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ABSTRACT

Objective: To assess the efficacy, safety, and tolerability
of brexpiprazole as adjunct to antidepressant treatment
(ADT) in adults with major depressive disorder (MDD) and
inadequate response to ADTs.

Methods: Outpatients with inadequate response to 1-3
ADTs during their current depressive episode (DSM-IV-TR
criteria) were administered prospective, open-label ADT.
Those patients with inadequate response to prospective ADT
were randomized to double-blind, adjunctive brexpiprazole
2 mg/d or placebo. The primary efficacy end point was

the change from baseline (randomization) to week 6 in
Montgomery-Asberg Depression Rating Scale (MADRS) total
score. Key secondary efficacy end points were the change

in Sheehan Disability Scale (SDS) mean score for all patients
and the change in MADRS total score for subgroups with
minimal response to prospective ADT and DSM-5-defined
anxious distress. The study was conducted from July 2014 to
May 2016.

Results: Adjunctive brexpiprazole (n=191) improved MADRS
total score from baseline to week 6 versus placebo (n=202;
least squares mean difference [95% confidence limits]: —2.30
[-3.97,-0.62]; P=.0074). There was no separation between
groups for the SDS mean score (—0.22 [-0.66, 0.23]; P=.33).
Adjunctive brexpiprazole also improved MADRS total score
versus placebo in the subgroups with minimal response

to prospective ADT (-2.25 [-4.23, -0.27]; P=.026) and
anxious distress (—2.98 [-5.24, —0.72]; P=.0099). Treatment
with adjunctive brexpiprazole was well tolerated with no
unexpected side effects.

Conclusions: This study adds to the substantial body of
evidence for the efficacy and tolerability of brexpiprazole as
adjunctive treatment in patients with MDD and inadequate
response to ADTs.
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Major depressive disorder (MDD) is a recurrent, chronic,
and seriously impairing disorder. Despite the availability of
different classes of antidepressants, approximately 50% of patients
with MDD do not achieve response with antidepressant treatment
(ADT), as shown in the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) study' and in a meta-analysis® of
182 randomized, double-blind, placebo-controlled trials. Patients
with MDD who do not adequately respond to ADT are at risk
of reduced quality of life, lower functional status, and reduced
well-being.® Failure to achieve full remission is associated with
poor work functioning and increased social and economic costs.*

For patients with inadequate response to ADT, treatment
options include switching to another antidepressant, adding
a second antidepressant in combination, or adding another
medication as adjunctive therapy (eg, lithium, thyroid hormone,
atypical antipsychotics, stimulants).> Although lithium has shown
a benefit adjunct to tricyclic antidepressants in small trials,®
there is little evidence to support lithium augmentation of newer
antidepressants, and the relevance of lithium augmentation to
contemporary clinical practice is unclear.” In contrast, atypical
antipsychotics have been systematically and rigorously studied
adjunct to selective serotonin reuptake inhibitors and serotonin-
norepinephrine reuptake inhibitors in large randomized
controlled trials, and are supported by the strongest evidence
base.>” Furthermore, atypical antipsychotics are the only class
with agents approved for the adjunctive therapy of MDD by the
US Food and Drug Administration. Specifically, aripiprazole,
brexpiprazole, and quetiapine extended-release (XR) are indicated
for the adjunctive treatment of MDD, and olanzapine-fluoxetine
combination is indicated for the treatment of treatment-resistant
depression.

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, )¢ receptors, all with subnanomolar potency.®
The efficacy and safety of brexpiprazole as adjunctive treatment
to ADT during 6 weeks have been demonstrated in 2 fixed-dose
studies in MDD,”!® which were used for US registration. The
primary objective of the present study (the Sirius study) was to
further assess the efficacy of brexpiprazole (2 mg/d) as adjunctive
treatment to ADT in patients with MDD who have demonstrated
an inadequate response to prospective ADT. Secondary objectives
included an assessment of the efficacy of adjunctive brexpiprazole
in the subgroup of patients who demonstrated minimal
improvement on prospective ADT and in the subgroup with
anxious distress. Safety and tolerability were also assessed.
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B Many patients with major depressive disorder (MDD) do
not adequately respond to antidepressant treatment;
these patients are at risk of reduced quality of life, lower
functional status, and reduced well-being.

B For adults with MDD and inadequate response to
antidepressant treatment, adjunctive brexpiprazole is well
tolerated and can provide a meaningful improvement in
depressive symptoms.

METHODS

The Sirius study was registered with ClinicalTrials.gov
(NCT02196506; https://clinicaltrials.gov/) and EudraCT
(2014-000062-22; https://eudract.ema.europa.eu/). The
study was conducted in accordance with the International
Conference on Harmonisation Good Clinical Practice
Guideline and local regulatory requirements. The study
protocol was approved by relevant institutional review
boards and independent ethics committees. All patients
provided written informed consent prior to the start of the
study, and possible side effects were fully explained.

Patients

Patients were enrolled by investigators at 51 sites in the
United States (60.5% of patients), Germany (11.4%), Poland
(11.4%), Slovakia (9.2%), and Hungary (7.6%). The study
started on July 9, 2014, and was completed on May 20, 2016.

Eligible patients were male or female outpatients, aged
18-65 years, with a diagnosis of MDD and a current
nonpsychotic major depressive episode of >8 weeks’
duration as defined by the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision (DSM-
IV-TR).!! Patients had an inadequate response to 1-3
prior ADTs during the current episode, defined as <50%
improved on a therapeutic dose for an adequate duration
(=6 weeks) according to the Massachusetts General Hospital
Antidepressant Treatment Response Questionnaire.!'?
Patients were also required to have a 17-item Hamilton
Depression Rating Scale (HDRS,,)!*!* total score of >18
at screening and on the first day of prospective treatment.
Key exclusion criteria were treatment with adjunctive
antipsychotic medication for >3 weeks during the current
episode, a specified DSM-IV-TR Axis I diagnosis other than
MDD, suicidal ideation or behavior, or substance abuse or
dependence within the past 180 days.

Study Design

Sirius was a randomized, double-blind, placebo-controlled
study of the efficacy and safety of fixed-dose brexpiprazole
(2 mg/d) as adjunctive therapy in the treatment of adults
with MDD. The study comprised an 8-week, single-blind,
prospective treatment phase followed by a 6-week, double-
blind, randomized treatment phase for patients who did not
fully respond to prospective treatment (see Supplementary
Figure 1 at PSYCHIATRIST.COM).

In the prospective treatment phase, patients received an
investigator-determined, open-label ADT together with
single-blind placebo. During this phase, patients were
assessed for inadequate response, defined as meeting all
of the following criteria: <50% reduction in HDRS,; total
score from the start to the end of prospective treatment;
HDRS;; total score > 14 at the end of prospective treatment;
Clinical Global Impressions-Improvement (CGI-I)*® score >3
(minimally improved) at weeks 2, 4, 6, and 8 of the prospective
treatment phase; and < 50% reduction in Montgomery-Asberg
Depression Rating Scale (MADRS)'® total score between the
start of prospective treatment and weeks 2, 4, 6, and 8 of the
prospective treatment phase. The criteria for inadequate
response were blinded from the investigators and site staff;
scores were entered into, and assessed by, an interactive web
response system (IWRS) to maintain the blinding.

Patients who did not meet the criteria for inadequate
response (ie, responders to prospective ADT) continued to
receive the same open-label ADT and single-blind placebo
until the end of the study; these patients were not randomized
or included in the analyses.

Patients meeting the criteria for inadequate response
were randomized in a 1:1 ratio to double-blind adjunctive
brexpiprazole 2 mg/d or placebo for 6 weeks. Brexpiprazole
was titrated such that patients received 0.5 mg/d during
the first week, 1 mg/d during the second week, and 2 mg/d
(therapeutic dose) from the third week onward. Adjunctive
treatments were administered orally once daily. Treatments
were assigned by the IWRS based on a fixed-block, computer-
generated randomization code provided by the study sponsor,
stratified by study center. Treatment assignments were blinded
to patients, investigators, and sponsor personnel, including
those involved in data analysis. Brexpiprazole and matching
placebo tablets were provided by the sponsor, packaged in
numbered, weekly blister cards.

Following study completion or withdrawal, patients were
prescribed appropriate ADT and had a safety follow-up via
telephone or clinic visit 30 days after the last dose of study
medication.

Assessments

Efficacy was assessed using clinician-rated scales for
depressive symptoms (MADRS,'® HDRS,'*!%) and overall
illness severity (CGI-Severity of Illness [CGI-S],'> CGI-I1').
Functioning was assessed using the patient-rated Sheehan
Disability Scale (SDS), comprising 3 items (work/studies,
social life, and family life) that are each scored from 0 (not
at all disrupted) to 10 (extremely disrupted).!” During the
randomized treatment phase, efficacy assessments were made
at baseline (randomization) and at each weekly visit (except
at baseline and weeks 3 and 6 only for the SDS and at baseline
and week 6 only for the HDRS,,).

Safety and tolerability assessments at each visit included
adverse event (AE) reporting, assessments of extrapyramidal
symptoms (EPS) (Simpson-Angus Scale [SAS],'® Abnormal
Involuntary Movement Scale [AIMS; baseline and week
6 only],!> and Barnes Akathisia Rating Scale [BARS]'?),
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Figure 1. Patient Disposition
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Abbreviation: ADT =antidepressant treatment.

suicidality (Columbia Suicide Severity Rating Scale
[C-SSRS]?), sexual functioning (Massachusetts General
Hospital Sexual Functioning Questionnaire [MSFQ; baseline
and week 6 only]?!), and standard safety assessments at various
time points including body weight, electrocardiograms, vital
signs, and laboratory measurements.

Data Analysis

Sample size was calculated based on an expected between-
group difference of 3.0 points (standard deviation, 8.3) in
the mean change in MADRS total score from baseline to
week 6 of the randomized treatment phase, based upon the
results of a previous study.” A sample size of 324 evaluable
patients (162 in each treatment group) was projected to yield
at least 90% power to detect the treatment effects at a 2-sided
significance level of .05.

Safety analyses were performed in the safety population,
defined as all randomized patients who took at least 1 dose
of double-blind medication in the randomized treatment
phase. Efficacy analyses were conducted in the efficacy
population, defined as all patients in the safety population
who had a baseline and at least 1 postbaseline MADRS total
evaluation. Baseline measurements were defined as the last
available measurement prior to receiving the first dose of
randomized treatment (provided that the measurement took
place in the 2 weeks prior to the randomization visit).

The primary efficacy end point was the change from
baseline to week 6 in MADRS total score, analyzed using
mixed-model repeated measures (MMRM) with fixed class

effect terms for treatment, study center, and visit week and an
interaction term of treatment by visit week. The interaction
term of baseline MADRS total score by visit week was
included as covariate. The primary treatment comparison
(ADT + brexpiprazole vs ADT +placebo) was tested at a
significance level of .05 (2-sided), using least squares mean
differences (LSMDs).

The first key secondary efficacy end point was the change
from baseline to week 6 in SDS mean score (defined as the
mean of the 3 SDS items). Following a protocol amendment
prior to the start of the study, 2 other key secondary efficacy
end points were added to generate a better understanding
of the effect of brexpiprazole in 2 prespecified populations.
These end points were the change from baseline to week 6
in MADRS total score for (1) the subgroup with minimal
response to prospective ADT (defined as < 25% reduction in
MADRS total score from the start to the end of prospective
treatment) and (2) the subgroup with anxious distress at
screening (defined using the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [DSM-5], anxious
distress specifier?’; Supplementary Table 1). SDS mean
score was analyzed using the same MMRM model as for
the primary analysis; the other 2 key secondary efficacy
variables used the same model but without the fixed class
effect term for study center. A hierarchical testing procedure
was employed to maintain the overall experiment-wise type
I error rate at a level of .05.

Other secondary efficacy end points were evaluated at a
nominal .05 level (2-sided). Change from baseline in CGI-S
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Table 1. Baseline Demographic and Clinical Characteristics
(Randomized Population)?

ADT+
ADT+Placebo  Brexpiprazole
Variable (n=202) 2mg(n=192)
Demographic characteristics
Age, y° 42.7 (12.5) 43.0(12.7)
Body mass index, kg/m? 29.7(7.2) 29.4(6.9)
Female, n (%) 144 (71.3) 147 (76.6)
White, n (%) 171 (84.7) 164 (85.4)
Clinical characteristics
Duration of current episode, mo®
Mean (SD) 19 4 (46.8) 13.3(14.2)
Median (range) 0 (2-505) 8.0 (2-83)
Recurrent episode, n (%) 167 (82.7) 160 (83.3)
No. of lifetime episodes 2(2.4) 3.1(1.8)
Met DSM-5 criteria for anxious distress 124 (61.4) 125 (65.1)
at screening, n (%)
Number of prior ADT failures, n (%)<
1 162 (80.2) 157 (81.8)
2 35(17.3) 31(16.1)
3 5(2.5) 4(2.1)
MADRS total score 26.2 (6.2) 27.1(5.7)
SDS mean score 5.6(2.2) 5.6(2.3)d
CGI-S score 4.2(0.6) 4.3(0.6)
HDRS;; total score 21.0(3.7) 21.5(3.5)4
Assigned antidepressant treatment, n (%)¢
Escitalopram 39(19.3) 35(18.2)
Fluoxetine 30(14.9) 38(19.8)
Paroxetine CR 28(13.9) 29 (15.1)
Sertraline 36(17.8) 24(12.5)
Duloxetine 42 (20.8) 27 (14.1)
Venlafaxine XR 27 (13.4) 39(20.3)

2Values shown as mean (SD) unless otherwise noted.

bAt the start of prospective treatment.

“The most common prior ADTs (treatment with which >10% of patients
failed) were citalopram (15.5%), sertraline (15.1%), fluoxetine (12.3%), and
escitalopram (11.3%).

dn=191.

€No more than 2 of every 6 patients at each center were assigned to the
same ADT without approval by the medical monitor.

Abbreviations: ADT =antidepressant treatment; CGI-S=Clinical
Global Impressions-Severity of lliness scale; CR=controlled release;
DSM-5 = Diagnostic and Statistical Manual of Mental Disorders,

Fifth Edition; HDRS,;=17-item Hamilton Depression Rating Scale;
MADRS =Montgomery-Asberg Depression Rating Scale; SDS=Sheehan
Disability Scale; XR=extended release.

score was analyzed using the same MMRM model as for
the primary analysis. Change from baseline in HDRS; total
score was assessed using analysis of covariance (ANCOVA)
(last observation carried forward [LOCF]). Mean CGI-I
score at each visit was analyzed using the Cochran-Mantel-
Haenszel (CMH) row mean scores differ test, controlling
for study center (LOCF). MADRS response, defined as a
>50% reduction from baseline in MADRS total score, and
CGI-I response, defined as a CGI-I score of 1 (very much
improved) or 2 (much improved), were evaluated using the
CMH general association test, controlling for study center
(LOCF). MADRS remission, defined as a >50% reduction
from baseline in MADRS total score and a MADRS total
score <10, was also evaluated using the CMH general
association test (LOCF).

Safety and tolerability outcomes are presented using
descriptive statistics. For the SAS, AIMS, BARS, body
weight, and MSFQ assessments, the change from baseline
was evaluated using ANCOVA (observed cases).

Figure 2. Effects of Brexpiprazole and Placebo as Adjunct to
Antidepressant Treatment on MADRS Total Score (Efficacy
Population)?

LS Mean (SE) Change From Baseline

12 M ADT + Placebo (n = 202) **
@ ADT + Brexpiprazole 2 mg (n = 191)

-14 T T T T T T
0 1 2 3 4 5 6

Week

@Baseline MADRS total scores: ADT + placebo = 26.2; ADT + brexpiprazole
2mg=27.1.

*P<.05 versus placebo.

**P<.01 versus placebo.

Abbreviations: ADT =antidepressant treatment, LS =least squares,
MADRS =Montgomery-Asberg Depression Rating Scale.

All analyses were performed using SAS 9.4 software (SAS
Institute Inc., Cary, North Carolina).

RESULTS

Patients

Of the 837 patients who entered the prospective
treatment phase, 121 (14.5%) discontinued before the
end of the phase, 322 (38.5%) demonstrated response
to ADT + placebo and were therefore not randomized
(and were excluded from the analyses), and 394 (47.1%)
demonstrated inadequate response to ADT + placebo and
were eligible for randomization (Figure 1). Inadequate
responders continued to receive the same ADT and were
randomized to adjunctive brexpiprazole 2 mg/d (n=192)
or adjunctive placebo (n=202). Of the randomized
patients, 177 (92.2%) receiving ADT + brexpiprazole
and 196 (97.0%) receiving ADT + placebo completed the
randomized treatment phase. The most common reasons
for discontinuation were withdrawal of consent (4.2%
for ADT + brexpiprazole, 0.5% for ADT + placebo) and
adverse events (2.1% for ADT+brexpiprazole, 0.5% for
ADT + placebo).

Baseline demographic and clinical characteristics of the
randomized population were similar between treatment
groups (Table 1). Patients were moderately ill at baseline.

Efficacy
On the primary efficacy end point of change in MADRS
total score from baseline to week 6 (Figure 2; Table 2),
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Table 2. Effects of Brexpiprazole and Placebo as Adjunct to Antidepressant Treatment on
Efficacy End Points at Week 6 (Efficacy Population)

ADT + Placebo (n=202)

ADT +Brexpiprazole 2 mg (n=191)

LS Mean (SE) LS Mean (SE)
Mean (SD) Change From Mean (SD)  Change From Difference From Placebo
Variable at Baseline Baseline at Baseline Baseline LS Mean (95% CL) PValue
MADRS total score 26.2 (6.2) -8.1(0.6) 27.1(5.7) -10.4 (0.6) -2.30(-3.97,-0.62) .0074
Subgroup with <25%  27.8 (5.8) -8.9(0.7) 28.0(5.5) -11.1(0.7) -2.25(-4.23,-0.27) .026
improvement? (n=158) (n=161)
Subgroup with 27.1(6.2) -8.9(0.8) 27.6(5.4) -11.8(0.8) —2.98 (-5.24,-0.72) .0099
anxious distress? (n=124) (n=124)
SDS score
Mean 56(2.2) -14(0.2) 56(24) -1.6(0.2) —-0.22 (-0.66, 0.23) 33
(n=200) (n=187)
Work/studies 53(24) -14(0.2) 5.2(2.5) -1.3(0.2) 0.12 (-0.44,0.67) .68
(n=162) (n=142)
Social life 5.8(2.5) -1.5(0.2) 6.0 (2.6) -1.8(0.2) -0.34(-0.82,0.14) .16
(n=200) (n=187)
Family life 55(24) -14(0.2) 5.5(2.5) -1.7(0.2) —-0.27 (-0.74,0.19) 25
(n=200) (n=187)
CGI-S score 43(0.7) -1.1(0.1) 43(0.6) -1.3(0.1) —-0.20 (-0.42,0.02) .071
HDRS;; total score 20.9(3.7) -5.9(0.5) 21.6(3.6) -7.1(0.5) -1.16 (-2.41,0.09) .069
(n=198) (n=185)
Mean (SD) Mean (SD) Mean (95% CL) PValue
CGl-I score® 26(1.2) 24(1.1) —0.24 (-0.46,-0.02) .035
n (%) n (%) Ratio (95% CL) PValue
MADRS responsed 66 (32.7) 72(37.7) 1.16 (0.90, 1.48) 25
CGl-I response® 99 (49.0) 107 (56.0) 1.15(0.96, 1.38) 12
MADRS remissionf 52(25.7) 56 (29.3) 1.15(0.85, 1.55) .37

aDuring prospective ADT.
bDSM-5 criteria.
Relative to baseline (randomization).

dDefined as > 50% reduction from baseline in MADRS total score.

€Defined as CGl-I score of 1 (very much improved) or 2 (much improved) relative to baseline.

fDefined as > 50% reduction from baseline in MADRS total score and a MADRS total score < 10.

Abbreviations: ADT =antidepressant treatment; CGl-I=Clinical Global Impressions-Improvement scale; CGI-S =Clinical
Global Impressions-Severity of lliness scale; CL=confidence limits; DSM-5 = Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition; HDRS,; = 17-item Hamilton Depression Rating Scale; LS =least squares;
MADRS =Montgomery-Asberg Depression Rating Scale; SDS = Sheehan Disability Scale.

improvement was statistically significantly greater in the
ADT + brexpiprazole group than in the ADT + placebo
group (LSMD [95% confidence limits]: —2.30 [-3.97, —-0.62];
P=.0074).

On the first key secondary efficacy end point of
change in SDS mean score from baseline to week 6
(Table 2), the ADT + brexpiprazole group had a greater
numerical improvement from baseline to week 6 than the
ADT + placebo group (LSMD: —-0.22 [-0.66, 0.23]); however,
this difference was not statistically significant (P=.33), and
the formal hierarchical testing procedure was terminated.
ADT + brexpiprazole showed numerical benefits over
ADT + placebo on the SDS items of social life and family
life, but not work/studies (Table 2).

On the second and third key secondary efficacy end
points, the ADT + brexpiprazole group showed greater
improvement in MADRS total score from baseline to
week 6 than the ADT + placebo group in the subgroup of
patients with <25% improvement during prospective ADT
and the subgroup of patients with DSM-5 anxious distress
at screening, with nominal P values of .026 and .0099,
respectively (Table 2). Of the other secondary efficacy end
points, only CGI-I score favored ADT + brexpiprazole at
week 6 (Table 2).

Safety and Tolerability

From baseline (the start of the randomized treatment
phase), more patients experienced treatment-emergent
AEs (TEAEs) in the ADT + brexpiprazole group than in the
ADT + placebo group (59.9% vs 49.5%) (Table 3). The most
frequent TEAEs in patients receiving ADT + brexpiprazole
were akathisia (8.3%), restlessness (8.3%), upper respiratory
tract infection (5.2%), and increased weight (5.2%) (Table
3). Nausea and vomiting were infrequent (<1%) with
brexpiprazole, and all sedating TEAEs had an incidence
<5%. The majority of TEAEs were mild or moderate in
severity.

The incidence of EPS-related TEAEs was higher among
patients receiving brexpiprazole (11.5%) than those
receiving placebo (6.9%). The most frequently reported
EPS-related TEAE was akathisia (Table 3). In the analysis
of change from baseline in EPS scale scores, only the BARS
global score showed a small treatment difference between
ADT +brexpiprazole and ADT + placebo at last visit, in favor
of ADT + placebo (Supplementary Table 2).

The mean (SD) change in body weight from baseline to
week 6 was 1.5 (2.1) kg (3.3 [4.6] Ib) for ADT + brexpiprazole
(n=177) and 0.5 (1.9) kg (1.1 [4.2] Ib) for ADT + placebo
(n=196; P<.0001). Increase in body weight >7% at
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Table 3. Treatment-Emergent Adverse Events (TEAEs) From
the Start of the Randomized Treatment Phase (Safety
Population)?

ADT +
ADT +Placebo Brexpiprazole
Variable (n=202) 2mg(n=192)
At least 1 TEAE 100 (49.5) 115 (59.9)
Discontinuation due to TEAE 1(0.5)P 4(2.1)¢
TEAEs occurring in > 5% of patients in
any treatment group
Akathisia 10 (5.0) 16 (8.3)
Restlessness 4(2.0) 16 (8.3)
Upper respiratory tract infection 10(5.0) 10(5.2)
Weight increased 1(0.5) 10(5.2)
Nasopharynagitis 10(5.0) 9(4.7)
Headache 15(7.4) 7 (3.6)
Other activating TEAEs
Insomnia 2(1.0) 9(4.7)
Anxiety 3(1.5) 3(1.6)
Sedating TEAEs
Somnolence 6 (3.0 9(4.7)
Fatigue 1(0.5) 5(2.6)
Sedation 2(1.0) 1(0.5)

2All values shown as n (%).

bAnxiety.

“Anxiety, fatigue, insomnia, and restlessness.
Abbreviation: ADT =antidepressant treatment.

any postbaseline visit was reported by 8 (4.2%) of 192
patients receiving ADT + brexpiprazole and 2 (1.0%) of
202 patients receiving ADT + placebo. The assessment
of electrocardiograms, vital signs, and laboratory
measurements (including glucose, total cholesterol, and
triglycerides; Supplementary Table 3) did not show any
consistent differences between the ADT + brexpiprazole and
ADT + placebo groups.

No suicidal behavior was reported on the C-SSRS
during the randomized treatment phase, and the incidence
of treatment-emergent suicidal ideation was lower in the
ADT + brexpiprazole group (3.6%) than in the ADT + placebo
group (7.4%). No patients died during the study.

In terms of sexual functioning, greater improvement from
baseline to last visit was seen for ADT + brexpiprazole versus
ADT + placebo on the MSFQ individual items of “interest
in sex” and “sexually aroused” (Supplementary Table 4).
One patient in each treatment group experienced a TEAE
of decreased libido, and 1 patient in the ADT + brexpiprazole
group had a TEAE of anorgasmia.

DISCUSSION

The Sirius study confirms the results of 2 previous
studies”! showing that brexpiprazole adjunct to ADT is
efficacious for treating depressive symptoms, based on
MADRS total score, among patients with inadequate response
(<50% improvement) to ADT. A benefit for brexpiprazole
was observed at each week in which the therapeutic dose was
received (week 3 onward). The LSMD between brexpiprazole
2 mg/d and placebo at week 6 was —2.3, comparable with the
differences found in the previous studies (2 mg/d, -3.2; and
3 mg/d, —2.0).>!° This degree of improvement is above the
minimum clinically important difference for the MADRS

total, believed to be around 2 points.?*** Thé benefit of
brexpiprazole on MADRS total score is also comparable to
that of other adjunctive atypical antipsychotics in MDD,
as observed in a meta-analysis?® of randomized controlled
trials (aripiprazole, 3.2 points over 6 weeks; quetiapine XR,
2.7 points over 6 weeks; olanzapine-fluoxetine combination,
2.6 points over 8-12 weeks).

Adjunctive brexpiprazole was also associated with a
greater improvement than placebo in the subgroup of
patients who demonstrated minimal improvement (<25%)
during prospective ADT. This was a prespecified secondary
end point, the result of which suggests that brexpiprazole is
beneficial in hard-to-treat patients who have garnered little
benefit from ADT. Greater improvement was also shown in
the subgroup of patients with anxious distress at screening.
Anxious distress in MDD is associated with more severe
depression and reduced workplace productivity.?® In general,
anxiety symptoms among patients with depression are
associated with greater suicidal ideation, reduced likelihood
of response to antidepressant treatment, and a longer
time to response.?’ In this prospectively defined analysis,
brexpiprazole had a numerically greater effect in patients
with anxious distress than in the whole study population.

In terms of functioning, in the brexpiprazole MDD US
registration studies,”!® adjunctive brexpiprazole showed
greater improvement than adjunctive placebo on the SDS
mean score. In Sirius, adjunctive brexpiprazole showed
numerical advantages over adjunctive placebo on the SDS
mean score (and the items of social life and family life), but
failed to separate at a significance level of .05. This difference
may be attributed, in part, to a greater benefit of placebo on
the SDS mean score in Sirius compared with previous studies.

As in previous brexpiprazole studies,”!? Sirius had a high
completion rate in both treatment arms (>90%), indicating
that adjunctive brexpiprazole was well tolerated. The most
commonly reported TEAEs in the ADT + brexpiprazole
group were akathisia (8.3%) and restlessness (8.3%). The
incidence of akathisia was consistent with observations
in other short-term brexpiprazole MDD studies (9.2%),%
whereas restlessness had a higher incidence than in previous
short-term studies (3.4%),?® potentially linked to a higher
proportion of patients with anxious distress in Sirius than in
previous studies. No excessive effect on weight was observed
(1.5 kg increase over 6 weeks), and 3% more patients
receiving adjunctive brexpiprazole than placebo had a 27%
increase in body weight, which is consistent with other
short-term brexpiprazole MDD studies.?® Changes in EPS
rating scale scores were small and not considered clinically
meaningful. With the exception of akathisia and restlessness,
activating and sedating side effects were infrequent
among patients who received brexpiprazole. Nausea and
vomiting were also infrequent, and there was no clinically
relevant adverse effect on prolactin or sexual function. The
tolerability of brexpiprazole may be partially attributed to its
intrinsic activity at D, receptors, which is lower than that of
aripiprazole.® Thus, brexpiprazole may be less likely to induce
D,-agonist-mediated adverse effects (such as akathisia and
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nausea) than aripiprazole, as'well “as being less likely to
induce D,-antagonist-mediated side effects (such as EPS
and hyperprolactinemia) than antipsychotics associated with
dopaminergic blockade. 3!

Limitations for Sirius were the relatively short duration of
double-blind treatment and the lack of an active comparator,
such as another approved adjunctive antipsychotic. The
study evaluated the effects of brexpiprazole in patients with
MDD and inadequate response to ADTs. However, due to
the patient selection criteria (outpatients with no psychotic

Efficacy and Safety of Adjunctive Brexpiprazole in MDD

symptoms and low suicide risk) and-restrictions regarding
concomitant medications and comorbidities, the results
are of limited generalizability. Finally, the protocol did not
exclude patients who had previously received adjunctive
antipsychotics unless these agents were taken for >3 weeks.
In conclusion, Sirius adds to the substantial body
of evidence for the efficacy of brexpiprazole 2 mg/d as
adjunctive treatment in patients with MDD with inadequate
response to ADTs. Treatment with brexpiprazole was well
tolerated, and no unexpected side effects were observed.
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Supplementary Figure 1. Study Design

Screening Prospective Treatment Non-responders: Randomized Treatment
(7-28d) (8 wk) (6 wk)

ADT + brexpiprazole 2 mg/d

First week, 0.5 mg/d
Second week, 1 mg/d
Third week onwards, 2 mg/d

Screening? ADT + placebo ADT + placebo

Permitted ADTs:
Escitalopram (10 or 20 mg/d)
Fluoxetine (20 or 40 mg/d)

Paroxetine CR (37.5 or 50 mg/d) . ~ Responders:
Sertraline (100, 150 or 200 mg/d) Continuation of Prospective Treatment
Duloxetine (40 or 60 mg/d) (6 wk)

Venlafaxine XR (75, 150 or 225 mg/d)

ADT + placebo

Baseline Week 6

aAnd washout of prohibited concomitant pharmacotherapy.

Patients received the same ADT for the duration of the study. ADT dose changes were permitted for the first 4 weeks of
prospective treatment only.

During the prospective treatment phase patients visited the study center at weekly intervals for the first 4 weeks and then every
2 weeks; visits were at weekly intervals during the randomized treatment phase.

Abbreviations: ADT=antidepressant treatment, CR=controlled-release, XR=extended-release.
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Supplementary Table 1. Summary of the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) Anxious Distress Specifier

Anxious distress is defined as the presence of at least two of the following symptoms
during the majority of days of a major depressive episode:

Wb

5.

Feeling keyed up or tense.

Feeling unusually restless.

Difficulty concentrating because of worry.
Fear that something awful may happen.

Feeling that the individual might lose control of himself or herself.

Source: American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, 5th ed. Arlington, VA: American Psychiatric Association; 2013.



Supplementary Table 2. Extrapyramidal Symptom Rating Scale Scores (Safety
Population)

ADT + Placebo ADT + Brexpiprazole 2 mg
(n=202) (n=190)
Mean LS Mean Mean LS Mean LSMD From
(SD) At (SD) (SD) At (SD) Placebo?
Variable Baseline Change® Baseline Change? (95% CL) P Value
SAS Total score 0.18 0.00 0.36 0.16 0.16 .052
(0.51) (0.63) (0.89) (1.11) (0.00, 0.33)
AIMS Movement 0.08 0.03 0.02 0.01 -0.02 .73
rating score® (0.49) (0.63) (0.15) (0.35) (-0.12, 0.08)
BARS Global 0.21 -0.03 0.21 0.16 0.19 .0018
score (0.55) (0.55) (0.53) (0.76) (0.07, 0.31)

aChange from baseline to last visit.

bn=198 for ADT + placebo, n=185 for ADT + brexpiprazole. AIMS Movement rating score
was defined as the sum of items 1-7 (facial and oral, extremity, and trunk movements).

Abbreviations: ADT=antidepressant treatment, AIMS=Abnormal Involuntary Movement
Scale, BARS=Barnes Akathisia Rating Scale, CL=confidence limits, LS=least squares,
LSMD=least squares mean difference, SAS=Simpson—Angus Scale, SD=standard
deviation.

4
Itisillegal to post this copyrighted PDF on any website. ¢ © 2018 Copyright Physicians Postgraduate Press, Inc.



Supplementary Table 3. Laboratory Assessments (Safety Population)

ADT +
ADT + Brexpiprazole
Parameter Placebo 2 mg
Glucose
Fasting serum glucose (mg/dL), mean 1.42 (n=169) -0.44 (n=160)
change?
Fasting serum glucose normal to high (<100 0/131 (0.0) 1/123 (0.8)
mg/dL to =126 mg/dL), n/N (%)®
Fasting serum glucose impaired to high (=100 0/35 (0.0) 3/32 (9.4)
and <126 mg/dL to 2126 mg/dL), n/N (%)®
HbAlc (%), mean change?® 0.03 (n=98) 0.05 (n=93)
Lipids (fasting)
Total cholesterol (mg/dL), mean change? 3.03 (n=171) 1.68 (n=160)
HDL cholesterol (mg/dL), mean change? 0.31 (n=170) 1.97 (n=157)
LDL cholesterol (mg/dL), mean change? 1.89 (n=166) -1.14 (n=153)
Triglycerides (mg/dL), mean change? 2.24 (n=171) 6.91 (n=160)
HDL cholesterol normal to low (=40 mg/dL to 4/157 (2.5) 6/146 (4.1)
<40 mg/dL), n/N (%)°
LDL cholesterol normal/borderline to high 11/140 (7.9) 7/124 (5.6)
(<160 mg/dL to 2160 mg/dL), n/N (%)®
Triglycerides normal to high (<150 mg/dL to 2/128 (1.6) 4/111 (3.6)
>200 and <500 mg/dL), n/N (%)®
Triglycerides normal/borderline to high (<200 7/151 (4.6) 10/132 (7.6)
mg/dL to =200 and <500 mg/dL), n/N (%)°
Prolactin
Serum prolactin (ng/mL), mean change?
Female 0.0 (n=141) 7.2 (n=141)
Male 0.1 (n=55) 2.2 (n=44)
Prolactin >2x ULN, n/N (%0)¢
Female 0/143 (0.0) 1/142 (0.7)
Male 0/57 (0.0) 0/44 (0.0)
Prolactin >3x ULN, n/N (%0)¢
Female 0/143 (0.0) 0/142 (0.0)
Male 0/57 (0.0) 0/44 (0.0)

aFrom baseline to last evaluable value.

bShift from baseline to any post-baseline visit.



€At any post-baseline visit (patients counted once, in the highest category that applies).

Abbreviations: ADT=antidepressant treatment, HDL=high-density lipoprotein, LDL=low-
density lipoprotein, n/N=number of patients with potentially clinically relevant shift/total
number of patients in category, ULN=upper limit of the normal range.
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Supplementary Table 4. Massachusetts General Hospital Sexual Functioning
Questionnaire (MSFQ) Scores (Safety Population)

ADT + Placebo

ADT + Brexpiprazole 2 mg

(n=198) (n=184)
Mean LS Mean Mean LS Mean LSMD From
(SD) At (SD) (SD) At (SD) Placebo?

Variable Baseline Change® Baseline Change? (95% CL) P Value
Interest in sex 4.3 (1.4) -0.11 4.4 (1.5) -0.46 -0.35 .0023

(1.11) (1.25) (-0.58, -0.13)
Sexually aroused 4.3 (1.4) -0.15 4.3 (1.5) -0.42 -0.27 .012

(0.94) (1.25) (-0.48, -0.06)
Achieve orgasm 4.4 (1.4) -0.18 4.6 (1.4) -0.34 -0.16 .16

(0.93) (1.34) (-0.38, 0.06)
Maintain 3.3 (1.2) -0.12 3.8 (1.4) -0.28 -0.16 47
erection® (0.97) (1.06) (-0.60, 0.28)
Overall sexual 4.5 (1.5) -0.25 4.6 (1.4) -0.42 -0.17 A1
satisfaction (0.98) (1.18) (-0.39, 0.04)

aChange from baseline to last visit.

®Men only: ADT + placebo, n=57; ADT + brexpiprazole 2 mg, n=44.

Abbreviations: ADT=antidepressant treatment, CL=confidence limits, LS=least squares,
LSMD=least squares mean difference, SD=standard deviation.
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