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ABSTRACT
Objective: To evaluate efficacy, safety, and tolerability of brexpiprazole 
adjunctive to antidepressant treatments (ADTs) in patients with major 
depressive disorder (as defined by DSM-IV-TR criteria) with inadequate 
response to ADTs.

Method: Patients still depressed despite 1–3 prior ADTs followed by 
8 weeks of prospective physician-determined, open-label ADT were 
randomized (1:1:1) to double-blind brexpiprazole 3 mg/d, brexpiprazole 
1 mg/d, or placebo for 6 weeks. The primary efficacy end point was 
change in Montgomery-Asberg Depression Rating Scale (MADRS) total 
score from baseline to week 6. The key secondary efficacy end point 
was change in Sheehan Disability Scale mean score. The Hochberg 
procedure corrected for multiplicity. The efficacy population comprised 
all patients who had ≥ 1 dose of study drug with baseline and ≥ 1 
postrandomization MADRS scores; the efficacy population per final 
protocol consisted of efficacy population patients meeting amended 
criteria for inadequate response throughout the 8-week prospective 
ADT. The study was conducted between June 2011 and September 2013.

Results: In the efficacy population per final protocol, brexpiprazole  
3 mg (n = 213) showed a greater improvement in MADRS total score 
versus placebo (n = 203; −8.29 vs −6.33; P = .0079), whereas brexpiprazole 
1 mg did not (n = 211; −7.64 vs −6.33; P = .0737). The brexpiprazole 
groups showed comparable improvement in SDS mean score versus 
placebo (least squares [LS] mean difference: [1 mg] −0.49, P = .0158; [3 
mg] −0.48, P = .0191). The most frequent adverse events were akathisia 
(4.4%, 13.5%, 2.3%), headache (9.3%, 6.1%, 7.7%), and weight increase 
(6.6%, 5.7%, 0.9%) in brexpiprazole 1-mg, 3-mg, and placebo groups, 
respectively. Mean changes from baseline in Abnormal Involuntary 
Movement Scale (LS mean difference = 0.08, P = .0141) and Barnes 
Akathisia Rating Scale (LS mean difference = 0.17, P = .0001) total scores 
were significantly greater with brexpiprazole 3 mg versus placebo.

Conclusions: Brexpiprazole 3 mg demonstrated efficacy versus placebo 
in the efficacy population per final protocol. Both doses of brexpiprazole 
were well tolerated.
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Major depressive disorder (MDD) is one of the 
world’s great public health problems. It has an 

estimated prevalence of 4.7%,1 and, in 2010, MDD was 
the second highest cause of years lived with disability.2 
Furthermore, MDD has considerable economic impact,3 
especially among patients not responding to treatment,4,5 
causing loss of productivity and increased mortality.3

Although numerous antidepressant treatments 
(ADTs) are available, a significant minority of people 
suffering from MDD do not respond to first-line 
therapies.6,7 Treatment options following inadequate 
ADT response include changing to another ADT—
either within the same class or in another ADT 
class—or augmenting ADT with another medication, 
such as a second-generation antipsychotic.6,8 In the 
United States, adjunctive aripiprazole and quetiapine 
are currently approved in MDD, while olanzapine 
combined with fluoxetine is approved for patients 
with treatment-resistant depression. Although efficacy 
has been established in many randomized controlled 
trials, tolerability profiles of these agents limit their 
clinical use.9,10 Side effects vary between medications 
but most commonly include akathisia for aripiprazole, 
increased appetite/weight gain for olanzapine-fluoxetine 
combination, and excessive sedation for quetiapine.11 
Weight gain can be a particularly ominous side effect 
because it increases the lifetime risk for other metabolic 
abnormalities; extrapyramidal symptoms (EPS) are 
similarly associated with some eventual risk of tardive 
dyskinesia. Therefore, effective adjunctive treatments 
with an improved tolerability profile for patients who 
do not respond adequately to ADT monotherapy are 
needed.

Brexpiprazole is a rationally designed serotonin-
dopamine activity modulator, with partial agonism 
at serotonin 5-HT1A and dopamine D2 receptors at 
similar potency and potent antagonism at 5-HT2A and 
norepinephrine α1B and α2C receptors. Brexpiprazole 
shows partial agonism at the D2 receptor with lower 
intrinsic activity than aripiprazole, suggesting a 
comparably lower potential to induce D2 agonist-
mediated adverse effects, eg, akathisia. Furthermore, 
brexpiprazole has moderate affinity, relative to D2/5HT1A 
receptor affinity, for histamine H1 receptors, which may 

Notice of correction: As of September 17, 2015, the 
CGI-I Responder row in Table 2 has been corrected. 

https://www.clinicaltrials.gov/ct2/show/NCT01360632?term=NCT01360632&rank=1
http://).
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Adjunctive Brexpiprazole 1 and 3 mg in MDD

 ■ Availability of more effective and better tolerated 
antidepressant treatments remains a significant unmet 
need for patients with major depressive disorder 
(MDD); clinical use of adjunctive second-generation 
antipsychotics can be limited by their tolerability profiles.

 ■ Adjunctive brexpiprazole 3 mg improved depressive 
symptoms compared with antidepressant monotherapy 
in patients with MDD and inadequate response to 
antidepressant treatment.

 ■ Brexpiprazole was well tolerated in this population.

Clinical Points

result in lower levels of sedation than other antipsychotic 
agents.12 Preclinical data suggest that brexpiprazole has 
therapeutic potential as an antipsychotic and as adjunctive 
treatment for MDD.13,14

Efficacy of adjunctive brexpiprazole (2 mg/d) was 
demonstrated in a phase 3 study (Pyxis; ClinicalTrials.
gov identifier: NCT01360645) in patients with MDD 
and inadequate ADT response.15 The objective of this 
second phase 3 study (Polaris; ClinicalTrials.gov identifier: 
NCT01360632) was to evaluate efficacy, safety, and tolerability 
of brexpiprazole 1 mg/d and 3 mg/d in patients with MDD 
and inadequate response to ADTs.

METHOD

Patients
Adult outpatients aged 18–65 years were enrolled at 92 

centers in the United States (71.7% of patients), Germany 
(9.2%), Ukraine (5.9%), Russia (5.7%), Hungary (3.5%), 
Canada (2.7%), and Romania (1.3%). Patients were diagnosed 
with a single or recurrent nonpsychotic episode of MDD 
according to Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, Text Revision (DSM-IV-TR) 
criteria16 of at least 8 weeks’ duration. During the current 
episode, patients must have had inadequate response, defined 
as < 50% reduction in Massachusetts General Hospital 
Antidepressant Treatment Response Questionnaire (ATRQ) 
score17 to an adequate trial of 1–3 ADTs. Eligible patients had 
17-item Hamilton Depression Rating Scale (HDRS-17)18,19 
total scores ≥ 18 at screening and at start of the prospective 
treatment phase. Key exclusion criteria and concomitant 
medication regulations are in eAppendix 1 (available at 
Psychiatrist.com).

The study was conducted in compliance with the 
International Conference on Harmonisation Good Clinical 
Practice Consolidated Guideline. The protocol was approved 
by independent ethics committees, and all patients provided 
written informed consent.

Study Design
This randomized, double-blind, placebo-controlled, 

multicenter phase 3 study was conducted between June 2011 
and September 2013 and comprised a 7- to 28-day screening 
phase; an 8-week single-blind, prospective treatment phase; 
and a 6-week double-blind, randomized treatment phase 
(Figure 1A).

During the 8-week prospective treatment phase, patients 
received single-blind placebo adjunctive to a physician-
determined open-label ADT from the following list: 
escitalopram, fluoxetine, paroxetine controlled release, 
sertraline, duloxetine, and venlafaxine extended release (XR). 
A minimum 24-hour washout period was applied if necessary. 
Antidepressant treatment was titrated to the maximum-
tolerated dose to optimize the potential for response.

Following the prospective treatment phase, patients 
were eligible for entry into the double-blind randomized 
treatment phase if they had inadequate prospective ADT 

response, defined as < 50% reduction in HDRS-17 total 
score between baseline and end of the prospective phase, 
with an HDRS-17 total score of ≥ 14 and a Clinical Global 
Impressions-Improvement scale (CGI-I)20 score of ≥ 3 
at the end of the prospective phase. While this study was 
ongoing, additional analyses were performed on data from a 
completed phase 2 study of similar design (reference 21 and 
data on file, Otsuka, Princeton, New Jersey). It was found 
that a small number of patients in that study had seemingly 
adequate improvement in Montgomery-Asberg Depression 
Rating Scale (MADRS)22,23 and CGI-I scores at various times 
during the prospective treatment period, but subsequent 
worse scores at time of randomization. These patients did 
not show a consistent lack of response and would have been 
considered adequate responders if evaluated at another 
time point during the prospective phase. A number of these 
patients showed significant improvement again during the 
randomized phase, even if continuing on ADT alone. In 
order to exclude patients with seemingly variable response 
to ADT, this study’s protocol was amended in March 2012 
during the enrollment phase and prior to database lock to 
specify that patients had to meet more refined inadequate 
response criteria throughout prospective treatment  
(HDRS-17 score ≥ 14, < 50% reduction from baseline in 
HDRS-17 as well as < 50% reduction in MADRS total score 
between start of prospective treatment and each scheduled 
visit, and CGI-I score ≥ 3 at each scheduled visit) to be 
eligible for randomization. The investigator was also blinded 
to the revised criteria. Both the protocol amendment and 
the resulting primary analysis were discussed and agreed 
with the relevant regulatory authorities (US Food and Drug 
Administration). Eligible patients were randomized (1:1:1) 
to receive double-blind brexpiprazole 1 mg, brexpiprazole  
3 mg, or placebo for 6 weeks adjunctive to continued stable-
dose ADT. An interactive voice or web response system was 
used for assigning treatments using a fixed-block, computer-
generated randomized schedule stratified by study center. 
Study visits took place weekly during double-blind treatment.

Outcome Measures
Efficacy assessments were made at baseline and during the 

double-blind treatment phase. The primary efficacy variable 
was MADRS total score and was measured at each weekly 
study visit. The key secondary efficacy variable was Sheehan 
Disability Scale (SDS)24,25 mean score and individual score 

https://clinicaltrials.gov/ct2/show/NCT01360645?term=NCT01360645&rank=1
https://clinicaltrials.gov/ct2/show/NCT01360632?term=NCT01360632&rank=1
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Figure 1. Study Design and Patient Disposition

Abbreviations: ADT = antidepressant treatment, CR = controlled release, XR = extended release.

Assessed for eligibility (N = 2,310)

Enrolled  (N = 1,539)

Screen failures (n = 771)

Did not receive ADT (n = 7)
Enrollment

ADT + placebo
treatment phase (N = 1,532)

Randomized (N = 677)

Excluded (n = 255)
   Withdrew consent (n = 74)
   Adverse events (n = 60)
   Met withdrawal criteria (n = 45)
   Protocol deviation (n = 39)
   Lost to follow-up (n = 27)
   Withdrawn by investigator (n = 10)

B. Patient Disposition

A. Study Design
Screening
(7–28 d)

Escitalopram (10 or 20 mg/d)
Fluoxetine (20 or 40 mg/d)
Paroxetine CR (37.5 or 50 mg/d)
Sertraline (100, 150, or 200 mg/d)
Duloxetine (40 or 60 mg/d)
Venlafaxine XR (75, 150, or 225 mg/d)

Week 6Baseline

Nonresponders Randomized 
Treatment Phase (6 wk)

Responders 
Continuation of prospective treatment 

(6 wk)

Prospective Treatment Phase (8 wk)

Week 1 = 0.5 mg/d
Week 2–6 = 1 mg/d

Screening Assigned ADT + single-blind placebo

Week 1 = 0.5 mg/d
Week 2 = 1 mg/d
Week 3–6 = 3 mg/d

ADT + brexpiprazole 1 mg/d

ADT + brexpiprazole 3 mg/d

Assigned ADT + single-blind placebo

ADT + placebo

Allocated to ADT + 
brexpiprazole 1 mg/d (n  = 226)

Safety population (n = 226)

Discontinued intervention (n  = 10)
   Withdrew consent (n = 4)
   Adverse events (n = 3)
   Protocol deviation (n  = 1)

   Lost to follow-up (n = 1)

Discontinued intervention (n = 13)
   Withdrew consent (n = 7)
   Adverse events (n  = 3)
   Met withdrawal criteria (n = 1)
   Protocol deviation (n = 1)
   Withdrawn by investigator (n = 1)

Allocated to ADT + placebo (n = 221)
Safety population (n = 220)

Allocated to ADT + 
brexpiprazole 3 mg/d (n = 230)

Safety population (n   = 229)

Discontinued intervention (n = 20)
   Adverse events (n = 9)
   Protocol deviation (n = 4)
   Withdrew consent (n = 4)
   Met withdrawal criteria (n = 2)
   Lost to follow-up (n = 1)

(n = 218)

Allocation

Follow-Up

Analysis
  

E�cacy population per �nal protocol (n = 203)

Lack of e�cacy (n = 1)

E�cacy population per �nal protocol (n = 211) E�cacy population per �nal protocol (n = 213)
(n = 226)(n = 225) E�cacy populationE�cacy population E�cacy population
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items: family life, social life, and work/school, measured at 
the study visits at weeks 3 and 6. Other secondary variables 
were Clinical Global Impressions-Severity of Illness scale 
(CGI-S),20 Inventory of Depressive Symptomatology–Self-
Report (IDS-SR),26 and CGI-I, which were measured at each 
weekly study visit. The HDRS-17 and Hamilton Anxiety 
Rating Scale (HARS)19,20,27 were measured at week 6 only.

Treatment-emergent adverse events (TEAEs), incidence, 
and severity were recorded by the investigator at each study 
visit. All adverse events were coded by preferred term using 
Medical Dictionary for Regulatory Activities (MedDRA) 
Version 15.0 (http://www.meddra.org/). EPS-related adverse 
events were defined as generalized rigidity, hyperkinesia, 
bradykinesia, akinesia, dystonia, akathisia, tremor, flexed 
posture, involuntary muscle contractions, athetosis, and 
chorea. Extrapyramidal symptoms were also evaluated by 
the Simpson-Angus Scale (SAS),26,28 Abnormal Involuntary 
Movement Scale (AIMS),20 and Barnes Akathisia Rating 
Scale (BARS)29 administered at baseline and at all study 
visits in the double-blind phase. Vital signs, including body 
weight, were measured at each study visit. Clinical laboratory 
tests and a 12-lead electrocardiogram (ECG) were taken at 
baseline and weeks 2, 4, and 6 of the double-blind phase. 
Suicidal behavior and ideation was evaluated by responses 
to the Columbia-Suicide Severity Rating Scale (C-SSRS)30,31 
administered at each study visit. Patients completed the 
Massachusetts General Hospital Sexual Functioning 
Questionnaire (MSFQ)32 at baseline at and week 6.

Data Analysis
Full details of the data analysis are provided in eAppendix 

1 (available at Psychiatrist.com).
The sample-size calculation was based on an expected 

“clinically significant” effect on the primary efficacy variable 
in the 2 active drug arms compared with placebo. On the 
basis of a previous phase 2 trial (reference 21 and data on 
file, Otsuka, Princeton, New Jersey), 603 evaluable patients 
(201 patients/arm) were required to detect with 90% power 
a between-group difference of 3.0 (SD = 8.5) in mean change 
from baseline to week 6 MADRS total score, at a 2-tailed 
significance level of .025. To allow for 5%–10% of patients 
in the double-blind phase being nonevaluable (eg, by having 
missing data), a total of 660 patients (220 patients/arm) were 
planned for randomization.

The safety population comprised all randomized patients 
who received ≥ 1 dose of double-blind investigational drug. 
The efficacy population comprised all patients in the safety 
population who had an evaluation for MADRS total score 
at baseline (end of the prospective phase) and ≥ 1 evaluation 
after randomization. The efficacy population per final 
protocol included all patients from the efficacy population 
who met the revised randomization criteria for inadequate 
response. Data reported here are for the efficacy population 
per final protocol. Data for the efficacy population are given 
in Supplementary eTable 1. Analyses of patients meeting the 
amended criteria for inadequate response were prespecified 
in the statistical analysis plan.

Baseline was defined as the last available measurement 
prior to randomization. The primary efficacy end point was 
change in MADRS total score from baseline to week 6. The 
primary analysis was conducted by fitting a mixed model 
repeated-measures (MMRM) analysis with an unstructured 
variance covariance structure using change from baseline to 
week 6 in MADRS total score as the dependent variable based 
on the observed cases dataset. The model included fixed 
class effect terms for treatment, trial site, visit week, and an 
interaction term of treatment-by-visit week. Also included 
was an interaction term of baseline MADRS total score 
values by visit week as covariates. Comparisons between 
brexpiprazole 1 mg versus placebo and brexpiprazole  
3 mg versus placebo were tested using Hochberg procedure 
to adjust for multiplicity and maintain type I error at .05 
(2-tailed).

The key secondary efficacy end point was change in SDS 
mean score from baseline to week 6, analyzed by using the 
same MMRM model as in the primary efficacy analysis. 
A hierarchical testing procedure was used for the key 
secondary efficacy end point and the SDS individual item 
scores to control for multiplicity and maintain overall type 
I error at .05.

The other secondary end points were analyzed at a 
nominal .05 level.

RESULTS

Patients
Six hundred seventy-seven patients were randomized 

to brexpiprazole 1 mg (n = 226), brexpiprazole 3 mg 
(n = 230), or placebo (n = 221) (Figure 1B). One patient 
from the brexpiprazole 3-mg group and 1 patient from the 
placebo group were randomized but did not receive study 
medication and were not included in the safety population. 
Six patients did not have valid assessments of MADRS score 
after randomization and were excluded from the efficacy 
population (brexpiprazole 1 mg, n = 1; brexpiprazole 3 mg, 
n = 3; placebo, n = 2). The efficacy population therefore 
consisted of 669 patients (brexpiprazole 1 mg, n = 225; 
brexpiprazole 3 mg, n = 226; placebo, n = 218). A further 42 
patients did not meet revised criteria for persistent inadequate 
response according to the protocol amendment. Therefore, 
the efficacy population per final protocol consisted of 627 
patients (brexpiprazole 1 mg, n = 211; brexpiprazole 3 mg, 
n = 213; placebo, n = 203). Of the randomized patients, 
216/226 (95.6%) brexpiprazole 1-mg, 210/230 (91.3%) 
brexpiprazole 3-mg, and 208/221 (94.1%) placebo group 
patients completed the randomized treatment phase.

Baseline demographic and disease characteristics of the 
randomized population were similar between groups (Table 
1). At the end of the prospective phase, mean MADRS total 
score was 26.5, indicating moderate depression.

Efficacy
MADRS score (primary end point). In the efficacy 

population per final protocol, mean reduction from 

http://www.meddra.org/


It
 is

 il
le

ga
l t

o 
po

st
 th

is
 c

op
yr

ig
ht

ed
 P

D
F 

on
 a

ny
 w

eb
si

te
.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2015 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

1236     J Clin Psychiatry 76:9, September 2015
Reprinted with corrections to page1237. 

Thase et al

Brexpiprazole 1 mg showed greater efficacy than placebo 
(P < .05) on MADRS-defined response rate and CGI-I at 
week 6 (Table 2). Brexpiprazole 3 mg showed greater efficacy 
than placebo (P < .05) on MADRS-defined response rate, 
CGI-I–defined response rate, and CGI-I at week 6 and in 
mean change from baseline at week 6 in CGI-S, HDRS-17, 
HARS, and IDS-SR (Table 2).

Safety and Tolerability
The most frequently (> 5%) reported TEAEs were 

headache, nasopharyngitis, and weight gain in the 
brexpiprazole 1-mg group and akathisia, headache, 
somnolence, weight gain, and tremor in the brexpiprazole 
3-mg group (Table 3). Most TEAEs were considered mild-
to-moderate severity by investigators. Activating TEAEs 
were infrequently reported: restlessness, 1.8% vs 4.4% vs 0%; 
anxiety, 2.2% vs 3.5% vs 0.5%; and insomnia, 2.2% vs 2.6% vs 
3.2% in the brexpiprazole 1-mg, 3-mg, and placebo groups, 
respectively. Sedating TEAEs such as somnolence (4.0% vs 
5.7% vs 0.5%), fatigue (3.1% vs 4.8% vs 1.8%), and sedation 
(0% vs 0% vs 0%) were also infrequent (Table 3).

Table 1. Demographic and Baseline Clinical Characteristics and Assigned 
Antidepressant Treatment (randomized population)

Variable

ADT +  
Placebo
(n = 221)

ADT +  
Brexpiprazole

1 mg
(n = 226)

ADT +  
Brexpiprazole

3 mg
(n = 230)

Demographic characteristics
Age, mean (SD), y 46.6 (11.0) 45.7 (11.6) 44.5 (11.2)
Body mass index (kg/m2), mean (SD)a 29.6 (7.0) 29.4 (6.7) 29.9 (7.0)
Female sex, n (%) 146 (66.1) 158 (69.9) 156 (67.8)
Race, n (%)

Caucasian
Black/African American

188 (85.1)
29 (13.1)

183 (81.0)
34 (15.0)

201 (87.4)
23 (10.0)

Clinical characteristics
Duration of current episode, mean (SD), mo 16.9 (35.0) 18.7 (43.0) 17.4 (33.0)
Recurrent episodes, n (%) 188 (85.1) 197 (87.2) 199 (86.5)
No. of lifetime episodes, mean (SD) 3.7 (4.9) 3.6 (3.9) 3.5 (2.8)
No. of prior ADTs, n (%)

1 170 (78.0) 177 (78.7) 184 (81.4)
2 44 (20.2) 42 (18.7) 34 (15.0)
3 4 (1.8) 6 (2.7) 7 (3.1)

MADRS total score, mean (SD)a 26.3 (5.3) 26.7 (5.6) 26.4 (5.2)
SDS score, mean (SD)a 5.6 (1.9) 5.9 (2.0) 5.7 (2.2)
CGI-S score, mean (SD)a 4.1 (0.5) 4.2 (0.6) 4.1 (0.6)
IDS-SR total score, mean (SD)a 34.3 (9.3) 35.9 (10.4) 35.4 (10.1)
HDRS-17 total score, mean (SD)a 20.7 (3.6) 21.1 (4.0) 21.1 (3.7)
HARS total score, mean (SD)a 16.2 (4.5) 16.8 (5.0) 16.5 (5.1)
CGI-I score, mean (SD)a 3.5 (0.6) 3.5 (0.6) 3.5 (0.6)
Assigned ADTb

Escitalopram, n (%) 41 (18.6) 53 (23.5) 41 (17.8)
Duloxetine, n (%) 52 (23.5) 53 (23.5) 72 (31.3)
Venlafaxine XR, n (%) 51 (23.1) 40 (17.7) 37 (16.1)
Sertraline, n (%) 29 (13.1) 33 (14.6) 30 (13.0)
Paroxetine CR, n (%) 14 (6.3) 31 (13.7) 22 (9.6)
Fluoxetine, n (%) 34 (15.4) 16 (7.1) 28 (12.2)

aMeasured at baseline, ie, end of the 8-week prospective, single-blind treatment phase.
bNo more than 2 of every 6 patients at each center were to be assigned to the same ADT without 

approval by the medical monitor. ADTs were duloxetine (target dose: 40–60 mg/d), escitalopram 
(10–20 mg/d), fluoxetine (20–40 mg/d), paroxetine CR (37.5–50 mg/d), sertraline (100–200 
mg/d), and venlafaxine XR (75–225 mg/d).

Abbreviations: ADT = antidepressant treatment, CGI-I = Clinical Global Impressions-Improvement 
scale, CGI-S = Clinical Global Impressions-Severity of Illness scale, CR = controlled release, 
HARS = Hamilton Anxiety Rating Scale, HDRS-17 = 17-item Hamilton Depression Rating Scale, 
IDS-SR = Inventory of Depressive Symptomatology–Self-Report, MADRS = Montgomery-Asberg 
Depression Rating Scale, SDS = Sheehan Disability Scale, XR = extended release.

baseline to week 6 in MADRS total score for brexpiprazole 
3 mg showed greater improvement (−8.29) compared with 
placebo (−6.33; least squares [LS] mean difference = −1.95; 
95% CI, −3.39 to −0.51; P = .0079) (Figure 2). Mean change 
in MADRS total score for brexpiprazole 1 mg was −7.64 
versus −6.33 for placebo (LS mean difference = −1.30; 95% 
CI, −2.73 to 0.13; P = .0737) (Figure 2).

Mean change in MADRS total score for the efficacy 
population also showed improvement for brexpiprazole 3 
mg versus placebo (−1.52; 95% CI, −2.92 to −0.13; P = .0327) 
but did not reach the level of statistical significance required 
for multiple comparisons according to the prespecified 
statistical analysis. The mean improvement for brexpiprazole 
1 mg versus placebo was less than that for 3 mg (−1.19; 95% 
CI, −2.58 to 0.20; P = .0925) (Supplementary eFigure 1).

Secondary end points. In the efficacy population per 
final protocol, brexpiprazole 1 mg and 3 mg showed greater 
improvement than placebo for the key secondary efficacy 
parameter, SDS mean score (Table 2). Mean reductions from 
baseline to week 6 were greater for family life and social life 
for both doses of brexpiprazole versus placebo (Table 2). 
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Table 2. Secondary Efficacy End Points: Mean Change in Psychiatry Scale Scores From Baseline to Week 6 (efficacy population 
per final protocol)

Scale

ADT + Placebo 
(n = 203), Change 
From Baseline, LS 

Mean (SE)

ADT + Brexpiprazole 1 mg (n = 211) ADT + Brexpiprazole 3 mg (n = 213)

Change From 
Baseline, LS 
Mean (SE)

Difference From Placebo in Change 
From Baseline

Change From 
Baseline, LS 
Mean (SE)

Difference From Placebo in Change 
From Baseline

LS Mean (95% CI) P Value LS Mean (95% CI) P Value
SDS, mean −0.78 (0.15) −1.27 (0.15) −0.49 (−0.89 to −0.09) .0158 −1.26 (0.15) −0.48 (−0.88 to −0.08) .0191

SDS work/school −0.65 (0.20) −1.11 (0.20) −0.46 (−0.99 to 0.06) .0816 −0.93 (0.21) −0.29 (−0.82 to 0.25) .2952
SDS social life −0.88 (0.17) −1.34 (0.16) −0.47 (−0.90 to −0.03) .0352 −1.37 (0.16) −0.49 (−0.93 to −0.05) .0282
SDS family life −0.81 (0.16) −1.32 (0.16) −0.51 (−0.94 to −0.09) .0186 −1.39 (0.16) −0.59 (−1.02 to −0.16) .0077

CGI-S −0.72 (0.06) −0.87 (0.06) −0.15 (−0.32 to 0.02) .0890 −0.92 (0.06) −0.20 (−0.38 to −0.03) .0213
IDS-SR −5.07 (0.69) −6.97 (0.67) −1.90 (−3.75 to −0.04) .0448 −7.20 (0.68) −2.13 (−3.98 to −0.27) .0251
HDRS-17 −4.57 (0.39) −5.36 (0.37) −0.78 (−1.78 to 0.21) .1226 −6.26 (0.38) −1.69 (−2.69 to −0.68) .0010
HARS −3.07 (0.33) −3.35 (0.32) −0.28 (−1.14 to 0.57) .5192 −3.96 (0.33) −0.88 (−1.75 to −0.02) .0443
CGI-I … … −0.21a (−0.39 to −0.03) .0237 … −0.25 (−0.45 to −0.04) .0171
MADRS respondersb 14.3c 23.2c 1.69d (1.14 to 2.50) .0094 23.0c 1.65d (1.09 to 2.50) .0162
CGI-I responderse 34.0c 41.2c 1.21d (0.94 to 1.55) .1396 48.4c 1.46d (1.15 to 1.86) .0016
MADRS remittersf 10.8c 14.7c 1.45d (0.87 to 2.41) .1499 14.1c 1.31d (0.78 to 2.18) .3012
aValue represents the difference between brexpiprazole and ADT monotherapy CGI-I values.
bDefined as patients having > 50% reduction from baseline in MADRS total score.
cPercentage of patients with response or remission.
dRatio of response or remission rate.
eDefined as very much improved or much improved.
fDefined as patients with MADRS total score ≤ 10 and ≥ 50% reduction in MADRS total score from baseline.
Abbreviations: ADT = antidepressant treatment, CGI-I = Clinical Global Impressions-Improvement scale, CGI-S = Clinical Global Impressions-Severity of  

Illness scale, HARS = Hamilton Anxiety Rating Scale, HDRS-17 = 17-item Hamilton Depression Rating Scale, IDS-SR = Inventory of Depressive 
Symptomatology–Self-Report, LS = least squares, MADRS = Montgomery-Asberg Depression Rating Scale, SDS = Sheehan Disability Scale, SE = standard error.

Figure 2. LS Mean (SE) Change From Baseline in MADRS Score 
(efficacy population per final protocol)a,b

aBaseline MADRS scores were 26.5 for ADT + placebo (n = 203), 26.9 for 
ADT + brexpiprazole 1 mg (n = 211), and 26.5 for ADT + brexpiprazole 3 mg 
(n = 213).

bP values are based on mixed model repeated-measures analysis.
*P < .05.
**P < .01.
Abbreviations: ADT = antidepressant treatment, LS = least squares, 

MADRS = Montgomery-Asberg Depression Rating Scale, SE = standard error.
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Fourteen patients discontinued due to TEAEs; 5 patients 
in the 3-mg brexpiprazole group discontinued due to 
akathisia (Table 3). Serious TEAEs were reported by 1 patient 
taking brexpiprazole 1 mg (pneumonia) and 1 patient taking 
brexpiprazole 3 mg (epilepsy). There were no deaths and 
no reports of suicide or attempted suicide during the study.

Mean (SD) body weight increased from 83.1 (20.8) kg at 
baseline to 84.6 (21.0) kg in the brexpiprazole 1-mg group 
at week 6 (observed cases) and from 85.3 (21.6) kg to 85.8 
(22.0) kg in the placebo group (LS mean gain: 1.40 kg vs  
0.24 kg; LS mean difference: 1.17 kg, P < .0001). It increased 

from 84.6 kg to 87.0 kg in the 3-mg group (LS mean gain: 
1.57 kg vs 0.24 kg for placebo; LS mean difference: 1.33 
kg, P < .0001). Increased body weight ≥ 7% was seen at any 
visit in 11/225 (4.9%) brexpiprazole 1 mg, 4/228 (1.8%) 
brexpiprazole 3 mg, and 2/217 (0.9%) placebo patients.

With respect to laboratory tests, mean low-density 
lipoprotein cholesterol values decreased from baseline in all 
3 groups, and there were no clinically relevant changes in 
levels of high-density lipoprotein cholesterol and triglycerides 
between treatment groups. There were small mean increases 
in prolactin level with brexpiprazole compared with placebo; 
no patients taking brexpiprazole 1 mg, 0.4% of patients 
taking brexpiprazole 3 mg, and 1.4% of placebo patients had 
prolactin levels > 3 times upper limit of normal. No clinically 
meaningful effects were observed for liver parameters 
(alanine transaminase and aspartate transaminase). No 
meaningful differences between brexpiprazole groups and 
placebo were seen in ECGs and vital signs.

Extrapyramidal symptom rating scales showed small 
increases in the brexpiprazole 3-mg group during the 
double-blind phase. Statistically significant mean changes 
from baseline to last visit were recorded for brexpiprazole  
3 mg versus placebo for AIMS total score (0.08 versus 0.00; 
LS mean difference = 0.08; P = .0141) and for BARS total 
score (0.18 versus 0.01; LS mean difference = 0.17; P = .0001). 
Mean change from baseline to last visit for brexpiprazole 3 
mg versus placebo in SAS total score was 0.12 versus 0.00 
(LS mean difference = 0.13, P = .0529). The incidence of EPS-
related TEAEs was higher in the brexpiprazole groups versus 
placebo: most frequently akathisia (1 mg, 4.4%; 3 mg, 13.5%; 
placebo, 2.3%) and tremor (1 mg, 4.0%; 3 mg, 5.2%; placebo, 
3.2%).

No suicidal behavior was reported in the C-SSRS during the 
double-blind treatment phase. Incidence of emergent suicidal 
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Table 3. TEAEs, Body Weight Changes, and Laboratory Assessments (safety 
population)a

Variable

ADT +  
Placebo 
(n = 220)

ADT +  
Brexpiprazole 
1 mg (n = 226)

ADT +  
Brexpiprazole 
3 mg (n = 229)

At least 1 TEAE 103 (46.8) 124 (54.9) 145 (63.3)
Serious AE 0 1 (0.4) 1 (0.4)
Discontinuation due to TEAE 3 (1.4) 3 (1.3) 8 (3.5)
TEAEs occurring in ≥ 5% of patients in any group

Headache 17 (7.7) 21 (9.3) 14 (6.1)
Nasopharyngitis 4 (1.8) 15 (6.6) 7 (3.1)
Weight gain 2 (0.9) 15 (6.6) 13 (5.7)
Akathisia 5 (2.3) 10 (4.4) 31 (13.5)
Somnolence 1 (0.5) 9 (4.0) 13 (5.7)
Tremor 7 (3.2) 9 (4.0) 12 (5.2)

Activating TEAEs
Restlessness 0 (0) 4 (1.8) 10 (4.4)
Anxiety 1 (0.5) 5 (2.2) 8 (3.5)
Insomnia 7 (3.2) 5 (2.2) 6 (2.6)

Sedating TEAEs
Somnolence 1 (0.5) 9 (4.0) 13 (5.7)
Fatigue 4 (1.8) 7 (3.1) 11 (4.8)
Sedation 0 (0) 0 (0) 0 (0)

Body weight
Change from baseline at week 6, mean, kg 0.24 1.40 1.57
Increase ≥ 7% from baseline at any visit 2 (0.9) 11 (4.9) 4 (1.8)

Laboratory assessmentsb

ALT, mean change, U/L 1.32 1.02 2.73
AST, mean change, U/L −0.04 1.00 2.34
LDL-C, mean change, mg/dL −1.41 −0.51 −0.92
HDL-C, mean change, mg/dL 0.34 1.13 2.07
Triglycerides, mean change, mg/dL −1.31 3.31 2.20
Prolactin, mean change, ng/dL

 Male 
 Female

0.4
−0.5

1.0
4.0

2.1
10.2

Prolactin > 3 × upper limit of normal
Male 
Female

1 (1.3) 
2 (1.4)

0 
0

1 (1.4) 
0

aValues are n (%) unless otherwise stated.
bChange from baseline to last visit.
Abbreviations: ADT = antidepressant treatment, AE = adverse event, ALT = alanine transferase, 

AST = aspartate transaminase, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density 
lipoprotein cholesterol, TEAE = treatment-emergent adverse event.

ideation was similar in all treatment groups (1 mg, 4.0%;  
3 mg, 2.6%; placebo, 6.4%). One patient taking brexpiprazole  
1 mg reported a TEAE of suicide ideation during the 
treatment phase.

Mean MSFQ scores suggested that sexual function was 
near normal at baseline and improved slightly in all treatment 
groups during the double-blind phase. Mean change in 
MSFQ overall sexual satisfaction scores for brexpiprazole 
1 mg, 3 mg, and placebo were −0.28, −0.46, and −0.27, 
respectively (brexpiprazole 3 mg vs placebo indicated an 
improvement: −0.19, P = .0561).

DISCUSSION

In this study, adjunctive brexpiprazole 3 mg improved 
depressive symptoms, as measured by MADRS, compared 
with ADT monotherapy in patients with MDD and 
inadequate response to standard ADTs. Primary end point 
results were supported by nominal improvements in several 
secondary efficacy end points (SDS mean score, CGI-S, IDS-
SR, HDRS-17, HARS, CGI-I, MADRS response rate, and 
CGI-I response rate). The efficacy outcomes for the group 

that received brexpiprazole 1 mg tended to be intermediate, 
and the outcome was not statistically significant. SDS total 
mean score was improved with brexpiprazole 3 mg and 1 
mg versus placebo. The individual SDS items of social life 
and family were also improved with brexpiprazole; however, 
work/school was not.

The final study protocol included a more robust definition 
of inadequate response. During the enrollment phase and 
prior to database lock, the protocol was amended to introduce 
an additional criterion (< 50% reduction in MADRS total 
score) to determine inadequate response to prospective 
ADT. Furthermore, patients were required to meet the 
definition of inadequate response at each visit, rather than at 
only the final visit of the prospective treatment phase. These 
amendments resulted in randomization of a population that 
is more relevant to clinical practice, where clinicians rely on 
broad experience with a particular patient and the recent 
disease course to judge response to treatment rather than 
severity scale scores during a single consultation. This is 
also consistent with the American Psychiatric Association 
Guidelines for MDD recommendation of evaluating 4–8 
weeks of treatment.33 Blinding the response data aimed to 
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reduce potential bias to further improve generalizability 
of the data. The efficacy population per final protocol had 
42 fewer patients than the efficacy population but more 
significant P values in many end points, implying a more 
distinct effect could be observed with this better-defined 
population.

Some have suggested that a clinically relevant change 
requires a difference of at least 2 points over placebo in 
MADRS total score; the data in this study are consistent 
with that hypothesis (1.95-point reduction).34,35 In the 
current study, mean reductions in MADRS total score 
for brexpiprazole 3 mg were comparable with that in the 
Pyxis study of brexpiprazole 2 mg.15 However, given the 
long duration of current depressive episode (17.6 months), 
this change may be more meaningful, since the population 
appeared to have a prolonged period of inadequate response 
to ADT; certainly other adjunctive studies have excluded 
patients with > 12 months in the current episode.36,37

Previous studies have evaluated the efficacy of adjunctive 
aripiprazole38–40 and quetiapine XR36,37 for the treatment 
of patients with MDD and inadequate response to ADT. 
However, direct comparisons between studies of different 
agents must be made cautiously due to methodological 
differences. For example, fixed doses of brexpiprazole 
and quetiapine XR were evaluated, while aripiprazole 
was dosed flexibly. There are also limitations inherent in 
comparing MDD studies conducted at different points in 
time, particularly since the placebo response rate has been 
observed to increase over time.41,42 Unlike the aripiprazole 
studies, the brexpiprazole and quetiapine XR studies had 
3 treatment arms, which may have influenced the placebo 
response rate. Nevertheless, the absolute reductions in 
MADRS total score observed with adjunctive brexpiprazole 
(8.3; placebo, 6.4) and aripiprazole (8.5 to 10.1; placebo 5.7 
to 6.4)38–40 are broadly similar. In the studies of quetiapine 
XR, reductions in MADRS total score versus placebo at the 
300-mg dose were 15.0 versus 12.236 and 14.7 versus 11.737; 
however, it should be noted that these studies did not select 
patients on the basis of inadequate response to a prospective 
ADT phase.

In this trial, both doses of brexpiprazole were reasonably 
well tolerated, and there were few discontinuations due to 
TEAEs. The TEAE profile was consistent with that observed 
in Pyxis.15 It has been hypothesized that the unique receptor 
binding profile for brexpiprazole at 5-HT1A, D2 5-HT2A,  
α1B, and α2C receptors makes brexpiprazole a more suitable 
choice for adjunctive treatment of MDD than currently 
approved products. Sedation and somnolence rates are 
low compared with those reported for quetiapine, and 
magnitude of weight gain is low compared with that reported 
for olanzapine-fluoxetine combination.11 Mean changes 
from baseline in EPS rating scale scores were small in all 
treatment groups. Although akathisia was reported at 13.5% 
for brexpiprazole 3 mg, the incidence was dose-related 
and is still substantially lower than that reported in similar 
studies of adjunctive aripiprazole.11,43 Neuroleptic malignant 
syndrome (NMS) and tardive dyskinesia (TD) are rare but 
serious events that may occur with administration of second-
generation antipsychotics.9 There were no cases of NMS or 
TD observed in this study. Thus, the tolerability profile of 
brexpiprazole observed in the current study and Pyxis15 
confirms the tolerability anticipated from its pharmacologic 
profile.

Limitations of the study included the relatively short 
double-blind treatment phase duration and lack of active 
comparator. We also note that the response rate for the ADT 
monotherapy group was higher than that in Pyxis; higher 
placebo responses are a recognized factor in limiting signal 
detection in controlled studies of antidepressant efficacy.42 
Once short-term efficacy is established, it will be important 
to evaluate long-term efficacy and safety of brexpiprazole, 
particularly to try to identify the optimal duration of 
adjunctive therapy.

In conclusion, adjunctive brexpiprazole 3 mg demonstrated 
efficacy in this randomized, placebo-controlled phase 3 
study, based on the efficacy population per final protocol, 
which included only patients who had inadequate response 
throughout the 8 weeks of prospective ADT. Both doses of 
adjunctive brexpiprazole are well tolerated in patients with 
MDD and inadequate response to antidepressant therapy.

Drug names: aripiprazole (Abilify and others), 
duloxetine (Cymbalta and others), escitalopram 
(Lexapro and others), fluoxetine (Prozac and 
others), olanzapine (Zyprexa and others), 
paroxetine (Paxil, Pexeva, and others), quetiapine 
(Seroquel and others), sertraline (Zoloft and 
others).
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Supplementary eTable 1. Secondary Efficacy Endpoints: Mean Change in Psychiatry Scale Scores From Baseline at 

Week 6 (Efficacy Population) 

 ADT + 

Placebo 

(n=218) 

ADT + Brexpiprazole 1 mg 

 

(n=225) 

ADT + Brexpiprazole 3 mg 

 

(n=226) 

 Change From 

Baseline 

Change From 

Baseline 

Difference in Change 

From Baseline 

Change From 

Baseline 

Difference in Change 

From Baseline 

Scale LS Mean (SE) LS Mean (SE) LS Mean (95% CI) P-Value LS Mean (SE) LS Mean (95% CI) P-Value 

SDS mean -0.84 (0.13) -1.33 (0.14) -0.49 (-0.87,-0.12) .0091 -1.21 (0.13) -0.37 (-0.73, -0.00) .0474 

   SDS work / school -0.73 (0.17) -1.16 (0.17) -0.43 (-0.91, 0.04) .0741 -0.91 (0.18) -0.18 (-0.66, 0.31) .4774 

   SDS social life -0.91 (0.15) -1.39 (0.15) -0.48 (-0.89, -0.07) .0214 -1.31 (0.15) -0.40 (-0.80, 0.01) .0540 

   SDS family life -0.80 (0.15) -1.35 (0.15) -0.55 (-0.97, -0.14) .0093 -1.28 (0.16) -0.48 (-0.90, -0.06) .0256 

CGI-S -0.75 (0.06) -0.86 (0.06) -0.11 (-0.28, 0.06) .2015 -0.90 (0.06) -0.15 (-0.32, 0.02) .0852 

IDS-SR -5.42 (0.67) -7.02 (0.66) -1.60 (-3.40, 0.20) .0812 -6.94 (0.66) -1.52 (-3.33, 0.29) .1001 

HAM-D17 -4.80 (0.37) -5.47 (0.36) -0.67 (-1.63, 0.29) .1732 -6.14 (0.36) -1.34 (-2.31, -0.37) .0066 

HAM-A -3.33 (0.32) -3.43 (0.31) -0.10 (-0.93, 0.73) .8164 -3.89 (0.31) -0.55 (-1.39, 0.28) .1939 

MADRS respondersa 15.1b 23.1b 1.53c (1.06, 2.20) .0248 22.1b 1.51 (1.03, 2.21)c .0326 
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MADRS remittersd 11.9b 15.1b 1.30c (0.81, 2.07) .2843 13.7b 1.19 (0.74, 1.92)c .4640 

CGI-I   -0.16e (-0.33, 0.02) .0755  -0.20 (-0.39, 0.00) .0527 

 

aDefined as patients having >50% reduction from baseline in MADRS total score 

bPercentage of patients with MADRS response or remission 

cRatio of response or remission rate 

dDefined as patients with MADRS total s reduction in MADRS total score from baseline 

eValue represents the difference between brexpiprazole and ADT monotherapy CGI-I values  

ADT = antidepressant therapy, CGI-I = Clinical Global Impression  Improvement Scale, CGI-S = Clinical Global Impression  Severity of Illness Scale, 

CI = confidence interval, HAM-A = Hamilton Anxiety Rating Scale, HAM-D17 = Hamilton Depression Rating Scale, IDS-SR = Inventory of Depressive 

Symptomatology (Self-Report), LS = least squares, MADRS = Montgomery Åsberg Depression Rating Scale, SDS = Sheehan Disability Scale, 

SE = standard error 
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Supplementary eFigure 1. LS Mean (SE) Change From Baseline in 

MADRS Score for Efficacy Population

*P<.05, **P<.01, ***P<.001; mixed-model repeated measures analysis 

Abbreviations: SE = standard error, MADRS = Montgomery–Åsberg Depression 

Rating Scale, LS = least squares.
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METHODS

Exclusion Criteria

Exclusion criteria included treatment during the current depressive episode with 

adjunctive antipsychotic medication for >3 weeks; electroconvulsive therapy; initiating 

psychotherapy; hospitalization; hallucinations or delusions during the current 

episode; previous inadequate response to electroconvulsive therapy; previous vagus 

nerve stimulation or deep brain stimulation; current diagnosis of other psychiatric or 

medical condition; serious risk of suicide; substance abuse or alcoholism; abnormal 

laboratory test or electrocardiogram results.

Concomitant Medication Regulations

Treatment with monoamine oxidase inhibitors was not permitted within 14 days prior 

to the study. Treatment with benzodiazepines, hypnotics or oral neuroleptics was not 

permitted within 7 days prior to the study. Treatment with long-acting approved 

neuroleptics was not permitted within 1.5 cycles prior to the study. Short-term use of 

benzodiazepines (lorazepam maximum 6 mg/day or oxazepam maximum 90 mg/day) 

or non-benzodiazepine sleep aids (maximum 7 days in any treatment phase) was 

allowed to manage symptoms, if necessary. Anticholinergics (maximum 4 mg/day 

benzatropine equivalent) or propranolol (maximum 60 mg/day) were allowed to 

manage extrapyramidal symptoms, if necessary.

Data analysis

The primary efficacy endpoint was change in Montgomery–Åsberg Depression 

Rating Scale (MADRS) total score from baseline to Week 6. The primary analysis 

2
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was conducted by fitting a mixed-model repeated measures (MMRM) analysis with 

an unstructured variance covariance structure using change from baseline to Week 6 

in MADRS total score as the dependent variable based on the observed cases 

dataset. The primary analysis used the Kenward-Rogers type of degrees of freedom. 

The primary comparison between adjunctive brexpiprazole 1 mg, 3 mg and placebo 

groups at Week 6 was estimated as the difference between least squares means 

using the computing software procedure PROC MIXED. Comparisons between 

brexpiprazole 1 mg versus placebo and brexpiprazole 3 mg versus placebo were 

tested using Hochberg’s procedure to adjust for multiplicity and maintain type I error 

at .05 (two-tailed). If the larger of the two P- .05 in favor of brexpiprazole, 

both doses of brexpiprazole were significantly better than placebo. If the larger of the 

two P-values was >.05, then the smaller P-value was compared with .025. If the 

smaller of the two P- .025 in favor of brexpiprazole, then this dose was 

significantly better than placebo.

The key secondary efficacy endpoint was change in Sheehan Disability Scale mean 

score from baseline to Week 6 analyzed by using the same MMRM model as in the 

primary efficacy analysis. To control for overall experiment-wise type I error a 

hierarchical testing procedure was used, so that if the primary efficacy analysis was 

statistically significant at an alpha level of .025 (two-sided) for either the 

brexpiprazole 1 mg versus placebo or the brexpiprazole 3 mg versus placebo 

comparison, then the corresponding comparison of the key secondary efficacy 

analysis was also tested at an alpha level of .025 (two-sided). A hierarchical testing 

procedure was also used for the SDS individual items scores to control for multiplicity 

and maintain overall type I error at .05. If the SDS mean score analysis was 

statistically significant then the individual item scores were tested in the following 

order: family life, social life and work/school. 
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The other secondary endpoints were analyzed at a nominal .05 level. Change in 

Clinical Global Impression – Severity of Illness Scale score and IDS-SR = Inventory 

of Depressive Symptomatology (Self-Report) total score from baseline to Week 6 

was analyzed by fitting the same MMRM model used for the primary efficacy 

analysis. Change in 17-item Hamilton Depression Rating Scale and Hamilton Anxiety 

Rating Scale total scores from baseline to Week 6 were analyzed by ANCOVA with 

baseline value as covariate and treatment and trial site as main effects. Change in 

Clinical Global Impression – Improvement Scale score from baseline to Week 6 was 

analyzed by the Cochrane-Mantel-Haenszel (CMH) row mean score differ test 

controlling for trial site. The proportion of MADRS responders (>50% reduction from 

baseline in MADRS total score) during the 6-week double-blind phase; and 

general association test controlling for trial site. 

Treatment-emergent adverse events were defined as adverse events which started 

on or after the beginning of the double-blind phase, or those which worsened, 

became serious or drug-related, or resulted in discontinuation, dose reduction of 

study drug or death during the double-blind phase. Least squares mean change in 

body weight at Week 6 was derived from an ANCOVA model with treatment as 

factors and baseline value as covariate, on observed case data.
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