprazole
group, and 12.7% (59 subjects) in the placebo group. AEs leading to discontinuation of IMP
were predominately in the Psychiatric Disorders SOC. The incidence of these events was similar
to or greater in the placebo group than in the brexpiprazole groups, likely indicative of lack of
efficacy and related to the disorder being treated. Other TEAEs that led to discontinuation in
more than one subject in the all brexpiprazole group were irritability and hepatic enzyme
increased (3 subjects each, 0.2%) and rhabdomyolysis (2 subjects, 0.2%). A summary of TEAEs
leading to discontinuation in the short-term, controlled trial is presented in Table 57, below.
Table 57: TEAEs Leading to Discontinuation of IMP by SOC and PT (Safety Sample: Short-term,
Controlled Trials—Schizophrenia)
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(source: ISS-SCZ, Table 10.5.1-1, pages 157-159)

Of the 102 brexpiprazole-treated subjects with TEAEs leading to discontinuation of IMP, 79
were in the fixed-dose trials: 12 (13.3%) in the brexpiprazole 0.25 mg/day group, 11 (9.2%) in
the brexpiprazole 1 mg/day group, 26 (7.1%) in the brexpiprazole 2 mg/day group, and 30
(8.2%) in the brexpiprazole 4 mg/day group, compared with 54 (14.7%) in the placebo group.
The most common category of TEAEs leading to discontinuation of IMP (61 subjects [6.5%] in
the brexpiprazole groups and 40 subjects [10.9%] in the placebo group) was in the Psychiatric
Disorders SOC, and consisted of events related to the underlying condition such as
schizophrenia. Except for these psychiatric disorders TEAEs, only hepatic enzyme increase (two
subjects in the brexpiprazole 4 mg/day group), was experienced by more than one subject in
any of the brexpiprazole dose groups.
In long-term, open-label trials, 133 subjects (16.3%) experienced a TEAE leading to
discontinuation of IMP. Most subjects who discontinued IMP because of an AE had events in
the Psychiatric Disorders SOC (108 subjects, 13.7%), such as schizophrenia (82 subjects, 10.1%),
psychotic disorder (13 subjects, 1.6%), agitation (3 subjects, 0.4%), insomnia (2 subjects, 0.3%),
and hallucination, auditory (2 subjects, 0.3%). Other events leading to discontinuation of more
than 1 subject in the long-term, open-label trials were weight increased (5 subjects,
0.6%), akathisia (4 subjects, 0.5%), and alanine aminotransferase increased (2 subjects, 0.3%).
No other TEAEs leading to discontinuation of IMP were reported by more than one subject.
For ongoing schizophrenia trials, a summary of total TEAEs leading to discontinuation of IMP
and for those that occurred in more than one subject in a given trial is presented in Table 58,
below. In other ongoing schizophrenia trials, three subjects discontinued due to a TEAE in Trial
331-13-008; one subject each for convulsions, VIIth nerve paralysis, and schizophrenia,
(b) (4)
paranoid type. Only one subject each in 331-13-006 and 14644B discontinued for a TEAE.
Table 58: Total Discontinuations of IMP Due to TEAEs and PT of TEAEs Leading to
Discontinuation in More Than One Subject—Ongoing Schizophrenia Trials
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(source: 120-day Safety Update-Schizophrenia, Table 10.4.3.1-1, pages 44-45)

8.4.4. Common Adverse Events

All Brexpiprazole Trials
A total of 3413 out of 4472 subjects (76.3%) who received brexpiprazole in the phase 2/3 MDD,
schizophrenia, and ADHD trials reported >1 TEAE. The TEAEs reported by >5% of subjects in this
group were weight increased (16.2%), insomnia (10.1%), headache (9.8%), akathisia (9.4%),
somnolence (6.6%), fatigue (6.0%), anxiety (5.7%), and increased appetite (5.4%).
Adjunctive Treatment of MDD
In short-term, controlled trials, more subjects reported a TEAE in the all brexpiprazole+ADT
group (63.7%) than those in the placebo+ADT group (53.7%). TEAEs reported by >2% of subjects
in any group are presented in Table 59, below. Events reported in the all brexpiprazole+ADT
group at >2x the incidence in the placebo+ADT group were vision blurred, nasopharyngitis,
weight increased, increased appetite, akathisia, somnolence, restlessness, and anxiety. The
most common TEAEs (>5% in all brexpiprazole+ADT and >2x placebo+ADT) were weight
increased (7.3% vs 1.9%) and akathisia (8.6% vs 2.8%). Investigators categorized most of the
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TEAEs as mild (25.1% in the all brexpiprazole+ADT group and 24.2% in the placebo+ADT group)
or moderate (32.5% in the all brexpiprazole+ADT group and 27.6% in the placebo+ADT group)
in severity. Insomnia was the most frequently reported severe TEAE in the all
brexpiprazole+ADT group (8 subjects, 0.7%), followed by headache (6 subjects, 0.5%).
Table 59: TEAEs Reported by At Least 2% of Subjects in Any Group by SOC and PT (Safety
Sample: Short-term, Controlled Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 10.2.1-1, pages 132-133)

A summary of TEAEs in the two fixed-dose trials is presented in Table 60, below.
Table 60: TEAEs Reported by At Least 2% of Subjects in Any Brexpiprazole Dose Group by
Dose and PT (Safety Sample: MDD Fixed-dose Trials 331-10-227 and 331-10-228)
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(source: ISS-MDD, Table 10.2.1.3-1, pages 135-136)

From the fixed-dose data above, it appears that increases in the incidence of akathisia,
somnolence, and restlessness could be dose-related. The Sponsor conducted a trend test and
concluded that the increase in akathisia was, indeed, dose-related. Similar analyses were not
conducted for somnolence and restlessness.
It appears that actual EPS may have been under-reported and that, like akathisia, EPS may also
be dose-related. As noted in 6.1.2 above, more subjects in the 3 mg/day brexpiprazole+ADT
group of Study 331-10-227 had concomitant medication-related protocol deviations,
particularly with regard to medications that could be used to treat EPS. None of the 11 subjects
who received medication likely used to treat EPS had AEs of EPS recorded. An information
request was sent to the Sponsor on June 2, 2015, seeking additional information on these
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cases. The Sponsor responded on June 3, 2015, with a table listing all cases in which these
medications were administered and the indication for which they were used. In most instances,
the medications were administered to treat akathisia, and subjects did, indeed, have akathisia
AEs recorded.
In long-term, open-label trials, 82.3% of subjects reported >1 TEAE. TEAEs reported by >5% of
subjects in long-term trials are presented in Table 61, below. The incidence for these TEAEs was
similar in the entire safety population (all subjects) and completer groups. The incidence of
akathisia in the long-term trials was similar to that reported during the short-term trials (10.0%
vs 8.6%). The incidence of weight increased in the long-term trials was higher than that
reported during the short-term trials (24.7% vs 7.3%).
Table 61: TEAEs Reported by At Least 5% of Subjects by SOC and PT (Safety Sample: Longterm, Open-label Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 10.2.2-1, page 138)

Schizophrenia
In short-term, controlled trials, the percentage of subjects reporting >1 TEAE was similar in the
brexpiprazole 2-4 mg/day, all brexpiprazole, and placebo groups (59.2%, 60.6%, and 61.1%
respectively). Treatment-emergent AEs reported by >2% of subjects in the all brexpiprazole,
placebo, or aripiprazole group are presented in Table 62, below. Events reported by >5% of
subjects the all brexpiprazole group included headache, akathisia, insomnia, and agitation. Only
akathisia was reported by a higher percentage of subjects in the all brexpiprazole group than in
the placebo group, and it did not reach the “most common” threshold of >5% and >2x placebo.
Events reported by >2% of subjects in the all brexpiprazole group with an incidence higher than
in the placebo group were akathisia, weight increased, diarrhea, dyspepsia, tremor, toothache,
back pain, dizziness, sedation, and blood CPK increased. Most TEAEs were classified as mild
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(30.2%, 30.8%, and 30.5% of subjects in the brexpiprazole 2-4 mg/day, all brexpiprazole, and
placebo groups, respectively) or moderate (24.7%, 24.6%, and 24.2% of subjects in the
brexpiprazole 2-4 mg/day, all brexpiprazole, and placebo groups, respectively) in severity by the
investigator. The events rated severe by investigators were: schizophrenia (1.5% of subjects in
the all brexpiprazole group vs. 2.8% in the placebo group), agitation (0.9% vs. 0.6%), psychotic
disorder (0.7% vs. 0.9%), insomnia (0.3% vs. 0.2%), aggression (0.2% vs. 0%), schizophrenia,
paranoid type (0.2% vs. 0.2%), irritability (0.2% vs. 0.4%), blood CPK increased (0.2% vs. 0.2%),
and rhabdomyolysis (0.2% vs. 0%).
Table 62: TEAEs Reported by At Least 2% of Subjects in the All Brexpiprazole, Placebo, or
Aripiprazole Group by SOC and PT (Safety Sample: Short-term, Controlled Trials—
Schizophrenia)
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(source: ISS-SCZ, Table 10.2.1-1, page 130-131)

A summary of TEAEs in the two fixed-dose trials is presented in Table 63, below.
Table 63: TEAEs Reported by At Least 2% of Subjects in Any Brexpiprazole Dose Group by
Dose and PT (Safety Sample: Schizophrenia Fixed Dose Trials 331-10-230 and 331-10-231)
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(source: ISS-SCZ, Table 10.2.1.3-1)

Of the TEAEs that occurred in >2% of subjects in the all brexpiprazole group, the following were
reported by a higher percentage of subjects in the brexpiprazole groups than in the placebo
group: diarrhea, dyspepsia, toothache, weight increased, blood CPK increased, akathisia,
tremor, and sedation. It appears that increases in the incidence of back pain, akathisia, and
possibly tremor and extrapyramidal disorder could be dose-related. The Sponsor conducted a
trend test and concluded that the increase in akathisia was not dose-related. Similar analyses
were not conducted for other TEAEs.
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In long-term trials, 59.2% of subjects reported >1 TEAE. TEAEs reported by >5% of subjects in
long-term trials are presented in Table 64, below. The most frequently experienced TEAEs in
the all brexpiprazole group were schizophrenia, insomnia, weight increased, headache,
agitation, and akathisia, similar to the short-term trials. The incidence of subjects with weight
increased was higher in the population of subjects who completed 52-weeks of treatment
(13.6% of completers versus 7.4% of safety sample).
Table 64: TEAEs Reported by At Least 5% of Subjects by SOC and PT (Safety Sample: Longterm, Open-label Trials—Schizophrenia)

(source: ISS-SCZ, Table 10.2.2-1, page 138)

8.4.5. Laboratory Findings

In both the MDD and schizophrenia trials, mean changes in laboratory parameters were similar
across treatment groups for most parameters measured. The review below will note the mean
differences between treatment groups, but will focus on:
• differences in mean change over time between drug and placebo judged by this
reviewer to be potentially clinically relevant or possibly dose-dependent,
• numbers of subjects who experienced potentially clinically relevant (PCR) changes in
laboratory parameters (defined in Table 65, below),
• treatment-emergent adverse events associated with laboratory parameters.
Table 65: Criteria for Identifying Laboratory Values of Potential Clinical Relevance
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(source: Study 331-10-227, original clinical trial protocol—April 8, 2011 version, Appendix 4, page 118)
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Adjunctive Treatment of MDD
Hepatic Function: Mean changes in hepatic function were similar across treatment groups in
the short-term trials, as were the number of subjects who reported TEAEs related to hepatic
function. Seven subjects were discontinued from IMP due to hepatic function-related TEAEs,
two in short-term trials and five subjects in the long-term trials. No subject in either the shortterm, controlled, or long-term, open-label trials groups met criteria for Hy’s Law.
Renal Function: Mean changes in renal parameters (creatinine, urea nitrogen, and uric acid),
and percentage of subjects with PCR values were similar across treatment groups in the shortterm trials, with similar results in the long-term trials. TEAEs in the Investigations SOC
associated with renal function included blood uric acid increased (3 subjects, 0.3%) and blood
urea increased (1 subject, 0.1%) in the all brexpiprazole+ADT group; no subjects in the
placebo+ADT group reported TEAEs associated with renal function. One subject was
discontinued from a long-term trial because of renal cell carcinoma.
Creatine Phosphokinase (CPK): In the short-term, controlled trials, the mean (SD) change from
baseline for CPK at last visit in the all brexpiprazole+ADT group was an increase of 18.71 U/L
(336.45), compared with an increase of 1.13 U/L (264.48) in the placebo+ADT group. In the all
brexpiprazole+ADT group, 3.6% of subjects had a PCR CPK value, compared to 2.1% in the
placebo+ADT group. Sixteen subjects in the all brexpiprazole+ADT group and nine subjects in
the placebo+ADT group had a CPK value that was over 1,000 U/L. The value exceeded 5,000 U/L
in four subjects, two in each group. Most events were observed at a single time point. Blood
CPK increased was reported as a TEAE in a similar percentage of subjects (1.4%) in both groups.
In the long-term trials, the mean change from baseline for CPK at last visit was a decrease of
12.56 U/L. PCR CPK values were observed in 110 subjects (5.3%). Fifty-five subjects (2.6%) had
a CPK value >5 x the upper limit of normal (ULN), 30 (1.4%) had values >7 x ULN, and 24 (1.2%)
had values >10 x ULN. Three subjects had CPK values >5,000 U/L. Most of the values >1000 U/L
were transient and resolved within 1 to 2 weeks. Blood CPK increased was reported as a TEAE in
21 subjects (1.0%). There did not appear to be any clinically relevant overall or dose-related
effect of brexpiprazole on CPK.
Metabolic Parameters: For the discussion here, metabolic parameters include fasting glucose
and lipids. Other elements of metabolic syndrome will be addressed in Section 8.5.1, below.
The Sponsor presented analyses of mean change from baseline, PCR results, and treatmentemergent shifts (e.g., from normal to high) in the categorization of values.
In short-term trials, the mean change from baseline to last visit in the all brexpiprazole+ADT
group was similar to the placebo+ADT group for all metabolic parameters, with the exception of
fasting total cholesterol and triglycerides, both of which increased in subjects taking
brexpiprazole and decreased in those taking placebo (see Table 66, below).
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Table 66: Mean (SD) Change from Baseline - Metabolic Parameters (Safety Sample: Shortterm, Controlled Trials—MDD Adjunctive Therapy)
Fasting
Parameter (units)

Timepoint

Total cholesterol
(mg/dL)

Baseline

Change at last
visit
Triglycerides
(mg/dL)

Baseline

Change at last
visit

Statistic

N
Mean (SD)
Median
N
Mean (SD)
Median
N
Mean (SD)
Median
N
Mean (SD)
Median

Bexpiprazole

Placebo

< 1 mg

1-3 mg

All

168
214.8 (43.9)
215.5
168
-2.3 (25.7)
0
168
139.3 (99.8)
117
168
-1.9 (76.5)
-3

845
201.1 (42.1)
204
845
2.2 (28.5)
3
844
133.1 (80.1)
111
844
4.1 (64.8)
3

1013
208.4 (42.5)
206
1013
1.4 (28.1)
2
1012
134.1 (83.6)
112
1012
3.1 (66.9)
2

659
208.1 (41.9)
205
659
-2.7 (26.3)
-1
659
137.3 (91.0)
110
659
-3.9 (67.6)
-3

Note: Baseline was defined as last value prior to treatment start. Last visit was defined as the last evaluable value at a
scheduled visit.
(Extracted from: ISS-MDD, Table 11.5.1.1-1, pages 178-179)

With regard to PCR results, the percentage of subjects meeting PCR criteria was similar
between the all brexpiprazole+ADT and placebo+ADT groups, again with the exception of total
cholesterol and triglycerides. A higher percentage of subjects in the all brexpiprazole+ADT
group had values meeting PCR criteria compared with the placebo+ADT group (see Table 67,
below).
Table 67: Metabolic Parameter Values of Potential Clinical Relevance (Safety Sample: Shortterm, Controlled Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 11.5.1.2-1, page 180)

The percentage of subjects with shifts in fasting glucose from normal or impaired to high was
similar between the all brexpiprazole+ADT and placebo+ADT groups. Overall, 32.1% of subjects
in the all brexpiprazole+ADT group had a postbaseline fasting glucose (any visit) that increased
>10 mg/dL, compared with 28.8% of subjects in the placebo+ADT group. TEAEs related to blood
glucose were reported by a similar percentage of subjects in the all brexpiprazole+ADT (0.5%)
and placebo+ADT groups (1.0%). None led to discontinuation of IMP.
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Shifts in fasting lipid parameters are listed in Table 68 , below. The percentage of subjects
experiencing shifts from normal to high values of various lipid parameters was greater in the all
brexpiprazole+ADT group than placebo+ADT for total cholesterol, LDL, and triglycerides.
Treatment-emergent AEs related to lipids were reported by 1.4% of subjects in the all
brexpiprazole+ADT group and 0.7% of subjects in the placebo+ADT group. For seven of the 16
brexpiprazole subjects with TEAEs, the change also met the PCR criteria; however, no subjects
were discontinued from IMP because of these events.
Table 68: Summary of Shifts in Fasting Lipids (Safety Sample: Short-term, Controlled Trials—
MDD Adjunctive Therapy)

The mean (median) changes from baseline to last visit in the long-term, open-label trials were
small, and of questionable clinical significance, with the exception of fasting triglycerides (mean
increase of 13.25 [9.00] mg/dL). For the lipids, subjects with prior brexpiprazole exposure (in
the parent trial) generally had a lower magnitude of mean change than did subjects exposed to
brexpiprazole for the first time in the long-term trial, but the mean change at Week 52 was
similar among the four groups (prior brexpiprazole, prior placebo, prior ADT, or de novo). This
difference between de novo and other subjects was not observed for mean change in glucose.
Metabolic changes of potential clinical relevance were more common in the long-term trials
than in the short-term trials, and occurred across all domains measured (see Table 69, below).
Table 69: Percentage of Subjects with Fasting Metabolic Parameters of Potential Clinical
Relevance (Safety Sample: Short-term, Controlled vs. Long-term, Open-label Trials—MDD
Adjunctive Therapy)
Parameter (mg/dL)

Glucose, serum

% of Subjects with On-Treatment Result
Meeting PCR Criterion
Short-term Trials
Long-term Trials
27.4%
42.0%
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HDL cholesterol
LDL cholesterol
Total cholesterol
Triglycerides

14.0%
12.3%
15.4%
26.7%

26.8%
20.3%
24.5%
42.4%

(source: ISS-MDD, page 188)

The percentage of subjects experiencing shifts in metabolic parameters was also greater in the
long-term trials than in the short-term trials. This data is summarized in Table 70, below.
Table 70: Summary of Shifts in Metabolic Parameters (Safety Sample: Short-term, Controlled
vs. Long-term, Open-label Trials—MDD Adjunctive Therapy)
Parameter

Fasting Glucose (mg/dL), Baseline to Post Baseline
Normal to High (<100 mg/dL to >=126 mg/dL)
Impaired to High (100-<126 mg/dL to >=126 mg/dL)
Normal or Impaired to High (<126 mg/dL to >=126 mg/dL)
Fasting Lipid (mg/dL) Baseline to Post Baseline
Total cholesterol (mg/dL)
Normal to High (<200 mg/dL to >=240 mg/dL)
LDL cholesterol (mg/dL)
Normal to High (<100 mg/dL to >=160 mg/dL)
HDL cholesterol (mg/dL)
Normal to Low (>=40 mg/dL to <40 mg/dL)
Triglycerides (mg/dL)
Normal to High (<150 mg/dL to >=200 and <500 mg/dL)
Normal to Very High (<150 mg/dL to >=500 mg/dL)
Normal/Borderline to Very High (<200 mg/dL to >=500 mg/dL)

Brexpiprazole
Short-term Trials
Long-term Trials
1.4%
13.1%
4.0%

4.9%
24.9%
9.0%

2.9%

9.0%

0.4%

3.3%

6.5%

14.4%

8.8%
0.1%
-

17.0%
0.2%
0.6%

(Extracted from: ISS-MDD, Tables 11.5.1.4-1, 11.5.1.5-1, 11.5.2.3-1, and 11.5.2.3-2; pages 182 and 189-190)

Glucose-related TEAEs reported by more than one subject included: blood glucose increased
(27 subjects, 1.3%), type 2 diabetes mellitus (17 subjects, 0.8%), glycosylated haemoglobin
increased (14 subjects, 0.7%), hyperglycaemia and diabetes mellitus (5 subjects each, 0.2%),
and glucose tolerance impaired (4 subjects, 0.2%). Six subjects discontinued due to TEAEs
related to glucose: two for type 2 diabetes mellitus, two for glycosylated haemoglobin
increased, one for blood glucose increased, and one subject with both glycosylated
haemoglobin increased and hyperglycaemia reported.
Lipid-related TEAEs reported by more than one subject included: blood triglycerides increased
(14 subjects, 0.7%), hypertriglyceridaemia (9 subjects, 0.4%), blood cholesterol increased (7
subjects, 0.3%), hypercholesterolaemia (6 subjects, 0.3%), hyperlipidaemia (5 subjects, 0.2%),
and dyslipidaemia (2 subjects, 0.1%). One subject discontinued due to a TEAE related to lipids
(blood triglycerides increased).
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Electrolytes and Other Chemistry: Mean changes in electrolyte and other chemistry parameters
(albumin, bicarbonate, calcium, chloride, magnesium, phosphorus, potassium, protein [total],
and sodium) and percentage of subjects with PCR values were small and similar across groups.
Similar results were seen in the long-term trials. There were no TEAEs in the Investigations SOC
associated with electrolytes in the short-term trials. TAEAs in the long-term trials included
blood potassium decreased (2 subjects, 0.1%), blood potassium increased (2 subjects, 0.1%),
and blood phosphorus increased (1 subject, 0.1%).
Hematology: Both hematology and coagulopathy parameters (basophils, eosinophils,
hematocrit, hemoglobin, lymphocytes, monocytes, neutrophils, red blood cell count, WBC,
aPTT, platelets, PT, and PT INR) were assessed. Mean changes were small and similar across
groups. The number and percent of subjects with PCR values is presented in Table 71, below.
Table 71: Hematology Values of Potential Clinical Relevance (Safety Sample: Short-term,
Controlled Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 11.7.1.2-1, page 196)

Four subjects [0.4%] in the all brexpiprazole+ADT group experienced a decrease in WBC to <2.8
thous/µL; all four of these subjects had a WBC below the reference range at baseline. In
contrast, a PCR decreased WBC was reported for one subject (0.1%) in the placebo+ADT group.
Urinalysis: There were no clinically meaningful findings in the urinalysis results.
Prolactin, ACTH, Cortisol, and TSH: For the short-term trials, the mean change from baseline to
last visit for prolactin was higher in the all brexpiprazole+ADT group (6.87 ng/mL in females,
1.78 ng/mL in males) than in the placebo+ADT group (−0.08 ng/mL in females and 0.22 ng/mL in
males), and higher in females than in males. A summary of PCR results is presented in Table 72,
below. Based on the fixed-dose trials, it does not appear that increase in prolactin is dosedependent.
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Table 72: Values of Potential Clinical Relevance - Prolactin (Safety Sample: Short-term,
Controlled Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 11.1-3, page 165)

The mean baseline values for ACTH, cortisol, and TSH were similar across treatment groups. The
mean change from baseline to last visit in the all brexpiprazole+ADT group was similar to the
change in the placebo+ADT group for these three parameters. None of the mean changes were
considered to be clinically meaningful.
Schizophrenia
Hepatic Function: Small mean changes from baseline were observed for hepatic parameters for
the brexpiprazole 2-4 mg/day group, the all brexpiprazole group, and the placebo group in the
short-term, controlled trials and in the long-term, open-label trials. Considering all hepatic
function parameters measured, fewer than 1.4% of subjects experienced PCR values on hepatic
function labs.
For brexpiprazole-treated subjects, 10 of 12 ALT PCR elevations, 5 of 7 AST PCR elevations, and
3 of 4 bilirubin PCR elevations occurred in the fixed-dose trials. Of these, most (9 of 10 ALT, 1 of
5 AST, and 3 of 3 bilirubin) occurred in the brexpiprazole 4 mg/day group. Incidences in the
brexpiprazole 2 mg/day group (0.3% for ALT and 0.9% for AST) were comparable to those in the
placebo group (0.6% for ALT and 0.3% for AST).
The Sponsor states that there were no cases meeting Hy’s law criteria in the short-term
controlled trials. There was one subject in the brexpiprazole 2-4 mg/day group who had ALT or
AST >3x ULN and total bilirubin >2x ULN, but that subject’s total bilirubin did not reach 2x
baseline (see Table 73, below). PCR results are summarized in Table 74, below, for short-term
trials, and Table 75 for long-term trials. There were no Hy’s law cases in the long-term trials.
Table 73: Study 331-10-230, Subject 452-S0008-0239 Hepatic Laboratory Results
Demographics Study Day
Assessment ALT
AST
Total
Date
Bilirubin
26yo male
Baseline
8/10/2012 42
30
2.1
Brexpiprazole Week 3
8/29/2012 68
36
2.1
4 mg/day
Week 6
9/20/2012 179
39
2.6

Alkaline
Phosphatase
60
58
62
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Unscheduled 9/25/2012

100

41

2.2

61

(Extracted from: ISS-SCZ, Table CT-ST-SZ-8.7.2, page 4980. Highlighted values meet potentially clinically relevant criteria)

Table 74: Hepatic Laboratory Values of Potential Clinical Relevance (Safety Sample: Shortterm, Controlled Trials—Schizophrenia)

(source: ISS-SCZ, Table 11.2.1.2-1, page171)

Table 75: Hepatic Laboratory Values of Potential Clinical Relevance (Safety Sample: Longterm, Open-label Trials—Schizophrenia)

(source: ISS-SCZ, Table 11.2.2.2-1, page 175)

Renal Function: In short-term trials, mean changes in renal parameters and percentage of
subjects with PCR values were small and comparable in the all brexpiprazole and placebo
groups. In the all brexpiprazole and placebo groups, the percentages of subjects with PCR renal
values were <0.6% for all analytes and were similar across groups. Most PCR results occurred in
the fixed-dose trials, with most in the 2 mg dose group. There was no pattern to suggest dosedependence. Similar results were seen in the long-term trials, where uric acid elevation was the
most common PCR value (1.43%). No subjects were discontinued from a trial because of events
associated with renal function.
CPK: In the short-term, controlled trials, the mean (SD) change from baseline for CPK at last visit
in the all brexpiprazole group was an increase of 72.81 U/L (534.38), compared with 65.28 U/L
(1213.54) in the placebo group. In the brexpiprazole 2-4 mg/day and all brexpiprazole groups,
8.9% and 8.6% of subjects, respectively, had a PCR CPK value, compared with 5.3% in the
placebo group. A total of 44 subjects in the all brexpiprazole groups (26 of whom were receiving
brexpiprazole 2-4 mg/day) had CPK values that were over 1,000 U/L, compared with 11 subjects
in the placebo group. Of these 44 subjects in the all brexpiprazole group, 6 subjects had CPK
values that were over 5,000 U/L compared with 1 subject in the placebo group. Most events
were transient and limited to one time point. Rhabdomyolysis was reported as a TEAE in four
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subjects in the short-term schizophrenia trials; two in the brexpiprazole 2-4 mg/day group, one
in the brexpiprazole <2 mg/day group, and one in the aripiprazole group. All TEAEs of
rhabdomyolysis in brexpiprazole-treated subjects were SAEs, two resulted in discontinuation of
IMP, and two were severe. Increased blood CPK was reported as a TEAE in six subjects (1.8%) in
the brexpiprazole <2 mg/day group, 17 subjects (2.1%) in the 2-4 mg/day group, five subjects
(5.4%) in the >4 mg/day group, and 5 subjects (1.1%) in the placebo group. There were no
reports of blood CPK increased as an SAE or a TEAE leading to discontinuation of IMP.
In the long-term, open-label trials, the mean (SD) change from baseline for CPK at last visit was
a decrease of 9.08 U/L (968.36); 80 subjects (10.4%) had a PCR CPK value. A CPK value
exceeding 1,000 U/L and 5,000 U/L was observed in 33 subjects and four subjects, respectively.
Two subjects had CPK values >20,000 U/L. Blood CPK increased was reported as a TEAE in nine
subjects (1.11%). Of the nine subjects, the Sponsor classified the TEAE as possibly related to
brexpiprazole in four subjects; two of these were classified as mild, and one each was
considered moderate or severe. No change in the dose of brexpiprazole was made for three of
these four subjects; brexpiprazole was withdrawn for one subject. The TEAEs in all four subjects
resolved or were resolving at the time the ISS was compiled.
Although increased CPK appears to be a fairly common occurrence, it does not appear to be
dose-dependent. In addition, despite potential drug-drug interactions that, in some cases, could
result in increased exposure to brexpiprazole, CPK increase (overall and PCR) was less frequent
in the adjunctive MDD trials. This adds further support to the notion that this is not likely to be
a dose-dependent AE.
Metabolic Parameters: For discussion here, metabolic parameters include fasting glucose and
lipids. Other elements of metabolic syndrome will be addressed in Section 8.5.1, below. The
Sponsor presented analyses of mean change from baseline, PCR results, and treatmentemergent shifts (e.g., from normal to high) in categorization of values.
In short-term trials, mean baseline values were similar among treatment groups for all
metabolic parameters. The mean changes from baseline to last visit in brexpiprazole
2-4 mg/day, all brexpiprazole, and placebo groups were small and similar for all metabolic
parameters. The percentage of subjects with PCR lab values was also similar across treatment
groups, as shown in Table 76, below. Of note, the percentage of subjects with PCR glucose
values does appear higher in the brexpiprazole groups than in placebo-treated subjects. This is
particularly true of subjects taking greater than 4 mg/day; the Sponsor is not seeking labeling
for doses above 4 mg/day.
Table 76: Metabolic Parameter Values of Potential Clinical Relevance (Safety Sample: Shortterm, Controlled Trials—Schizophrenia)
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(source: ISS-SCZ, Table 11.5.1.2-1, page 186)

Also in short-term trials, the percentage of subjects with shifts in fasting glucose from normal or
impaired to high was similar in the brexpiprazole 2-4 mg/day (4.5%), all brexpiprazole (4.8%),
and placebo (4.7%) groups. TEAEs related to blood glucose were reported by a similar
percentage of subjects across treatment groups, with no subjects discontinuing due to a TEAE
associated with glucose. TEAEs related to lipids were reported by five (0.6%) subjects in the
brexpiprazole 2-4 mg/day group and no subjects in the placebo group. For all five, the change
also met the PCR criteria. One subject (33110230-405-S0001-0551, brexpiprazole 2 mg/day)
was discontinued from IMP because of a TEAE related to lipids (blood triglycerides increased).
In the long-term trials, the mean changes at last visit for all metabolic parameters were similar
to the changes seen in the short-term trials; none of the differences appeared clinically
meaningful. However, a greater percentage of subjects experienced PCR values or shifts in the
long-term trials (see Table 77, below). TEAEs related to blood glucose were reported by 13
subjects (1.6%), and one subject (0.1%) was discontinued from IMP due to a TEAE related to
blood glucose. The TEAEs reported by more than one subject were Type 2 Diabetes Mellitus (5
subjects [0.6%]); and two subjects (0.3%) each with blood glucose increased, glucose tolerance
impaired, and hyperglycemia. TEAEs related to lipids were reported by six subjects (0.7%), and
no subject was discontinued from IMP due to a TEAE related to lipids. The TEAEs reported by
more than one subject were hypercholesterolemia and hypertriglyceridemia, each reported in
two subjects (0.3%)
Table 77: Summary of Metabolic Laboratory Evaluations (Safety Sample: Short-term,
Controlled and Long-term, Open-label Trials—Schizophrenia)
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(source: ISS-SCZ, Table 11.1-2, pages 165-166)

Electrolytes and Other Chemistry: Mean changes in electrolyte and other chemistry parameters
(albumin, bicarbonate, calcium, chloride, magnesium, phosphorus, potassium, protein [total],
and sodium) and percentage of subjects with PCR values were small and similar in the
brexpiprazole 2-4 mg/day, all brexpiprazole, and placebo groups. Similar results were seen in
the long-term trials.
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Hematology: Both hematology and coagulopathy parameters (basophils, eosinophils,
hematocrit, hemoglobin, lymphocytes, monocytes, neutrophils, red blood cell count, WBC,
aPTT, platelets, PT, and PT INR) were assessed. Mean changes were small and similar across
groups. The number and percent of subjects with PCR values is presented in Table 78, below.
Table 78: Hematology Values of Potential Clinical Relevance (Safety Sample: Short-term,
Controlled Trials—Schizophrenia)

(source: ISS-SCZ, Table 11.7.1.2-1, page 205)

Four subjects (0.3%) in the all brexpiprazole group experienced a PCR decrease in WBC. All four
had the PCR value at two or fewer visits, and two subjects had low WBC values (not PCR) at
screening.
Three subjects had low absolute neutrophil count, one of whom (Subject 33107203-158S0007-0644) also had low neutrophil percentage; this subject also reported the TEAE of
agranulocytosis; however, that report was based on a single occurrence of a PCR low
percentage of neutrophils (9.8%) on Day 22. The subject’s dose of IMP was unchanged, but her
neutrophil percentage was within the reference range (50.2%) on Day 30. Of the other two
subjects with low absolute neutrophil counts, one (Subject 33110231-406-S0008-0446) had a
one-time low value after which results were within the reference range and the other (Subject
33110230-506-S0026-0498) had low values at baseline.
Urinalysis: There were no clinically meaningful findings in the urinalysis results.
Prolactin, ACTH, Cortisol, and TSH: For the short-term trials, the mean change from baseline to
last visit for prolactin in the brexpiprazole 2-4 mg/day group was -1.21 ng/mL in female subjects
and −1.16 ng/mL in male subjects compared with −10.54 ng/mL in female subjects and −1.60
ng/mL (−0.63) in male subjects in the placebo group. A summary of PCR results is presented in
Table 79, below. Based on the fixed-dose trials, there does not appear to be any dose155
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dependent increase in prolactin. TEAEs of increases in prolactin laboratory values were
reported four brexpiprazole-treated subjects and one placebo-treated subject.
Table 79: Prolactin Values of Potential Clinical Relevance (Safety Sample: Short-term,
Controlled Trials—Schizophrenia)

(source: ISS-SCZ, Table 11.1-3, page 168)

For the long-term trials, the mean change from baseline to last visit for prolactin in the all
brexpiprazole group was 2.13 ng/mL in female subjects and 0.82 ng/mL in male subjects.
Sustained increases were not observed. There were 10 female subjects (3.4%) and 10 male
subjects (2.1%) with a value >3x ULN. The TEAEs of increases in prolactin laboratory values were
reported in 3 subjects (0.4%), two male and one female; the dose of IMP was reduced due to
the prolactin increase in the female subject only. No subject was discontinued due to
hyperprolactinaemia.
In short-term trials, the mean baseline values for ACTH, cortisol, and TSH were similar across
brexpiprazole-treatment groups and placebo groups. The mean change from baseline to last
visit in the all brexpiprazole group was similar to the change in the placebo group for these
three parameters. None of the mean changes were considered to be clinically meaningful. The
mean changes from baseline to last visit for ACTH, cortisol, and TSH in long-term trials were
also small and not considered to be clinically meaningful.
Ongoing Trials
Hepatic Function: In ongoing schizophrenia Trial 331-10-232, there was one SAE of hepatic
enzyme increased (Phase C) and one TEAE of ALT increased (Phase B) that led to
discontinuation of IMP.
CPK: In ongoing, blinded schizophrenia Trial 331-10-002, one TEAE of CPK increased led to
discontinuation of IMP and one SAE of CPK increased was reported.
Metabolic Parameters: One subject in ongoing schizophrenia open-label Trial 331-10-237 who
rolled over from Trial 331-10-232 had an SAE of diabetic ketoacidosis and was discontinued
from the trial. A TEAE of glycosylated hemoglobin increased led to discontinuation of one
subject in ongoing schizophrenia Trial 14644B and one subject in ongoing MDD Trial 14767B.
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Electrolytes and Other Chemistry: A single TEAE of blood potassium increased was reported in
the long-term, open-label trials (1 subject, 0.1%) for schizophrenia. The following TEAEs
associated with electrolytes in the Investigations SOC were reported in the long-term, openlabel MDD trials: blood potassium decreased (2 subjects, 0.1%), blood potassium increased (2
subjects, 0.1%), and blood phosphorus increased (1 subject, 0.1%).
Hematology: In ongoing blinded schizophrenia Trial 331-10-002, one subject had an SAE of
eosinophilia. A TEAE of neutropenia led to discontinuation of one subject in the ongoing
schizophrenia Trial 331-10-232 (Phase A).
8.4.6. Vital Signs

Hypertension is discussed in the context of metabolic syndrome in Section 8.5.1, below.
Adjunctive Treatment of MDD
In the short-term, controlled trials, the mean changes in supine vital sign parameters from
baseline to last visit were small and similar for the all brexpiprazole+ADT and placebo+ADT
groups. The incidence of subjects with vital signs meeting PCR criteria was low (<1%) and similar
between the all brexpiprazole+ADT and placebo+ADT groups. Among those subjects who met
the PCR criteria for orthostatic hypotension, all five subjects in the brexpiprazole+ADT group
were asymptomatic and, in four subjects, the event occurred during the first two weeks of
treatment. The percentage of subjects who reported a TEAE of dizziness, syncope, or
orthostatic hypotension was similar between the all brexpiprazole+ADT (2.7%) and
placebo+ADT (2.6%) groups. There was one brexpiprazole+ADT subject (0.1%) with an SAE
(syncope). A TEAE of dizziness led to discontinuation of IMP for an additional
brexpiprazole+ADT subject (0.1%).
In the long-term trials, the mean change from baseline to last visit was unremarkable for all
vital signs. A total of 20 subjects (0.96%) met the PCR criteria for orthostatic hypotension, all
were asymptomatic, and the episode was a one-time occurrence for all 20 subjects. The
percentage of subjects who reported a TEAE of dizziness, syncope, or orthostatic hypotension
was 6.0% in the long-term trials. There was one SAE (dizziness) for a brexpiprazole+ADT subject
(<0.1%); dizziness led to discontinuation of IMP for two brexpiprazole+ADT subjects (0.1%), and
syncope led to discontinuation for another (<0.1%).
Schizophrenia
In the short-term, controlled trials, the mean changes in supine vital sign parameters from
baseline to last visit were small and similar for the brexpiprazole 2-4 mg/day, all brexpiprazole,
and placebo groups. The incidence of subjects with vital sign measurements meeting PCR
criteria was low (<1.5%) and similar across groups. Among those subjects who met the PCR
criteria for orthostatic hypotension, the finding occurred at a single time point in all 11
brexpiprazole-treated subjects. The percentage of subjects who reported a TEAE of dizziness,
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syncope, or orthostatic hypotension was similar in the brexpiprazole 2-4 mg/day (2.3%), all
brexpiprazole (2.8%) and placebo (1.9%) groups. There was one SAE (dizziness) for a
brexpiprazole-treated subject, which also resulted in discontinuation of IMP. One additional
brexpiprazole-treated subject had a TEAE (syncope) that led to discontinuation of IMP.
In the long-term, open-label trials, mean change from baseline to last visit was unremarkable
for all vital signs. The incidence of subjects with vital signs meeting PCR criteria was low (<1%).
A total of five subjects (0.6%) met the PCR criteria for orthostatic hypotension, all were
asymptomatic, and the episode of orthostatic hypotension was a one-time occurrence for all
five subjects. The percentage of subjects who reported a TEAE of dizziness, syncope, or
orthostatic hypotension was 1.4% in the long-term trials. None of these events were considered
SAEs or severe in severity, and none led to discontinuation of IMP.
8.4.7. Electrocardiograms (ECGs)

Standard 12-lead ECGs were conducted after the subject had been supine and at rest for >5
minutes. For frequency of ECG monitoring, see Table 49 through Table 52, above. A central ECG
service was utilized to review all ECGs to standardize interpretations for the safety analysis. The
following QT corrections were used:
• QTcB: the length of the QT interval corrected for HR by the Bazett formula:
QTcB=QT/(RR)0.5
• QTcF: the length of the QT interval corrected for HR by the Fridericia formula:
QTcF=QT/(RR)0.33
• QTcN: the length of the QT interval corrected for HR by the FDA “Neuropharm Division”
formula: QTcN=QT/(RR)0.37 (Sponsor’s terminology)
Summaries of the results of ECG evaluations in short-term trials are presented below in Table
80 for MDD, and Table 81 for schizophrenia. Mean changes from baseline to last visit for the
ECG parameters were small, and none were considered to be clinically relevant. For QTcF, the
mean (SD) change from baseline was similar across treatment groups. Similar results were
observed in the long-term trials. For categorical changes, no subjects in the short-term trials
had new onset QTcF >500 msec, and one subject in the long-term schizophrenia trials had a
new onset QTcF >500 msec. Less than 0.5% of subjects had an increase in QTcF interval of more
than 60 msec in both the short-term and long-term trials. The incidence of subjects who had a
TEAE related to QT prolongation was low (<1%) and similar across treatment groups, and similar
in the long-term trials.
Table 80: Summary of ECG Evaluations (Safety Sample: Short-term, Controlled and Long-term,
Open-label Trials—MDD Adjunctive Therapy)
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(source: ISS-MDD, Table 14.1-1, page 226)

Table 81: Summary of ECG Evaluations (Safety Sample: Short-term, Controlled and Long-term,
Open-label Trials—Schizophrenia)

(source: ISS-SCZ, Table 14.1-1, page 235)

8.4.8. QT

The Sponsor conducted a thorough QT study, the review of which is documented in the OCP
team’s review (lead author, Xuixia Zhang, PhD; dated March 9, 2015). That review notes that no
significant QTc prolongation effect of brexpiprazole was detected in the TQT study. The largest
upper bounds of the 2-sided 90% CI for the mean differences between brexpiprazole (4 mg and
12 mg) and placebo were below 10 ms, the threshold for regulatory concern as described in ICH
E14 guidelines except for at one time point (6 hours post-dose) for the 4-mg dose. The findings
were considered negative.
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8.4.9. Immunogenicity

Hypersensitivity was considered a safety topic of interest in the brexpiprazole development
program. In the search for hypersensitivity-related TEAEs, the Sponsor used a search strategy
based on the SMQ for anaphylaxis. The search terms included: anaphylactic reaction,
anaphylactic shock, anaphylactoid reaction, anaphylactoid shock, angioedema, bronchial
oedema, bronchospasm, drug eruption, drug hypersensitivity, face oedema, laryngeal oedema,
laryngospasm, laryngotracheal oedema, lip oedema, oropharyngeal spasm, rash, rash
erythematous, rash generalised, rash pruritic, swelling face, type I hypersensitivity, and
urticaria.
Adjunctive Treatment of MDD
In short-term trials, 10 subjects (0.9%) in the brexpiprazole+ADT group and 3 subjects (0.4%) in
the placebo+ADT group reported hypersensitivity-related TEAEs. Of the 10 brexpiprazole+ADT
subjects, eight reported rash and two reported urticaria. All were described as mild or
moderate, none were considered to be serious, and one led to discontinuation of
IMP (Study 331-09-222, Subject 001-S6744-4975, rash papular). Three of these TEAEs occurred
in the fixed-dose trials, one each in the 1 mg, 2 mg, and 3 mg dose groups.
Thirty-three subjects (1.6%) in the long-term trials experienced a TEAE related to
hypersensitivity. Rash was reported most frequently (17 subjects, 0.8%). Other TEAEs reported
by more than 1 subject include urticarial (6 subjects, 0.3%), drug hypersensitivity (3 subjects,
0.1%), rash pruritic (3 subjects, 0.1%), and rash erythematous (2 subjects, 0.1%). All 3 TEAEs of
drug hypersensitivity were noted as being due to compounds other than brexpiprazole;
verbatim descriptions were “allergy to doxycycline,” “allergy to penicillin,” and “allergic
reaction to morphine.”
Most TEAEs were categorized as mild or moderate in severity. Two TEAEs were assessed as
severe: drug hypersensitivity (verbatim: allergy to penicillin) for Subject 336-S0832-6247 in
Study 331-10-238, and urticaria (verbatim: hives due to allergic reaction from strawberries) for
Subject 117-S6942-5802 in Study 331-08-212. The dose of IMP was not changed due to either
of these TEAEs. No TEAEs related to hypersensitivity were assessed as serious. Three TEAEs
related to hypersensitivity led to discontinuation of IMP: face oedema (verbatim: oedema face)
and rash (two subjects, verbatim: rash and localized rash, one each).
Schizophrenia
In the short-term trials, 25 subjects (2.0%) in the all brexpiprazole group, four subjects (0.9%) in
the placebo group, and one subject (2.0%) in the aripiprazole group reported a TEAE related to
hypersensitivity. Of the 25 subjects in the all brexpiprazole group, 22 reported rash, one
reported swelling face, and two reported urticaria. All TEAEs related to hypersensitivity were
categorized as mild or moderate, and none were considered to be serious. One event of rash
(Study 331-10-230, Subject 404-S0027-0968, brexpiprazole 1 mg/day) led to discontinuation of
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IMP. One subject in the placebo group also discontinued IMP because of a TEAE of rash. The
incidence of hypersensitivity TEAEs in the fixed-dose trials was 2.2%, 2.5%, 1.9%, 1.6%, and
0.3% and the brexpiprazole 0.25, 1, 2, and 4 mg/day, and placebo groups, respectively. There
did not appear to be any relationship between dose and probability of experiencing a
hypersensitivity-related TEAE. Except for one TEAE of urticaria in the brexpiprazole 4 mg/day
group, the other hypersensitivity TEAEs were all rash.
In the long-term trials, six subjects (0.7%) reported a TEAE related to hypersensitivity, all of
which were rash. All TEAEs related to hypersensitivity were categorized as mild or moderate in
severity, none were SAEs, and none led to discontinuation of IMP.
Ongoing Trials
In ongoing blinded schizophrenia Trial 14644A, one subject experienced an SAE associated with
hypersensitivity (angioedema) and was discontinued from IMP as a result.
In addition, Subject 001-S0039-1105 (diagnosis: schizophrenia) in the Clinical Pharmacology
Trials group in a dose-escalation trial (Study 331-08-205) had a hypersensitivity-related SAE
resulting in discontinuation of IMP (PT: drug hypersensitivity; verbatim: allergic reaction to
study medication). This subject received brexpiprazole 12 mg/day starting Day 1, and the SAE
was reported on Day 2. The subject complained of shortness of breath and a sensation of
tongue swelling 45 minutes after taking IMP. The subject was treated with 0.3 mg of
epinephrine IM and was taken to the emergency room for further management. She was
discharged from the emergency room with vital signs within normal limits and returned to the
clinical site, where she experienced a second episode of shortness of breath. She was admitted
to the hospital at that point, and again received epinephrine IM. She also received Solu-medrol,
cimetidine, loratadine, prednisone, and diphenhydramine. The SAE was considered resolved on
Day 3 when the subject was discharged from the hospital.

8.5.

Analysis of Specific Safety Concerns

The events that follow were identified as “safety topics of interest” by the Sponsor based on
the known safety profile of atypical antipsychotics. In the case of seizures, FDA requested
analyses of these events based on the number of AE reports submitted while the clinical trials
were still ongoing and blinded. Where the topics are addressed in detail elsewhere in the
review, a brief summary will be provided here, with a cross-reference.
8.5.1. Metabolic Syndrome

Metabolic syndrome is a cluster of abnormalities that includes elevated fasting glucose,
elevated triglycerides, reduced HDL cholesterol, elevated BP, and increased waist
circumference. Subjects meeting >3 of the 5 following criteria at the same visit were considered
to have met the criteria for metabolic syndrome:
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• Central obesity: Measured by waist circumference, >102 cm for males and >88 cm for
females
• Dyslipidemia: Triglycerides >150 mg/dL
• Dyslipidemia: HDL<40 mg/dL (males) and <50 mg/dL for females
• Supine BP: SBP >130 mmHg and diastolic BP >85 mmHg
• Fasting serum glucose: >110 mg/dL
Adjunctive MDD
In short-term trials, the percentage of subjects with metabolic syndrome was 0.9% in both the
all brexpiprazole+ADT group (8 subjects) and the placebo+ADT group (5 subjects). For the
individual criteria, subjects in the all brexpiprazole+ADT group most frequently met the
criterion for elevated triglycerides (25.2%), and subjects in the placebo group met the elevated
supine BP criterion most frequently (19.9%). TEAEs associated with fasting glucose and lipids
did not appear to be dose-related.
In long-term trials, a total of 49 subjects (3.1%) met criteria for metabolic syndrome, all of
which were a one-time occurrence. Triglycerides >150 mg/dL was again the most frequently
met criterion (39.2%). The incidence of treatment-emergent metabolic syndrome was higher
(3.4%) in subjects who had been on brexpiprazole in the parent trial than for those who had
been on aripiprazole (3.3%) or placebo (2.5%), and higher than that for subjects recruited de
novo (2.8%) to the open-label trials. One could interpret this to mean that the incidence of
metabolic syndrome increases with length of treatment; however, given that each subject met
the full criteria on only one occasion, this seems unlikely.
Schizophrenia
In short-term trials, the percentage of subjects with metabolic syndrome was 1.2% (8 subjects)
and 1.2% (12 subjects) in the brexpiprazole 2-4 mg/day and all brexpiprazole groups,
respectively, compared with 0.8% (3 subjects) in the placebo group. Most subjects met these
criteria at only one post-baseline time point. Similar to the MDD trials, for the individual
criteria, dyslipidemia (triglycerides >150 mg/dL) was the most frequently met criterion in the
brexpiprazole 2-4 mg/day (22.9%) and all brexpiprazole (21.6%) groups. Unlike MDD, this was
also the most frequently met criterion in the placebo (20.1%) group. TEAEs associated with
fasting glucose and lipids did not appear to be dose-related.
In long-term trials, a total of 20 subjects (3.2%) met criteria for metabolic syndrome, all of
which were a one-time occurrence. Triglycerides >150 mg/dL was the most frequently met
criterion (30.7%). The incidence of treatment-emergent metabolic syndrome was highest (5.0%)
in subjects who had been on placebo in the parent trial, followed by de novo subjects (4.6%),
those who had been on brexpiprazole (2.0%), then aripiprazole (0). Of note, only two subjects
in the prior aripiprazole group did not meet criteria for metabolic syndrome at the long-term
baseline.
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8.5.2. Extrapyramidal Symptoms and Akathisia

The Sponsor included two different analyses of EPS and akathisia: analysis of TEAEs associated
with EPS, and analyses of assessments using EPS scales (SAS, BARS, and AIMS). For TEAE, the
following terms were included in the search for EPS: akathisia, hyperkinesia, psychomotor
hyperactivity, ballismus, buccoglossal syndrome, choreoathetosis, clumsiness, dyskinesia,
dyskinesia neonatal, dyskinesia oesophageal, fumbling, nodding of head, on and off
phenomenon, tardive dyskinesia, cervical spasm, dystonia, emprosthotonus, muscle
contractions involuntary, muscle rigidity, muscle spasms, muscle spasticity, myotonia, nuchal
rigidity, oculogyration, opisthotonos, pleurothotonus, risus sardonicus, torticollis, trismus,
akinesia, asterixis, athetosis, bradykinesia, cogwheel rigidity, essential tremor, extrapyramidal
disorder, freezing phenomenon, gait festinating, hypertonia, hypokinesia, hypokinesia
neonatal, intention tremor, masked facies, parkinsonian crisis, parkinsonian gait, parkinsonian
rest tremor, parkinsonism, Parkinson’s disease, tremor, tremor neonatal, chorea, Huntington’s
chorea, muscle twitching, and myoclonus.
Adjunctive MDD
The TEAEs associated with EPS in the short-term trials are summarized in Table 82, below. A
higher percentage of subjects reported >1 TEAE associated with EPS in the all
brexpiprazole+ADT group (14.8%) compared with the placebo+ADT group (6.2%). Akathisia
(8.6%) was the most frequently reported EPS TEAE in the brexpiprazole+ADT group, followed by
parkinsonian events (5.6%). In the dose range that the Sponsor suggests is clinically effective (13 mg/day), 15.5% of subjects experienced any EPS TEAE, with 9.2% experiencing akathisia.
Seven subjects (0.6%, all brexpiprazole+ADT) were discontinued from IMP due to a TEAE of
akathisia and one subject (0.1%, all brexpiprazole+ADT) was discontinued from IMP due to a
TEAE of parkinsonism. Four subjects discontinued IMP within approximately one week after the
onset of the EPS event, and four subjects discontinued within approximately two weeks. No
subjects in the placebo+ADT group were discontinued due to EPS. There were no reports of
tardive dyskinesia.
Table 82: Summary of Incidence of TEAEs Associated with EPS (Safety Sample: Short-term,
Controlled Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 15.3.1.1-1, page 238)
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Based on data from the fixed-dose trials, the incidence of akathisia was clearly dose dependent,
with 4.4%, 7.4%, and 13.5% of subjects in the 1, 2, and 3 mg/day groups, respectively,
experiencing akathisia compared to 1.7% of subjects receiving placebo. The incidence of other
EPS-related events did not appear to be dose-related. However, as noted above, more subjects
in the 3 mg/day brexpiprazole+ADT group of Study 331-10-227 had concomitant medicationrelated protocol deviations, particularly with regard to medications that could be used to treat
EPS; for the majority of these cases, the medication in question was administered to treat
akathisia, and a corresponding AE was recorded.
The Sponsor also provided trend analyses for the first onset of akathisia by dose. Based on
these data, it appears that the majority of TEAEs of akathisia occurred two to four weeks after
treatment initiation, regardless of whether the starting dose was 0.5 mg/day (as in the flexibledose trials) or 1 mg/day (as in the fixed-dose trials).
In the long-term, open-label trials, 18.4% of subjects experienced >1 TEAE associated with
EPS—slightly higher than the 14.8% overall, or 15.5% in the proposed dose range. These events
are summarized in Table 83, below.
Table 83: Summary of Incidence of TEAEs Associated with EPS (Safety Sample: Long-term,
Open-label Trials—MDD Adjunctive Therapy)

(source: ISS-MDD, Table 15.3.1.2-1, page 241)

One subject in Study 331-08-212 (Subject 114-S6286-5722), a rollover subject who was
randomized to placebo in the parent trial, had oral buccal tardive dyskinesia reported as a
verbatim term, which was coded to dyskinesia. The TEAE began on Day 140, was assessed as
moderate in severity, and led to discontinuation of IMP. The subject was reported as recovered
on Day 162. Overall, there were 19 subjects (0.9%) who discontinued from IMP due to a TEAE of
akathisia, seven subjects (0.3%) discontinued due to extrapyramidal disorder, and one subject
(0.1%) each was discontinued due to akinesia, dyskinesia, myoclonus, resting tremor, or tremor.
Nine of these subjects had been treated with brexpiprazole in the parent trial.
The incidence of an EPS-related TEAE in the long-term, open-label trials was predominantly
driven by a higher percentage of subjects with akathisia events in the de novo group (18.5%,
compared with prior placebo subjects [13.0%], prior brexpiprazole subjects [6.7%], and prior
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ADT subjects [8.2%]). This was true for most of the EPS categories with the exception of total
dystonic events where the percentage was slightly higher in the prior brexpiprazole group
(3.2%) compared with prior placebo subjects (2.3%), prior ADT subjects (1.7%), and de novo
subjects (2.9%). This observation makes sense—any subjects continuing from the short-term
trials were likely subjects who were able to tolerate the IMP.
With regard to formal assessment via the SAS, BARS, and AIMS, the mean changes from
baseline to last visit in both the short-term and long-term trials were small and similar in both
the all brexpiprazole+ADT and placebo+ADT groups.
In short-term trials, on-treatment shifts in BARS Global Score from <2 to >2 (indicating
treatment-emergent akathisia) were observed in a higher percentage of subjects in the all
brexpiprazole+ADT group (35 subjects, 3.1%) than in the placebo+ADT group (4 subjects, 0.6%).
Although the majority of these shifts were a one-time occurrence, four brexpiprazole+ADT
subjects with shifts discontinued IMP due to akathisia. On-treatment shifts in SAS Total Score
from <3 to >3 (indicating treatment-emergent parkinsonism) were observed in a similar
percentage of subjects in the all brexpiprazole+ADT (39 subjects, 3.5%) and placebo+ADT (20
subjects, 2.8%) groups. The majority of these shifts occurred at one or two visits and, among
the subjects with shifts, parkinsonism did not lead to discontinuation of IMP.
In long-term trials, on-treatment shifts in BARS Global Score were observed in 48 subjects
(2.3%). The majority of these shifts were a one-time occurrence, but six subjects with shifts
discontinued IMP due to akathisia. On-treatment shifts in SAS Total Score were observed in 106
subjects (5.1%). The majority of these shifts occurred at one or two visits, but six subjects with
shifts did discontinue IMP due to parkinsonism TEAEs.
Schizophrenia
The TEAEs associated with EPS in the short-term trials are summarized in Table 84, below. A
higer percentage of subjects reported >1 TEAE associated with EPS in the brexpiprazole 2-4
mg/day (12.2%) and all brexpiprazole groups (12.1%) compared to the placebo group (9.7%).
Akathisia was the most frequently reported EPS TEAE in the brexpiprazole 2-4 mg/day and all
brexpiprazole groups (6.1% and 6.2%, respectively), followed by parkinsonian events
(5.1% in each group). Three subjects in the all brexpiprazole group were discontinued from IMP
due to a TEAE associated with EPS. One subject in the brexpiprazole 4 mg/day group
discontinued treatment due to severe psychomotor hyperactivity. The other two subjects were
in the brexpiprazole 5.0+1.0 mg/day group in the Phase 2 trial; one discontinued due to tremor,
and the other due to akathisia. One subject in the placebo group discontinued from IMP
because of extrapyramidal disorder. There were no reports of tardive dyskinesia in
brexpiprazole-treated subjects.
Table 84: Summary of Incidence of TEAEs Associated with EPS (Safety Sample: Short-term,
Controlled Trials—Schizophrenia)
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(source: ISS-SCZ, Table 15.3.1.1-1, page 249)

Based on data from the fixed-dose trials, the incidence of akathisia appears dose-related. But,
because akathisia was reported in 4.9% of subjects receiving placebo, this relationship is not as
clear as in the MDD trials. No subjects in the 0.25 mg/day group experienced akathisia, but
5.0%, 5.2%, and 7.1% of subjects in the 1, 2, and 4 mg/day groups, respectively, experienced
akathisia. The incidence of other EPS-related events did not appear to be dose-related.
The Sponsor also provided trend analyses for the first onset of akathisia by dose. In contrast to
the MDD data, there was no clear exposure-dependent increase in akathisia. The mean
duration of akathisia was 14.6, 16.3, and 21.3 days in the brexpiprazole 1, 2, and 4 mg/day
groups, respectively.
In the long-term, open-label trials, 9.7% of subjects experienced >1 TEAE associated with EPS—
fewer than the 12.1-12.2% of subjects in the short-term trials. These events are summarized in
Table 85, below.
Table 85: Summary of Incidence of TEAEs Associated with EPS (Safety Sample: Long-term,
Open-label Trials—Schizophrenia)

(source: ISS-SCZ, Table 15.3.1.2-1, page 252)

Two subjects in Study 331-10-237 had TEAEs associated with EPS that were SAEs. Both had
akathisia that resulted in hospitalization and also led to discontinuation of IMP; both subjects
had been treated with brexpiprazole in the parent trial. Five other subjects discontinued
treatment with IMP because of a TEAE associated with EPS—two due to akathisia, and one each
due to tremor, dyskinesia, and parkinsonism. There were no reports of tardive dyskinesia.
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The incidence of an EPS-related TEAE in the long-term, open-label trials was predominantly
driven by a higher percentage of subjects with events (mostly akathisia) in the prior placebo
(13.4%) and de novo groups (11.2%), compared with the prior brexpiprazole group (7.9%). As
noted above, this observation does make sense—subjects continuing from the short-term trials
were likely subjects who had already tolerated the IMP.
With regard to formal assessment via the SAS, BARS, and AIMS, the mean changes from
baseline to last visit in both short-term and long-term trials were small and similar across the
brexpiprazole 2-4 mg/day, all brexpiprazole, and placebo groups.
In short-term trials, on-treatment shifts in BARS Global Score from <2 to >2 were observed in a
similar percentage of subjects in the brexpiprazole 2-4 mg/day (12 subjects, 1.5%), all
brexpiprazole (23 subjects, 1.9%), and placebo groups (6 subjects, 1.3%). No subjects with shifts
discontinued IMP due to akathisia. On-treatment shifts in SAS Total Score from <3 to >3 were
observed in in 7.2% (58), 7.1% (87), and 5.3% (24) of subjects in the brexpiprazole 2-4 mg/day,
all brexpiprazole, and placebo groups, respectively. Among the subjects with shifts,
parkinsonism did not lead to discontinuation of IMP.
In long-term trials, on-treatment shifts in BARS Global Score were observed in 16 subjects
(2.0%). One subject with shifts discontinued IMP due to akathisia. On-treatment shifts in SAS
Total Score were observed in 53 subjects (6.6%), but did not lead to discontinuation of IMP for
any subjects.
8.5.3. Seizures

The TEAEs that were included in the search for seizure were based on SMQ for convulsion and
were the following: alcoholic seizure, complex partial seizures, convulsion, convulsive threshold
lowered, epilepsy, frontal lobe epilepsy, grand mal convulsion, myoclonic epilepsy, partial
seizures, partial seizures with secondary generalization, petit mal epilepsy, seizure cluster,
simple partial seizures, status epilepticus, temporal lobe epilepsy, tonic clonic movements, and
tonic convulsion.
A total of 14 seizure or seizure-related events were reported in the entire brexpiprazole clinical
development program. Of these reports, six occurred while subjects were on treatment with
brexpiprazole (including one subject with AE preferred term of narcolepsy), two occurred in
ongoing blinded trials, two occurred post-treatment with brexpiprazole, one occurred in the
placebo arm, one occurred in the aripiprazole arm, and two occurred in the screening phase.
Table 86, below, summarizes the events that occurred among subjects in the brexpiprazole
treatment groups or ongoing blinded trials (except the subject with narcolepsy).
Table 86: Results of Search within SMQ of Convulsions in the Brexpiprazole Clinical
Development Program, Limited to Subjects who Received Brexpiprazole or who Remain
Blinded
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Trial/Subject

Age/Sex

AE Preferred
Day of Last
Term
IMP Dose
MDD Adjunctive Therapy (Short-term, Controlled Trials)
33110227/
31/M
Epilepsy
27
380S1665
7296

Day of Event

Confounding Factors
(per Sponsor)

43

Event occurred 16 days after
last dose of IMP. Subject had
a history of drug abuse, and
presented in a sleepdeprived state at time of
event.

93

Severely obese subject with
elevated BP noted during
trial participation;
concomitant use of
fluoxetine and ibuprofen,
which are known to increase
risk of bleeding predisposing
to subarachnoid
hemorrhage.

Not Specified
(8 days after
IMP
discontinued)

Event occurred on same day
that the subject was started
on quetiapine; concomitant
use of benzodiazepines; also,
symptoms of convulsion
were observed prior to the
subject enrolling in the trial.

Schizophrenia (Completed Short-term, Controlled Trials)
*
33110231/
61/M
Seizure
Not
7022409
Specified

15

One-time seizure episode
associated with high fever
(40°C) at time of event
suggesting alternative
etiology

Schizophrenia (Completed Long-term, Open-label Trials)
*
33108210/
31/M
Seizure
Not
0590244
Specified

28

Medical history of insomnia
and occasional alcohol and
cannabis use; worsening of
insomnia reported as a TEAE
during trial.

MDD Adjunctive Therapy (Long-term, Open-label Trials)
*
33108212/
33/M
Seizure
Not
007S7231
Specified

Schizophrenia (Completed Clinical Pharmacology Trials)
33110001/
36/M
Convulsive
Not
0010005
Seizure
Specified

Schizophrenia (Ongoing Short-term, Controlled Trials—Blinded)
33110002/
31/M
Tonic
11
11
0771006
Convulsions

Schizophrenia (Ongoing Long-term, Open-label Trials)
*
33110232/
25/F
Seizure
0

63

Severe dehydration from
heavy perspiration and not
eating or drinking for 10
days prior to onset of event
due to underlying
schizophrenia exacerbation

Medical history of fetal
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Adverse Event
(MedDRA Preferred Term)
Any adverse event
Hypersomnia
Sedation
Somnolence

Brex 1 mg
(N=226)
n(%)
10 (4.4)
1 (0.4)
0 (0)
9 (4.0)

Brex 2 mg
(N=188)
n(%)
10 (5.2)
0 (0)
2 (1.1)
8 (4.2)

Brex 3 mg
(N=229)
n(%)
12 (5.7)
0 (0)
0 (0)
12 (5.7)

Placebo
(N=411)
n(%)
2 (0.7)
1 (0.2)
0 (0)
2 (0.5)

(Adapted from: ISS-MDD, Table CT-ST-7.13.3, page 1781)

In long-term trials, 278 subjects (13.3%) reported a TEAE related to somnolence. Sixteen
subjects (0.8%) reported somnolence that was assessed as severe, 7 (0.3%) reported sedation
assessed as severe, and 5 (0.2%) reported hypersomnia assessed as severe. Eleven (0.5%) of the
278 subjects were discontinued from IMP due to somnolence, four (0.2%) for sedation, and two
(0.2%) for hypersomnia.
A 29-year-old white female subject in Study 331-10-238 was discontinued due to a nonserious
TEAE of narcolepsy that began on Day 118. It was assessed as moderate in severity, not related
to IMP, and was ongoing at the time of discontinuation.
Schizophrenia
In short-term trials, 40 subjects (4.9%) in the brexpiprazole 2-4 mg/day group reported a TEAE
related to somnolence, as did 62 subjects (4.9%) in the all brexpiprazole group, and 15 (3.2%)
subjects in the placebo group. There were no SAEs related to somnolence, and no subject
discontinued from IMP due to somnolence. One subject in the brexpiprazole 4 mg/day group
experienced severe sedation; the other TEAEs related to somnolence were assessed as mild or
moderate in severity. Most events related to somnolence resolved.
In the fixed-dose trials, the incidence of somnolence events was higher in the brexpiprazole 4
mg/day group (6.0%) than in the other treatment groups (1.1%, 3.3%, and 3.3 % in the
brexpiprazole 0.25, 1, and 2 mg/day groups). The incidence in the placebo group was 3.5%.The
potential dose-relatedness is not clear, but cannot be ruled out.
In the long-term trials, 25 subjects (3.1%) reported a TEAE related to somnolence; 18 subjects
(2.2%) had somnolence and seven (0.9%) had sedation. No subject was discontinued from IMP
due to a TEAE related to somnolence. One subject experienced an SAE related to somnolence
(moderate somnolence that resulted in hospitalization). The dose of IMP was not changed and
the event resolved. Of the 25 subjects, one subject reported sedation that was assessed as
severe.
8.5.5. Suicidal Ideation and Behavior

The Sponsor uses the term “suicidality” to encompass suicidal ideation and behavior. Similar to
the approach in EPS, the Sponsor submitted two different analyses for suicidality: analysis of
TEAEs associated with suicidality, and analyses of assessments using the Columbia Suicide
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Severity Rating Scale (C-SSRS). No SMQ exists for suicidality. The Sponsor included the following
TEAEs in the search for suicidality: completed suicide, depression suicidal, intentional overdose,
intentional self-injury, self-injurious behaviour, self-injurious ideation, suicidal behaviour,
suicidal ideation, and suicide attempt.
Adjunctive MDD
In short-term trials, two subjects (0.2%) in the all brexpiprazole+ADT group and one subject
(0.1%) in the placebo+ADT group reported TEAEs related to suicidality. Intentional overdose
and suicidal ideation were each reported in one brexpiprazole+ADT subject and intentional selfinjury was reported by one placebo+ADT subject. None of these TEAEs were assessed as serious
or led to discontinuation of IMP; all resolved.
In long-term trials, 39 subjects (1.9%) reported TEAEs related to suicidality. The reported TEAEs
included (number of subjects reporting event): suicidal ideation (23), suicide attempt (9),
intentional overdose (2), completed suicide (2), intentional self-injury (2), and depression
suicidal (1). Twelve subjects had TEAEs assessed as severe. The two subjects who completed
suicide (reviewed in Section 8.4.1, above) did not have TEAEs related to suicidality in the shortterm trials. In an additional 15 subjects, suicidality was reported as a non-fatal SAE using the
following terms: intentional overdose (2), depression suicidal (1), intentional self-injury (1),
suicidal ideation (5), and suicide attempt (6). A greater percentage of de novo subjects had
TEAEs of suicidality (4.5%) compared with prior placebo subjects (1.6%), prior brexpiprazole
subjects (1.8%), and prior ADT subjects (1.2%). Suicidal ideation was also reported for a greater
percentage of de novo subjects (3.3%) compared with the other groups (range: 0.7% to 1.0%).
C-SSRS data for the short-term trials is summarized in Table 88, below. Analyses of the C-SSRS
did not indicate any cases of treatment-emergent suicidal behavior. For the 2 fixed-dose, phase
3 trials, there was no pattern suggestive of a dose effect for treatment-emergent suicidal
ideation.
Table 88: Columbia-Suicide Severity Rating Scale (C-SSRS) (Short-Term Controlled Trials—
MDD Adjunctive Therapy, Safety Sample)

All treatment-emergent suicidal ideation
Active ideation with specific plan and intent
Active ideation with some intent, without specific plan
Active ideation without intent
Non-specific active suicidal thoughts
Wish to be dead

Brexpiprazole+ADT
N=1131
n (%)
124 (11.0)
0 (0)
0 (0)
10 (0.9)
9 (0.8)
105 (9.3)

Placebo+ADT
N=724
n (%)
93 (12.8)
0 (0)
2 (0.3)
6 (0.8)
12 (1.7)
73 (10.1)

(Adapted from: ISS-MDD, Table CT-ST-12.1.1, page 5048)

A total of 14 subjects (0.7%) had treatment-emergent suicidal behavior per the C-SSRS in the
long-term trials (see Table 89, below). Of these, 13 had a TEAE related to suicidality. The subject
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who did not have a TEAE related to suicidality did have an SAE of anxiety that led to
discontinuation of IMP, as well as a TEAE of depression (verbatim: worsening depression); both
were assessed as severe. Considering prior treatment, actual attempted suicide was reported
by two de novo subjects, one prior ADT subject, three prior brexpiprazole subjects, and three
prior placebo subjects. Most types of ideation were “wish to be dead”: 44 de novo subjects
(18.1%), 54 prior ADT subjects (9.1%), 65 prior brexpiprazole subjects (8.9%), and 43 prior
placebo subjects (8.3%).
Table 89: Columbia-Suicide Severity Rating Scale (C-SSRS) (Long-Term Controlled Trials—MDD
Adjunctive Therapy, Safety Sample)

All treatment-emergent suicidal behavior
Actual attempt
Interrupted attempt
Aborted attempt
Preparatory acts or behavior
All treatment-emergent suicidal ideation
Active ideation with specific plan and intent
Active ideation with some intent, without specific plan
Active ideation without intent
Non-specific active suicidal thoughts
Wish to be dead

Brexpiprazole+ADT
N=2084
n (%)
14 (0.7)
9 (0.4)
2 (0.1)
2 (0.1)
1 (0.1)
291 (14.0)
11 (0.5)
10 (0.5)
36 (1.7)
28 (1.3)
206 (9.9)

(Adapted from: ISS-MDD, Table CT-LT-12.1.1.1, page 15236)

Schizophrenia
In short-term trials, three subjects (0.2%) in the all brexpiprazole group and one subject (0.2%)
in the placebo group reported TEAEs related to suicidality. Intentional self-injury was reported
by one subject in the brexpiprazole 1 mg/day group, and suicidal ideation by one subject each
in the brexpiprazole 1 mg/day, 4 mg/day, and placebo groups. All of these events occurred in
the fixed-dose trials. The suicidal ideation in the subject from the 4 mg/day group was
considered an SAE; the dose of IMP was not changed and the event resolved. None of the other
TEAEs were assessed as serious or led to discontinuation of IMP; all resolved.
In long-term trials, 5 subjects (0.6%) reported TEAEs related to suicidality. All reported TEAEs
were suicidal ideation. None were assessed as severe, although event one was considered an
SAE and resulted in hospitalization. That subject’s dose of IMP was unchanged and the event
resolved. One subject discontinued the IMP due to suicidality; that event resolved as well. With
regard to prior treatment in the short-term trials, one subject had been treated with placebo,
two had been treated with brexpiprazole, and the two remaining subjects were recruited to the
long-term trials de novo.
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C-SSRS data for the short-term trials is summarized in Table 90, below. Analyses of the C-SSRS
indicated that two subjects had treatment-emergent suicidal behavior during the short-term
trials, and both were in fixed-dose trials. One subject in the brexpiprazole 2 mg/day group had
interrupted attempt and actual attempt recorded for the C-SSRS scale at Week 1 in Study 33110-231. That subject continued in the trial and had no TEAEs associated with the findings. The
other subject was in the placebo group and had preparatory acts or behavior on the C-SSRS.
Table 90: Columbia-Suicide Severity Rating Scale (C-SSRS) (Short-Term Controlled Trials—
Schizophrenia, Safety Sample)

All treatment-emergent suicidal behavior
Actual attempt
Interrupted attempt
Aborted attempt
Preparatory acts or behavior
All treatment-emergent suicidal ideation
Active ideation with specific plan and intent
Active ideation with some intent, without specific plan
Active ideation without intent
Non-specific active suicidal thoughts
Wish to be dead

All Brexpiprazole
N=1256
n (%)
1 (0.1)
1 (0.1)
0 (0)
0 (0)
0 (0)
32 (2.5)
1 (0.1)
1 (0.1)
5 (0.4)
8 (0.6)
17 (1.4)

Placebo
N=463
n (%)
1 (0.2)
0 (0)
0 (0)
0 (0)
0 (0)
14 (3.0)
0 (0)
0 (0)
3 (0.6)
0 (0)
11 (2.4)

(Adapted from: ISS-SCZ, Table CT-ST-12.1.1, page 5636-5637)

A total of 4 subjects (0.5%) had treatment-emergent suicidal behavior per the C-SSRS in the
long-term trials (see Table 91, below). Of these, none had a TEAE related to suicidality.
Considering prior treatment, the aborted attempt and one of the preparatory acts were in de
novo subjects. The other two subjects with preparatory acts had received prior treatment with
brexpiprazole. “Wish to be dead” was the most common type of ideation: five (2.2%) de novo
subjects, 14 (3.1%) subjects with prior brexpiprazole, and no subjects with prior placebo.
Table 91: Columbia-Suicide Severity Rating Scale (C-SSRS) (Long-Term Controlled Trials—
Schizophrenia, Safety Sample)

All treatment-emergent suicidal behavior
Actual attempt
Interrupted attempt
Aborted attempt
Preparatory acts or behavior
All treatment-emergent suicidal ideation
Active ideation with specific plan and intent
Active ideation with some intent, without specific plan
Active ideation without intent

All Brexpiprazole
N=813
n (%)
4 (0.5)
0 (0)
0 (0)
1 (0.1)
3 (0.4)
33 (4.0)
1 (0.1)
1 (0.1)
4 (0.5)
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Non-specific active suicidal thoughts
Wish to be dead

8 (1.0)
19 (2.3)

(Adapted from: ISS-SCZ, Table CT-LT-12.1.1.1, page 8895)

Ongoing Trials
There were two subjects with SAEs of suicide attempt; one in ongoing schizophrenia Trial 33110-232 (Phase B), and one in ongoing blinded schizophrenia Trial 14644A. In ongoing MDD Trial
331-12-282, there was an intentional overdose prior to randomization to IMP.
8.5.6. Neuroleptic Malignant Syndrome

The TEAEs that were included in the search for NMS were based on the SMQ for NMS and were
the following: hyperthermia malignant, neuroleptic malignant syndrome, and serotonin
syndrome. There were no reports of NMS in the clinical development program.
8.5.1. Hypersensitivity

Hypersensitivity is reviewed in detail in Section 8.4.9, above. The product label will include
contraindication language related to hypersensitivity, citing examples of rash, facial swelling,
urticaria, and angioedema..
8.5.2. Venous Thromboembolytic Events

The standard SMQ for “embolic and thrombotic events, venous” contains approximately 250
preferred terms. The Sponsor used a subset of 74 of these terms to search for venous
thromboemolytic events (VTEs). A review of the terms excluded from the search reveals that
many are procedure-based terms (e.g., “revision vascular bypass”) or subcategories of included
terms (e.g., “thrombophlebitis” is included, “thrombophlebitis arm” is not). The list of included
search terms appears appropriate.
The Sponsor conducted a medical review (blinded in the cases of events in placebo-controlled
trials) of the VTEs. There was one report in the short-term, controlled MDD trials in a placebotreated subject and five reports in the long-term, open-label MDD trials in brexpiprazoletreated subjects. These were assessed as not related or unlikely related for all reports by both
the investigator and Sponsor. Comorbidities (e.g., prior history of pulmonary embolism, obesity,
hypertension, hyperlipidemia, chronic obstructive pulmonary disease, coronary artery disease,
hypertensive retinopathy with venous stasis and glaucoma) and recent surgery were identified
as contributing factors and provide an alternative explanation for all cases. No VTE cases were
identified in either the short- or long-term schizophrenia trials.
8.5.3. Laboratory Assessments

Laboratory assessments are presented in greater detail in Section 8.4.5, above. The
commentary that follows takes into account both the MDD and schizophrenia results.
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• Glucose elevation
In short-term trials, use of the proposed effective doses does not appear to result in a greater
likelihood of PCR glucose levels compared to placebo. Subjects receiving brexpiprazole also do
not appear more likely to experience shifts from normal or impaired to high glucose over the
course of short-term trials.
However, the proportion of subjects experiencing PCR glucose levels and shifts from normal or
impaired to high glucose continues to increase over the course of the long-term trials.
Approximately 42% of subjects in the MDD program and 45% in the schizophrenia program
experienced PCR elevated glucose during the long-term trials; 9% of MDD subjects and 9.7% of
schizophrenia subjects experienced shifts.
The proposed product labeling does include class language related to metabolic changes
including elevation in serum glucose, and will include tables detailing the information above.
• Effect on lipids
With regard to mean change from baseline and PCR results, the all brexpiprazole+ADT and
placebo+ADT groups in the MDD trials were similar with the exception of total cholesterol and
triglycerides. The mean change from baseline in both parameters was greater, and a higher
percentage of subjects in the all brexpiprazole+ADT group had values meeting PCR criteria
compared with the placebo+ADT group. In the schizophrenia trials, the brexpiprazole and
placebo groups had similar mean change from baseline and similar percentage of subjects with
PCR results across all lipid measurements. In long-term trials in both the MDD and
schizophrenia programs, the percentage of PCR results and the proportion of subjects
experiencing shifts continued to increase.
As with glucose, the proposed product labeling includes class language related to metabolic
changes including elevation in serum lipid parameters, and will include tables detailing the
information above.
• Prolactin elevation
Although prolactin elevation was observed in both the MDD and schizophrenia development
programs, increases did not appear to be dose-dependent in either. Elevations were greater in
female subjects than in males. The proposed product labeling does not include prolactin under
Section 5, Warnings and Precautions. Although prolactin elevation is possible with most atypical
antipsychotics, some labels include this information under Section 5, while other relegate the
information to the “Other Adverse Reactions Observed During the Premarketing Evaluation”
portion of Section 6.1, Adverse Reactions, Clinical Trials Experience.
For this product, prolactin elevation clearly occurs to a greater extent in subjects treated with
brexpiprazole compared to placebo. Prolactin increases >1x the ULN were relatively common,
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and occurred in brexpiprazole-treated subjects at approximately four times the rate observed
in placebo-treated subjects. The whether or not values >1x the ULN are clinically meaningful
could be a matter of debate. Values >3x the ULN are harder to dismiss. Few subjects had
prolactin levels >3x the ULN in the MDD trials—no female subjects compared to 2 (0.4%) on
placebo, and 2 (0.6%) male subjects compared to 1 (0.4%) on placebo. In the schizophrenia
trials, a greater proportion of placebo-treated subjects experienced prolactin elevation to >3x
the ULN than did brexpiprazole-treated subjects.
• CPK elevation and rhabdomyolysis
A detailed review of CPK values is presented in Section 8.4.5, above. The TEAEs included in the
search for CPK elevation and rhabdomyolysis were based on the Standardized MedDRA Query
(SMQ) for rhabdomyolysis: blood CPK abnormal, blood CPK increased, blood CPK MM
increased, muscle necrosis, myoglobin blood increased, myoglobin blood present, myoglobin
urine present, myoglobinaemia, myoglobinuria, myopathy, myopathy toxic, and
rhabdomyolysis. There were no reports of rhabdomyolysis or related events in the MDD
development program.
In the schizophrenia program, rhabdomyolysis was reported as a TEAE in four subjects in the
short-term trials; two in the brexpiprazole 2-4 mg/day group, one in the brexpiprazole <2
mg/day group, and one in the aripiprazole group. All TEAEs of rhabdomyolysis in brexpiprazoletreated subjects were SAEs, two resulted in discontinuation of IMP, and two were severe.
Further examination of the subjects in the brexpiprazole groups showed that none were
symptomatic (e.g., all were afebrile, heart rate and blood pressure were stable, no urine blood,
no muscle complaints). In addition, all three subjects were heavy exercisers. The Sponsor
concluded that the reporting of rhabdomyolysis by the investigator, a subjective analysis, was
not substantiated by objective measures of the disorder. There were no reports of
rhabdomyolysis or related events in the long-term schizophrenia trials.
• Agranulocytosis, neutropenia, and leukopenia
With such small numbers of PCR results in any given group, it is difficult to draw conclusions
about brexpiprazole’s effect on hematologic parameters. As a class, atypical antipsychotics are
associated with neutropenia, leukopenia, and agranulocytosis. Given that one expects such
results to be rare, it is not surprising that few events were seen in the trials. But, because some
subjects experienced PCR decreases, and because this occurred more often with brexpiprazole
than it did with placebo, the class warning language should certainly still apply in this case.
8.5.4. Orthostatic hypotension, dizziness, and syncope

Approved atypical antipsychotic labels include class language warning of the risk of orthostatic
hypotension and syncope, and advising prescribers to use with caution in patients with known
cardiovascular or cerebrovascular disease. Subjects with cardiovascular and cerebrovascular
disease were excluded from these studies. Thus, although the incidence of orthostatic
hypotension and related TEAEs was small and similar across treatment groups, this does not
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allay concerns related to patients with known risk factors. Thus, the class language will be
included in this product’s label.
8.5.5. Effect on weight

In short-term MDD trials, the mean increase in body weight as assessed at the last visit (i.e., last
observation carried forward) was 1.5 kg in the all brexpiprazole+ADT group compared with 0.3
kg in the placebo+ADT group. In schizophrenia trials, it was 1.2 kg and 1.1 kg in the
brexpiprazole 2-4 mg/day and all brexpiprazole groups, respectively, compared with 0.2 kg in
the placebo group. Thus, weight gain was observed even in short-term trials. The slightly greater
weight gain in the MDD trials could be attributed to the concomitant ADT, the longer trial
duration, or some other factor—the studies were not directly comparable for many reasons.
With regard to PCR (i.e., > 7%) increases in weight during the short-term trials, 4.7% of subjects
in the all brexpiprazole+ADT group experienced PCR weight gain compared with 1.5% in the
placebo+ADT group in MDD trials. In schizophrenia trials, the incidence of subjects with
PCR weight gain was 10.4% and 9.9% in the brexpiprazole 2-4 mg/day and all brexpiprazole
groups, respectively, compared with 4.8% in the placebo group.
No SMQ exists for weight gain. The Sponsor included the following AE in the search for weight
increase: BMI increased, obesity, waist circumference increased, weight gain, and weight
increased. In short-term MDD trials, >1 of these TEAEs was reported in 7.3% of all brexpiprazole
subjects. In short-term schizophrenia trials, >1 of these TEAEs was reported in 4.6% of subjects
in the brexpiprazole 2-4 mg/day group, 4.7% in the all brexpiprazole group, and 1.9% in the
placebo group. No subjects were discontinued from IMP due to a TEAE associated with weight
in either the MDD or schizophrenia short-term trials.
In both MDD and schizophrenia trials, weight gain was more common and greater in the longterm trials. A summary of the data above alongside the long-term, open-label data is presented
in Table 92, below, for MDD trials and Table 93 for schizophrenia trials.
Table 92: Summary of Weight Evaluations (Safety Sample: Short-term, Controlled Trials and
Long-term, Open-label Trials—MDD Adjunctive Therapy)

177
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)

(source: ISS-MDD, Table 13.1-1, page 216)

Table 93: Summary of Weight Evaluations (Safety Sample: Short-term, Controlled Trials and
Long-term, Open-label Trials—Schizophrenia)

(source: ISS-SCZ, Table 13.1-1, page 225)

8.5.6. QT prolongation

An overview of ECG changes, including mean QT parameters, is presented in Section 8.4.7,
above. The results of the thorough QT study are presented in Section 8.4.8, above. The review
below is focused on TEAEs related to QT prolongation.
In short-term clinical trials, few subjects experienced QT prolongation. A summary of
categorical shifts in QT parameters is presented in Table 94, below, for MDD trials and Table 95
for schizophrenia trials.
Table 94: Number (%) of Subjects with Categorical Changes in QTcB or QTcF of Potential
Clinical Relevance (Safety Sample: Short-term, Controlled Trials—MDD Adjunctive Therapy)
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(source: ISS-MDD, Table 14.2.2-1, page 228)

Table 95: Number (%) of Subjects with Categorical Changes in QTcB or QTcF of Potential
Clinical Relevance (Safety Sample: Short-term, Controlled Trials –S chizophrenia)

(source: ISS-SCZ, Table 14.2.2-1, page 238)

In the MDD trials, three subjects experienced a QTcF increase of more than 60 msec. Among
these, one subject randomized to brexpiprazole 2 mg/day (+ venlafaxine) had this increase at
only one time point. The other two subjects had prolonged QTcF at multiple time points:
• In Study 331-10-228, Subject 790-S4966-1648, a 47-year-old white female, had two
QTcF interval increases of more than 60 msec based on ECG findings. She was
randomized to brexpiprazole 2 mg/day, and her ADT was paroxetine CR. Her baseline
QTcF was 398 msec. Her QTcF was 438 msec on Day 15, 460 msec on Day 28, 443 msec
on Day 35, and 468 msec on Day 44. The only TEAE reported for this subject during the
trial was tremor. She entered the extension Trial 331-10-238, but was discontinued after
13 days due to a protocol deviation (QT interval too long).
• In Study 331-10-227, Subject 413-S1126-6746, a 59-year-old white male, had three QTcF
interval increases of more than 60 msec based on ECG findings. He was randomized to
brexpiprazole 3 mg/day, and his ADT was duloxetine delayed-release. His baseline QTcF
was 359 msec. His QTcF was 426 msec on Day 16, 437 msec on Days 28 and 42. No
TEAEs were reported for this subject during the trial.
In the schizophrenia trials, two subjects experienced a QTcF increase of more than 60 msec.
Each experienced prolonged QTcF at multiple time points.
• In Study 331-07-203, Subject 207-S0004-0303, a 41-year-old white female, was
randomized to brexpiprazole 5+1 mg/day, and had a baseline QTcF of 336 msec. Her
QTcF was 406 msec on Day 8, and 382 msec on Day 24. No TEAEs were reported for this
subject during the trial.
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• In Study 331-10-230, Subject 405-S0015-1035, a 51-year-old white male, was
randomized to brexpiprazole 2 mg/day, and had a baseline QTcF of 386 msec. His QTcF
was 434 msec on Day 20, and 454 m sec on Day 41 (day of last dose of IMP). The subject
had two TEAEs of agitation and one TEAE of insomnia during the trial; none of these
events were serious and none led to discontinuation of IMP.
In long-term MDD trials, no subjects had new onset QTcF intervals >500 msec and 3 subjects
(0.1%) had new onset QTcB intervals >500 msec. An increase of >30 to 60 msec in QTcF was
observed in 182 subjects (8.8%). Eight subjects (0.4%) had an increase of >60 msec in QTcF; for
seven of these subjects, the increase was reported at one visit only. None of the eight subjects
had TEAEs related to QT prolongation.
In long-term schizophrenia trials, a new onset QTcF interval over 500 msec and new onset QTcB
interval over 500 msec were each reported in 1 (0.1%) subject (both in the same subject). An
increase of >30 to 60 msec in QTcF was observed in 83 (10.8%) subjects. Sixteen subjects
(2.1%) and three subjects (0.4%) had an increase of more than 60 msec in QTcB and QTcF,
respectively. For two of the three subjects with an increase of QTcF >60 msec, the increase was
reported at one visit only. In Study 331-10-237, Subject 404-S0005-0543, who had a QTcF
increase of more than 60 msec also had a new onset QTcF and QTcB interval over 500 msec,
and a TEAE related to QT prolongation. Neither of the other 2 subjects with QTcF increase of
more than 60 sec had a TEAE related to QT prolongation.
QT prolongation appears to be an infrequent occurrence in the context of brexpiprazole
treatment. Based on the few instances that did occur, there does not seem to be any
relationship between the likelihood of QT prolongation and the dose of brexpiprazole. Among
subjects who experienced QT prolongation in the short-term trials, there is no information
provided to determine if QT returned to normal after the IMP was discontinued. In the longterm trials, for those who experienced QT prolongation at more than one visit, most subjects
discontinued the trial for reasons other than QT and, again, no information is provided related
to QT after IMP was discontinued.

8.6.

Additional Safety Explorations

8.6.1. Human Carcinogenicity or Tumor Development

No neoplasms were reported in the short-term trials. In long-term trials in the MDD
development program one of each of the following neoplasm-related SAEs were reported:
adenocarcinoma of the cervix, breast cancer, intraductal proliferative breast lesion, malignant
anorectal neoplasm, metastatic malignant melanoma (see Section 8.4.1, above), renal cell
carcinoma. In the schizophrenia program, only one neoplasm-related SAE (endometrial cancer)
was reported in the long-term trials. In ongoing MDD trials, one subject in 331-10-238 (openlabel extension of 331-10-282) experienced ovarian cancer, and one subject in 14570A (blinded)
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experienced prostate cancer. There were no other neoplasms in trials for other indications, and
no new neoplasms reported in the 120-day safety updates.
8.6.2. Human Reproduction and Pregnancy

A total of nine confirmed pregnancies were reported in MDD trials; one in short-term,
controlled Trial 331-10-228 and eight in long-term, open-label Trials 331-08-212 and 331-10238. All of these subjects were exposed to brexpiprazole. For those with outcome data by the
time the 120-day safety updates were submitted, there was one elective abortion, two
spontaneous abortions, one premature birth (36 weeks), and three full-term births. Of the 4
births, all were reported as uncomplicated deliveries, and no abnormalities were reported for
any infants. Of the remaining two pregnancies, one subject was lost to follow-up and one was
having a normal pregnancy.
The Division of Pediatric and Maternal Health was consulted, and Carrie Ceresa, Pharm D, MPH
reviewed the application. She provided recommend language for labeling consistent with the
new Pregnancy and Lactation Labeling Rule. The labeling will include contact information for
the National Pregnancy Registry for Atypical Antipsychotics.
8.6.3. Pediatrics and Assessment of Effects on Growth

No pediatric subjects were included in these studies. The Sponsor submitted an initial pediatric
study plan (iPSP) for schizophrenia on November 26, 2013, and the Agreed plan on March 31,
2014. For adjunctive MDD, the Sponsor submitted an iPSP with a request for a full waiver of
pediatric studies on October 31, 2013. The waiver was granted, and the Sponsor submitted the
Agreed plan on January 10, 2014.
8.6.4. Overdose, Drug Abuse Potential, Withdrawal, and Rebound

There was no record of an overdose (>12 mg once daily) of brexpiprazole in the MDD trials. For
the 15 brexpiprazole+ADT subjects who had TEAEs associated with overdose, all but 1 (drug
abuse, specified as cocaine abuse in the long-term trials) appeared to be related to suicidality
(e.g., suicide attempt, intentional overdose, and intentional self-injury). Furthermore, none of
the events related to suicidality incorporated brexpiprazole as a substance used in the attempt.
All subjects recovered. One subject from an ongoing schizophrenia trial reported taking an
intentional overdose of brexpiprazole as a result of an auditory hallucination (27 2-mg tablets;
54 mg total but unconfirmed). There were no sequelae reported.
The Controlled Substance staff was consulted to review this application, and Katherine Bonson,
PhD conducted that review. Based on review of the nonclinical and clinical abuse-related data
submitted with the application, she concluded that brexpiprazole does not have abuse
potential. She further notes that brexpiprazole:
• is not structurally similar to any known drugs of abuse
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• acts as a partial agonist at the 5-HT1A, D2, and D3 receptors, and as an antagonist at 5HT2A, 5-HT2B, 5-HT7, α1A, α1B, α1D, and α2C receptors; none of these are associated
with abuse
• does not induce general behaviors that appear similar to those induced by known drugs
of abuse
• inhibits behaviors produced by agonists at serotonin and dopamine receptors that are
associated with abuse
• is not self-administered, suggesting that it does not have rewarding properties
• does not produce abuse-related AEs in clinical trials involving more than 3,000 subjects
exposed to the drug
• does not product withdrawal syndrome upon drug discontinuation after chronic
administration in animals or humans, suggesting that it does not produce physical
dependence.
A human abuse potential study was not conducted with brexpiprazole. However, Dr. Bonson
notes that there are no abuse-related signals from the preclinical or clinical studies that would
have justified the need for a human abuse potential study. She does not recommend scheduling
of this product under the Controlled Substances Act. She also provided recommendations for
labeling.

8.7.

Safety in the Postmarket Setting

8.7.1. Safety Concerns Identified Through Postmarket Experience

Brexpiprazole is not yet marketed in the US or elsewhere.

8.7.2. Expectations on Safety in the Postmarket Setting

As noted above, atypical antipsychotics carry class warning language and a boxed warning due
to increased risk of cardiovascular adverse reactions, stroke, and mortality in elderly patients
with dementia-related psychosis. Subjects with dementia or other cognitive disorders were
excluded from both trials, as were subjects with known cardiovascular disease, and subjects
older than age 65. The Sponsor did conduct a Phase 2 PK trial in 48 healthy males and females
over age 65; these subjects exhibited similar PK parameters (Cmax and AUC) to those observed in
healthy adults aged 18 to 45, so one might reasonably assume that recruitment of patients
older than 65 years of age would have been acceptable.
Exclusion of these high-risk subjects is certainly understandable from a safety and ethics
perspective. However, as a result, we have no data on the potential risks when brexpiprazole is
used to treat patients with similar demographic and health characteristics. Thus, the label for
this product must include all of the current class labeling language related to cardiovascular
(b) (4)
risk, including the boxed warning.
That clinical development program is still in its
182
Reference ID: 3775738

Clinical Review
Tiffany R Farchione, M.D.
NDA 205422
Rexulti® (Brexpiprazole tablets)
Atypical antipsychotics used for the treatment of mood disorders also include boxed warning
language for suicidal ideation and behavior. TEAEs related to suicidal ideation and behavior
were rare in the short-term trials, and uncommon (<2%) in the long-term trials for both
populations studied. Systematic assessment via the C-SSRS rating scale uncovered substantially
more treatment-emergent suicidality than did spontaneous adverse event reporting. However,
even though the C-SSRS provided a more sensitive assessment of these AEs, the incidence of
treatment-emergent suicidal ideation in the short-term trials was higher in placebo-treated
subjects than in the brexpiprazole group in both development programs.
In the long-term trials, there were two completed suicides in the MDD program. Assessing a
relationship to study drug in cases of suicide is always a fraught process, complicated by
underlying illness, psychosocial stressors, and other factors. Nonetheless, the Sponsor’s
assessments in these cases—that one was “possibly related” and the other unrelated to study
drug—appear reasonable. Overall, there were more treatment-emergent suicidal behaviors
were rare in both the MDD program (0.7%) than in the schizophrenia (0.5%) program.
Treatment-emergent suicidal ideation was more common in the MDD program (14.0%) than in
the schizophrenia program (4.0%).
As with other medications used to treat depression, the label for this product will include a
boxed warning for suicidal ideation and behavior. The Sponsor’s draft labeling includes the
boxed warning, related language in 5.2 of Warnings and Precautions, and additional language in
(b) (4)
5.11. The language in 5.11 will be removed
(b) (4)
.
Neuroleptic Malignant Syndrome
No cases of NMS were reported in the clinical development program. However, NMS is quite
rare, and one would not necessarily expect to see cases in the context of a clinical trial. But,
because NMS is known to occur with this class of medications, and because it is a potentially
fatal condition, the warning language must remain in the label for this product.
Tardive Dyskinesia
No cases of tardive dyskinesia were reported in the clinical development program. As with
NMS, tardive dyskinesia is also rare enough that one would not necessarily expect to sees cases
in the context of a clinical trial. Tardive dyskinesia is potentially irreversible, and known to be
associated with the class of atypical antipsychotics. Thus, the warning language must remain.
With regard to other movement disorders, extrapyramidal symptoms were common in the
brexpiprazole clinical development program, with akathisia one of the most commonly
observed adverse events. Both EPS in general and akathisia in particular occurred to a slightly
greater extent in the MDD program than in the schizophrenia program. In the MDD trials,
approximately 15% of subjects treated with brexpiprazole experienced any EPS-related TEAE
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(vs. approximately 6% in placebo), with 8.6% experiencing akathisia. In the schizophrenia trials,
the rates of these TEAEs were approximately 12% (vs. approx. 10%) and 6%, respectively.
The Sponsor also provided trend analyses for the first onset of akathisia by dose. In the MDD
trials, the majority of TEAEs of akathisia occurred two to four weeks after treatment initiation,
regardless of whether the starting dose was 0.5 mg/day (as in the flexible-dose trials) or 1
mg/day (as in the fixed-dose trials). In the schizophrenia trials, although there appeared to be
an exposure-dependent increase in both incidence and duration of akathisia when reviewing
the active drug dosage groups, the placebo group incidence and duration were higher than
what was observed in the lower dose groups for the active drug. In the long-term trials for both
populations, most EPS-related TEAEs occurred in de novo subjects and those who had been in
the placebo group in the short-term trials. This lends further support to the idea that most EPS
and akathisia occur early in treatment.
Language describing the incidence of extrapyramidal symptoms and akathisia will be included in
the product labeling under Section 6, Adverse Reactions.
Metabolic Syndrome and Weight Gain
In both the MDD and schizophrenia programs, few subjects developed metabolic syndrome in
the course of the short-term trials (0.8% in MDD, 1.2% in schizophrenia) and, in both cases, the
incidence was equal to that in the placebo group. In long-term trials, an additional 3.1% of
subjects with MDD and an additional 3.2% of subjects with schizophrenia developed metabolic
syndrome.
Where the two development programs differ is in terms of the proportion of subjects
developing metabolic syndrome based on prior treatment in the short-term trials. In the MDD
trials, the incidence of treatment-emergent metabolic syndrome was highest in subjects who
had been on brexpiprazole in the parent trial, followed by those who had been on aripiprazole.
However, each subject meeting metabolic syndrome criteria did so on only one occasion. In the
schizophrenia trials, the incidence of treatment-emergent metabolic syndrome was highest in
subjects who had been on placebo in the parent trial, followed by de novo subjects. On face,
these results seem inconsistent with the results in the MDD trials. But, given that subjects in the
MDD trials met criteria at only one time point, it is difficult to draw any definitive conclusions.
In terms of individual components of metabolic syndrome, in both MDD and schizophrenia
trials, weight gain was more common and greater in the long-term trials. Elevated triglycerides
was the most frequently met criterion in short- and long-term trials in both populations. The
final product labeling will include class warning language for metabolic syndrome, with productspecific language to describe glucose, weight, and lipid parameters observed in the clinical
development program.
Leukopenia, Neutropenia, and Agranulocytosis
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With such small numbers of PCR results in any given group, it is difficult to draw conclusions
about brexpiprazole’s effect on hematologic parameters. As a class, atypical antipsychotics are
associated with neutropenia, leukopenia, and agranulocytosis. Given that one expects such
results to be rare, it is not surprising that few events were seen in the trials. But, because some
subjects experienced PCR decreases, and because this occurred more often with brexpiprazole
than it did with placebo, the class warning language should certainly still apply in this case.
Orthostatic Hypotension
Approved atypical antipsychotic labels include class language warning of the risk of orthostatic
hypotension and syncope, and advising prescribers to use with caution in patients with known
cardiovascular or cerebrovascular disease. Subjects with cardiovascular and cerebrovascular
disease were excluded from these studies. Thus, although the incidence of orthostatic
hypotension and related TEAEs was small and similar across treatment groups, this does not
allay concerns related to patients with known risk factors. Thus, the class language will be
included in this product’s label.
Seizures
A total of 14 seizure or seizure-related events were reported in the entire brexpiprazole clinical
development program. Of these reports, six occurred while subjects were on treatment with
brexpiprazole (including one subject with AE preferred term of narcolepsy), two occurred in
ongoing blinded trials, two occurred post-treatment with brexpiprazole, one occurred in the
placebo arm, one occurred in the aripiprazole arm, and two occurred in the screening phase.
By indication, 10 reports occurred in schizophrenia trials, three in MDD trials, and one in an AD
trial. Of the three reports in MDD trials, the concomitant ADTs were fluoxetine, paroxetine CR,
and venlafaxine XR. Most cases were confounded, making a causal link to brexpiprazole
impossible to determine. However, the data provided also do not allow a causal association to
be ruled out. The Sponsor has proposed labeling language advising cautious use in patients with
a history of seizures or with conditions that lower the seizure threshold; this is an appropriate
and prudent approach.

9 Advisory Committee Meeting and Other External Consultations
Because there are several previously approved agents in the atypical antipsychotic class of
drugs, the evaluation of the safety data did not reveal particular safety issues that were
unexpected for this class, and the design and results of the efficacy trials did not pose particular
concerns, this product will not be presented at an Advisory Committee.
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10 Labeling Recommendations
The majority of labeling recommendations are formatting updates to bring the label into
alignment with current labeling guidances and Division practice, as well as the recently
approved Pregnancy and Lactation Labeling Rule. Because these changes affect multiple
sections of the labeling, individual changes will not be enumerated here.
In addition, labeling negotiation was still ongoing at the time this review was filed. The final
published label will reflect the end result of those negotiations, and may deviate from
information below.
Highlights
The Sponsor’s proposed labeling states the following with regard to Adverse Reactions (ARs):

(b) (4)

FDA has proposed alternative language,

(b) (4)
(b) (4)

. We suggested that “weight increased” would be
(b) (4)
the best candidate for inclusion here. In the
range, 4.7% of subjects experienced this AR
compared to 1.9% of those on placebo. Rounding to the nearest integer (as the AR listings in
Section 6 will display), this would be 5% vs. 2%. A final agreement on this language has not yet
been reached.
Dosage and Administration
FDA proposed more specific dosing recommendations for patients with renal and hepatic
impairment, as well as dosage adjustments related to drug-drug interactions and CYP
(b) (4)
metabolism.
Contraindications
Additional detail was added to this section to specify hypersensitivity reactions observed in
clinical trials.
Warnings and Precautions
Section 5.6, Metabolic Changes: We recommended removing mean change from baseline data
from the tables in this section, and from the description of the long-term, open-label studies.
Mean values on metabolic parameters tend to be uninformative, and may even mask the risk of
metabolic changes. Because shift data is more useful, we advised the Sponsor to retain the shift
data in the tables, and replace the mean change data with shift data for the long-term, openlabel data study descriptions. The Sponsor has suggested keeping the mean change from
baseline data for weight change; negotiations are ongoing.
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12 Postmarketing Requirements and Commitments
A post-marketing study to evaluate the longer-term (i.e., maintenance) treatment of
schizophrenia in adults must be conducted. This trial must be placebo-controlled, utilize a
randomized withdrawal design, and include an adequate period of stabilization with open-label
treatment of brexpiprazole prior to double-blind randomization.
The Sponsor has already submitted an Agreed iPSP outlining a plan to study brexpiprazole for
the treatment of schizophrenia in adolescents. Juvenile animal studies in rats and beagle dogs
have already been conducted, so no further preclinical studies are planned. The iPSP outlines a
plan for deferred studies in pediatric patients ages 13 to 17 with schizophrenia to include a
single Phase 2 PK study, a short-term double-blind Phase 3 efficacy study, and a long-term
open-label Phase 3 safety study. The Sponsor does not intend to develop a specific pediatric
formulation.
The Sponsor requested and was granted a waiver for pediatric studies for the adjunctive
treatment of MDD.
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13 Appendices
13.1.

References

World Health Organization Depression Fact Sheet:
http://www.who.int/mediacentre/factsheets/fs369/en/
Trivedi MH, Rush JA, Wisniewski SR, et al. Evaluation of outcomes with citalopram for
depression using measurement-based care in STAR*D: Implications for clinical practice. Am J
Psych 2006 163:1, 28-40
International Conference on Harmonisation E1 Guideline:
http://www.ich.org/fileadmin/Public Web Site/ICH Products/Guidelines/Efficacy/E1/Step4/E1
Guideline.pdf
Food and Drug Administration, Pregnancy and Lactation Labeling Rule:
https://www.federalregister.gov/articles/2014/12/04/2014-28241/content-and-format-oflabeling-for-human-prescription-drug-and-biological-products-requirements-for
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13.2.

Financial Disclosure

Covered Clinical Study (Name and/or Number): 331-10-227
Was a list of clinical investigators provided:

Yes

No
(Request list from
Sponsor)

Total number of investigators identified: 95 PI, 517 sub-I
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 0
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in Sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
Sponsor)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from Sponsor)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from Sponsor)
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Covered Clinical Study (Name and/or Number): 331-10-228
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 61 PI, 243 sub-I
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in Sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from applicant)

The applicant has adequately disclosed financial interests/arrangements with clinical
investigators. The arrangements do not appear to raise questions about the integrity of the
data due to the study design (randomized, double-blind). In addition, the primary outcome is
unchanged with vs. without these sites included in the analyses.
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Covered Clinical Study (Name and/or Number): 331-10-230
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 68 PI, 291 sub I
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in Sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from applicant)

The applicant has adequately disclosed financial interests/arrangements with clinical
investigators. The arrangements do not appear to raise questions about the integrity of the
data due to the study design (randomized, double-blind). In addition, the primary outcome is
unchanged with vs. without these sites included in the analyses.
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Covered Clinical Study (Name and/or Number): 331-10-231
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 67 PI, 319 sub-I
Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
2
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 2
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in Sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Yes

No
(Request explanation
from applicant)

The applicant has adequately disclosed financial interests/arrangements with clinical
investigators. The arrangements do not appear to raise questions about the integrity of the
data due to the study design (randomized, double-blind). In addition, the primary outcome is
unchanged with vs. without these sites included in the analyses.
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14 Glossary of Acronyms
ACTH

Adrenocorticotropic Hormone

ADT
AE
AIMS
AR
ATQR

Antidepressant Therapy
Adverse Event
Abnormal Involuntary Movement Scale
Adverse Reaction
Massachusetts General Hospital Antidepressant Treatment Response
Questionnaire
Area Under the Curve
Barnes Akithisia Rating Scale
Body Mass Index
Blood Pressure
Clinical Global Impression
Clinical Global Impression-Improvement
Clinical Global Impression-Severity
Peak serum concentration
Chemistry, Manufacturing, and Controls
Creatine Phosphokinase
Clinical Research Associate
Case Report Form
Contract Research Organization
Columbia Suicide Severity Rating Scale
Drug-induced Extrapyramidal Symptom Scale
Division of Psychiatry Products
Electrocardiogram
Electroconvulsive Therapy
End of Phase 2
Extrapyramidal Symptoms
Food and Drug Administration
Family-Wise Error
Good Clinical Practice
17-Item Hamilton Depression Rating Scale
Hydrochloride
Informed Consent Form
International Conference on Harmonisation
Independent Ethics Committee

AUC
BARS
BMI
BP
CGI
CGI-I
CGI-S
Cmax
CMC
CPK
CRA
CRF
CRO
C-SSRS
DIEPSS
DPP
ECG
ECT
EOP2
EPS
FDA
FWE
GCP
HAM-D17
HCl
ICF
ICH
IEC

(b) (4)
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IMP
Investigational Medical Product
IND
Investigational New Drug
iPSP
Initial Pediatric Study Plan
IRB
Institutional Review Board
ISE
Integrated Summary of Efficacy
ISS
Integrated Summary of Safety
IVRS
Interactive Voice Response System
IWRS
Interactive Web Response System
LOCF
Last Observation Carried Forward
MADRS
Montgomery Åsberg Depression Rating Scale
MAOI
Monoamine Oxidase Inhibitor
MDD
Major Depressive Disorder
MedDRA
Medical Dictionary for Regulatory Activities
MINI
Mini International Neuropsychiatric Interview
MMRM
Mixed effect Model Repeat Measurement
MRHD
Maximum Recommended Human Dose
MSFQ
Massachusetts General Hospital Sexual Functioning Questionnaire
NDA
New Drug Application
OC
Observed Cases
OCP
Office of Clinical Pharmacology
OPDC
Otsuka Pharmaceutical Development & Commercialization, Inc,
PANSS
Positive and Negative Syndrome Scale
PCR
Potentially Clinically Relevant
PM
Poor Metabolizer
PSP
Personal and Social Performance Scale
(b) (4)

SAE
SAS
SCE
SCS
SDS
SOC
SSRI
TEAE
TSH
ULN
VTE

Serious Adverse Event
Simpson Angus Scale
Summary of Clinical Efficacy
Summary of Clinical Safety
Sheehan Disability Scale
System Organ Class
Selective Serotonin Reuptake Inhibitor
Treatment-Emergent Adverse Events
Thyroid Stimulating Hormone
Upper Limit of Normal
Venous Thromboembolytic Event
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15 Complete Listing of Study Reports Submitted to This NDA
15.1.

Studies Related to Proposed Indications

Bioavailability
 331-10-241: Phase 1, BA, Safety
 331-10-246: Phase 1, BA, Safety
Comparative Bioavailability and Bioequivalence
 331-10-243: Phase 1, BE, Safety
 331-10-245: Phase 1, BE, Safety
 331-13-209: Phase 1, BE, Safety
Healthy Subject Pharmacokinetics and Initial Tolerability
 331-07-201: Phase 1, Safety, PK
 331-07-002: Phase 1, Safety, PK (non-IND, Japan)
 331-KOA-0701: Phase 1, Safety, PK (non-IND, Republic of Korea)
 331-08-206: Phase 1, Safety, PK
Patient Pharmacokinetics and Initial Tolerability
 331-10-001: Phase 1, Safety, PK (non-IND, Japan)
 331-08-205: Phase 1, Safety, PK, Efficacy
 331-12-291: Phase 1, Safety, Tolerability
 331-09-221: Phase 1, Safety, Tolerability, PK
Intrinsic Factor Pharmacokinetics
 331-10-244: Phase 1, Safety, PK
 331-09-225: Phase 1, Safety, PK
 331-09-226: Phase 1, Safety, PK
Extrinsic Factor Pharmacokinetics
 331-10-240: Phase 1, Safety, PK
 331-08-207: Phase 1, Safety, PK, DDI
 331-08-208: Phase 1, Safety, PK, DDI
 331-09-224: Phase 1, Safety, PK
 331-10-239: Phase 1, Safety, PK
 331-12-207: Phase 1, Safety, PK, DDI
Population Pharmacokinetics
 331-12-208: Population PK and PK/PD
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Mitchell Mathis, M.D., Director
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Through:

Michael Klein, Ph.D., Director
Silvia Calderon, Ph.D., Team Leader
Controlled Substance Staff (CSS)

From:

Katherine Bonson, Ph.D., Pharmacologist
Martin S. Rusinowiz, M.D., Medical Officer
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Brexpiprazole (OPC-34712; tradename Rexulti)
(b) (4)
NDA 205,422 (INDs 118,094,
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Indication: Adjunctive for Major Depressive Disorder
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b) A human abuse potential study was not conducted with brexpiprazole. Although CSS
was not involved during brexpiprazole development at the IND stage, we agree that there
are no abuse-related signals from the preclinical or clinical studies that would have
justified the need for a human abuse potential study.
c) The Sponsor proposed the following text for Section 9.0 of the label:
9.0 Drug Abuse and Dependence
9.1 Controlled Substance
REXULTI is not a controlled substance.
9.2 Abuse
(b) (4)

9.3 Dependence
(b) (4)

CSS concludes from the data submitted in the NDA that the label text for Section 9.0
should be revised (see Recommendations below).
3. Recommendations
CSS recommends that:
a) The label for brexpiprazole should not include Section 9.0 (Abuse and Dependence),
given that there are no data showing that the drug has abuse potential or produces
physical dependence.
b) Brexpiprazole should not be recommended for scheduling under the Controlled
Substances Act.
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induced cyclic adenosine-3’,5’-monophosphate (cAMP) accumulation in cell lines
expressing the human D2 or D3 receptor. It also acts as a partial agonist in 5HT2C
receptors, as shown through a GTPS binding assay.
c. Major Metabolite Studies with DM-3411
The major metabolite of brexpiprazole, DM-3411, has very low binding affinities for
most receptors, compared to brexpiprazole. Notably, DM-3411 is not detectable in brains
of rats treated with a high dose of brexpiprazole (1000 mg/kg), suggesting poor brain
penetration of the metabolite. It acts as an antagonist at human D2, D3, and H1 receptors
(4.1, 38, and 80 nM potencies, respectively). It is also a weak partial agonist at 5-HT1A
receptors, a moderate to weak partial agonist at 5-HT1D receptors, and has weak affinity
for the serotonin transporter. Thus, DM-3411 does not have a binding profile similar to
that of a drug of abuse.
2. Preclinical Behavioral Studies
a. General Behavioral Observations
Brexpiprazole produced no behavioral effects at 10 mg/kg. However, at 30 mg/kg, it
decreased alertness, spontaneous activity, touch response, limb tone, body tone, and body
temperature, induced sedation, abnormal posture, catalepsy, ptosis, loose stool, and
flaccidity and dilatation of the scrotum, and lost ipsilateral flexor reflex. Brexpiprazole at
100 mg/kg also decreased passivity and induced tremor and lacrimation. These
behavioral effects following brexpiprazole administration are similar to those produced
by the unscheduled antipsychotic, risperidone (10, 30 and 100 mg/kg).
b. Receptor-Specific Behavioral Tests
Since functional assays (see above) indicated that brexpiprazole acts as a partial agonist
or full antagonist at dopamine and serotonin receptors, targeted behavioral tests on these
sites were conducted. In these tests, brexpiprazole:


Inhibited the hyperlocomotion and stereotyped behavior in rats and eye blinking
in monkeys induced by the dopamine agonist, apomorphine.



Inhibited the conditioned avoidance response in rats, which is consistent with the
activity of other D2 receptor antagonists.



Inhibited the ability of the 5HT2A/2C agonist, ()-2,5-Dimethoxy-4iodoamphetamine (DOI), to induce head shakes in rats.

Thus, in these tests, brexpiprazole produces behavioral effects consistent with it acting as
a dopamine D2/3 antagonist and a 5HT2A/2C antagonist. This pharmacological
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mechanism of action is similar to that of other atypical antipsychotics, such as
aripiprazole. None of these behaviors are indicative of abuse potential.
Additional behavioral studies were conducted to evaluate brexpiprazole as adjunct
treatment to antidepressants in rodent models of depression, but these tests are not
discussed in detail because they do not provide information related to abuse potential.
c. Drug Discrimination Studies
The Sponsor conducted a drug discrimination study with brexpiprazole, but this study
was not designed to contribute to an assessment of abuse potential. Thus, no information
regarding the abuse potential of brexpiprazole can be obtained from this study.
A drug discrimination study determines whether drugs with similar mechanisms of action
produce physiological effects (“interoceptive cues”) that are experienced as similar by an
animal. When this similarity exists, the drugs are said to “generalize” to each other. This
study requires that animals are first trained to distinguish between a training drug and
saline. In order to do this, animals are shaped to press one bar in a test cage when they
receive the training drug and another bar when they receive saline. Once they can
discriminate accurately between the two experimental conditions by pressing the correct
bars, the animals are challenged with the test drug to see which bar the animal presses
most often. If the test drug produces effects similar to that of the training drug, animals
will press the bar associated with the training drug more than that of the bar associated
with saline.
The drug discrimination study can be a pivotal animal behavioral study for abuse
potential assessment when the training drug is a known drug of abuse. Thus, when a test
drug has effects similar to the known drug of abuse that was used as the training drug, it
will bar press most often on the bar associated with the drug of abuse.
However, in the design of the present drug discrimination study, the Sponsor did not use
a known drug of abuse as the training drug. Instead, the Sponsor attempted to train rats
to discriminate brexpiprazole from saline, to determine if brexpiprazole could serve as a
discriminative stimulus. Once this training was complete, the Sponsor did not challenge
animals to see whether a known drug of abuse generalized to the brexpiprazole
interoceptive cue. Thus, this study design provides no information regarding whether
brexpiprazole has effects that are similar to any known drug of abuse.
The results of this study show that only 6 of 38 rats were able to discriminate
brexpiprazole from saline, showing that the drug produced a distinct interoceptive cue in
only one-sixth of the animals. Using 1 of these 6 successful rats, the Sponsor then tested
whether the antipsychotic, risperidone, could generalize to the brexpiprazole cue. This
challenge test was based on brexpiprazole having a similar mechanism of action as
risperidone. The tested rat did not show generalization between risperidone and
brexpiprazole, but no scientific conclusions can be drawn based on a single animal.
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d. Self-Administration Study
A self-administration study in monkeys was conducted with brexpiprazole to determine if
intravenous administration of the drug has rewarding properties. Drugs that produce selfadministration in animals typically have abuse potential in humans.
A dose-finding study was conducted first, to identify whether a single intravenous dose of
brexpiprazole at 0.1 and 0.2 mg/kg produced changes in gross behavioral signs in the
monkeys. The 0.1 mg/kg intravenous dose did not produce any significant behavioral
changes, but the 0.2 mg/kg intravenous dose produced hypoactivity, crouching posture,
eye-closing, slowed motion and ataxia. A similar behavioral impairment (decrease in
movement, partially closed eyes and drowsiness) was previously shown to occur in
monkeys that had received a 1 mg/kg oral dose of brexpiprazole in a toxicity study. The
Sponsor concluded that the 0.2 mg/kg intravenous dose was the minimum effective dose
of brexpiprazole and that percents of this dose should be used in the self-administration
study.
The self-administration study was conducted in a different set of monkeys (n = 4) that
were trained to self-administer the Schedule II drug, sodium pentobarbital (1.0
mg/kg/infusion), during 2-hour access trials using a fixed ratio (FR) 5 schedule of
reinforcement. A drug treatment was considered to have reinforcing properties when the
number of self-administrations exceeded 10 times/day for at least 3 days. Animals selfadministered pentobarbital 12-20 times/day over a 3 day period, when a daily limit of 20
infusions was in place. Trials were also run to confirm that the animals would not selfadminister vehicle (1.5% DMSO + 1% Tween 80 + 0.1% lactic acid + 5% HP-β-CD).
Following stable responding to these two conditions, animals were challenged with
brexpiprazole (0.05, 0.025, 0.0125, 0.006 and 0.003 mg/kg/infusion) in 2-hour trials for 4
consecutive days. Notably, animals received an investigator-administered dose of the
drug for each of the 5 doses tested in their respective trial sequence, in order to prime the
animal for self-administration. Active intake of brexpiprazole greater than 11 times/day
was noted transiently in only 1 animal at only one dose (0.05 mg/kg/infusion).
A 24-hour self-administration procedure was also conducted. First, it was confirmed that
monkeys (n = 4) would self-administer sodium pentobarbital (1.0 mg/kg/infusion) and
would not self-administer vehicle, as described above. Animals were then challenged
with brexpiprazole (0.05, 0.025, 0.0125 mg/kg/infusion) in 24-hour trials for 2
consecutive weeks. Notably, animals received an investigator-administered dose of the
drug for each of the 3 doses tested in their respective trial sequence, in order to prime the
animal for self-administration. Brexpiprazole was not self-administered at any dose
tested. None of the brexpiprazole doses produced behavioral signs.
Thus, these studies show that in monkeys trained to self-administer sodium pentobarbital,
the brexpiprazole does not maintain self-administration and is unlikely to have rewarding
properties indicative of abuse potential.
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3. Physical Dependence Studies in Animals
A physical dependence study in rats (n = 10) was conducted in which brexpiprazole was
administered through an admixture in food for 4 weeks. In the low dose group, rats
received 0.5 mg/g food during Weeks 1 and 2 and 0.75 mg/g food during Weeks 3 and 4.
In the high dose group, rats received 0.75 mg/g food during Weeks 1 and 2 and 1.0 mg/g
food during Weeks 3 and 4. Diazepam (Schedule IV sedative) served as the positive
control, in which the dose began at 2 mg/g food and was increased each week by 2 mg/g
(e.g., 4 mg, 6 mg, and finally 8 mg). Control animals received normal feed for 4 weeks.
Gross behavioral signs, body weight changes and food consumption status were observed
during the dosing period and the daily mean drug intake was calculated. In addition,
satellite groups animals receiving drug-dietary admixtures at the low and high dose
concentrations had plasma samples collected during the dosing period (in the morning
and afternoon on Days 14 and 28 of dosing).
Following the 4-week dosing period, the dietary admixtures were replaced with normal
feed. The animals were observed for withdrawal signs for 1 week and the withdrawal
signs were compared to those in the negative control group regarding the gross
behavioral signs, food consumption, body weights and rate of body weight gain (%) in
the animals of test article or diazepam group during the withdrawal period as the indices.
During the dosing period, decrease in movement and incomplete eyelid opening were
observed in both the low and high dose groups. The daily mean food consumption in the
low and high dose groups was lower than the control group throughout the majority of
the dosing period, which led to dose-dependent reductions in body weight. There was
comparable drug intake between the animals used for behavioral observation and those
used for pharmacokinetic measurement.
In the low dose group, plasma concentrations of brexpiprazole during dosing were 150
and 129 ng/mL on Day 14 and 296 and 182 ng/mL on Day 28; in the high dose group, the
plasma concentrations were 375 and 278 ng/mL on Day 14 and 599 and 458 ng/mL on
Day 28.
Following discontinuation of brexpiprazole administration, no apparent gross behavioral
signs were observed in animals that had received the low or high drug dose. Food
consumption remained low until Day 3 of withdrawal, when consumption returned to
predrug levels. There were no transient decreases in body weights or rate of body weight
gain in either group. In contrast, following drug discontinuation, diazepam-treated
animals exhibited hyperreactivity to handling, decreases in food consumption, body
weights and rate of body weight gain were noted with the minimum values on Day 2 of
withdrawal.
The lack of withdrawal signs suggests that brexpiprazole does not produce physical
dependence following chronic administration.
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C. Human Pharmacokinetics
1. Absorption
After a single oral dose of brexpiprazole (0.2 mg to 8 mg), Tmax ranged from 2-6 hours
and the mean t1/2 ranged from 48-81 hours. The Cmax ranged from 2.8 to 93 ng/ml.
2. Metabolism and Elimination
Brexpiprazole produces one major metabolite: DM-3411. After administration of
brexpiprazole (0.2 to 8 mg), DM-3411 had a Tmax ranging from 10-16 hours and a t1/2
ranging from 49 to 78 hours.
D. Clinical Efficacy, Safety and Physical Dependence Studies
The efficacy of oral brexpiprazole (2 and 3 mg/day) as adjunctive therapy for the
treatment of MDD (2,627 patients) was tested in 4 short-term, double-blind studies, in
addition to 2 long-term, open-label safety and tolerability studies. For the adjunctive
treatment of MDD, efficacy was demonstrated in two 6-week, placebo-controlled, fixeddose phase 3 trials of adult patients with MDD who had an inadequate response to at least
one prior antidepressant therapy and who had also demonstrated an inadequate response
throughout the 8 weeks of prospective SSRI antidepressant treatment.
The efficacy of oral brexpiprazole (2 and 4 mg/day) for the treatment of schizophrenia
(1,690 patients) was tested in 2 Phase 3 studies lasting 6 weeks duration.
An additional 865 subjects participated in Phase 1 pharmacokinetic studies and 155
(b) (4)
patients with
were tested with brexpiprazole, but the Sponsor is not seeking a
label claim for this indication. In all 1,157 subjects participated in Phase 1 studies in
which there was only one potentially abuse related AE.
The Sponsor did not conduct a human abuse potential study. This decision was made by
the Sponsor alone, since CSS was not consulted on this drug during the IND stage of
drug development. However, there are no preclinical or clinical data to suggest that a
human abuse potential study would have been necessary.
The safety data from Phase 3 clinical studies were reviewed for AEs that signal abuse
potential. These AEs include euphoria-type adverse events (including euphoria, euphoric
mood, elevated mood, mood alteration, feeling drunk, and feeling abnormal), sedation
and hallucination (visual and auditory). Psychiatric and neurological AEs, the need for
hospitalization, deaths, and withdrawal symptoms were also assessed for abuse potential
signals associated with brexpiprazole administration to patients.
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1. Abuse-Related AEs during Phase 3 Adjunctive MDD Studies
a. A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Trial of the
Safety and Efficacy of Two Fixed Doses of OPC-34712 as Adjunctive Therapy in the
Treatment of Adults with Major Depressive Disorder, the Polaris Trial (Study 331-10227)
Study Design
Patients
The subject population included male and female outpatients between 18 and 65 years of
age, inclusive, with a diagnosis of a single or recurrent, nonpsychotic episode of MDD
that was at least 8 weeks in duration. In order to qualify for the study, patients must have
demonstrated an incomplete response to prospective treatment with at least 1 and no
more than 3 antidepressive treatment (ADT) for the current episode of depression.
Drugs
Two fixed doses of brexpiprazole (1 and 3 mg/day) were administered daily as adjunctive
therapy to patients with MDD who were also receiving an assigned open-label ADT (the
same one with which they had an incomplete response).
Phase A was an 8 week single-blind placebo plus open-label ADT prospective treatment
phase (n = 1532). Following completion of Phase A, 677 patients participated in Phase
B, a 6 week randomized phase in which incomplete responders were maintained on their
ADT plus either brexpiprazole at 1 or 3 mg, or placebo. During the 30-day
Discontinuation Phase, AEs were monitored following the last dose of brexpiprazole to
determine whether signs or symptoms of a withdrawal syndrome were present.
Treatment-Emergent Abuse-Related Adverse Events
During brexpiprazole + ADT administration (Phase B), there were numerous psychiatric
and neurological AEs including headache, increased appetite, somnolence, insomnia,
irritability, anxiety, vertigo, tinnitus, lightheadedness, tremor, blurred vision, vivid
dreams and decreased ability to concentrate. None of these AEs are associated directly
with abuse potential in the absence of a euphoria signal.
Patient discontinuation from the study due to AEs occurred in a greater percentage of
subjects who received 3 mg of brexpiprazole in Phase B (3.5%), most often due to
akathisias. Other extrapyramidal symptoms (EPS) were also observed. These motorrelated AEs are common in patients who receive a D2 dopaminergic antagonist such as
brexpiprazole.
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There were no emergent AEs (abuse-related or otherwise) during the Discontinuation
Phase. This lack of withdrawal signs and symptoms suggests that brexpiprazole does not
produce physical dependence.
b. A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Trial of the
Safety and Efficacy of Fixed-dose OPC-34712 as Adjunctive Therapy in the Treatment of
Adults with Major Depressive Disorder, the Pyxis Trial (Study 331-10-228)
Study Design
Patients
The subject population included male and female outpatients between 18 and 65 years of
age, inclusive, with a diagnosis of a single or recurrent, nonpsychotic episode of MDD
that was at least 8 weeks in duration. In order to qualify for the study, patients must have
demonstrated an incomplete response to prospective treatment with at least 1 and no
more than 3 antidepressive treatment (ADT) for the current episode of depression.
Drugs
One fixed dose of brexpiprazole (2 mg/day) was administered daily as adjunctive therapy
to patients with MDD who were also receiving an assigned open-label ADT (the same
one with which they had an incomplete response).
Phase A was a single-blind prospective treatment with ADT plus a single-blind placebo
(n = 824). Following completion of Phase A, 379 patients participated in Phase B, a 6
week, double-blind randomization for patients with an incomplete response maintained
on brexpiprazole 2 mg/day or ADT plus placebo. During the 30-day Discontinuation
Phase, AEs were monitored following the last dose of brexpiprazole to determine
whether signs or symptoms of a withdrawal syndrome were present.
Abuse-Related Adverse Events
During brexpiprazole administration (Phase B), there were numerous psychiatric and
neurological AEs that were very similar to those reported in the previous study with
MDD patients, including headache, increased appetite, somnolence, insomnia, irritability,
anxiety, vertigo, tinnitus, lightheadedness, tremor, blurred vision, vivid dreams and
decreased ability to concentrate. Six subjects in the brexpiprazole group discontinued
study drug in Phase B because of a AEs, including akathisia, headache, Parkinsonism,
and anorgasmia. None of these AEs are associated directly with abuse potential in the
absence of a euphoria signal.
There were no emergent AEs (abuse-related or otherwise) during the Discontinuation
Phase. This lack of withdrawal signs and symptoms suggests that brexpiprazole does not
produce physical dependence.
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2. Abuse-Related AEs during Phase 3 Schizophrenia Studies
a. “A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Trial of
Fixed-dose OPC-34712 (4, 2, and 1 mg/day) in the Treatment of Adults with Acute
Schizophrenia” (Study 331-10-230)
Study Design
Subjects
The subject population included male and female subjects who were diagnosed with
schizophrenia and have benefitted from hospitalization or continued hospitalization for
the treatment of a current acute relapse of schizophrenia.
Drugs
There were 3 fixed doses of brexpiprazole (4, 2, and 1 mg/day) versus placebo for the
treatment of adult subjects with an acute relapse of schizophrenia.
During the 6 week Double-Blind Treatment Phase, 674 patients with schizophrenia were
randomized in a 2:2:1:2: ratio to receive either brexpiprazole 4mg/day, 2 mg/day, 1
mg/day or placebo. Patients who withdrew prematurely from the trial were assessed 30
days after the last dose for evaluation of safety.
Treatment-Emergent Abuse-Related Adverse Events
During brexpiprazole administration in patients with schizophrenia, there were numerous
psychiatric and neurological AEs that were very similar to those in the previous studies
with MDD, including headache, increased appetite, somnolence, insomnia, irritability,
anxiety, vertigo, tinnitus, lightheadedness, tremor, blurred vision, vivid dreams and
decreased ability to concentrate. There were other EPS-related AEs (akathisia and
Parkinsonism), with the highest incidence occurring in the brexpiprazole 4 mg/day group
at 14.7%. None of these AEs are associated directly with abuse potential in the absence
of a euphoria signal.
AEs were monitored for 30 days following the last dose of brexpiprazole. There were no
emergent AEs, abuse-related or otherwise. This lack of withdrawal signs and symptoms
suggests that brexpiprazole does not produce physical dependence.
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b. A Phase 3, Multicenter, Randomized, Double-blind, Placebo-controlled Trial of Three
Fixed Doses of OPC-34712 in the Treatment of Adults with Acute Schizophrenia (Study
331-10-231)
Study Design
Subjects
The subject population included male and female subjects who were diagnosed with
schizophrenia. Eligible subjects included those who would have benefitted from
hospitalization or continued hospitalization for the treatment of a current acute relapse of
schizophrenia.
Drugs
There were 3 fixed doses of brexpiprazole (0.25 mg/day, 2 mg/day, and 4 mg/day) versus
placebo for the treatment of adult subjects with an acute relapse of schizophrenia.
During the 6 week Double-Blind Treatment Phase, 636 patients were randomized in a
2:2:1:2: ratio to receive either brexpiprazole 4 mg/day, 2 mg/day, 0.25 mg/day or
placebo. Subjects who withdrew prematurely from the trial were assessed 30 days after
the last dose for evaluation of safety.
Treatment-Emergent Abuse-Related Adverse Events
During brexpiprazole administration there were numerous psychiatric and neurological
AEs which were very similar to those in the previous studies including headache,
increased appetite, somnolence, insomnia, irritability, anxiety, vertigo, tinnitus,
lightheadedness, tremor, blurred vision, vivid dreams and decreased ability to
concentrate. EPS-related AEs were comparable across all treatment groups, with the
exception of akathisia, which was seen more frequently in the brexpiprazole 4 mg/day
(7.2%) and 2 mg/day (4.4%) groups compared with the placebo group (2.2%).
AEs were monitored for 30 days following the last dose of brexpiprazole. There were no
emergent AEs, abuse-related or otherwise. This lack of withdrawal signs and symptoms
suggests that brexpiprazole does not produce physical dependence.
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Drug Name: Brexpiprazole

NDA/BLA Type: Original

On initial overview of the NDA/BLA application for filing:
Content Parameter
FORMAT/ORGANIZATION/LEGIBILITY
1. Identify the general format that has been used for this
application, e.g. electronic CTD.
2. On its face, is the clinical section organized in a manner to
allow substantive review to begin?
3. Is the clinical section indexed (using a table of contents)
and paginated in a manner to allow substantive review to
begin?
4. For an electronic submission, is it possible to navigate the
application in order to allow a substantive review to begin
(e.g., are the bookmarks adequate)?
5. Are all documents submitted in English or are English
translations provided when necessary?
6. Is the clinical section legible so that substantive review can
begin?
LABELING
7. Has the applicant submitted the design of the development
package and draft labeling in electronic format consistent
with current regulation, divisional, and Center policies?
SUMMARIES
8. Has the applicant submitted all the required discipline
summaries (i.e., Module 2 summaries)?
9. Has the applicant submitted the integrated summary of
safety (ISS)?
10. Has the applicant submitted the integrated summary of
efficacy (ISE)?
11. Has the applicant submitted a benefit-risk analysis for the
product?
12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).
505(b)(2) Applications
13. If appropriate, what is the reference drug?
14. Did the applicant provide a scientific bridge demonstrating
the relationship between the proposed product and the
referenced product(s)/published literature?
15. Describe the scientific bridge (e.g., BA/BE studies)

Yes

No

NA

Comment

x
x
x

x
x
x

x

x
x
x
Clinical Overview,
2.5.6, pgs 84-95.
505(b)(1)

x

x
x
x
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DOSE
16. If needed, has the applicant made an appropriate attempt to
determine the correct dosage and schedule for this product
(i.e., appropriately designed dose-ranging studies)?
All four pivotal trials included fixed-dose phases.
Study Number:
Sample Size:
Study Number:
Sample Size:

331-10-227 (Adjunctive tx, MDD)
677
Arms: 3 (randomized 1:1:1)
331-10-228 (Adjunctive tx, MDD)
379
Arms: 2 (randomized 1:1)

Study Number:
Sample Size:
Study Number:
Sample Size:

331-10-230 (Schizophrenia)
674
Arms: 4 (randomized 3:3:2:3)
331-10-231 (Schizophrenia)
636
Arms: 4 (randomized 2:2:1:2)

x

Location in submission: All studies in 5.3.5.1
EFFICACY
17. Do there appear to be the requisite number of adequate and
well-controlled studies in the application?
Pivotal Study #1: 331-10-227
Indication: Adjunctive treatment, MDD
Pivotal Study #2: 331-10-228
Indication: Adjunctive treatment, MDD
Pivotal Study #1: 331-10-230
Indication: Schizophrenia
Pivotal Study #2: 331-10-231
Indication: Schizophrenia
18. Do all pivotal efficacy studies appear to be adequate and
well-controlled within current divisional policies (or to the
extent agreed to previously with the applicant by the
Division) for approvability of this product based on
proposed draft labeling?
19. Do the endpoints in the pivotal studies conform to previous
Agency commitments/agreements? Indicate if there were
not previous Agency agreements regarding
primary/secondary endpoints.
20. Has the application submitted a rationale for assuming the
applicability of foreign data to U.S. population/practice of
medicine in the submission?
SAFETY
21. Has the applicant presented the safety data in a manner
consistent with Center guidelines and/or in a manner
previously requested by the Division?

x

x

x

x

The Division accepts
foreign data for this
indication.

x

22. Has the applicant submitted adequate information to assess
the arythmogenic potential of the product (e.g., QT interval
studies, if needed)?

x

23. Has the applicant presented a safety assessment based on all
current worldwide knowledge regarding this product?

x
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24. For chronically administered drugs, have an adequate
number of patients (based on ICH guidelines for exposure 1)
been exposed at the dose (or dose range) believed to be
efficacious?

x

25. For drugs not chronically administered (intermittent or
short course), have the requisite number of patients been
exposed as requested by the Division?

x

26. Has the applicant submitted the coding dictionary 2 used for
mapping investigator verbatim terms to preferred terms?

x

27. Has the applicant adequately evaluated the safety issues that
are known to occur with the drugs in the class to which the
new drug belongs?

x

28. Have narrative summaries been submitted for all deaths and
adverse dropouts (and serious adverse events if requested
by the Division)?

OTHER STUDIES
29. Has the applicant submitted all special studies/data
requested by the Division during pre-submission
discussions?
30. For Rx-to-OTC switch and direct-to-OTC applications, are
the necessary consumer behavioral studies included (e.g.,
label comprehension, self selection and/or actual use)?
PEDIATRIC USE
31. Has the applicant submitted the pediatric assessment, or
provided documentation for a waiver and/or deferral?
ABUSE LIABILITY
32. If relevant, has the applicant submitted information to
assess the abuse liability of the product?

MDD: 1275 > 6mo
822 > 1yr
SCZ: 415 > 6mo
213 > 1yr

MedDRA 16.0

Hyperlink to each
narrative from ISS;
narratives not
provided for studies
still ongoing/blinded.

x

x

x

x
Dependence studies
submitted under
4.2.3.7.4. Controlled
Substance Staff
consult pending.

x

FOREIGN STUDIES
33. Has the applicant submitted a rationale for assuming the
applicability of foreign data in the submission to the U.S.
population?
DATASETS
34. Has the applicant submitted datasets in a format to allow
reasonable review of the patient data?
35. Has the applicant submitted datasets in the format agreed to
previously by the Division?
36. Are all datasets for pivotal efficacy studies available and
complete for all indications requested?

x

The Division accepts
foreign data for this
indication.

x
x
x

1

For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose
range believed to be efficacious.
2
The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions
(verbatim -> preferred and preferred -> verbatim).
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37. Are all datasets to support the critical safety analyses
available and complete?
38. For the major derived or composite endpoints, are all of the
raw data needed to derive these endpoints included?
CASE REPORT FORMS
39. Has the applicant submitted all required Case Report Forms
in a legible format (deaths, serious adverse events, and
adverse dropouts)?
40. Has the applicant submitted all additional Case Report
Forms (beyond deaths, serious adverse events, and adverse
drop-outs) as previously requested by the Division?
FINANCIAL DISCLOSURE
41. Has the applicant submitted the required Financial
Disclosure information?

GOOD CLINICAL PRACTICE
42. Is there a statement of Good Clinical Practice; that all
clinical studies were conducted under the supervision of an
IRB and with adequate informed consent procedures?

x
x

x

x

x

x

Conclusions remain
unchanged when
investigators with
disclosures are excluded
from analyses.

Clinical Overview,
2.5.1.2, page 13

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___yes_____
If the Application is not fileable from the clinical perspective, state the reasons and provide
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74day letter.
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Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-08-211 (Adjunctive treatment MDD, Phase 2)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 50 PI, 247 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:
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Yes

No
(Request explanation
from applicant)

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-09-222 (Adjunctive treatment MDD, Phase 2)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 45 PI, 241 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 0
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)

Discuss whether the applicant has adequately disclosed financial interests/arrangements with
clinical investigators as recommended in the guidance for industry Financial Disclosure by
Clinical Investigators. 1 Also discuss whether these interests/arrangements, investigators who
are sponsor employees, or lack of disclosure despite due diligence raise questions about the
integrity of the data:
-

If not, why not (e.g., study design (randomized, blinded, objective endpoints),
clinical investigator provided minimal contribution to study data)

-

If yes, what steps were taken to address the financial interests/arrangements (e.g.,
statistical analysis excluding data from clinical investigators with such
interests/arrangements)

Briefly summarize whether the disclosed financial interests/arrangements, the inclusion of
investigators who are sponsor employees, or lack of disclosure despite due diligence affect
the approvability of the application.

N/A—no disclosures

1

See [web address].

Reference ID: 3623707

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-10-227 (Adjunctive treatment MDD, pivotal)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 95 PI, 517 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 0
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)

Discuss whether the applicant has adequately disclosed financial interests/arrangements with
clinical investigators as recommended in the guidance for industry Financial Disclosure by
Clinical Investigators. 1 Also discuss whether these interests/arrangements, investigators who
are sponsor employees, or lack of disclosure despite due diligence raise questions about the
integrity of the data:
-

If not, why not (e.g., study design (randomized, blinded, objective endpoints),
clinical investigator provided minimal contribution to study data)

-

If yes, what steps were taken to address the financial interests/arrangements (e.g.,
statistical analysis excluding data from clinical investigators with such
interests/arrangements)

Briefly summarize whether the disclosed financial interests/arrangements, the inclusion of
investigators who are sponsor employees, or lack of disclosure despite due diligence affect
the approvability of the application.

N/A—no disclosures

1

See [web address].

Reference ID: 3623707

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-10-227 (Adjunctive treatment MDD, pivotal)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 61 PI, 243 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-10-230 (Schizophrenia, pivotal)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 68 PI, 291 sub I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-10-231 (Schizophrenia, pivotal)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 67 PI, 319 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
2
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 2
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)

Clinical Investigator Financial Disclosure
Review Template
Application Number: 205422
Submission Date(s): 07/11/2014
Applicant: Otsuka Pharmaceutical Development & Commercialization, Inc. (OPDC)
Product: Brexpiprazole
Reviewer: Tiffany R Farchione, MD
Date of Review: 08/21/2014
Covered Clinical Study (Name and/or Number):
331-10-242 (QT study in pts with schizophrenia, Phase 1)
Was a list of clinical investigators provided:

Yes

No
(Request list from
applicant)

Total number of investigators identified: 8 PI, 62 sub-I
Number of investigators who are sponsor employees (including both full-time and part-time
employees): 0
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
1
If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):
Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study: 0
Significant payments of other sorts: 1
Proprietary interest in the product tested held by investigator: 0
Significant equity interest held by investigator in sponsor of covered study: 0
Is an attachment provided with details
of the disclosable financial
interests/arrangements:

Yes

No
(Request details from
applicant)

Is a description of the steps taken to
minimize potential bias provided:

Yes

No
(Request information
from applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0
Is an attachment provided with the
reason:

Reference ID: 3623707

Yes

No
(Request explanation
from applicant)
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