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Abstract

Background: Brexpiprazole is a serotonin—-dopamine activity modulator with efficacy in acute schizophrenia and relapse
prevention. The aim of this Phase 3, multicenter study was to assess the long-term safety, tolerability, and efficacy of treatment
with brexpiprazole flexible-dose 1-4 mg/d.

Methods: Patients rolled over into this 52-week open-label study (amended to 26 weeks towards the end) from 3 randomized,
double-blind, placebo-controlled Phase 3 studies. De novo patients, not part of the previous studies, were also enrolled. The
primary outcome variable was the frequency and severity of treatment-emergent adverse events. Efficacy was assessed as a
secondary objective using the Positive and Negative Syndrome Scale and the Personal and Social Performance scale.
Results: A total of 1072 patients was enrolled (952 for 52 weeks and 120 for 26 weeks), 47.4% of whom completed the study.
Among patients who took at least one dose of brexpiprazole, 14.6% discontinued due to treatment-emergent adverse events,
most commonly schizophrenia (8.8%) and psychotic disorder (1.5%). Treatment-emergent adverse events with an incidence
of >5% were schizophrenia (11.6%), insomnia (8.6%), weight increased (7.8%), headache (6.4%), and agitation (5.4%). Most
treatment-emergent adverse events were mild or moderate in severity. The mean increase in body weight from baseline
to week 26 was 1.3 kg and to week 52 was 2.1 kg. There were no clinically relevant findings related to prolactin, lipids, and
glucose, or QT prolongation. On average, patients’ symptoms and functioning showed continual improvement.

Conclusions: Treatment with brexpiprazole 1-4 mg/d was generally well tolerated for up to 52 weeks in patients with schizophrenia.
ClinicalTrials.gov identifier: NCT01397786 (https://clinicaltrials.gov/show/NCT01397786).
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Introduction antipsychotics are generally efficacious in treating the acute
symptoms of schizophrenia, with small differences in efficacy

Schizophrenia is a chronic illness, associated with consid- between agents (Leucht et al., 2013). Antipsychotics as a group

erable disability and requiring lifelong treatment. Current
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Significance Statement

Brexpiprazole is an antipsychotic that has shown a clinically meaningful benefit for the acute treatment of schizophrenia in 2
placebo-controlled clinical studies. A further, long-term study showed that brexpiprazole maintenance therapy reduced the risk
of relapse vs placebo over the course of a year. The study described in this paper is an extension of these 3 studies, which was
designed primarily to assess the long-term safety and tolerability of brexpiprazole treatment. The study also enrolled patients
who had not previously been in a brexpiprazole study. For up to 1 year, patients received open-label brexpiprazole that was flex-
ibly dosed in the range of 1-4 mg/d. No unexpected safety or tolerability issues emerged, and the safety profile was consistent
with the previous brexpiprazole studies in schizophrenia. Overall, this study adds to the evidence-base demonstrating that brex-
piprazole is a generally well-tolerated antipsychotic in the long-term.

N

are also efficacious for the prevention of relapse in the long
term (Leucht et al., 2012). However, individual patient response
to a particular agent is highly heterogeneous (Citrome, 2013).
Furthermore, the symptoms and disease course of schizo-
phrenia vary greatly between patients, and antipsychotics
are not able to manage the broad spectrum of symptoms in
all patients (Lecrubier et al., 2007; Owen et al., 2016). Current
antipsychotics show considerable differences in their propen-
sity towards adverse events (Leucht et al., 2013; Citrome, 2017).
Patient preference, based on concerns about specific adverse
effects, is another factor that can influence the choice of an
antipsychotic treatment (Citrome, 2013). Consequently, selec-
tion of a specific antipsychotic medication for the treatment of
schizophrenia is an individualized risk-benefit decision based
on short- and long-term issues, including the relative clin-
ical efficacy, safety, and tolerability of available antipsychot-
ics (Lehman et al., 2004). Finding an antipsychotic that works
“well enough” and is tolerated “well enough” for an individ-
ual patient is a substantial challenge in the day-to-day clin-
ical management of individuals with schizophrenia (Citrome,
2012).

Brexpiprazole is a serotonin-dopamine activity modulator
that acts as a partial agonist at serotonin 5-HT,, and dopamine
D, receptors, and as an antagonist at serotonin 5-HT,, and nor-
adrenaline o,,,. receptors, all with similar, subnanomolar po-
tency (Maeda et al., 2014). Brexpiprazole has a low potential to
induce D, agonist-mediated adverse effects and D, antagonist-
like adverse effects (Maeda et al., 2014). Relative to its D,/5-HT,,
receptor affinity, brexpiprazole has a moderate/low affinity for
histamine H, receptors (Maeda et al., 2014), which may limit the
risk for sedation and weight gain (Nasrallah, 2008). The efficacy
and safety of brexpiprazole have been demonstrated in a Phase
3 schizophrenia program comprising two 6-week, fixed-dose,
randomized, double-blind, placebo-controlled studies, and a
52-week, randomized, double-blind, placebo-controlled, relapse-
prevention study with a withdrawal design (Correll et al., 2015;
Kane et al., 2015; Fleischhacker et al., 2017). Brexpiprazole is
approved in the US, Canada, and Australia for the treatment
of schizophrenia in adults, and also in the US as an adjunctive
therapy to antidepressants for the treatment of major depres-
sive disorder in adults.

Long-term maintenance treatment is recommended to con-
trol the symptoms of schizophrenia (Lehman et al., 2004; Hasan
et al., 2013); therefore, safety monitoring for longer than the
period required to treat an acute exacerbation is warranted.
The aim of the present study was to assess the long-term
safety and tolerability of open-label treatment with brexpipra-
zole (flexible dose 1-4 mg/d) in patients with schizophrenia.
The long-term efficacy of brexpiprazole treatment was also
assessed.

Methods

Patients

Patients were recruited at 202 sites across 18 countries in Asia
(Japan, Korea, Malaysia, Philippines, Taiwan), Europe (Croatia,
Latvia, Poland, Romania, Russia, Serbia, Turkey, Ukraine), Latin
America (Colombia, Mexico), and North America (Canada,
Puerto Rico, United States). The study was conducted in accord-
ance with the International Conference on Harmonisation Good
Clinical Practice Consolidated Guideline, and local regulatory
requirements, and the protocol was approved by the govern-
ing institutional review board or independent ethics commit-
tee for each investigational site or country, as appropriate. All
patients provided written informed consent prior to the start
of the study.

Patients rolled over from 3 randomized, double-blind, pla-
cebo-controlled Phase 3 studies of brexpiprazole in schizo-
phrenia (Vector, NCT01396421; Beacon, NCT01393613; and
Equator, NCT01668797). In addition, new (de novo) patients
were enrolled who had not previously participated in a brex-
piprazole clinical study. Vector and Beacon were acute 6-week
studies (Correll et al., 2015; Kane et al., 2015), whereas Equator
was a relapse-prevention study comprising a 12- to 36-week sta-
bilization phase and a maintenance phase of up to 52 weeks
(Fleischhacker et al., 2017). Equator was terminated early follow-
ing demonstration of efficacy vs placebo at a prespecified in-
terim analysis (Fleischhacker et al., 2017).

The present open-label study included male and female
outpatients (or inpatients from Equator) aged 18 to 65 years
who, in the investigator’s judgment, could potentially benefit
from monotherapy treatment with oral brexpiprazole. Rollover
patients were required to have completed their respective stud-
ies (in addition, patients could be rolled over from Equator if
they had withdrawn from the maintenance phase of the study
due to impending relapse). De novo patients were required
to have a diagnosis of schizophrenia for at least 3 years as
defined by the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-IV-TR; American
Psychiatric Association, 2000); to be currently treated with an
oral antipsychotic (other than clozapine) or to have a recent
lapse in antipsychotic treatment; to have been stable on an
antipsychotic regimen for at least one 3-month period in the
last year; and, in the investigator’s judgment, to be in need of
chronic treatment with antipsychotic medication. Exclusion
criteria included a positive pregnancy test or currently breast-
feeding; a DSM-IV-TR Axis I diagnosis other than schizophrenia;
acute depressive symptoms in the previous 30 days requiring
antidepressant therapy; antipsychotic-resistant or refractory
schizophrenia; a significant risk of violent behavior or suicide;



meeting DSM-IV-TR criteria for substance abuse or dependence
in the previous 180 days; a clinically significant neurological,
hepatic, renal, metabolic, hematological, immunological, cardio-
vascular, pulmonary, or gastrointestinal disorder; or requiring
prohibited concomitant therapy during the study.

Study Design

This was a Phase 3, multicenter, open-label study, conducted
from 15 September, 2011 to 25 February, 2016. The study com-
prised a screening process, an as-needed phase for converting
de novo patients from baseline antipsychotics to brexpiprazole,
and a 52-week open-label brexpiprazole treatment phase.

Rollover patients were screened for eligibility at the last visit
of their respective Phase 3 study (week 6 for Vector and Beacon;
week 52 or the time of withdrawal for Equator). Eligible patients
entered the 52-week brexpiprazole treatment phase directly.

De novo patients underwent a 2- to 28-day screening pro-
cess to assess eligibility and to washout from prohibited con-
comitant medications, if applicable. Eligible patients entered the
52-week brexpiprazole treatment phase directly if they had not
taken an antipsychotic within 7 days; otherwise, they entered
a conversion phase. In the conversion phase (weekly visits), de
novo patients were cross-titrated to oral brexpiprazole 2 mg/d
over a period of 4 weeks, as follows: days 0-13, brexpipra-
zole 1 mg/d (no change in concurrent baseline antipsychotic);
days 14-20, brexpiprazole 1 or 2 mg/d (baseline antipsychotic
decreased); days 21-27, brexpiprazole 2 mg/d (baseline anti-
psychotic decreased); day 28, brexpiprazole 2 mg/d (baseline
antipsychotic discontinued).

In the 52-week open-label treatment phase (visits at weeks
1, 2,4, and 8, then at 6-weekly intervals), all patients began with
oral brexpiprazole 2 mg/d (or 1-4 mg/d for patients from Equator,
based on their last dose). Doses could be adjusted within the
range of 1-4 mg/d, in 1-mg increments, for reasons of efficacy or
tolerability, according to the investigator’s judgement.

Safety follow-up comprised telephone contact or a clinic
visit 30 (+2) days after the last dose.

Two amendments were made to the protocol after the study
had started. The first, following the early termination of Equator,
was to allow the entry of patients who were withdrawn from
Equator (any phase) at the time of early termination. The second
was a reduction of the study duration from 52 to 26 weeks for
all patients who enrolled after the date of the amendment.
The reason for this amendment was that the safety profile of
brexpiprazole was considered to be well established in the com-
pleted double-blind and long-term studies, together with the
population in this study.

Assessments

The primary objective of the study was to assess the long-term
safety and tolerability of oral brexpiprazole as monotherapy in
adults with schizophrenia. Safety was assessed by spontaneous
reporting of treatment-emergent adverse events (TEAEs; pri-
mary outcome), clinical laboratory tests, physical examination,
vital signs, body mass index, and ECGs. Extrapyramidal symp-
toms (EPS) were formally assessed using the Simpson-Angus
Scale (Simpson & Angus, 1970), Barnes Akathisia Rating Scale
(Barnes, 1989), and Abnormal Involuntary Movement Scale (Guy,
1976). Suicidality was assessed using the Columbia Suicide
Severity Rating Scale (Posner et al., 2011).

The secondary objective of the study was to assess the
long-term efficacy of oral brexpiprazole as monotherapy in
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adults with schizophrenia. Efficacy was assessed using the
Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987),
Clinical Global Impressions — Severity of illness (CGI-S) and
Improvement (CGI-I) scales (Guy, 1976), and the Personal and
Social Performance scale (PSP; a measure of social function-
ing and behavior; Morosini et al., 2000). The PANSS, CGI-S, and
CGI-1 were administered at each visit; the PSP was adminis-
tered at weeks 2, 8, 26, and 52. The efficacy outcomes were the
mean change from baseline to each visit in PANSS Total score,
Positive and Negative subscale scores, Excited component score
(a measure of aggression/agitation; Montoya et al., 2011), and
all 5 Marder factor scores (positive symptoms, negative symp-
toms, disorganized thought, uncontrolled hostility/excitement,
and anxiety/depression; Marder et al., 1997); the mean change in
CGI-S score; the mean CGI-I score; the mean change in PSP Total
score; the response rate (defined as a reduction of >30% from
baseline in PANSS Total score, or a CGI-I score of 1 [very much
improved] or 2 [much improved]); and the discontinuation rate
due to lack of efficacy.

Information regarding the extent of medical care sought by
patients while participating in the study was collected using a
resource utilization form.

Statistical Analyses

The sample size was determined by the number of eligible roll-
over patients, plus approximately 200 de novo patients, rather
than by statistical power considerations.

The enrolled population comprised all patients who enrolled
in either the conversion phase or the open-label treatment
phase. The safety population comprised all patients who
received at least one dose of brexpiprazole in the open-label
treatment phase. The efficacy population comprised all patients
in the safety population who had atleast 1 post-baseline efficacy
evaluation on the PANSS in the open-label treatment phase.

The primary outcome variable was the frequency and se-
verity of TEAEs in the open-label treatment phase. All safety var-
iables were presented using descriptive statistics for the safety
population. Efficacy variables were presented using descriptive
statistics for the efficacy population, using observed cases at
each visit. PANSS Total, CGI-S, and PSP Total outcomes were also
stratified by the treatment received prior to rollover (i.e., prior
brexpiprazole, prior placebo, or de novo).

Baseline was defined as the last available measurement prior to
the first dose of brexpiprazole in the open-label treatment phase.

Results

Patients

A total of 1072 patients were enrolled in the study, either into
the conversion phase or directly into the open-label treatment
phase. Of these patients, 952 were enrolled for 52 weeks (i.e.,
they were enrolled before the amendment that reduced the
study duration from 52 to 26 weeks), and 120 were enrolled for
26 weeks (i.e., after the amendment). Twenty-eight patients
discontinued during the conversion phase, and a total of 1044
patients entered the open-label treatment phase (rollover
n=_815; de novo n=229) (Figure 1). Of the 815 rollover patients,
611 had previously received brexpiprazole and 204 had previ-
ously received placebo.

Baseline demographic and clinical characteristics are shown
in Table 1. On average, the patients were mild-to-moderately ill
at baseline, with a mean PANSS Total score of 69.5 and a mean
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Completed, n=508 (47.4%)

Discontinued, n=536 (50.0%)
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» Adverse event, n=159 (14.8%)

* Met withdrawal criteria, n=81 (7.6%)

* Lost to follow-up, n=56 (5.2%)

* Lack of efficacy, n=43 (4.0%)

» Withdrawn by investigator, n=13 (1.2%)

* Protocol deviation, n=7 (0.7%)

v

Safety population, n=1,031
Efficacy population, n=1,012

Figure 1. Patient disposition and reasons for discontinuation. *Twelve patients rolled over from Equator before being fully converted to brexpiprazole (due to the study’s
early termination). To align with the Equator protocol, these patients were cross-titrated to brexpiprazole 1-4 mg/d for a total of 4 weeks, according to the investigator’s

judgement, before entering the open-label treatment phase.

Table 1. Baseline Demographic and Clinical Characteristics

Demographic Characteristics Enrolled Population (n=1072)

Age (y), mean (SD) 40.0 (11.1)
BMI (kg/m?), mean (SD) 27.9 (6.6)
Female, n (%) 409 (38.2)
Race, n (%)
White 665 (62.0)
Black/African American 267 (24.9)
Asian 63 (5.9)
Other 77 (7.2)

Clinical Characteristics Safety Population (n=1031)

PANSS Total score, mean (SD) 69.5 (17.2)
CGI-S score, mean (SD) 3.5(0.9)
PSP Total score, mean (SD) 58.5 (12.8)

Abbreviations: BMI, body mass index; CGI-S, Clinical Global Impressions —
severity of illness; PANSS, Positive and Negative Syndrome Scale; PSP, Personal
and Social Performance scale.

n=1015.

CGI-S score of 3.5. The mean PSP Total score was 58.5, indicat-
ing that the patients had marked or severe difficulties in several
areas of functioning.

Overall, 508 patients completed the study (either 52 weeks or 26
weeks [the study was completed by 43.0% (409/952) of patients who
enrolled for 52 weeks, and 82.5% (99/120) of patients who enrolled

for 26 weeks]; 47.4% of enrolled patients), and 617 patients had at
least 26 weeks of observations (57.6%). The most common reasons
for discontinuation in the open-label treatment phase were with-
drawal of consent (16.5%) and TEAEs (14.8%) (Figure 1). The mean
daily dose of brexpiprazole at last visit was 3.0 mg (n=1031).

Safety

The proportion of patients who experienced at least one TEAE
during the open-label brexpiprazole treatment phase was 60.4%.
The most frequently reported TEAE was worsening of schizo-
phrenia (11.6%). TEAEs with an incidence of >5% were worsen-
ing of schizophrenia, insomnia, weight increased, headache, and
agitation (Table 2). The most frequently reported EPS-related
TEAE was akathisia (4.8%). There were 2 cases of seizure during
the study: one was mild, nonserious, possibly related to brex-
piprazole, and resulted in discontinuation; the other was severe,
serious, and considered not related to brexpiprazole. Most TEAEs
were mild or moderate in severity; 82 patients (8.0%) experienced
a severe TEAE. The proportion of patients who discontinued the
study due to adverse events during the open-label brexpipra-
zole treatment phase was 14.6%. TEAEs associated with discon-
tinuation in >1.0% of patients were worsening of schizophrenia
(n=91; 8.8%) and worsening of psychotic disorder (n=15; 1.5%).
The mean increase in body weight from baseline to week
26 was 1.3 kg (n=611), and from baseline to week 52 was 2.1 kg
(n=408). The incidence of an increase in body weight of >7%



at any post-baseline visit was 18.6%, and the incidence of a
decrease in body weight of >7% at any post-baseline visit was
9.2% (supplementary Table 1).

There were no clinically relevant findings for events related
to prolactin, lipids and glucose, or QT prolongation, including
the incidence of shifts to abnormal levels, presented in supple-
mentary Table 1. The proportion of patients meeting the crite-
ria for treatment-emergent metabolic syndrome (i.e., 3 or more
of central obesity, dyslipidemia, increased blood pressure, and
increased fasting serum glucose levels) at any visit was 3.8% (29
of 761 patients who did not meet the criteria at baseline and
who had a post-baseline measurement). The mean prolactin

Table 2. Summary of Treatment-Emergent Adverse Events (TEAEs)
Over 52 Weeks for Patients With Schizophrenia Receiving Open-Label
Brexpiprazole 1-4 mg/d

Safety Population
(n=1031), n (%)
At least one TEAE 623 (60.4)
Discontinuation due to TEAE 151 (14.6)
TEAEs occurring in >5% of patients
Schizophrenia 120 (11.6)
Insomnia 89 (8.6)
Weight increased 80 (7.8)
Headache 66 (6.4)
Agitation 56 (5.4)
Other relevant TEAEs
Akathisia 49 (4.8)
Anxiety 23(2.2)
Somnolence 22 (2.1)
Restlessness 9 (0.9)
Sedation 9 (0.9)
Fatigue 7(0.7)
Hypersomnia 1(0.1)
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level change from baseline to week 26 was 2.5 ng/mL in females
(n=242) and 0.0 ng/mL in males (n=361), and from baseline to
week 52 was -0.1 ng/mL in females (n=159) and 0.7 ng/mL in
males (n=240). Three patients (0.3%) in the open-label treatment
phase reported hyperprolactinemia as a TEAE. The mean change
in fasting glucose from baseline to week 26 was 2.3 mg/dL
(n=549) and from baseline to week 52 was 2.7 mg/dL (n=369).

No clinically meaningful changes were observed on formal
EPS rating scales (supplementary Table 2). Overall, 9.5% (98/1031)
of patients had an EPS-related TEAE during the open-label treat-
ment phase. One patient, in the de novo subgroup, experienced
tardive dyskinesia. The event started on day 393 of the study
and was considered moderately severe, nonserious, and pos-
sibly related to brexpiprazole.

During the open-label treatment phase, suicidal ideation
emerged in 3.6% of patients, and suicidal behavior emerged in
0.2% of patients. Suicidal ideation as a TEAE occurred in 0.6% of
patients. Six patients died during the study, including one com-
pleted suicide; all were considered by the investigator to be un-
related to brexpiprazole treatment. One patient took an overdose
of 27 tablets (54 mg) of brexpiprazole in response to a serious
TEAE of command auditory hallucinations; the patient denied
any suicidal intent. The patient was discontinued from the study
and did not experience any after effects due to the overdose.

Women of childbearing potential were required to use 2
forms of birth control during the study; however, 1 patient
became pregnant having received open-label brexpiprazole for
278 days. The patient was discontinued from the study (last
dose: 4 mg on 26 August, 2013) and had a normal baby on 5 April,
2014 with a weight of 2.8 kg and Apgar scores of 9 at 1 and 5
minutes.

Efficacy

Long-term brexpiprazole treatment was associated with
improvement in all efficacy measures and functional outcomes

Table 3. Summary of Efficacy Endpoints Over 52 Weeks for Patients with Schizophrenia Receiving Open-Label Brexpiprazole 1-4 mg/d (Observed

Cases)
Mean (SD) at Baseline Mean (SD) Change from Baseline
(n=1024) to Week 52 (n=410)
PANSS Total score 68.5 (17.1) -12.2 (15.0)
PANSS Positive subscale score 16.3 (5. -3.6 (4.8)
PANSS Negative subscale score 19.0 (5. -2.8 (4.6)
PANSS Excited component score 8.6 (3. -1.5(3.2)
PANSS Marder factor scores
Positive symptoms 20.2 (6. -4.2 (5.4)
Negative symptoms 17.6 (5. -2.8 (4.4)
Disorganized thought 16.7 (4. -2.9 (4.0)
Uncontrolled hostility/excitement 6.6 (2. -1.1(2.7)
Anxiety/depression 7.3 (3. -1.2 (2.9)
CGI-S score 3.5 (0. -0.6 (0.9)
CGI-I score NA 2.6 (1.1)°
PSP Total score 58.8 (12.8)" 7.7 (11.0)¢
Response rate? NA 354/1031 (34.3)¢
Discontinuation rate due to lack of efficacy NA 43/1031 (4.2)¢

Abbreviations: CGI-I, Clinical Global Impressions — Improvement; CGI-S, Clinical Global Impressions — Severity of illness; PANSS, Positive and Negative Syndrome

Scale; PSP, Personal and Social Performance scale.
“Mean (SD) at week 52.

n=1015.

‘n=407.

‘Response defined as a reduction of >30% from baseline in PANSS Total score, or a CGI-I score of 1 (very much improved) or 2 (much improved).
‘Number of patients who met criteria/total number of patients who received a dose of brexpiprazole in the open-label treatment phase (%).
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during the open-label brexpiprazole treatment phase (Table 3).
Mean (SD) PANSS Total score improved by 12.2 (15.0) points from
baseline to week 52 (Figure 2). Patients improved irrespective
of whether they had previously been treated with brexpipra-
zole or placebo, or were de novo. Although patients who had
previously received placebo had a higher baseline PANSS Total
score (71.7) than those who had previously received brexpipra-
zole (68.7), by 52 weeks these 2 subgroups had converged. De
novo patients had the lowest baseline PANSS Total score of the 3
prior treatment subgroups (65.1). The majority of these patients
(n=199/229; 86.9%) entered via the 4-week conversion phase
and had already improved by a mean (SD) of 4.0 (9.5) points with
brexpiprazole treatment between the start of the conversion
phase and the baseline of the open-label phase. After 52 weeks
of open-label brexpiprazole treatment, the de novo patient sub-
group also converged with the subgroups of patients who had
received prior brexpiprazole or placebo. In addition to benefits
on PANSS Total score, open-label brexpiprazole treatment was
associated with improvement in PANSS Positive and Negative
subscale scores, Excited component score, and all 5 Marder fac-
tor scores (Table 3).

The mean CGI-S score over 52 weeks of open-label brex-
piprazole treatment is shown in Figure 3. On average, patients
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Mean PANSS Total score

50
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improved by 0.6 points, from mild-to-moderately ill at base-
line to mildly ill after long-term treatment with brexpiprazole.
Patients improved irrespective of whether they had previously
been treated with brexpiprazole or placebo, or were de novo.
The mean CGI-I score at week 52 was 2.6, indicating minimal-
to-much improvement. Patients also improved over 52 weeks on
the PSP Total, with a mean change in score of 7.7 points, to a
total of 68.3 points. Patients improved irrespective of prior treat-
ment (Figure 4). Finally, 34.3% of patients met the criteria for
PANSS/CGI-I response, and only 4.2% of patients discontinued
due to lack of efficacy.

Resource utilization over 52 weeks is shown in supplemen-
tary Table 3. A total of 10.5% of patients were hospitalized for ex-
acerbation of symptoms during the study. The average yearly use
of health resources, including psychiatrists and other mental
health professionals, decreased from baseline to week 52.

Discussion

The primary objective of this 52-week, open-label extension
study was to investigate the safety and tolerability of brexpipra-
zole in adult patients with schizophrenia. The results indicate
that long-term treatment with brexpiprazole at flexible doses of

—&—Total (n=1,024)
—o— Prior brexpiprazole (n=598)
—— Prior placebo (n=202)

—4— De novo (n=224)

26 32 38 44 52

Week

Figure 2. Mean Positive and Negative Syndrome Scale (PANSS) Total score over 52 weeks for patients with schizophrenia receiving open-label brexpiprazole 1-4 mg/d,

stratified by treatment prior to entering the study (observed cases).
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Figure 3. Mean Clinical Global Impressions - Severity of illness (CGI-S) score over 52 weeks for patients with schizophrenia receiving open-label brexpiprazole 1-4 mg/d,

stratified by treatment prior to entering the study (observed cases).
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69.3
68.3

n=410 n=226 n=93 n=91

Week 52

Figure 4. Mean Personal and Social Performance scale (PSP) Total score over 52 weeks for patients with schizophrenia receiving open-label brexpiprazole 1-4 mg/d,

stratified by treatment prior to entering the study (observed cases).

1-4 mg/d is generally well tolerated. The proportion of patients
who discontinued the study due to TEAEs was low: 14.6% dur-
ing the open-label brexpiprazole treatment phase. The most
frequently reported TEAE was schizophrenia, and the most
frequently reported TEAEs leading to withdrawal were schizo-
phrenia and psychotic disorder, reflecting a worsening of the
underlying disease state in this patient population, which is
generally observed in long-term schizophrenia studies (Kasper
etal., 2003; Cutler et al., 2017; Durgam et al., 2017). Whereas other
D, partial agonists (aripiprazole and cariprazine) are associated
with activating TEAEs such as akathisia, insomnia, and anxi-
ety (Chrzanowski et al., 2006; Cutler et al., 2017; Durgam et al.,
2017), this does not appear to be the case for brexpiprazole, even
in the long term. For example, in a 52-week, open-label study
of aripiprazole in stable schizophrenia, insomnia, and anxiety
had incidences of 23.8% and 9.9%, respectively (Chrzanowski
et al., 2006), compared with 8.6% and 2.2%, respectively, in the
present brexpiprazole study. This is supported by an open-label,
randomized, exploratory study in acute schizophrenia (n=97),
in which aripiprazole was associated with a greater incidence of
EPS-related TEAEs than brexpiprazole (30.3% vs 14.1%), predomi-
nantly akathisia (21.2% vs 9.4%) (Citrome et al., 2016).

The safety and tolerability results of the present study are
generally similar to those observed in prior short- and long-
term studies of brexpiprazole in schizophrenia (Correll et al.,
2015; Kane et al., 2015; Fleischhacker et al., 2017). No safety
concerns with brexpiprazole were noted in the adverse event
profile, laboratory test values, ECG, weight, or vital sign param-
eters. The mean overall weight gain in the present study was
1.3 kg in patients who completed 26 weeks of treatment and
2.1 kg in patients who completed 52 weeks of treatment, con-
sistent with the previous long-term study, Equator, in which a
mean weight increase of 0.8 kg was observed in the stabiliza-
tion phase, and a mean weight decrease was observed in the
maintenance phase (Fleischhacker et al., 2017). The incidence of
>7% body weight increase in the present study was 18.6%, higher
than that observed in the stabilization phase of Equator (11.3%;
Fleischhacker et al., 2017) but generally on the low side com-
pared with incidences reported in long-term, open-label stud-
ies with other second-generation antipsychotics (Chrzanowski
et al., 2006; Citrome et al., 2014; Cutler et al., 2017; Durgam et al.,
2017). In this regard, brexpiprazole is similar to aripiprazole,

which has shown a low propensity for weight gain in the long-
term treatment of schizophrenia (Chrzanowski et al., 2006).

It is worth noting that brexpiprazole is also well tolerated
when used as an adjunctive treatment by patients with major
depressive disorder and inadequate response to antidepres-
sants (Nelson et al., 2016).

Current antipsychotics are limited by adverse events includ-
ing EPS and activating side effects (akathisia, restlessness, agi-
tation, anxiety, insomnia), sedation, weight gain, metabolic side
effects, orthostatic hypotension, and elevated prolactin levels
(Correll, 2011; Leucht et al., 2013; Citrome, 2017). There is hetero-
geneity among different second-generation antipsychotics with
regard to activating and sedating adverse events, with some
agents being primarily activating, some being primarily sedat-
ing, and some displaying the potential for both activating and
sedating properties (Citrome, 2017). A recent analysis of absolute
risk increase with second-generation antipsychotics in schizo-
phrenia found that only brexpiprazole and paliperidone were
neither activating nor sedating (Citrome, 2017). Weight gain is
also a problem with the majority of antipsychotics; a compre-
hensive meta-analysis conducted prior to the availability of
brexpiprazole data reported that almost all antipsychotics were
associated with increased body weight, and that only amisul-
pride, aripiprazole, and ziprasidone could be considered weight
neutral (Bak et al., 2014). In addition to weight gain, metabolic
side effects such as elevated lipids, glucose, and prolactin are
a serious concern with some second-generation antipsychotics
(Rummel-Kluge et al., 2010; Leucht et al., 2013). Thus, the intro-
duction of brexpiprazole may provide an additional, well-toler-
ated treatment option in schizophrenia.

The present study investigated efficacy as a secondary end-
point. Long-term open-label treatment with brexpiprazole was
associated with sustained improvement in efficacy measures
and functional outcomes. PANSS Total and CGI-S scores indi-
cated a mean improvement from mild-to-moderately ill at base-
line to mildly ill over 52 weeks of treatment. The magnitude of
improvement in PANSS Total score (12.2 points) was compar-
able to that observed in the 12- to 36-week stabilization phase
of Equator (15.1 points; Fleischhacker et al., 2017). Since the
majority of patients in the present study had already received
brexpiprazole prior to entry, the observed improvement is in
addition to any previous benefit.
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Deficits in psychosocial functioning are a core feature of
schizophrenia and an important outcome in clinical studies of
new antipsychotic agents (Burns and Patrick, 2007). In the present
study, patients showed a mean improvement in PSP Total score
of 7.7 points over the course of treatment to a total of 68.3 points.
This is above the threshold for potentially clinically meaningful
response in stabilized patients with schizophrenia (an increase
of 4-7 points; Nasrallah et al., 2008) and close to functional remis-
sion (a total score of >70 points; Pinna et al., 2013). For rollover
patients, this continued improvement in psychosocial function-
ing over 52 weeks is in addition to that observed in prior studies
(Correll et al., 2015; Kane et al., 2015; Fleischhacker et al., 2017).

Baseline efficacy scale scores varied according to prior expos-
ure to brexpiprazole at the start of open-label treatment. Some
patients entering the open-label treatment phase of this study
had no previous exposure to brexpiprazole, having received pla-
cebo in the acute studies (Vector and Beacon). De novo patients,
in contrast, were generally not brexpiprazole-naive at the start
of open-label treatment, the majority having received brexpipra-
zole for 4 weeks during the conversion phase. Similarly, patients
who received placebo in the maintenance phase of Equator had
previous exposure to brexpiprazole for 12 to 36 weeks during
the stabilization phase of Equator. In the present study, the sub-
group of patients who previously received placebo had the high-
est baseline PANSS Total score. De novo patients had the lowest
baseline PANSS Total score, the majority having improved on
brexpiprazole during the conversion phase prior to open-label
treatment. In the open-label phase, treatment benefits were
observed in all subgroups, irrespective of prior treatment.

This study is limited by having no comparator and an open-
label design; however, the open-label design also increases the
real-world relevance of the results. Outcomes may have been
influenced by the variation in prior patient exposure to brex-
piprazole, since some patients were rolled over from acute
studies, and others from a long-term maintenance study. For
example, inclusion of patients from Equator (the maintenance
study) may have enriched the study population, in part, for those
who had previously demonstrated tolerability to brexpiprazole.
However, this is also a strength of the study: the inclusion of
patients who completed the 52-week double-blind maintenance
phase of Equator on brexpiprazole means that brexpiprazole
safety data are available for more than 2 years of treatment for a
limited number of patients. Finally, the design amendments fol-
lowing the early termination of Equator complicated the inter-
pretation of the results, albeit for a minority of patients.

In conclusion, this open-label study showed that treatment
with brexpiprazole 1-4 mg/d (flexibly dosed) was generally well
tolerated for up to 52 weeks in patients with schizophrenia.
No unexpected safety or tolerability issues emerged, and the
safety profile was consistent with other brexpiprazole studies
in schizophrenia. Furthermore, open-label treatment with brex-
piprazole 1-4 mg/d was associated with continued improvement
in efficacy measures and functional outcomes in the long term.

Supplementary Material

Supplementary data are available at International Journal of
Neuropsychopharmacology online.
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