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ABSTRACT

Objective: To analyze the effect of adjunctive brexpiprazole on
metabolic parameters and body weight in adults with major
depressive disorder (MDD) based on pooled data from 4 short-
term studies and 1 long-term extension study.

Methods: The short-term studies (June 2011 to November
2016) were randomized, double-blind, placebo-controlled
studies in outpatients with MDD (DSM-IV-TR criteria) and
inadequate response to 1-3 prior antidepressant treatments
(ADTs) plus 1 prospective ADT. Patients were randomized to
adjunctive brexpiprazole (fixed or flexible doses in the range
of 1-3 mg/d; n=1,032) or placebo (n=819) for 6 weeks. The
long-term study (October 2011 to May 2017) was a 52-week
(amended to 26 weeks), open-label, uncontrolled study of
adjunctive brexpiprazole 0.5-3 mg/d (flexible dose; n=2,938).
Mean changes from baseline and categorical shifts in fasting
metabolic parameters (cholesterol, triglycerides, and glucose)
and body weight were analyzed.

Results: Mean changes from baseline in metabolic parameters
were small after 6 weeks (all <2 mg/dL) and 52 weeks (all <4
mg/dL, except triglycerides, 15.83 mg/dL) of treatment. In
most cases, the incidence of unfavorable shifts in metabolic
parameters was lower than the incidence of favorable shifts.
Mean body weight increase at last visit in the short-term
studies was 1.5 kg with ADT + brexpiprazole and 0.3 kg with
ADT + placebo. During long-term treatment, mean body
weight increased by 3.8 kg over 58 weeks.

Conclusions: Adjunctive brexpiprazole was associated with
small changes in metabolic parameters and moderate weight
gain during short- and long-term treatment.

Trial Registration: ClinicalTrials.gov identifiers: NCT01360645,
NCT01360632, NCT02196506, NCT01727726, NCT01360866
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espite the availability of different classes of antidepressants,

many patients with major depressive disorder (MDD)
fail to respond to antidepressant treatment (ADT).! For
these patients, treatment options include optimizing the
dose, switching to another ADT, or adding a second agent
to the current ADT.>* With regard to adding a second agent,
adjunctive atypical antipsychotics are supported by the strongest
evidence.? A meta-analysis* of 14 studies (approximately 3,500
patients) showed that the likelihood of response and remission
was increased when an adjunctive atypical antipsychotic was
added to an ADT. However, many atypical antipsychotics are
associated with metabolic adverse effects, including impaired
glucose metabolism, dyslipidemia, and weight gain.*”” Metabolic
adverse effects have serious implications on prognosis due to the
increased risk of treatment-related diabetes and cardiovascular
disease.>

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
norepinephrine a;p/a,c receptors, all with subnanomolar
affinity.® Relative to its D,/5-HT , receptor affinity, brexpiprazole
has a moderate to low affinity for histamine H, receptors,® which
may limit the risk for diabetes and weight gain.°®

The efficacy and safety of brexpiprazole as adjunctive
treatment to ADT over 6 weeks have been demonstrated in
4 short-term studies in MDD (Pyxis,” Polaris,'? Sirius,'! and
Delphinus'?). In addition, a long-term extension study in adults
with MDD (Orion'?) showed that adjunctive brexpiprazole was
generally well tolerated for up to 52 weeks. Brexpiprazole is
approved in various countries and regions, including the United
States, Canada, Australia, Japan, and the European Union, for
the treatment of schizophrenia in adults. Brexpiprazole is also
approved in the United States, Canada, and other countries as
an adjunctive therapy to antidepressants for the treatment of
MDD in adults.

The aim of this article is to summarize the effects of adjunctive
brexpiprazole on metabolic parameters and body weight in
adults with MDD based on data from the 4 short-term studies
and the long-term extension study. Via a detailed approach
to inspect clinically relevant changes, rates of favorable and
unfavorable shifts in metabolic parameters are investigated in
the short and long term, and weight changes are investigated in
patient subgroups that are of particular relevance to prescribing
physicians.
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Clinical Points

B Some atypical antipsychotics used for the adjunctive
treatment of major depressive disorder (MDD) are
associated with metabolic adverse effects, which increase
the risk of serious adverse medical outcomes.

B Brexpiprazole is an alternative adjunctive treatment
option for MDD, with a favorable metabolic profile.

METHODS

Study Design and Patients

The studies included in this analysis are described in
brief in the following text, and an overview is presented in
Supplementary Table 1; a full description of each study has
been published.”!* All studies were conducted in accordance
with the International Conference on Harmonisation Good
Clinical Practice Guideline and local regulatory requirements.
The study protocols were approved by relevant institutional
review boards and independent ethics committees. All
patients provided written informed consent prior to the
start of the studies, and possible side effects were fully
explained. The studies were registered at ClinicalTrials.gov
(identifiers: NCT01360645, NCT01360632, NCT02196506,
NCT01727726, NCT01360866).

The short-term studies (conducted between June 2011 and
November 2016 at sites across North America and Europe)
were randomized, double-blind, placebo-controlled, phase
3 studies of adjunctive brexpiprazole in patients with MDD
and inadequate response to ADTs. Each of the studies had a
similar design. Briefly, adult outpatients were enrolled if they
had a Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR)'* diagnosis of
single or recurrent nonpsychotic MDD, a current depressive
episode of > 8 weeks in duration, an inadequate response to
1-3 prior ADTs during the current episode (defined as < 50%
improved according to the Massachusetts General Hospital
Antidepressant Treatment Response Questionnaire!®), and
a 17-item Hamilton Depression Rating Scale (HDRS,,)!¢17
total score of > 18 (or, in Delphinus, a Montgomery-Asberg
Depression Rating Scale [MADRS]'® total score of >26) at
screening and at the start of prospective treatment. Patients
entered an 8-week (or, in Delphinus, an 8- to 10-week)
prospective treatment phase in which they received an
investigator-determined, open-label ADT together with
single- or double-blind placebo. During this phase, patients
were assessed for inadequate response to prospective
ADT based on HDRS,;, Clinical Global Impressions-
Improvement scale!® and/or MADRS total score thresholds
(see Supplementary Table 1 for the definition in each study).
Patients who met the criteria for inadequate response were
randomized to double-blind adjunctive treatment with
brexpiprazole or placebo (or quetiapine extended-release in
Delphinus; these patients were not included in the present
analysis) for 6 weeks. Patients received fixed doses of oral
brexpiprazole in Pyxis (2 mg/d), Polaris (1 mg/d or 3 mg/d),

and Sirius (2 mg/d) and flexible doses of oral brexpiprazole
in Delphinus (2-3 mg/d).

The long-term Orion study (conducted from October
2011 to May 2017 at sites across North America and
Europe) was an open-label, uncontrolled, phase 3 study that
enrolled patients who had completed the last scheduled visit
of Pyxis, Polaris, or Delphinus (patients from Sirius were
not enrolled), including those patients who responded to
prospective ADT. Originally planned as a 52-week study, the
design was amended to 26 weeks because the safety profile
of brexpiprazole was considered to be well established.
Patients received flexibly dosed oral brexpiprazole, adjunct
to continued ADT, in the range of 0.5-3 mg/d.

Assessments

Fasting metabolic parameter assessments included serum
cholesterol (total, low-density lipoprotein [LDL], and high-
density lipoprotein [HDL]), triglycerides, and glucose. In
Pyxis and Polaris, metabolic parameters were measured at
randomization and at weeks 2, 4, and 6. In Sirius, metabolic
parameters were measured at randomization and at week 6. In
Delphinus, metabolic parameters were measured 2-4 weeks
prior to randomization, 2-4 weeks after randomization,
and 2-4 weeks after completion of randomized treatment.
In Orion, metabolic parameters were measured at weeks 1,
4, 8,14, 26, 38, and 52 (pre-amendment) or at weeks 14 and
26 (post-amendment).

In the short-term studies, body weight was measured
at randomization and at weekly visits (every 2 weeks in
Delphinus). In Orion, body weight was measured at weeks
1,2, 4,8, 14, 20, 26, 32, 38, 44, and 52 (pre-amendment) or
the same schedule until week 26 (post-amendment).

Data Analysis

For this post hoc analysis, all brexpiprazole data were
pooled, as were all placebo data. Analyses were performed
on the safety population, defined in the short-term studies
as all patients who received at least 1 dose of double-blind
treatment in the randomized treatment phase, and in Orion
as all patients who received at least 1 dose of open-label
brexpiprazole.

In the short-term studies, the baseline value was defined
as the last value obtained prior to randomization. Data from
Delphinus were not included in the short-term metabolic
parameter analyses because, to increase blinding in the
Delphinus study, metabolic parameters were not measured at
randomization or week 6. (Delphinus data were included in
the short-term weight analyses, since weight was measured
at each visit.)

For long-term treatment, the baseline value was the last
value obtained prior to the start of brexpiprazole treatment.
Specifically, for brexpiprazole-naive patients (ie, patients
who did not receive brexpiprazole in the parent studies), the
baseline value was the last value obtained prior to the start
of treatment in Orion; for patients exposed to brexpiprazole
in Pyxis or Polaris, the baseline value was the last value
obtained prior to randomization in Pyxis or Polaris; and, for
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patients exposéd-to brexpiprazole in Delphinus, the baseline
value was the last value obtained prior to randomization
in Delphinus, except for analyses of the mean change in
metabolic parameters, when the baseline value was the last
value obtained prior to the start of prospective treatment in
Delphinus.

Mean change from baseline in each of the metabolic
parameters and in weight was determined to week 6 for the
short-term studies and to regular intervals for long-term
treatment. All analyses used observed-cases data; change in
body weight was also calculated to last visit in the short-term
studies. For patients in Orion who were previously exposed
to brexpiprazole, “study week” was calculated as the sum
of the parent study week and the Orion study week (giving
a maximum brexpiprazole exposure of 58 weeks), except
for analyses of the mean change in metabolic parameters,
when study week corresponded to the Orion study week.
Mean change in body weight was also calculated in patient
subgroups stratified by baseline body mass index (BMI) and
triglyceride levels.

The percentages of patients with categorical shifts
in metabolic parameters (definitions adapted from the
National Cholesterol Education Program [NCEP] Adult
Treatment Panel [ATP] III guidelines?®) were determined
for the following time periods: from baseline to any post-
baseline visit during the first 6 weeks, from baseline to any
post-baseline visit up to week 26 (ie, the first 6 months of
treatment), and from week 27 to any post-week 27 visit up
to week 58 (ie, the last 6 months of treatment).

All analyses were performed using SAS 9.4 software (SAS
Institute Inc; Cary, NC).

RESULTS

Patients

In the short-term studies, the safety population
comprised 1,032 patients in the ADT + brexpiprazole 1-3
mg group and 819 patients in the ADT + placebo group. Of
the patients allocated to brexpiprazole, 226 were allocated to
1 mg/d, 380 to 2 mg/d, 229 to 3 mg/d, and 197 to 2-3 mg/d
(of these flexibly dosed patients, the mean dose at last visit
was 2.2 mg). For long-term treatment, the safety population
comprised 2,938 patients receiving ADT + brexpiprazole
0.5-3 mg/d. The mean dose of brexpiprazole at last visit of
the long-term study was 1.5 mg. Baseline demographic and
clinical characteristics were similar between the treatment
groups (Table 1).

Metabolic Parameters

Mean change from baseline. At baseline of the short-term
studies, mean fasting metabolic parameters were within the
normal range for HDL cholesterol (=40 mg/dL), triglycerides
(<150 mg/dL), and glucose (<100 mg/dL) and within the
borderline range for total cholesterol (=200 to <240 mg/
dL) and LDL cholesterol (=100 to <160 mg/dL) in both
treatment groups (Table 2). In the ADT + brexpiprazole 1-3
mg/d group (n=1,032) compared with the ADT + placebo

Brexpiprazole in MDD—Metabolic Parameters and Weight

Table 1. Baseline Demographic and Clinical Characteristics
(Safety Population)

Long-Term
Short-Term Studies® Treatment®
ADT+ ADT+
ADT + Brexpiprazole Brexpiprazole
Placebo 1-3mg 0.5-3mg
Variable (n=819) (n=1,032) (n=2,938)
Demographic characteristics
Age, mean (SD), y 44,1 (11.8) 443 (11.7) 44.5(11.5)
Female, n (%) 575(70.2) 719 (69.7) 2,001 (68.1)
Weight, mean (SD), kg 82.9(20.8)° 83.1(20.3) 82.6 (20. 5)
BMI, mean (SD), kg/m2 29.2 (7.1)¢ 29.3(6.7) 29.1(6.9)4
White, n (%) 71 0(86.7) 889 (86.1) 2,582 (87.9)
Black or African American, 88(10.7) 112(10.9) 288(9.8)

n (%)
Clinical characteristics

Duration of current episode, 15.5 (31.6) 15.2(28.2)
mean (SD), mo

Recurrent episode, n (%) 701 (85.6) 891 (86.3)

No. of lifetime episodes, 3.5(3.3) 3.4(2.9)
mean (SD)

MADRS total score, 26.2 (5.6) 26.4 (5.5) 17.4 (9.5)
mean (SD)

aPooled data from the Pyxis, Polaris,'® Sirius,"" and Delphinus'? studies.
bData from the Orion study,'® including parent studies for patients
previously exposed to brexpiprazole (see Methods for full definition).
cn =816.
dn=2,937.
Abbreviations: ADT =antidepressant treatment, BMI=body mass index,
MADRS =Montgomery-Asberg Depression Rating Scale, SD =standard
deviation.

Table 2. Fasting Metabolic Parameters at Baseline and
Change in Values at Week 6 in the Short-Term Studies?

ADT + Brexpiprazole

Parameter ADT +Placebo 1-3mg
Total cholesterol, mg/dL

Baseline 208.47 (41.63) (n=533) 209.48 (42.99) (n=720)

Change at week 6 0.93 (25.78) (n=519) 1.40 (26.59) (n=680)
LDL cholesterol, mg/dL

Baseline 122.78 (37.31) (n=518) 124.10(38.76) (n=704)

Change at week 6 -0.11(22.67) (n=502) —0.43 (23.73) (n=663)
HDL cholesterol, mg/dL

Baseline 60.08 (17.70) (n=532) 59.82(17.43) (n=718)

Change at week 6 0.51 (8.47) (n=518) 1.59 (8.39) (n=678)
Triglycerides, mg/dL

Baseline 132.90(89.72) (n=533) 130.31(74.43) (n=719)

Change at week 6 —1.05 (69.98) (n=519) 1.47 (59.52) (n=679)
Glucose, mg/dL

Baseline 93.51(14.04) (n=529) 93.80(13.95) (n=717)

Change at week 6 0.97 (12.34) (n=513) -0.15(13.43) (n=676)

3Pooled data from the Pyxis,’ Polaris,'® and Sirius'" studies. All values shown
as mean (SD) (n).

Abbreviations: ADT =antidepressant treatment, HDL =high-density
lipoprotein, LDL =low-density lipoprotein, SD =standard deviation.

group (n=_819), the numbers of patients within the normal
ranges at baseline were: total cholesterol, 336 (32.6%) versus
232 (28.3%); LDL cholesterol, 210 (20.3%) versus 145
(17.7%); HDL cholesterol, 673 (65.2%) versus 500 (61.1%);
triglycerides, 533 (51.6%) versus 393 (48.0%); and glucose,
556 (53.9%) versus 422 (51.5%).

After 6 weeks of treatment in the short-term studies,
mean changes from baseline were small (all <2 mg/dL in
magnitude) in the ADT + brexpiprazole and ADT + placebo
groups (Table 2).
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Figure 1. Mean Change in Fasting Metabolic Parameters From Baseline During Long-Term Treatment With ADT + Brexpiprazole?

25 1
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---A--- LDL cholesterol

——8—— Total cholesterol

—&—— HDL cholesterol

Mean Change From Baseline (mg/dL)

-10 T T T T

Baseline 1 4 8 14

26 38 52

Study Week

2Data from the Orion study,'? including parent studies for patients previously exposed to brexpiprazole (see Methods for full definition). Mean values at
baseline (mg/dL): total cholesterol, 210.03; LDL cholesterol, 120.50; HDL cholesterol, 59.53; triglycerides, 136.01; glucose, 93.64. n-values (baseline, week
26, week 52): total cholesterol (2,703, 1,777, 681); LDL cholesterol (2,638, 1,722, 670); HDL cholesterol (2,698, 1,780, 688); triglycerides (2,701, 1,787, 688);

glucose (2,689, 1,766, 678). All values represent serum concentrations.

Abbreviations: ADT =antidepressant treatment, HDL = high-density lipoprotein, LDL =low-density lipoprotein.

Mean changes from baseline during long-term
treatment with ADT + brexpiprazole are shown in Figure 1.
Triglycerides increased over time, by a mean of 15.83 mg/dL
at week 52 (median increase =9.5 mg/dL). Other parameters
fluctuated over time but showed only small changes from
baseline at week 52 (<4 mg/dL in magnitude).

Categorical shifts. Shifts in metabolic parameter
categories from baseline to any visit during the first 6 weeks
and first 6 months, and from week 27 to any visit during
the last 6 months, are shown in Figure 2. In most cases,
the incidence of each unfavorable shift was lower than the
incidence of its corresponding favorable shift (eg, normal to
high versus high to normal).

In the short-term studies, there were no notable differences
between the ADT + brexpiprazole and ADT + placebo groups
in terms of the incidence of each favorable and unfavorable
shift (Figure 2). In the ADT + brexpiprazole group over the
first 6 weeks, the incidence of normal to high/very high
shifts (normal to low for HDL cholesterol) ranged from 0.0%
(LDL cholesterol) to 8.1% (triglycerides), while normal to
borderline/impaired shifts ranged from 18.0% (triglycerides)
to 35.2% (LDL cholesterol). In the ADT + placebo group over
the first 6 weeks, the incidence of normal to high/very high
shifts (normal to low for HDL cholesterol) ranged from
0.0% (LDL cholesterol) to 6.8% (HDL cholesterol), while
normal to borderline/impaired shifts ranged from 11.7%
(triglycerides) to 40.7% (LDL cholesterol).

Considering trends in the long term with
ADT +brexpiprazole, the incidence of favorable shifts
generally appeared to increase from the first 6 weeks to the

first 6 months and then to decrease over the last 6 months
(Figure 2). The incidence of unfavorable shifts generally
appeared to increase from the first 6 weeks to the first 6
months and then to remain stable between the first 6 months
and the last 6 months.

During long-term treatment (Figure 2), the incidence
of normal to high/very high shifts (normal to low for HDL
cholesterol) over the first 6 months ranged from 2.9% (LDL
cholesterol) to 14.8% (triglycerides) and over the last 6 months
ranged from 2.1% (LDL cholesterol) to 15.1% (triglycerides).
Corresponding normal to borderline/impaired shifts ranged
from 28.0% (triglycerides) to 50.1% (LDL cholesterol) in the
first 6 months and from 24.0% (triglycerides) to 51.9% (LDL
cholesterol) in the last 6 months.

Shifts in metabolic parameter categories by dose in the
short-term, fixed-dose studies are shown in Supplementary
Tables 2-6. The incidence of shifts in metabolic parameters
showed no consistent relationship with the dose of
brexpiprazole.

Weight

Mean change from baseline. In the short-term studies,
the mean (SD) increase in body weight from baseline to
last visit was 1.5 (2.2) kg in the ADT + brexpiprazole 1-3
mg group and 0.3 (1.8) kg in the ADT + placebo group.
The corresponding increases from baseline to week 6 were
1.4 (2.1) kg and 0.3 (1.7) kg. The mean changes in body
weight from baseline to weeks 26 and 58 with long-term
ADT +brexpiprazole treatment were 2.9 (4.2) kg and 3.8
(5.4) kg, respectively.
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Figure 2. Incidence of Treatment-Emergent Shifts From Baseline to Any Post-Baseline Visit During the First 6 Weeks (Short-Term
Studies?), First 6 Months, and Last 6 Months (Long-Term Treatment®) of Treatment With ADT + Brexpiprazole
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L (<40 mg/dL) n=53 n=76 n=283 n=133
(continued)
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Figure 2 (continued).

D. Fasting Serum Triglycerides

First 6 weeks

First 6 months

Last 6 months
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—N —B H/VH H/VH —N —B H/VH H/VH —N —B H/VH  H/VH
[0 Placebo M Brexpiprazole [ Brexpiprazole ¥ Brexpiprazole
N (< 150 mg/dL) n=393 n=>533 n=1,828 n=767
B (= 150 to < 200 mg/dL) n=75 n=111 n =405 n=178
H/VH (= 200 mg/dL) n=286 n=107 n=421 n=149
E. Fasting Serum Glucose
First 6 weeks First 6 months Last 6 months
100 1
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H-N I-N H-l N-l I|-H N-H H-N I-N H-l N-l I|-H N-H H—-N I|I-N H—-l N-I I-H N-H
[ Placebo M Brexpiprazole [ Brexpiprazole M Brexpiprazole
N (< 100 mg/dL) n=422 n=>556 n=1,984 n=780
I (=100 to < 126 mg/dL) n=114 n=175 n=>583 n=265
H (= 126 mg/dL) n=15 n=18 n=73 n=37

3Pooled data from the Pyxis, Polaris, and Sirius studies.®""

bData from the Orion study,'? including parent studies for patients previously exposed to brexpiprazole (see Methods for full definition).
Abbreviations: ADT =antidepressant treatment, B=borderline, H=high, HDL = high-density lipoprotein, | =impaired, L =low, LDL =low-density lipoprotein,

N=normal, VH=very high.

Mean changes in body weight for patients receiving
ADT + brexpiprazole, stratified by baseline BMI and
triglyceride level, are shown in Supplementary Figure 1. All
subgroups showed similar increases in weight from baseline
to week 6 (range, 0.9-1.7 kg), to week 26 (range, 2.7-3.0 kg),
and to week 58 (range, 3.1-5.0 kg).

Clinically relevant change. The proportion of patients
with clinically relevant change in weight from baseline,
stratified by baseline BMI, is shown in Figure 3. Overall,
weight increase >7% was seen in 730 (24.9%) of 2,935
patients over the first 6 months and 443 (37.1%) of 1,193
patients over the last 6 months. The proportion of patients
with clinically relevant weight gain generally decreased with
increasing baseline BML

No patients discontinued due to weight increase in the
short-term studies. In the long-term study, 60 (2.0%) of 2,938
patients discontinued due to weight increase.

DISCUSSION

Using a detailed approach to investigate favorable and
unfavorable shifts in metabolic parameters, the present
analysis of 4 short-term studies and 1 long-term study in
adults with MDD showed that adjunctive brexpiprazole
has only small adverse effects on risk-related metabolic
parameters. Other atypical antipsychotics have varying risks
for different metabolic adverse effects; a meta-analysis* of
adjunctive atypical antipsychotics in MDD found that
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Figure 3. Proportion of Patients With Clinically Relevant
ADT + Brexpiprazole,? Stratified by Baseline BMI

ange in Weight From Baseline During Long-Term Treatment With

Brexpiprazole in MDD—Metabolic Parameters and Weight
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2Data from the Orion study,'? including parent studies for patients previously exposed to brexpiprazole (see Methods for full definition).

Abbreviations: ADT =antidepressant treatment, BMI=body mass index.

quetiapine and olanzapine-fluoxetine combination were
the most strongly associated with abnormal metabolic
laboratory results. Across psychiatric diagnoses, all atypical
antipsychotics are associated with metabolic dysfunction
to some extent, with clozapine, olanzapine, and quetiapine
being the most likely to cause metabolic abnormalities,
and amisulpride, aripiprazole, asenapine, brexpiprazole,
cariprazine, lurasidone, and ziprasidone having the lowest
risk.?!"? In a naturalistic study®* of outpatients with
psychosis, metabolic syndrome (a combination of metabolic
factors that increases the risk of developing type 2 diabetes
mellitus and cardiovascular disease) was present in 44% of
patients receiving antipsychotic maintenance treatment.
From a clinical perspective, metabolic adverse effects
increase the complexity and cost of patient management
and—most importantly—increase the risk of serious adverse
medical outcomes.® Thus, there is a need for efficacious
antipsychotics with favorable metabolic profiles.

Fasting triglycerides was the only studied metabolic
parameter that increased with 52 weeks of adjunctive
brexpiprazole treatment. From a mean value within the
normal range at baseline (136.01 mg/dL), triglycerides
increased by a mean of 15.83 mg/dL to week 52 (median
increase=9.5 mg/dL). A comparable increase in fasting
triglycerides (median=8.0 mg/dL) was observed in a
52-week, open-label study® of adjunctive aripiprazole, from
a mean value that was borderline at baseline (156.5 mg/dL).
Open-label quetiapine extended-release monotherapy in
MDD is also associated with increases in triglycerides.?®

With regard to body weight, the mean increase of 1.5 kg
observed in the short-term adjunctive brexpiprazole studies
is comparable to those previously reported for aripiprazole
(1.1 kg), quetiapine (0.9 kg), and risperidone (1.3 kg) in a
meta-analysis* of adjunctive atypical antipsychotics in MDD
and lower than that reported for olanzapine-fluoxetine
combination (4.2 kg). In a post hoc study?’ that compared
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weight data for adjunctive brexpiprazole and aripiprazole
in patients with MDD, a similar effect on body weight was
found over the course of 1 year (mean gains of 3.2 kg with
brexpiprazole and 4.0 kg with aripiprazole). In the present
analysis, the mean increase in body weight over 58 weeks
with adjunctive brexpiprazole was 3.8 kg. The proportion
of patients with clinically relevant weight gain was greater
among those with a lower BMI at baseline. While the
subgroup with baseline BMI < 18.5 kg/m? was small (n=39),
and results should therefore be interpreted with caution, the
weight gain observed in these patients may include the effect
of recovery from depression, as has been seen previously in
a 1-year study?® of the antidepressant fluoxetine.

Across psychiatric diagnoses, almost all approved
antipsychotics have been associated with an increase in
body weight over time.>* Atypical antipsychotics with the
lowest potential for inducing weight gain are amisulpride,
aripiprazole, brexpiprazole, cariprazine, lurasidone, and
ziprasidone.?? Clozapine and olanzapine have the highest
potential for weight gain, and paliperidone, quetiapine,
risperidone, and sertindole have an intermediate risk.?> In a
focus group, patients with MDD considered weight increase
to be among the most “bothersome” of antipsychotic
adverse events.® Thus, the potential effect of treatment on
body weight is an important consideration when selecting
a particular antipsychotic for the treatment of psychiatric
disorders.

In the present analysis, there was no consistent effect of
adjunctive brexpiprazole dose on metabolic parameter shifts
in the short-term studies (within the range of 1-3 mg/d).
Previous analyses®' =3 have shown that mean weight gain,
the incidence of weight increase >7%, and the incidence
of weight increase as a treatment-emergent adverse event
(TEAE) are not affected by adjunctive brexpiprazole dose.

The present investigation used observed-cases data,
meaning that patients who dropped out of the studies did
not contribute data to analyses at timepoints after the time of
their discontinuation. Potentially, if patients dropped out due

to'metabolic issues, this approach could minimize the impact
of brexpiprazole on metabolic parameters. However, the rate
of discontinuation due to weight increase was minimal, and
the overall rate of discontinuation due to TEAEs was low in
the adjunctive brexpiprazole clinical program,** suggesting
that the use of observed-cases data did not impact the results
of this analysis.

With regard to the overall adverse event profile of
adjunctive brexpiprazole, the only TEAEs with incidence
>5% across short-term studies were akathisia, weight
increase, and headache (all with incidence < 10%).3? In the
long term, weight increase was the most common TEAE
with adjunctive brexpiprazole,® but was generally not
associated with discontinuation. Compared with other
atypical antipsychotics, brexpiprazole has a low propensity
for activating side effects (akathisia, restlessness, agitation,
anxiety, insomnia) and sedating side effects (somnolence,
sedation, fatigue).’* Brexpiprazole has no clinically relevant
effects on prolactin, electrocardiograms, vital signs, or other
laboratory parameters.>?

A limitation of this analysis is that it is not possible to
discern the relative contributions to weight gain of the
adjunctive therapy, the background ADT, and improvement
from the depressive episode. It is also difficult to generalize
the results of clinical trials to real-world populations. It
should be noted that, on average, patients were overweight
at baseline, with a mean BMI of 29, and thus these results
may not be generalizable to regions associated with lower
BMIs. Long-term, head-to-head data are required to fully
understand and compare the effects of different treatments
on metabolic parameters and weight gain. A strength of the
analysis is that it is based on a large, high-quality data set that
has been subjected to rigorous review by several regulatory
agencies.

In conclusion, treatment with brexpiprazole, adjunct
to ADT, was associated with small changes in metabolic
parameters and moderate weight gain in short- and long-
term settings among patients with MDD.
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Supplementary Table 1. Phase 3 Clinical Studies of Brexpiprazole in the
Adjunctive Treatment of Adults with MDD

Number of Patients
(Safety Population)

Study Name
(ClinicalTrials.gov Criteria for Inadequate Response ADT + ADT +
Identifier) Design to ADT Dosing Placebo  Brexpiprazole
Pyxis 8-week, single-blind, HAM-D:7 Total score: <50% 2 mg 191 188
(NCT01360645)! prospective phase reduction from the start to the end (fixed)
followed by 6-week, of prospective treatment;
Polaris randomized, >14 at the end of prospective 1 mg, 220 455
(NCT01360632)2 double-blind, placebo-  treatment 3 mg
controlled phase i
: P CGI-I score: >3 at the end of (fixed)
prospective treatment
Sirius HAM-Di7 Total score: <50% 2 mg 202 192
(NCT02196506)3 reduction from the start to the end (fixed)
of prospective treatment;
>14 at the end of prospective
treatment
CGI-I score: =3 at Weeks 2, 4, 6,
and 8 of prospective treatment
MADRS Total score: <50%
reduction from the start to Weeks
2,4, 6, and 8 of prospective
treatment
Delphinus 8- or 10-week, double- MADRS Total score: <50% 2-3mg 206 197
(NCT01727726)* blind, prospective reduction from the start to Weeks (flexible)
phase followed by 2,4, 6, and 82 of prospective
6-week, randomized, treatment; >18 at the end of
double-blind, placebo-  prospective treatment
controlled, active-
CGI-I score: =3 at Weeks 2, 4, 6,
referenced (quetiapine .
and 82 of prospective treatment
XR) phase
Orion 52-week (amended to  Not applicable (enrolled patients 0.5-3 mg Not 2,938
(NCT01360866)°> 26 weeks), open-label who completed Pyxis, Polaris and (flexible)  applicable

extension

Delphinus, including those patients
who responded to prospective
ADT)

aAnd Week 10, if applicable (in this study, in order to blind the timing of randomization,
patients were randomly assigned to an 8- or 10-week prospective treatment phase).

Abbreviations: ADT=antidepressant treatment; CGI-I=Clinical Global Impressions -
Improvement; HAM-D17=17-item Hamilton Depression Rating Scale;
MADRS=Montgomery-Asberg Depression Rating Scale; MDD=major depressive disorder;
XR=extended release.
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Supplementary Table 2. Incidence of Treatment-Emergent Shifts in Fasting
Total Cholesterol® from Baseline to Any Post-Baseline Visit in the Short-Term,
Fixed-Dose Studies®

ADT + Brexpiprazole

ADT +
n/N (%) Placebo 1 mg 2 mg 3 mg
High to normal 7/110 (6.4) 3/41 (7.3) 2/80 (2.5) 8/49 (16.3)

Borderline to normal  68/204 (33.3) 25/83 (30.1) 25/101 (24.8) 21/57 (36.8)
High to borderline 40/110 (36.4) 19/41 (46.3) 25/80 (31.3)  25/49 (51.0)
Normal to borderline  68/230 (29.6) 20/80 (25.0) 41/145 (28.3) 29/101 (28.7)
Borderline to high 47/204 (23.0) 31/83(37.3) 24/101 (23.8) 19/57 (33.3)
Normal to high 7/230 (3.0) 3/80 (3.8) 3/145 (2.1) 2/101 (2.0)

@Normal: <200 mg/dL; borderline: =200 to <240 mg/dL; high: =240 mg/dL.
bPooled data from Pyxis, Polaris, and Sirius.

Abbreviations: ADT=antidepressant treatment; n/N=number of patients with metabolic
shift/total number of patients in category at baseline who had a post-baseline result for
the given test.

Supplementary Table 3. Incidence of Treatment-Emergent Shifts in Fasting LDL
Cholesterol® from Baseline to Any Post-Baseline Visit in the Short-Term, Fixed-
Dose Studies®

ADT + Brexpiprazole

ADT +

n/N (%) Placebo 1 mg 2 mg 3 mg
High to normal 0/74 (0.0) 1/33 (3.0) 1/53 (1.9) 1/39 (2.6)
Borderline to normal  65/311 (20.9) 28/120 (23.3) 33/171 (19.3) 26/98 (26.5)
High to borderline 21/74 (28.4) 18/33 (54.5) 20/53 (37.7) 26/39 (66.7)
Normal to borderline 59/144 (41.0) 19/44 (43.2) 27/93 (29.0) 28/69 (40.6)
Borderline to high 44/311 (14.1) 19/120 (15.8) 21/171(12.3) 22/98 (22.4)
Normal to high 0/144 (0.0) 0/44 (0.0) 0/93 (0.0) 0/69 (0.0)

aNormal: <100 mg/dL; borderline: 2100 to <160 mg/dL; high: 2160 mg/dL.
bPooled data from Pyxis, Polaris, and Sirius.

Abbreviations: ADT=antidepressant treatment; LDL=low-density lipoprotein;
n/N=number of patients with metabolic shift/total number of patients in category at
baseline who had a post-baseline result for the given test.



Supplementary Table 4. Incidence of Treatment-Emergent Shifts in Fasting HDL
Cholesterol® from Baseline to Any Post-Baseline Visit in the Short-Term, Fixed-
Dose Studies®

ADT + Brexpiprazole

ADT +
n/N (%) Placebo 1 mg 2 mg 3 mg
Low to normal 27/53 (50.9) 6/20 (30.0) 15/31 (48.4) 11/24 (45.8)
Normal to low 32/490 (6.5) 13/184 (7.1) 9/292 (3.1) 12/183 (6.6)

aNormal: =40 mg/dL; low: <40 mg/dL.
bPooled data from Pyxis, Polaris, and Sirius.

Abbreviations: ADT=antidepressant treatment; HDL=high-density lipoprotein;
n/N=number of patients with metabolic shift/total number of patients in category at
baseline who had a post-baseline result for the given test.

Supplementary Table 5. Incidence of Treatment-Emergent Shifts in Fasting
Triglycerides® from Baseline to Any Post-Baseline Visit in the Short-Term,
Fixed-Dose Studies®

ADT + Brexpiprazole

ADT +
n/N (%) Placebo 1 mg 2 mg 3 mg
High/very high to 15/84 (17.9) 8/28 (28.6) 10/51 (19.6) 10/27 (37.0)

normal
Borderline to normal 40/75 (53.3) 17/31 (54.8) 26/49 (53.1) 18/29 (62.1)

High/very high to 39/84 (46.4) 8/28 (28.6) 11/51 (21.6) 13/27 (48.1)
borderline

Normal to borderline  46/385 (11.9) 30/145 (20.7) 31/226 (13.7) 34/150 (22.7)

Borderline to 24/75 (32.0) 11/31 (35.5) 20/49 (40.8) 12/29 (41.4)
high/very high

Normal to high/very 17/385 (4.4) 7/145 (4.8) 19/226 (8.4) 13/150 (8.7)
high

aNormal: <150 mg/dL; borderline: 2150 to <200 mg/dL; high/very high: =200 mg/dL.
bPooled data from Pyxis, Polaris, and Sirius.

Abbreviations: ADT=antidepressant treatment; n/N=number of patients with metabolic
shift/total number of patients in category at baseline who had a post-baseline result for
the given test.



Supplementary Table 6. Incidence of Treatment-Emergent Shifts in Fasting
Glucose? from Baseline to Any Post-Baseline Visit in the Short-Term, Fixed-Dose
Studies®

ADT + Brexpiprazole

ADT +

n/N (%) Placebo 1 mg 2 mg 3 mg
High to normal 1/15 (6.7) 0/3 (0.0) 3/11 (27.3) 2/4 (50.0)
Impaired to normal 61/110 (55.5) 35/52(67.3) 41/71(57.7) 27/46 (58.7)
High to impaired 9/15 (60.0) 3/3 (100.0) 9/11 (81.8) 2/4 (50.0)
Normal to impaired 94/415 (22.7) 38/149 (25.5) 45/244 (18.4) 39/154 (25.3)
Impaired to high 11/110 (10.0) 9/52 (17.3) 8/71 (11.3) 6/46 (13.0)
Normal to high 10/415 (2.4) 2/149 (1.3) 1/244 (0.4) 4/154 (2.6)

@Normal: <100 mg/dL; impaired: =100 to <126 mg/dL; high: 2126 mg/dL.
bPooled data from Pyxis, Polaris, and Sirius.

Abbreviations: ADT=antidepressant treatment; n/N=number of patients with metabolic
shift/total number of patients in category at baseline who had a post-baseline result for
the given test.



Supplementary Figure 1. Mean Change in Body Weight from Baseline to Week 6
(Short-Term Studies?), and to Weeks 26 and 58 (Long-Term Treatment?®), for
Patients Receiving ADT + Brexpiprazole, Stratified by Baseline BMI and
Triglyceride Level
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apooled data from Pyxis, Polaris, Sirius, and Delphinus.

bData from Orion, including parent studies for patients previously exposed to
brexpiprazole (see Methods for full definition).

Abbreviations: ADT=antidepressant treatment; BMI=body mass index.
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