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Cariprazine'in Acute Exacerbation of Schizophrenia:
A Fixed-Dose, Phase 3, Randomized, Double-Blind,
Placebo- and Active-Controlled Trial

Suresh Durgam, MD®*; Andrew J. Cutler, MDP; Kaifeng Lu, PhD?; Raffaele Migliore, MAZ;
Adam Ruth, PhDS; Istvan Laszlovszky, PharmD9; Gyérgy Németh, MD, PhDY; and Herbert Y. Meltzer, MD®

ABSTRACT

Objective: This phase 3 study evaluated the efficacy,
safety, and tolerability of cariprazine in patients with acute
exacerbation of schizophrenia.

Method: This multinational, randomized, double-blind,
placebo- and active-controlled study was conducted from
April 2010 to December 2011. Patients who met DSM-/V-
TR criteria for schizophrenia were randomized to placebo
(n=153), cariprazine 3 mg/d (n=155), cariprazine 6 mg/d
(n=157), or aripiprazole 10 mg/d (n=152) for 6 weeks of
double-blind treatment. The primary and secondary efficacy
parameters were mean change from baseline to week 6 in
Positive and Negative Syndrome Scale (PANSS) total score
and Clinical Global Impressions-Severity of lliness (CGI-S)
score, respectively.

Results: Least squares mean differences (LSMDs) in PANSS
total score change at week 6 significantly favored cariprazine
3 and 6 mg/d versus placebo (LSMD [95% Cl]: 3 mg/d, —6.0
[-10.1 to —1.9], adjusted P=.0044; 6 mg/d, —8.8 [-12.9 to
—4.7], adjusted P<.0001). Cariprazine 3 and 6 mg/d were also
associated with significant improvements relative to placebo
in CGI-S scores (LSMD [95% Cl]: 3 mg/d, —0.4 [-0.6 to —0.2],
adjusted P=.0044; 6 mg/d, —0.5 [-0.7 to —0.3], adjusted
P<.0001). Significant differences from placebo were also
observed with aripiprazole on the PANSS (LSMD [95% Cl]:
—7.0[-11.0 to —2.9], P=.0008) and CGI-S (LSMD [95% Cl]:
—0.4[-0.6 to —0.2], P=.0001). Common treatment-emergent
adverse events (= 10%) were insomnia (all groups), akathisia
(cariprazine 6 mg/d), and headache (placebo, cariprazine 6
mg/d).

Conclusions: This study supports the efficacy, safety, and
tolerability of cariprazine 3 and 6 mg/d in the treatment of
patients with acute exacerbation of schizophrenia.
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S chizophrenia is a complex disorder characterized by positive
and negative symptoms and cognitive impairment.! Like the
first generation of antipsychotics used to treat schizophrenia,
atypical (or second-generation) antipsychotics act primarily
through blockade of dopamine D, receptors, some degree of which
is thought to be necessary for antipsychotic activity.? Compared
with their predecessors, atypical antipsychotics have similar
efficacy in treating the positive symptoms of schizophrenia,
and they are generally thought to have a potentially lower risk
of extrapyramidal symptoms (EPS) and tardive dyskinesia,
although they are associated with a number of adverse effects,
including metabolic issues.>* While first-generation agents
have limited efficacy on negative and cognitive symptoms,* the
effect of atypical antipsychotics on these symptom domains is
controversial.>? Some atypical antipsychotics produce marked
improvements in negative and cognitive domains in substantial
numbers of patients,® but efficacy differs among agents and
patients. Reasons for these individual differences have not been
fully elucidated, and the need for new pharmacologic treatments
with broader efficacy and improved tolerability remains.

Cariprazine, a dopamine D; and D, receptor partial agonist
with preferential binding to Dj receptors, is approved by
the US Food and Drug Administration for the treatment of
schizophrenia and the acute treatment of manic and mixed
episodes associated with bipolar I disorder; it is also in
development for the treatment of bipolar depression and the
adjunctive treatment of major depressive disorder. Cariprazine
differs from available atypical antipsychotics in that it has almost
10-fold greater affinity for D3 than D, receptors in vitro'® and
high and balanced in vivo occupancy of both D, and D5 receptors
in rats'! and humans.'? The dopamine D5 receptor is thought to
be important in modulating mood and cognition'*-'7; therefore,
a compound with high affinity and occupancy of both D, and
Dj; receptors not only may be effective in treating the positive
symptoms, but also may provide beneficial effects on negative
symptoms, mood, and cognitive impairment associated with
schizophrenia.!>!8-21

In previous phase 2 (cariprazine 1.5, 3.0, or 4.5 mg/d*?) and
phase 3 (3-6 and 6-9 mg/d*®) randomized, placebo-controlled
studies in patients with acute exacerbation of schizophrenia,
cariprazine was effective and generally well tolerated. This phase
3 study (ClinicalTrials.gov identifier: NCT01104766) evaluated
the efficacy, safety, and tolerability of cariprazine in patients with
schizophrenia. Aripiprazole was used as an active control for
assay sensitivity; therefore, no inferential statistical testing was
done to compare active treatment groups.
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B |n this 6-week trial of adults with schizophrenia,
cariprazine at doses of 3 and 6 mg/d was generally well
tolerated and was associated with significantly greater
improvement compared with placebo across the range of
schizophrenia symptoms.

B With its distinct pharmacology and preferential dopamine
D5 receptor binding affinity, cariprazine may be an
effective new treatment option for schizophrenia.

METHOD

Study Design

This was a double-blind, parallel-group, placebo- and
active-controlled study, supported by funding from Forest
Laboratories, LLC, an Allergan affiliate, and Gedeon
Richter Plc. It was conducted at 57 centers in the United
States, Romania, Russia, and Ukraine from April 23, 2010,
to December 20, 2011. The protocol was approved by an
institutional review board (US sites) or ethics committee
(non-US sites). ICH-E6 Good Clinical Practice guidelines
were followed, and written informed consent was obtained
from all participants.

This 9-week study comprised a washout period of up to
7 days followed by 6 weeks of double-blind treatment and 2
weeks of safety follow-up. Patients were randomized (1:1:1:1)
to receive placebo, cariprazine 3 mg/d, cariprazine 6 mg/d,
or aripiprazole 10 mg/d (recommended dose). Patients
randomly assigned to cariprazine initiated treatment at 1.5
mg/d; dosage was increased by 1.5 mg/d until the target dose
was achieved (day 2 and day 4 for cariprazine 3 and 6 mg/d,
respectively). Aripiprazole was initiated and maintained
at 10 mg/d. Patients were hospitalized during washout/
screening and for at least 4 weeks of treatment. Starting on
day 28, patients with a Clinical Global Impressions-Severity
of Illness (CGI-S)** score <3 and no significant risk of
suicide or violent behavior were eligible for discharge.

Inclusion Criteria

Patients aged 18-60 years with a current diagnosis of
schizophrenia (paranoid, disorganized, catatonic, and/or
undifferentiated types) per Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision (DSM-
IV-TR)? criteria were included. Participants had to have been
diagnosed for >1 year and have had >1 psychotic episode
that required hospitalization or change in antipsychotic
medication during the past year. In addition, to ensure that
participants’ current psychotic episode was acute, duration
of the current episode must be <2 weeks, as captured by the
Structured Clinical Interview for DSM-IV Disorders*® and
by interviews with patients, caregiver, and other informants.
A CGI-S score 24, Positive and Negative Syndrome Scale
(PANSS)? total score >80 and <120, and a score >4 on
at least 2 of the PANSS positive symptoms of delusions,
hallucinatory behavior, conceptual disorganization, or
suspiciousness/persecution were also required.

Exclusion Criteria

Patients were excluded from the study for diagnosis
of schizoaffective or schizophreniform disorder, bipolar
disorder, or other DSM-IV-TR disorders of sufficient severity
to interfere with study participation. Additional exclusionary
conditions included first psychotic episode, substance
abuse/dependence (past 3 months), suicide attempt (past
2 years), suicide risk (as judged by the investigator on the
basis of the psychiatric interview or information collected
in the Columbia-Suicide Severity Rating Scale [C-SSRS]),?
treatment resistance (ie, poor response to >2 antipsychotics
at adequate dose/duration during the past 2 years), body
mass index < 18 or > 40, pregnancy/breastfeeding, or medical
conditions that might interfere with study participation.
Psychotropic medications were prohibited except for
lorazepam as needed for agitation, restlessness, irritability, or
hostility; zolpidem, zaleplon, chloral hydrate, or eszopiclone
for insomnia; diphenhydramine or benztropine for EPS; and
propranolol for akathisia.

Outcome Measures

PANSS and CGI-S were administered at screening (week
—1), baseline (week 0), and each double-blind treatment visit
(weeks 1-6). Additional assessments included the 16-item
Negative Symptom Assessment (NSA-16)* (weeks 0, 2, 4, 6),
Clinical Global Impressions-Improvement (CGI-1)** (weeks
1-6), Schizophrenia Quality of Life Scale-Revision 4 (SQLS-
R4)*® (weeks 0, 6), and the Cognitive Drug Research (CDR)
Attention Battery®! and Color Trails Test (CTT)?* (weeks —1,
0, 6).

Safety assessments included treatment-emergent adverse
events (TEAEs), clinical laboratory tests, vital signs, C-SSRS,
physical examinations, ophthalmologic examinations
(including Lens Opacities Classification System III scores
for nuclear opalescence, color of lens nucleus, subcapsular
opacity, visual acuity, and intraocular pressure), 12-lead
electrocardiograms (ECGs), and EPS measures (Abnormal
Involuntary Movement Scale,® Barnes Akathisia Rating
Scale [BARS],** and Simpson-Angus Scale [SAS]®).

Statistical Analysis

Safety evaluations were based on the safety population
(all randomized patients who received >1 dose of study
medication); efficacy evaluations were based on the intent-
to-treat (ITT) population (patients in the safety population
who had >1 postbaseline PANSS assessment).

Change from baseline to week 6 in PANSS total score
(primary efficacy) and CGI-S score (secondary efficacy)
were assessed using a mixed-effects model for repeated
measures (MMRM) with treatment group, study center, visit,
and treatment group-by-visit interaction as fixed effects
and baseline value and baseline value-by-visit interaction
as covariates. An unstructured covariance matrix was used
to model the covariance of within-patient scores. A matched
parallel gatekeeping procedure was used to control for multiple
comparisons across primary and secondary hypotheses for
comparisons of the 2 cariprazine dose groups to placebo®%;
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Table 1. Patient Disposition and Baseline’Characteristics

Cariprazine Aripiprazole
Placebo 3mg/d 6 mg/d 10 mg/d

Patient disposition
Randomized population, n 153 155 157 152
Safety population, n 153 155 157 152
Intent-to-treat population, n 149 151 154 150
Completed study, n (%) 95 (62.1) 104 (67.1) 97 (61.8) 114 (75.0)
Reason for discontinuation, n (%)

Withdrawal of consent 17 (11.1) 19(12.3) 25(15.9) 15(9.9)

Adverse event 17 (11.1) 15(9.7) 20(12.7) 14(9.2)

Insufficient therapeutic response 20(13.1) 15(9.7) 14 (8.9) 8(5.3)*

Other 4(2.6) 2(1.3) 1(0.6) 1(0.7)
Entered safety follow-up, n (%) 82 (53.6) 77 (49.7) 69 (43.9) 72 (47.4)
Baseline demographic characteristics
Age, mean (SD), y 38.2(11.3) 37.9(106) 38.6(10.6) 39.3(10.8)
Men, n (%) 97 (63.4) 99(63.9) 100 (63.7) 94 (61.8)
Race, n (%)?

Black 42 (27.5) 32(20.6) 36 (22.9) 33(21.7)

White 93(60.8) 102(65.8) 101 (64.3) 99 (65.1)

Other 6(3.9) 4(2.6) 3(1.9) 4(26)
Weight, mean (SD), kg 783(184) 77.2(18.1) 78.1(16.0) 79.5(17.1)
Waist circumference, mean (SD), cm 89.5(15.4) 88.3(143) 88.9(13.5) 89.3(14.3)
Disease characteristics
Duration of illness, mean (SD), y 12.5(9.7) 124 (8.7) 11.7 (9.0) 12.4(8.9)
No. of prior psychiatric hospitalizations, mean (SD) 7.2(9.4) 7.3 (6.6) 76(7.2) 7.5(9.4)
Suicide attempt history, n (%) 25(16.3) 35(22.6) 29 (18.5) 32(21.1)

@Race data were not collected at Romanian study centers per local regulations.

*P<.05 vs placebo.
Abbreviation: SD = standard deviation.

significance on the secondary endpoint for a dose level was
not claimed unless its corresponding primary hypothesis
was significant. Sensitivity analyses for the primary efficacy
parameter included an analysis of covariance (ANCOVA)
using a last-observation-carried-forward (LOCF) approach,
with treatment group and study center as factors and baseline
score as covariate, and a pattern-mixture model (PMM)
based on non-future dependent missing value restrictions.”’

Additional efficacy evaluations included change from
baseline to week 6 in NSA-16 score and PANSS positive and
negative subscales (MMRM); SQLS-R4 (ANCOVA, LOCF);
CTT and CDR Attention Battery scores (Wilcoxon rank sum
test, LOCF); week 6 CGI-I scores (MMRM using CGI-S
baseline score); and PANSS response (=30% improvement
from baseline; logistic regression, LOCF). Change from
baseline to week 6 in PANSS general psychopathology
subscale, PANSS cognitive (items P2, N5, N7, G10, and
G11)3%39 subscale, and the PANSS depression cluster (items
G1, G2, G3, and G6)** was evaluated post hoc.

Premature discontinuation in the active treatment groups
versus placebo was compared using the Fisher exact test.*!
Between-group differences for demographic and baseline
characteristics were analyzed using 2-way analysis of variance
for continuous variables and Cochran-Mantel-Haenszel
tests*? for categorical variables, controlling for study center.

Safety parameters were analyzed using descriptive
statistics. Post hoc statistical testing was performed for
between-group differences in TEAEs (Fisher exact test) and
changes in clinical and laboratory parameters (2-sample ¢
test). Treatment-emergent parkinsonism was defined as SAS
score <3 at baseline and >3 at any postbaseline assessment;

treatment-emergent akathisia was defined as BARS score <2
at baseline and >2 at any postbaseline assessment.

Aripiprazole was compared to placebo for assay
sensitivity; no testing was done to compare active treatment
groups. Statistical tests were 2-sided tests performed at
the 5% level of significance; confidence intervals (CIs)
were 2-sided 95% Cls. For efficacy measures, statistical
significance was defined as P values <.05. Primary and
secondary efficacy measures were controlled for multiple
comparisons; additional and by-visit efficacy analyses were
not controlled for multiple comparisons.

RESULTS

Approximately 67% of patients completed the study.
Discontinuation rates were similar for placebo and
cariprazine and slightly lower for aripiprazole (Table 1). There
were no statistically significant differences between placebo
and either cariprazine group for overall discontinuations
or individual reasons for discontinuation. Demographics,
baseline characteristics, and disease history were similar
among groups. Mean baseline PANSS and CGI-S scores
indicated that most patients were markedly ill (Table 2).%*
Efficacy

The primary efficacy parameter, mean change from
baseline to week 6 in PANSS total score, was significantly
greater for cariprazine 3 mg/d and 6 mg/d versus placebo
(Table 2). The primary results were supported by LOCF (least
squares mean difference [LSMD] [95% CI] for cariprazine
versus placebo: 3 mg/d=-5.4 [-9.3 to —1.4], P=.0078; 6
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Table 2. Efficacy Outcomes (ITT population, MMRM)

Placebo Cariprazine Aripiprazole
(n=149) 3mg/d (n=151) 6 mg/d (n=154) 10 mg/d (n=150)
PANSS total score
Baseline, mean (SD) 96.5 (9.1) 96.1(8.7) 95.7 (9.4) 95.6 (9.0)
Week 6 change from baseline, LSM (SEM) -14.3(1.5) -20.2 (1.5) —-23.0(1.5) -21.2(1.4)
LSMD (95% ClI) —6.0 (-10.1to -1.9)**  —-8.8(-12.9 to —4.7)*** —7.0 (-11.0 to —2.9)***
CGI-S
Baseline, mean (SD) 4.8(0.6) 4.9(0.6) 4.8(0.6) 4.8(0.6)
Week 6 change from baseline, LSM (SEM) -1.0(0.1) -1.4(0.1) -1.5(0.1) -1.4(0.1)
LSMD (95% ClI) —0.4 (0.6 to —0.2)** —0.5 (0.7 to —0.3)*** —0.4 (0.6 to —0.2)***
PANSS positive subscale
Baseline, mean (SD) 24.6 (3.4) 253(3.7) 24.6 (3.4) 24.7 (3.5)
Week 6 change from baseline, LSM (SEM) -5.3(0.5) —6.8 (0.5) —-7.5(0.5) —-7.2(0.4)
LSMD (95% ClI) -1.5(-2.8t0-0.2)* —2.2 (3.5 to —0.9)*** -1.9(-3.1to -0.6)**
PANSS negative subscale
Baseline, mean (SD) 25.0(4.3) 24.0(4.2) 24.2 (4.2) 24.3 (4.5)
Week 6 change from baseline, LSM (SEM) -3.0(0.4) —-4.4(0.4) —-4.7 (0.4) -4.2(0.3)
LSMD (95% Cl) -1.4(-2.41t0 -0.4)** —1.7 (2.7 to —0.7)*** -1.2(-2.2t0 -0.2)*
PANSS general psychopathology subscale
Baseline, mean (SD) 46.9 (5.5) 46.7 (5.0) 46.8 (5.6) 46.6 (5.2)
Week 6 change from baseline, LSM (SEM) -6.6 (0.7) -9.6(0.7) -11.3(0.7) -10.4(0.7)
LSMD (95% Cl) —-2.9 (-5.0to —0.9)** —4.7 (-6.7 to —2.6)*** —3.8 (-5.8t0 —1.8)***
PANSS cognitive subscale
Baseline, mean (SD) 16.4 (3.0) 16.6 (2.6) 16.6 (2.7) 16.1(2.9)
Week 6 change from baseline, LSM (SEM) -2.0(0.2) -3.2(0.2) -3.3(0.2) -3.0(0.2)
LSMD (95% Cl) -1.2(-1.9t0 -0.5)***  -1.2 (1.9 to —0.6)*** -1.0 (1.6 to —0.3)**
PANSS depression cluster
Baseline, mean (SD) 10.9 (2.7) 10.9 (2.8) 11.0(3.0) 11.2(3.0)
Week 6 change from baseline, LSM (SEM) -2.3(0.2) -3.0(0.2) -3.4(0.2) -3.3(0.2)
LSMD (95% Cl) —0.6 (1.2 to —0.0)* -1.0 (-1.6 to —0.4)** -1.0 (-1.6 to —0.4)**
NSA-16 total score
Baseline, mean (SD) 56.2(11.5) 52.9(12.2) 54.4(11.7) 543(11.1)
Week 6 change from baseline, LSM (SEM) -3.0(0.8) —6.6 (0.8) -7.5(0.8) -7.2(0.8)
LSMD (95% Cl) . —3.6 (-5.8t0 —1.3)** —4.5 (-6.7 to —2.3)*** —4.2 (-6.4t0 —2.0)***
NSA-16 global negative symptom rating
Baseline, mean (SD) 43(0.9) 4.0(1.0) 4.1(0.9) 4.1(1.0)
Week 6 change from baseline, LSM (SEM) -0.3(0.1) -0.5(0.1) -0.6 (0.1) -0.6 (0.1)
LSMD (95% Cl) —0.3 (0.4 to —0.1)** —0.3(-0.5 to —0.1)*** —0.3 (-0.5 to —0.1)***
SQLS-R4 total score
Baseline, mean (SD) 55.6 (21.3) 55.1(21.3) 55.0 (22.6) 58.5(21.8)
Week 6 change from baseline, LSM (SEM)? -3.1(1.6) -9.9(1.6) -11.5(1.6) -12.8(1.6)
LSMD (95% ClI)? —6.8 (—11.2t0-2.4)**  —-8.3(-12.7 to —4.0)*** —9.7 (-14.0 to =5.3)***
SQLS-R4 vitality score
Baseline, mean (SD) 23.3(8.6) 23.3(8.5) 22.7 (8.4) 24.0 (9.0)
Week 6 change from baseline, LSM (SEM)? -0.8(0.6) -3.6(0.7) -4.4(0.6) -4.6(0.6)
LSMD (95% ClI)? -2.8 (-4.6to-1.1)** —3.6 (-5.3 to -1.8)*** —3.8(-5.6 to -2.1)***
SQLS-R4 psychosocial score
Baseline, mean (SD) 32.3(143) 31.8(14.3) 32.3(15.7) 34.5(14.2)
Week 6 change from baseline, LSM (SEM)? -2.3(1.1) -6.3(1.1) -7.1(1.0) -8.0(1.0)
LSMD (95% ClI)? -4.0 (-6.9to -1.1)** —4.8(-7.6to-1.9)** —5.7 (-8.6 to —2.9)***
CDR—power of attention score (msec)
Baseline, median (min, max) 1,547.3 1,550.1 1,551.4 1,527.6
(1,040.9,7,177.3) (1,032.1,6,190.3) (1,027.6,6,535.2) (983.4,6,041.8)
Week 6 change from baseline, 27.3 -59.0 5.7 44.2
median (min, max) (-1,835.1, 3,149.8) (-1,810.2,2,863.3) (-4,339.2,4,058.6) (-2,769.8,4,517.8)
Location shift vs placebo (95% CI)° -111.4 56.3 -326

CDR—continuity of attention score
Baseline, median (min, max)

Week 6 change from baseline,
median (min, max)
Location shift vs placebo (95% CI)°
CGl-l
Baseline, mean (SD)
Week 6 change from baseline, LSM (SEM)
LSMD (95% Cl)
PANSS response®
Responders, n (%)
Odds ratio vs placebo (95% Cl)

88.0(15.0,95.0)

0.0 (-62.0,31.0)

32(0.1)

29(19.5)

(=193.1 to —37.4)**
87.0(27.0,95.0)
2.0 (-40.0,45.0)

3.0 (1.0 to 5.0)***

2.7(0.1)
—0.6 (0.9 to —0.3)***

37 (24.5)
1.4(0.8t024)

(-15.5t0 130.3)
87.0(32.0,95.0)
1.0 (-56.0, 52.0)

—2.0(-4.0t0 0.0)*

2.7(0.1)
—0.5 (—0.8 to —0.2)***

49 (31.8)
2.0(1.2t03.3)*

(=110.8to 43.4)
88.0(23.0,95.0)
0.0 (-57.0, 60.0)

-1.0(-3.0t0 0.0)

2.7(0.1)
-0.5 (-0.8 to —0.3)***

45(30.0)
1.8(1.1to 3.1)*

3ANCOVA, LOCF. PWilcoxon rank sum, LOCF. Logistic regression, LOCF.
*P<.05 vs placebo. **P<.01 vs placebo. ***P<.001 vs placebo.
Abbreviations: CDR=Cognitive Drug Research, CGI-I=Clinical Global Impressions-Improvement, CGI-S=Clinical Global Impressions-Severity of
lliness, Cl=confidence interval, ITT =intent-to-treat, LSM =least squares mean, LSMD =least squares mean difference vs placebo, MMRM =mixed-
effects model for repeated measures, NSA-16 =16-item Negative Symptom Assessment, PANSS = Positive and Negative Syndrome Scale,
SD =standard deviation, SEM =standard error of the mean, SQLS-R4 =Schizophrenia Quality of Life Scale-Revision 4.

e1577 = PSYCHIATRIST.COM

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2015 Copyright Physicians Postgraduate Press, Inc.
J Clin Psychiatry 76:12, December 2015



Figure 1. Primary and Secondary Efficacy: Change From Baseline at Each
Study Week (ITT, MMRM)?

A. PANSS Total
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2P values were not adjusted for multiple comparisons.

*P<.05, ¥¥P<.01, ¥¥*P<.001: cariprazine 3 mg/d vs placebo.

1P<.05, 111P<.001: cariprazine 6 mg/d vs placebo.

##P<.05, ###P<.001: aripiprazole 10 mg/d vs placebo.

Abbreviations: CGI-S =Clinical Global Impressions-Severity of lliness, ITT=intent to treat,
LS =least squares, MMRM = mixed-effects model for repeated measures, PANSS = Positive
and Negative Syndrome Scale.

mg/d=-7.9 [-11.8 to —4.0], P<.0001) and PMM sensitivity analyses
(data not shown). Statistically significant separation from placebo was
achieved at week 1 and week 3 in the cariprazine 6 and 3 mg/d groups,
respectively, and was maintained through the end of the study (Figure
1A). PANSS total score change at week 6 was also significantly greater
for aripiprazole than placebo (MMRM, PMM, and LOCEF), indicating
sufficient assay sensitivity.

Mean change in CGI-S score (secondary efficacy) was significantly
greater at week 6 for cariprazine 3 mg/d and 6 mg/d versus placebo using
MMRM (Table 2) and LOCF (LSMD [95% CI]: 3 mg/d=-0.4 [-0.6 to
-0.2], P=.0005; 6 mg/d=-0.5 [-0.7 to —0.2], P<.0001) approaches.
Improvement in CGI-S scores was significantly greater for both
cariprazine groups versus placebo beginning at week 2 (Figure 1B).

Both cariprazine doses were statistically superior to placebo on
positive, negative, cognitive, and mood symptoms, as measured by PANSS

Fixed-Dose Trial of Cariprazine in Schizophrenia

subscales, PANSS depression cluster, and NSA-16
scores (Table 2). Cariprazine was associated with
early improvement on all 4 PANSS subscales (see
Supplementary eFigure 1 at Psychiatrist.com).
Cariprazine-treated patients also had significantly
greater improvement versus placebo on the CGI-I
and quality of life measures (Table 2). PANSS
response rate (=30% improvement from baseline)
at week 6 was significantly higher for cariprazine
6 mg/d than placebo (Table 2). Statistically
significant differences in favor of aripiprazole
over placebo were seen on all the secondary and
additional efficacy measures discussed above
(Table 2).

On the CDR Attention Battery, significant
improvement was seen for cariprazine 3 mg/d
versus placebo on both power of attention
(P=.0036) and continuity of attention (P=.0005)
measures (Table 2). There were no significant
differences between aripiprazole and placebo on
the power of attention or continuity of attention
measures. There were no significant differences
between any treatment group and placebo on
CDR cognitive reaction time and reaction time
variability or on the CTT (data not shown).

Safety and Tolerability

Extent of exposure. Mean treatment duration
was 33 days for placebo; 34 and 33 days for
cariprazine 3 mg/d and cariprazine 6 mg/d,
respectively; and 36 days for aripiprazole.

Adverse events. More than half of the patients
in each treatment group reported a TEAE
(Table 3); most TEAEs were considered to be
mild or moderate in intensity. Discontinuations
due to AEs were reported for 66 patients; the
most frequent reasons were schizophrenia
(placebo =8, cariprazine 3 mg/d =3, cariprazine
6 mg/d=4, aripiprazole=7) and psychotic
disorder (placebo=1, cariprazine 3 mg/d=3,
cariprazine 6 mg/d=4, aripiprazole=1). The
only TEAE reported in >5% of cariprazine
patients, twice the rate of placebo, and possibly
related to treatment was akathisia in the 6 mg/d
group (vaginal infection in the 3 mg/d group
was unrelated to treatment). The incidence of
akathisia was significantly greater for cariprazine
6 mg/d (14.6%) versus placebo (4.6%; P=.0034).
Worsening of schizophrenia was significantly
more frequent in the placebo group (7.8%) than
in the cariprazine groups (3 mg/d: 1.9%, P=.0178;
6 mg/d: 2.5%, P=.0412). There were 17 serious
AEs (SAEs) during double-blind treatment or
safety follow-up (placebo=2 [1.3%], cariprazine 3
mg/d=4[2.6%], cariprazine 6 mg/d =7 [4.5%], and
aripiprazole=4 [2.6%]). The only SAEs reported
in >1 patient were schizophrenia (cariprazine 3
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Table 3. Summary of Treatment-Emergent Adverse Events
During Double-Blind Treatment Period (safety population)

Cariprazine Aripiprazole
Placebo 3 mg/d 6 mg/d 10 mg/d
(n=153), (n=155), (n=157), (n=152),
n (%) n (%) n (%) n (%)
Patients with > 1 TEAE 102 (66.7) 95(61.3) 112(71.3) 100 (65.8)
Patients with > 1 SAE 2(1.3) 2(1.3) 5(3.2) 4(2.6)
Deaths 0 0 2(1.3) 0
Discontinuations due 17(11.1)  15(9.7) 20(12.7) 14(9.2)
to AEs
Most common TEAEs (= 5% of patients in any treatment group)
Insomnia 25(16.3) 21(13.5) 22 (14.0) 16 (10.5)
Akathisia 7(46) 11(7.1) 23 (14.6)* 11(7.2)
Headache 17(11.1)  10(6.5) 16 (10.2) 15(9.9)
Anxiety 11(7.2) 12(7.7) 12(7.6) 12(7.9)
Schizophrenia 12(7.8) 3(1.9)* 4 (2.5)* 8(5.3)
Nausea 5(3.3) 3(1.9) 5(3.2) 11(7.2)
Agitation 9(5.9) 5(3.2) 11(7.0) 5(3.3)
Abdominal discomfort 3(2.0) 1(0.6) 7 (4.5) 9(5.9)
Vaginal infection® 0 3(5.4) 0 0

aPercentage based on number of female patients.

*P<.05 vs placebo; based on Fisher exact test.

Abbreviations: AE=adverse event, SAE=serious adverse event,
TEAE =treatment-emergent adverse event.

mg/d=2, cariprazine 6 mg/d=1), social stay hospitalization
(cariprazine 6 mg/d and aripiprazole=1 each), and psychotic
disorder (cariprazine 3 mg/d=2). The only SAE considered
possibly related to study drug was supraventricular tachycardia,
which was observed in 1 patient receiving cariprazine 3
mg/d; the patient was discontinued due to psychotic disorder
(considered unrelated to treatment) on the same day, and the
supraventricular tachycardia resolved within 1 week of study
discontinuation. There were 2 deaths during the study; both
occurred in the cariprazine 6 mg/d group (suicide and ischemic
stroke/myocardial infarction) and were considered unrelated
to treatment.

Laboratory parameters, vital signs, electrocardiogram,
physical examination, and ophthalmologic assessments. Total
and low-density lipoprotein cholesterol levels were significantly
decreased in the cariprazine 6 mg/d group versus placebo;
there were no other significant differences between groups for
changes in clinical laboratory parameters (Table 4).

Mean changes in blood pressure and pulse were not
clinically significant (Table 4). Body weight increased by 0.8
kg for cariprazine 3 mg/d, 0.6 kg for cariprazine 6 mg/d, 0.1
kg for placebo, and 0.7 kg for aripiprazole. Incidences of body
weight increase >7% were 6% for cariprazine 3 mg/d, 5% for
cariprazine 6 mg/d, 3% for placebo, and 6% for aripiprazole. The
incidence of orthostatic hypotension was 18% for cariprazine
3 mg/d, 12% for cariprazine 6 mg/d, 12% for placebo, and 11%
for aripiprazole. Mean ECG changes were small and similar
across groups; slight increases in ventricular heart rate were
noted with cariprazine 3 mg/d (2.8 bpm) and cariprazine 6 mg/d
(3.5 bpm) versus placebo (—0.8 bpm) and with aripiprazole (2.8
bpm) versus placebo (0.8 bpm). Small decreases in QT interval
occurred across active treatment groups. One aripiprazole
patient had a QTc (Bazett correction) interval >500 msec; no
patient had a QTc (Fridericia correction) interval >500 msec.
Mean changes in ophthalmologic parameters were similar
among groups.

Extrapyramidal symptoms. Cariprazine patients had
higher rates than placebo patients of treatment-emergent
parkinsonism (SAS baseline <3 and postbaseline > 3;
placebo=3%, cariprazine 3 mg/d=6%, cariprazine
6 mg/d=11%) and akathisia (BARS baseline <2 and
postbaseline > 2; placebo = 5%, cariprazine 3 mg/d = 14%,
cariprazine 6 mg/d=16%); aripiprazole patients also
had higher rates than placebo of treatment-emergent
parkinsonism (5%) and akathisia (11%). All but 2
cariprazine-related reports of akathisia were considered
mild or moderate in intensity. Excluding akathisia
and restlessness, EPS-related TEAEs resulted in the
discontinuation of only 1 patient (cariprazine 6 mg/d:
musculoskeletal stiffness). Discontinuation due to
akathisia/restlessness occurred in 3 cariprazine 3 mg/d
patients and 1 cariprazine 6 mg/d patient. There were
no discontinuations due to EPS-related TEAEs in the
aripiprazole group. Mean changes on movement disorder
scales were generally similar among groups (Table 4).

Suicidality. C-SSRS-reported suicidal ideation
occurred in 7 (5%) placebo, 3 (2%) cariprazine 3 mg/d, 4
(3%) cariprazine 6 mg/d, and 4 (3%) aripiprazole patients;
most incidences were recorded in the least severe category
(“wish to be dead,” no intent to act). No suicidal behavior
was recorded on the C-SSRS. One completed suicide was
reported during the study; the patient’s C-SSRS scores
had not indicated suicidal ideation or behavior.

DISCUSSION

In this phase 3 clinical trial in adult patients with
schizophrenia, significantly greater improvement for
cariprazine 3 mg/d and 6 mg/d versus placebo was
demonstrated on the primary efficacy parameter, change
from baseline to week 6 in PANSS total score; persistent
improvement over placebo was apparent by week 1 for
cariprazine 6 mg/d and by week 3 for cariprazine 3 mg/d.
Significant improvement versus placebo in the active-
control group (aripiprazole 10 mg/d) supported the
validity of the primary analysis. Significant improvement
of cariprazine versus placebo on secondary (CGI-S) and
additional efficacy measures (eg, SQLS-R4 total score,
PANSS positive subscale, SQLS-R4 psychosocial and
vitality scores) suggests improvement in overall disease
severity, symptom intensity, and quality of life for
cariprazine patients.

Blockade of the D, receptor is thought to be necessary
for efficacy on the positive symptoms of schizophrenia,
and cariprazine, like aripiprazole, is a potent D, receptor
partial agonist. In addition, cariprazine also shows high
D; receptor affinity and selectivity.!®-!> Research has
supported a role for D3 receptors in modulating mood and
cognition, 3152144 guggesting that potent activity at D3
receptors may confer pharmacologic benefit on negative
symptoms, cognitive deficits, and mood symptoms.
Because these symptoms may be more strongly correlated
with functional impairment and decreased quality of life
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Table 4. Changes in Safety Parameters (safety population)®

Although this study ‘was™ not

designed to compare cariprazine dose

Cariprazine Aripiprazole
Placebo 3mg/d 6 mg/d 10 mg/d levels, inclusion of 2 dose groups
(n=153) (n=155) (n=157) (n=152) permits observation of potential dosing

Metabolic parameters, mean change (SD), mg/dL effects. Changes of greater magnitude

Total cholesterol 3 5(30.7) 2 (29.5) -45(324)* -0.3(33.1) )

LDL cholesterol 0(252) —o 9(258)  -41(27.6)* 08 26 on most efficacy parameters and

HDL cholesterol —o 5(118) 5(107)  —04(11.0) 1(11.1) earlier differentiation from placebo

Triglycerides .6 (71.3) .6 (82.8) 0.1(70.0) —6 3 (56.6) on the primary efficacy analysis were

Fasting glucose .8(38.3) .8(18.6) 5.6 (19.1) 0.0(13.2) R . R
Liver function enzymes, mean change (SD) seen in the cariprazine 6 mg/d group

ALT, UL 1.7 (20.6) 6(17.4) 57(41)  -09(17.0) relative to the 3 mg/d group. PANSS

AST, U/L 0.4(11.0) 4(7.7) 3.7(17.4) -1.1(10.8) fotd

Total bilirubin, mg/dL 0.0(0.3) 0(02) 00(03) 00(02) response rates were statistically
Creatine kinase, mean change (SD), U/L  ~8.8(407.1) 1230972 9716420 _30(1909)  higher for cariprazine 6 mg/d versus
Prolactin, mean change (SD),ng/mL ~ -16.9(37.2) -159(36.8) -20.6(56.1) —20.6(32.2) placebo, but only numerically higher
Vital signs, mean change (SD) : :

oystolic BB mm Ha 1387) 8(85) 16(93) 17(89] for cariprazine 3 mg/d. Conversebr, the

Diastolic BP, mm Hg 03(7.4) —o 1(2.7) 0.1(80) 08(7.4) 3-mg/d dose appeared to have slightly

Pulse, bpm -1.0(11.8)  -06(11.7) 1.2(12.0) 0.0(11.7 better tolerability.

Body weight, kg 0.1(2.9) 0.8 (2.9)* 0.6 (2.5) 0.7 (2.9)* Cariprazine was generally well

Waist circumference, cm 0.1 (4.4) 1.7 (9.1) 0.7 (3.7) 0.8 (2.9) .
Extrapyramidal symptoms, mean change (SD) tolerated; most TEAEs were considered

AIMS total score -0.0(0.7) -0.1(0.8) -0.1(0.8) -0.1(1.0) mild or moderate in severity, and

BARS total score -0.0(0.6) 0.2(1.1) 0.2(1.1) 0.1(1.2) discontinuations due to AEs were

SAS total score -0.3(1.3) -0.1(1.3) 0.1(2.3) -0.1(2.1)

@Analyses based on changes from baseline to last available postbaseline assessment in the double-

blind period.
*P<.05 vs placebo (2-sample t test).

Abbreviations: AIMS = Abnormal Involuntary Movement Scale, ALT = alanine aminotransferase,
AST=aspartate aminotransferase, BARS = Barnes Akathisia Rating Scale, BP =blood pressure,
HDL = high-density lipoprotein, LDL =low-density lipoprotein, SAS = Simpson-Angus Scale,

SD =standard deviation.

comparable between the cariprazine
and placebo groups, although the
rate was highest for cariprazine
6 mg/d. Similar to other atypical
antipsychotics, akathisia was more
frequent with active treatment than

than positive symptoms in schizophrenia,**~*® medications

with efficacy in these symptom domains are important for
disease management.

In this study, patients in the cariprazine and aripiprazole
groups showed significantly greater improvement versus
placebo in negative symptoms and depressed mood, as
measured by the PANSS negative subscale, NSA-16 total
score, NSA-16 global negative symptom rating, and PANSS
depression cluster scores. Evaluation of PANSS negative
subscale scores over time revealed significant improvement
with cariprazine 6 mg/d compared with placebo after 1
week of double-blind treatment. On cognitive measures,
cariprazine- versus placebo-treated patients had significant
improvement on the CDR power of attention (3 mg/d),
CDR continuity of attention (3 mg/d), and PANSS cognitive
subscale scores (both doses), but not on the CDR cognitive
reaction time or reaction time variability score or on the CTT.

The results corresponding to negative or cognitive
symptom domains must be interpreted with caution since
many antipsychotic treatments have shown improved
negative and cognitive symptoms in clinical trials of patients
with acutely exacerbated schizophrenia. In this patient
population, improvement in these domains may only
reflect pseudospecific effects resulting from concurrent
improvements in positive symptoms, affective symptoms,
or overall clinical status.>° To better parcellate the effects
of cariprazine in improving negative, cognitive, or affective
symptoms, prospectively defined studies designed to assess
these specific symptom domains in patients with a stabilized
disease state are warranted.

placebo; most incidences were mild to
moderate in severity and resulted in few discontinuations.
Mean changes from baseline in EPS scales were similar in
all treatment groups.

Some atypical antipsychotics are associated with
significant weight gain, metabolic issues, cardiovascular AEs,
and type 2 diabetes,’! which is especially challenging given
the high rate of comorbid medical conditions associated
with schizophrenia.®? Consistent with previous studies in
schizophrenia®? and bipolar disorder,>® cariprazine was not
associated with clinically relevant changes in metabolic
parameters, body weight, or waist circumference. Further,
cariprazine showed no clinically relevant effects on sedation,
QT prolongation, or prolactin elevation.

Interpretation of study results is limited by the relatively
short duration of this trial. In addition, while aripiprazole
was included as an active control to assess assay sensitivity,
the study was not designed to allow for comparisons between
the active treatments. Future cariprazine studies designed
for head-to-head comparisons with other antipsychotics are
warranted. Lastly, while the study included efficacy scales
that allowed for measurement of changes in negative and
cognitive symptoms, the study was not powered to detect
between-group differences or designed to properly evaluate
the effects of cariprazine on these domains.

This study supports the efficacy and tolerability of
cariprazine 3 mg/d and 6 mg/d in the treatment of adult
patients with acute exacerbation of schizophrenia. With
its distinct pharmacology and preferential dopamine Dj
receptor binding affinity, cariprazine may be an effective
new treatment option for schizophrenia.
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Supplementary eFigure 1. Mean Change From Baseline in PANSS Subscale Scores at Each Study Week (ITT, MMRM)
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*P <.05 CAR 3 vs placebo; **P <.01 CAR 3 vs placebo; “**P <.001 vs placebo;

1P <.05 CAR 6 vs placebo; P <.01 CAR 6 vs placebo; ''P <.001 CAR 6 vs placebo;

P <.05 ARI 10 vs placebo; P <.01 ARI 10 vs placebo; **P <.001 ARI 10 vs placebo.

Pvalues were not adjusted for multiple comparisons.

ARl indicates aripiprazole; CAR, cariprazine; LS, least squares; PANSS, Positive and Negative Syndrome Scale



