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Objective: Aripiprazole is a dopamine
partial agonist approved for use in adults
for short- and long-term treatment of
schizophrenia and bipolar disorder. This
study was designed to examine the acute
efficacy, safety, and tolerability of ari-
piprazole for adolescents with schizo-
phrenia.

Method: This was a 6-week multicenter,
double-blind, randomized, placebo-con-
trolled trial. Subjects 13 to 17 years old
with a DSM-IV diagnosis of schizophrenia
and a Positive and Negative Syndrome
Scale (PANSS) total score of 70 or more
were randomly assigned (1:1:1 ratio) to
placebo or 10 or 30 mg/day of aripipra-
zole. The primary endpoint was mean
change from baseline to endpoint (last
observation carried forward) in PANSS to-
tal score. Assessments of safety and toler-
ability included spontaneously reported
adverse events, extrapyramidal symptom
scores, serum prolactin concentration,
body weight, and metabolic measures.

Results: Of 302 patients, 85% completed
the 6-week study. The mean baseline
PANSS score was 94.1. At the end of the
study, both aripiprazole doses showed
statistically significant differences from
placebo in reduction in PANSS total score.
Adverse events occurring in more than 5%
of either aripiprazole group and with a
combined incidence at least twice the
rate for placebo were extrapyramidal dis-
order, somnolence, and tremor. Mean
changes in prolactin were -8.45, -11.93,
and -15.14 ng/ml for placebo and 10 mg
and 30 mg of aripirazole, respectively.
Mean body weight changes were -0.8,
0.0, and 0.2 kg for placebo and 10 mg
and 30 mg of aripiprazole, respectively.

Conclusion: Both 10- and 30-mg/day
doses of aripiprazole were superior to pla-
cebo in the acute treatment of adoles-
cents with schizophrenia. Aripiprazole
was generally well tolerated.

(Am J Psychiatry 2008; 165:1432-1441)

A.\though childhood-onset schizophrenia is rare,
adolescent-onset schizophrenia is relatively common in
males, with up to 39% experiencing their first episode be-
fore age 20 (1-4). Adolescents with schizophrenia have im-
pairments in psychosocial functioning (5) and have gener-
ally poor outcomes (6-9).

Safe and effective treatments are needed for youths, but
there is a paucity of double-blind and placebo-controlled
treatment studies in adolescents with schizophrenia. In a
4-week study of 75 adolescents with schizophrenia be-
tween the ages of 13 and 18 years, treatment with either
loxapine or haloperidol was reported to be superior to pla-
cebo in reducing symptoms of psychosis (10). The most
common side effects reported in that trial were extrapyra-
midal symptoms and sedation. In an 8-week study in
which 107 adolescents between the ages of 13 and 17 years
were randomly assigned in a 2:1 ratio to receive either
olanzapine or placebo in a double-blind fashion, active
treatment with olanzapine was associated with greater re-
ductions in psychiatric symptoms than placebo (11). In

that study, weight gain and sedation were reported to oc-
cur more commonly with active treatment than with pla-
cebo. The study also found elevations in cholesterol, tri-
glycerides, glucose, insulin, and prolactin with active
treatment when compared with placebo.

Aripiprazole is a dopamine partial agonist that has
been shown to be efficacious in the treatment of positive
and negative symptoms in acute and long-term treatment
of schizophrenia or schizoaffective disorder in adults at
doses of 10 to 30 mg/day (12-15). Because youths may be
more vulnerable to antipsychotic-induced extrapyrami-
dal symptoms (16) and weight gain (17), a medication’s
side effect profile is particularly relevant when treating
adolescents.

This randomized, double-blind, placebo-controlled
clinical trial assessed the efficacy and tolerability of ari-
piprazole in the acute treatment of adolescents with
schizophrenia. The a priori hypotheses were that aripipra-
zole would be superior to placebo in ameliorating symp-
toms of psychosis and would be generally well tolerated.

This article is featured in this month’s AJP Audio and is discussed in an editorial by Dr. Ross (p. 1369).
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Method

Study Design

In accordance with the U.S. Code of Federal Regulations (CFR
Title 21, Part 50), written, informed consent was obtained from all
subjects’ guardians or legal representatives, and written assent
was obtained from each adolescent subject before any study-re-
lated procedures were performed. The protocol, procedures, con-
sent, and assent statements (per guidelines of the U.S. Food and
Drug Administration [FDA] and the International Conference on
Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use) were approved by the institu-
tional review board or ethics committee of each participating
center (18, 19).

This was a phase III, randomized, placebo-controlled study.
The trial was conducted in 101 centers in the United States, Eu-
rope, South America, Asia, the Caribbean, and South Africa over
a 23-month enrollment period. Randomization was stratified
and equally maintained across each of three geographical cate-
gories: 1) United States, 2) Europe, and 3) other regions. To assure
reliability of ratings among sites, the number of raters within
each site was minimized and efforts were to be made to ensure
that the same rater administered the Positive and Negative Syn-
drome Scale (PANSS) (20, 21) for a given patient. Raters at each
site had identical instructions for administering the PANSS, and
each site was required to demonstrate interrater reliability on an
ongoing basis throughout the period in which patients partici-
pated in the study.

Patients

Subjects who were deemed appropriate candidates by their
treating physicians were screened for eligibility within 4 weeks of
baseline. Eligible subjects met the following inclusion criteria: 1)
male or female, 2) age 13 to 17 years inclusive, 3) DSM-1V (22) axis
I primary diagnosis of schizophrenia and confirmation of the
schizophrenia diagnosis by an adequately trained clinician (e.g.,
child psychiatrist) at the time of screening, by means of the
Schedule for Affective Disorders and Schizophrenia for School-
Age Children—Present and Lifetime Version (K-SADS-PL) (23),
and 4) a baseline PANSS score of 70 or higher. Eligible subjects
were randomized in a 1:1:1 ratio to receive placebo, 10 mg/day of
aripiprazole, or 30 mg/day of aripiprazole for 6 weeks. On the ba-
sis of an effective and well-tolerated dosing schedule used in pre-
vious sponsor-conducted trials (24-26) and the FDA written re-
quest to examine the dose range of aripiprazole for adults (12-15),
eligible subjects received aripiprazole according to a forced-titra-
tion scheme to achieve target doses of either 10 or 30 mg/day. In
the 10-mg group, aripiprazole was titrated from a starting dose of
2 mg/day to 5 mg/day on day 3, followed by an increase to the tar-
get dose of 10 mg/day on day 5. Subjects in the 30-mg group also
began at 2 mg/day; the dose was then increased every 2 days to 5
mg/day, 10 mg/day, 15 mg/day, 20 mg/day, and finally, the target
dose of 30 mg/day on day 11. Target doses were maintained for at
least 2 weeks. Subjects who experienced unacceptable dose-re-
lated tolerability problems before study day 25 were removed
from the study. After day 25, a dose reduction to a minimum of ei-
ther 5 or 15 mg/day was permitted for subjects in the 10-mg and
30-mg cohorts, respectively. After dose reduction, a return to the
initial target dose was not permitted. Medication was adminis-
tered once daily.

Subjects were required to discontinue prohibited medications,
including mood stabilizers, antidepressants, and other psycho-
tropics, at least 3 days before the initiation of treatment. Fluoxe-
tine must have been discontinued for 4 weeks, and stimulants
and atomoxetine must have been discontinued for at least 5 half-
lives before the first dose of study drug. During the washout pe-
riod, benzodiazepines (lorazepam or equivalent) or anticholin-
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ergic agents were permitted as clinically indicated. During the
course of the study, if the primary efficacy measure was un-
changed or worsened, or if deemed absolutely necessary by the
investigator, subjects were permitted to receive benzodiazepine
or anticholinergic medications for relief of transient symptoms.
Treatment with benzodiazepines within 4 hours or with anticho-
linergic agents within 12 hours before efficacy ratings or adminis-
tration of movement scales was prohibited.

Subjects were excluded if they had any current psychiatric co-
morbidity requiring pharmacotherapy; any evidence of suicide
risk; or a history or current diagnosis of schizoaffective disorder,
mental retardation, major depressive episodes, neuroleptic ma-
lignant syndrome, any neurologic disorder other than Tourette’s
syndrome, severe head trauma, or any unstable medical condi-
tion. Subjects whose illness was resistant to antipsychotics ac-
cording to prior trials of two different antipsychotics of adequate
dose and duration were also excluded, as were adolescent girls
who were pregnant or breast-feeding and sexually active adoles-
cent boys or adolescent girls who did not agree to abstinence or
birth control. Subjects with positive screens for illegal drugs
within 3 months of baseline or during the study were either ex-
cluded or removed from the study, respectively. Additionally, sub-
jects who had been hospitalized for acute schizophrenia within 2
weeks or enrolled in a clinical trial within 4 weeks of baseline test-
ing were excluded. Subjects were permitted to participate in this
study on an outpatient, partial hospitalization, or full inpatient
basis at any given time of the study.

Efficacy Assessments

The a priori primary efficacy assessment was the mean change
from baseline to the last observed postbaseline visit (with the last
observation carried forward) in total score on the PANSS. Assess-
ments were performed at baseline and at weekly visits through
day 42, which was the end of the study (week 6).

The secondary efficacy measures included the mean change in
the PANSS positive and negative subscale scores from baseline to
the last observation. The secondary measures also included the
Clinical Global Impression (CGI) improvement and severity
scales (27) and the clinician-rated Children’s Global Assessment
Scale (28). The latter instrument was completed at baseline and at
day 42 or the end of treatment.

Quality of life and patient satisfaction were assessed by using
the Pediatric Quality of Life Enjoyment and Satisfaction Ques-
tionnaire (29). Both the “total score” and a separate “overall score”
item were determined at screening and at day 42.

Safety and Tolerability Assessments

To avoid bias in responses about adverse events, the subjects
(and their parents or guardians) were asked, “How have you felt
since your last visit?” The investigators were required to record
all spontaneously reported adverse events at all scheduled
assessments.

Side effects related to extrapyramidal symptoms were assessed
at each visit as spontaneously reported adverse events. Extrapyra-
midal symptoms were also monitored at each scheduled visit by
means of the Simpson-Angus Scale (30), the Barnes Rating Scale
for Drug-Induced Akathisia (31), and the Abnormal Involuntary
Movement Scale (AIMS) (32).

Metabolic evaluations included body weight, body mass index,
diastolic and systolic blood pressure, and fasting levels of serum
triglycerides, high-density lipoprotein (HDL) cholesterol, and
glucose. Blood samples for measuring triglycerides, HDL choles-
terol, and glucose were obtained after a minimum 8-hour fast at
baseline, day 28, and day 42 (or end of study).

Additional assessments included ECG, physical examinations,
vital signs, and number of hospitalizations. An independent five-
member data safety monitoring board was informed of adverse
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TABLE 1. Characteristics of Adolescents With Schizophrenia in a Placebo-Controlled Trial of Aripiprazole

Placebo Aripiprazole, 10 mg/day Aripiprazole, 30 mg/day
Group and Characteristic N Data N Data N Data
Total study group 100 100 102
Mean SD Mean SD Mean SD
Age (years) 15.4 1.4 15.6 13 15.4 1.4
Height (cm) 166.0 10.0 164.0 10.8 167.1 11.4
Weight (kg) 63.35 15.63 63.53 19.11 64.54 15.49
Body mass index (kg/m?2) 229 53 235 6.2 23.0 4.9
Baseline scores
Positive and Negative Syndrome Scale 94.6 15.6 93.6 15.7 94.0 16.1
CGl severity scale 4.6 0.8 4.5 0.8 4.6 0.6
Children's Depression Rating Scale, Revised (33) 13 0.5 13 0.6 13 0.6
Disease duration (years) 1.5 23 1.4 23 1.3 1.6
Age at onset (years) 14.0 2.6 14.2 2.5 14.2 2.0
N % N % N %
Onset before age 13 23 23 15 15 15 15
Onset at age 13-17 77 77 85 85 87 85
Received treatment for previous episode? 73 73 75 75 75 74
Used antipsychotic before study 46 46 53 53 47 46
Atypical antipsychotic 43 43 44 44 36 35
Typical antipsychotic 8 8 13 13 17 17
Race
Caucasian 64 64 54 54 62 61
African American 6 6 17 17 11 11
Asian 15 15 16 16 12 12
American Indian or Alaska Native 1 1 0 0 0 0
Other 14 14 13 13 17 17
Hispanic/Latino ethnicity 14 14 12 12 15 15
Male patients 61 45 65
Mean SD Mean SD Mean SD
Age (years) 15.3 1.4 15.6 1.3 15.5 13
Height (cm) 170.9 8.9 170.1 10.6 1723 9.5
Weight (kg) 65.93 15.36 66.74 18.82 67.92 15.68
Body mass index (kg/m?) 225 4.8 22.8 9.7 229 5.2
N % N % N %
Race
Caucasian 42 69 27 60 42 65
African American 5 8 7 16 7 1
Asian 8 13 5 11 5 8
American Indian or Alaska Native 0 0 0 0 0 0
Other 6 10 6 13 11 17
Hispanic/Latino ethnicity 6 10 6 13 10 15
Female patients 39 55 37
Mean SD Mean SD Mean SD
Age (years) 15.6 1.5 15.6 13 15.4 1.5
Height (cm) 158.5 6.3 158.9 8.1 158.1 8.5
Weight (kg) 59.32 15.38 60.90 19.11 58.60 14.94
Body mass index (kg/m?2) 23.6 5.9 24.0 6.0 23.2 4.4
N % N % N %
Race
Caucasian 22 56 27 49 20 54
African American 1 3 10 18 4 11
Asian 7 18 11 20 7 19
American Indian or Alaska Native 1 3 0 0 0 0
Other 8 21 7 13 6 16
Hispanic/Latino ethnicity 8 21 6 11 5 14

a Twenty-six percent of the patients were drug naive.

events throughout the course of the study for the purpose of en-
suring patient safety.

Statistical Analyses

Using a two-sided alpha at the 0.025 level of significance, we de-
termined that approximately 255 subjects (85 subjects per treat-
ment arm) were required to provide at least an 85% power to de-
tect a between-group difference of -11.4 in the mean change from
baseline in the primary efficacy assessment (PANSS total score).
This study group size was based on the assumption that variability
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in this assessment would be similar to that in adult schizophrenia
trials over the 2- to 10-mg/day and 2- to 30-mg/day ranges, which
resulted in a -11.4 median of the mean differences with a pooled
standard deviation of 22.5 (12-15). Enrollees without a baseline or
a postbaseline PANSS value were not included in the primary
analysis of change from baseline in PANSS total score.

Statistical analysis was performed by fitting an analysis of cova-
riance (ANCOVA) model to the PANSS change scores with right-
hand terms for treatment, regional strata as factors, and baseline
total score as covariate. The least-squares means derived from
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Total
N Data
302
Mean SD
15.5 1.4
165.7 10.8
63.81 16.93
23.1 5.4
94.1 15.8
4.6 0.8
1.3 0.6
1.4 2.1
141 2.4
N %
53 18
249 82
223 74
146 48
123 41
38 13
180 60
34 11
43 14
1 0
44 15
41 14
171
Mean SD
15.4 1.3
171.2 9.6
66.90 16.38
227 4.9
N %
111 65
19 11
18 11
0 0
23 13
22 13
131
Mean SD
15.5 1.4
158.5 9.6
59.78 16.84
23.7 5.9
N %
69 53
15 11
25 19
1 1
21 16
19 15

this model were used for comparing placebo with each active
treatment. A nominal overall significance level of 0.05 (two-tailed)
was used in testing the statistical significance of these two com-
parisons. The Hochberg’s procedure was used to account for mul-
tiplicity in testing the two comparisons, with the following crite-
ria: if both p values were <0.05 (two-tailed), then statistical
significance was declared for both doses; if the larger of the two p
values was >0.05, then the smaller p value was compared with
0.025 (two-tailed). The corresponding treatment comparison was
declared statistically significant if the p value was <0.025.
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FIGURE 1. Change in Total Score on the Positive and Nega-
tive Syndrome Scale for Adolescents With Schizophrenia in
a Placebo-Controlled Trial of Aripiprazole?
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aThe mean baseline total score for the entire group was 94.5. The
numbers of subjects at week 1 were 97, 98, and 95 for the placebo,
10-mg, and 30-mg groups, respectively. The numbers at weeks 2-6
were 98, 99, and 97, respectively.

b Significantly different from value for placebo (p<0.05, t test derived
from ANCOVA model with baseline value as covariate and treat-
ment and regional strata as factors).

¢ Significantly different from value for placebo (p<0.01, t test derived
from ANCOVA model with baseline value as covariate and treat-
ment and regional strata as factors).

The data set at the day 42 visit, with the last observation carried
forward, was used for the primary efficacy analysis. Scores on the
Children’s Global Assessment Scale, CGI severity scale, and
PANSS positive and negative subscales were analyzed by fitting an
ANCOVA model to the change scores with treatment, regional
strata, and baseline value as right-hand terms. The same AN-
COVA model was applied to the change in scores on the Simpson-
Angus Scale, the Barnes Rating Scale for Drug-Induced Akathisia,
and the AIMS. Scores on the CGI improvement scale and the over-
all score on the Pediatric Quality of Life Enjoyment and Satisfac-
tion Questionnaire were analyzed by the Cochran-Mantel-Haens-
zel method, with regional strata as the stratification factor.
Kaplan-Meier curves were plotted, and the log-rank test was used
to test the significance of the difference in survival curves for time
to discontinuation due to all reasons. Remission was defined as a
score of 3 or less foritems P1, P2, P3, N1, N4, N6, G5, and G9 of the
PANSS, and the between-group differences in remission rate were
analyzed by means of the Cochran-Mantel-Haenszel method,
with regional strata as the stratification factor. The primary data
set for analysis of scores on the Children’s Global Assessment
Scale, CGI severity and improvement scales, and PANSS positive
and negative subscales was the last-observation-carried-forward
data set at the day 42 visit. Both observed cases and the last obser-
vation carried forward were analyzed at all other visits. A signifi-
cance level of 0.05 (two-tailed) was used for all secondary efficacy
analyses to declare statistical significance. Analysis of change
from baseline in PANSS total score was performed both for ob-
served cases and the last observation carried forward at all visits
before the day 42 visit, by means of methods similar to those al-
ready described.

Additionally, the patient dropout rates for each aripiprazole
group and the placebo group were compared by using the Coch-
ran-Mantel-Haenszel method stratified by regional strata. Statisti-

ajp.psychiatryonline.org 1435



ARIPIPRAZOLE FOR ADOLESCENT SCHIZOPHRENIA

TABLE 2. Efficacy Data for Adolescents With Schizophrenia in a Placebo-Controlled Trial of Aripiprazole

Comparison of

Aripiprazole, 10 mg/  Aripiprazole, 30 mg/ Aripiprazole and

Efficacy Measure Placebo (N=98) day (N=99) day (N=97) Placebo (two-sided p)?
10 mg/ 30 mg/
Mean SE Mean SE Mean SE day day
Positive and Negative Syndrome Scale (PANSS)
with last observation carried forward
Total score
Baseline 95.0 15.5 93.7 15.7 94.9 15.5 0.54 0.94
Change at week 1 -7.2 1.1 -6.9 1.1 -10.4 1.1 0.84 0.05
Change at week 6 -21.2 1.9 -26.7 1.9 -28.6 09 0.05 0.007
Positive subscale score
Baseline 229 5.6 221 5.0 235 5.0 0.26 0.47
Change at week 1 -1.8 0.3 -2.1 0.3 -2.9 0.3 0.59 0.03
Change at week 6 -5.6 0.6 -7.6 0.6 -8.1 0.6 0.02 0.002
Negative subscale score
Baseline 25.6 6.0 254 6.8 249 6.2 0.79 0.40
Change at week 1 -2.0 0.4 -1.5 0.3 -2.5 0.3 0.28 0.29
Change at week 6 -5.4 0.6 -6.9 0.6 -6.6 0.6 0.05 0.10
PANSS total score for observed cases
Baseline 95.0 15.5 93.7 15.7 94.9 15.5 0.54 0.94
Change at week 1 -7.2 1.1 -6.9 1.1 -10.4 1.1 0.84 0.05
Change at week 6 -22.3 1.8 -30.6 8 -319 1.8 0.002 0.0002
Clinical Global Impression, with last obser-
vation carried forward
Severity score
Baseline 4.6 0.8 4.5 0.8 4.6 0.6 0.24 0.60
Change at week 1 -0.2 0.0 -0.2 0.0 -0.3 0.0 0.24 0.03
Change at week 6 -09 0.1 -1.2 0.1 -1.3 0.1 0.008 0.002
Improvement scoreP
Week 1 3.8 0.1 3.6 0.1 3.4 0.1 0.02 0.002
Week 6 3.1 0.1 2.7 0.1 25 0.1 0.02 0.0004
Children’s Global Assessment Scale score
Baseline 45.4 11.2 46.7 12.6 45.6 12.0 0.43 0.87
Change at week 6 9.8 1.3 14.7 1.5 14.8 1.3 0.006 0.005
Pediatric Quality of Life Enjoyment and
Satisfaction Questionnaire (29)°
Total score
Baseline 443 9.5 439 9.1 443 9.1 0.91 0.82
Change at week 6 4.5 0.9 5.2 0.9 5.9 0.9 0.55 0.26
Overall scoreP
Baseline 3.4 0.9 3.2 0.9 33 1.1 0.48 0.27
Change at week 6 0.1 0.1 0.6 0.1 0.6 0.1 0.005 0.003
10 mg/ 30 mg/
N % N % N % day day
Patients achieving remission with last obser-
vation carried forward®
Week 19 6 6 10 10 17 18 0.31 0.02
Week 6 35 36 53 54 56 58 0.02 0.003

a Least-squares means were used for the treatment comparisons except as noted. Two-tailed Student’s t tests were used to test the difference
between least-squares means within the ANCOVA model. For the baseline visit, analysis of variance was used with right-hand terms of treat-
ment and regional strata as factors.

b Means were reported, and p values were derived by using the Cochran-Mantel-Haenszel method with mean score statistics stratified by re-
gional strata.

¢ Remission was defined as a score not exceeding 3 (mild severity) for items P1, P2, P3, N1, N4, N6, G5, and G9 of the PANSS. Differences were
analyzed by means of the Cochran-Mantel-Haenszel method with mean score statistics stratified by regional strata.

d Data were missing for four patients at the week 1 evaluation (placebo: N=97/98; 10 mg aripiprazole: N=98/99; 30 mg aripiprazole: N=95/97.

cal comparisons of mean changes in tolerability measures (e.g., ex-
trapyramidal symptoms, metabolic variables, and ECG measures
[QTcB interval]) yielding p values were performed by ANCOVA
models on the respective change scores. The p values for compar-
ing time to discontinuation from the study in each aripiprazole
group and the placebo group were obtained by the log-rank test.

Results

Subject Characteristics and Disposition

Demographic characteristics of the 302 randomly as-
signed subjects are summarized in Table 1. During the

1436
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fixed-dose period, the groups assigned to 10 and 30 mg/
day of aripiprazole received mean daily doses of 9.8 mg
and 28.9 mg, respectively. Of the 302 enrolled subjects, 258
(85%) completed the 6-week study. Among the 44 non-
completers (15%), 10 had been assigned to placebo, 16 to
10 mg/day of aripiprazole (nonsignificant difference from
placebo, p=0.21), and 18 to 30 mg/day of aripiprazole (p=
0.12 versus placebo). Of these, seven (2% of total) with-
drew for lack of efficacy, 13 (4%) withdrew because of ad-
verse events, 21 (7%) withdrew consent, one (0.0%) was
lost to follow-up, and two (1%) withdrew for other reasons.

Am | Psychiatry 165:11, November 2008
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TABLE 3. Treatment-Emergent Adverse Events in Adolescents With Schizophrenia in a 6-Week Placebo-Controlled Trial of

Aripiprazole

Aripiprazole, 10 mg/  Aripiprazole, 30 mg/

Placebo (N=100) day (N=100) day (N=102)
Adverse Event N % N % N %
Occurring in 5% or more of any group?
Akathisia 5 5 5 5 12 12
Extrapyramidal disorder 5 5 13 13 22 22
Nausea 6 6 9 9 10 10
Vomiting 5 5 5 5 3 3
Dizziness 3 3 7 7 4 4
Headache 10 10 16 16 1 11
Somnolence 6 6 11 11 22 22
Tremor 2 2 2 2 12 12
Insomnia 15 15 11 11 10 10
Nasopharyngitis 4 4 5 5 5 5
Agitation 5 5 1 1 3 3
Extrapyramidal symptom categories?
Dystonic event 0 0 4 4 2 2
Parkinsonism event (including extrapyramidal disorder and tremor) 7 7 15 15 31 30
Dyskinetic event 0 0 1 1 2 2
Akathisia event (including akathisia) 6 6 6 6 12 12
Residual event (myoclonus) 0 0 0 0 1 1

a Reported according to preferred terms in the Medical Dictionary for Regulatory Activities (34).

Efficacy

Treatment with both doses of aripiprazole resulted in
significantly greater improvement than placebo between
baseline and the end of treatment on the PANSS total (Fig-
ure 1, Table 2), PANSS positive symptom subscale, CGI se-
verity measure, CGI improvement measure, and Chil-
dren’s Global Assessment Scale (Table 2). The 10-mg/day
dose of aripiprazole also produced significantly greater re-
sults than placebo on the PANSS negative subscale (Table
2), whereas treatment with the 30-mg dose resulted in sig-
nificant negative symptom improvement at weeks 3 and 4
(p=0.05 and p=0.05, respectively) but not at the end of the
study. Separation from placebo occurred earlier for the
group receiving 30 mg/day of aripiprazole (week 3) than
for the 10-mg group (week 6). At the week 1 visit, the 30-
mg group demonstrated significantly greater improve-
ment than the placebo group on the PANSS total (Figure
1), PANSS positive subscale, and CGI severity and im-
provement scales (Table 2).

CGI improvement scores showed progressive improve-
ment over the course of the study, with significant differ-
ences from placebo (Table 2) in the 10-mg aripiprazole
group observed at weeks 1, 5, and 6 (p=0.02, p=0.03, p=
0.02, respectively) and in the 30-mg group at all scheduled
postbaseline visits except week 2 (week 1: p=0.002; weeks
3-6: p=0.005, p=0.004, p=0.0002, p=0.0004, respectively;
last observation carried forward). Similarly, CGI severity
scores showed improvement from “moderately”/“mark-
edly” ill at baseline (scores of 4.6, 4.5, and 4.6 for the pla-
cebo, 10-mg, and 30-mg groups, respectively) to “mildly”/
“moderately” ill at week 6 (score of 3.7 for placebo, 3.3 for
both 10-mg and 30-mg groups) (last observation carried
forward). Significant differences between placebo and
aripiprazole were observed in the 10-mg group at weeks 3,
5, and 6 (p=0.04, p=0.03, p=0.008, respectively; last obser-

Am | Psychiatry 165:11, November 2008

vation carried forward) and in the 30-mg group at all
scheduled postbaseline visits except week 2 (week 1: p=
0.03; weeks 3-6: p=0.003, p=0.02, p=0.004, p=0.002, re-
spectively; last observation carried forward).

The mean change from baseline in the score on the
Children’s Global Assessment Scale at week 6 for both
aripiprazole groups was significantly greater than the
change with placebo (Table 2). On the Pediatric Quality of
Life Enjoyment and Satisfaction Questionnaire Scale, both
aripiprazole groups demonstrated significant improve-
ment at the end of the study on the separate “overall score”
item (prespecified in Method), but they did not show sig-
nificant change from baseline on the 14-item “total score”
(Table 2).

Treatment with both doses of aripiprazole resulted in
significantly higher rates of remission at week 6 than was
observed in the placebo group (Table 2). The rates were
54% for the patients taking 10 mg/day of aripiprazole, 58%
for those taking 30 mg/day, and 36% for the placebo

group.
Safety and Tolerability

Adverse events. Aripiprazole treatment was generally
well tolerated and not dose limiting. There were no known
suicides or deaths during the study. Forty-four (15%) of the
302 randomly assigned subjects left the study, 13 (4%) be-
cause of an adverse event: two in the placebo group (2%),
seven in the group taking 10 mg/day of aripiprazole (7%),
and four in the 30-mg aripiprazole group (4%). The most
common adverse events associated with discontinuation
were psychotic disorder (N=3) and schizophrenia (N=3);
each of these six patients discontinued because of the re-
spective adverse events rather than lack of efficacy. After
demonstration of transient improvement in PANSS scores,
each of the six patients was withdrawn from the study be-
cause of an event precipitated by exacerbation of symp-
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TABLE 4. Metabolic Effects in Adolescents With Schizophrenia in a 6-Week Placebo-Controlled Trial of Aripiprazole

Placebo 10 mg/day of Aripiprazole
Data Data
Metabolic Variable N Mean N % N Mean SD N %
Body weight
Change from baseline 98 99
Absolute (kg) -0.8 0.0 2.1
Percent loss 51 37
>0% to <2% 13 13 17 17
>2% to <5% 27 28 15 15
>5% 11 11 5 5
Percent gain 47 62
20% to <2% 35 36 36 36
>2% to <5% 10 10 15 15
>5% 2 2 1 11
Change in z score? 98 -0.11 0.22 29 0.0 0.28
Body mass index 98 929
Change from baseline (kg/m?) -0.3 . -0.0 0.8
Change in z score® -0.12 0.27 0.01 0.26
Fasting serum glucose level
Change from baseline (mg/dI)c 65 -3.15 14.43 62 2.10 12.65
Clinically meaningful elevation (110 mg/ 88 2 2 86 2 2
dl or above)
Lipid levelsd
Change in total cholesterol (mg/dl) 96 -10.38 24.08 98 -7.43 27.99
Change in fasting triglycerides (mg/dl)¢ 45 —6.51 53.82 47 —4.53 48.72
Change in fasting high-density lipopro- 45 —6.09 20.23 47 0.13 6.99
tein cholesterol (mg/dl)¢
Change in prolactin level (ng/ml)f 96 -8.45 24.23 98 -11.93 23.29

a Ranges are as follows: placebo, —0.98 to 0.39; 10 mg aripiprazole, —1.31 to 1.54; 30 mg aripiprazole, —0.76 to 0.46.
b Ranges are as follows: placebo, —0.99 to 0.56; 10 mg aripiprazole, —1.08 to 1.07; 30 mg aripiprazole, —1.07 to 0.80.
¢ With the last observation carried forward; based on the number of subjects who were fasting and who completed the baseline assessment

and at least one postbaseline assessment.
d With the last observation carried forward.
€ From a subgroup of subjects who used central laboratories.

f Median values are as follows: placebo, —1.0 ng/ml; 10 mg aripiprazole, 4.0 ng/ml; 30 mg aripiprazole, —-6.0 ng/ml.

toms consistent with schizophrenia or psychosis. Five pa-
tients were receiving active treatment with aripiprazole
(three taking 10 mg/day, two taking 30 mg/day), and one
subject was receiving placebo. No other adverse event was
reported by more than one patient among those who left
the study.

The most frequently reported treatment-emergent ad-
verse events that occurred at an incidence of 5% or higher
in any group are shown in Table 3. The most common ad-
verse events associated with aripiprazole (more than 5% in
either aripiprazole group and a combined incidence at
least twice that for placebo) were extrapyramidal disorder,
somnolence, and tremor. The incidence of these adverse
events appeared to be consistently higher at the 30-mg
dose than at the 10-mg dose. The rates of serious treat-
ment-emergent adverse events were low for all groups,
with an incidence of 3% in the placebo group, 4% in the
10-mg aripiprazole group, and 4% in the 30-mg aripipra-
zole group.

Extrapyramidal symptoms. Adverse events involving
extrapyramidal symptoms other than akathisia were mild
to moderate in severity; one patient in the 10-mg aripipra-
zole group dropped out of the study because of dystonia.
Individual treatment-emergent extrapyramidal symptoms
are listed in Table 3. The most common (more than 5% in-
cidence) were extrapyramidal disorder, akathisia, and
1438
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tremor. Both doses of aripiprazole showed slight worsen-
ing from baseline on the Simpson-Angus Scale. The score
for placebo fell by 0.3 points, whereas the group taking 10
mg/day of aripiprazole had an increase of 0.5 and those
taking 30 mg/day had an increase of 0.3. The difference
from the change with placebo was significant for both the
10-mg (p=0.007) and 30-mg (p=0.05) doses. There were no
statistically significant differences between either dose of
aripiprazole and placebo on either the Barnes Rating Scale
for Drug-Induced Akathisia or AIMS at study endpoint.

Metabolic variables. Results of metabolic measure-
ments are summarized in Table 4. Patients in the placebo
group lost an average of 0.8 kg over the 6-week treatment
period, which was significantly different from the changes
in the aripiprazole-treated patients, who either had no
overall change in weight (10-mg group) or gained 0.2 kg on
average (30-mg group) (p=0.009). There were no clinically
significant differences among treatment groups in glucose
or lipid measures.

Other clinical laboratory evaluations and vital
signs. There were no clinically relevant changes in heart
rate or blood pressure during the course of the study. The
most common potentially clinically significant labora-
tory test abnormality was elevation of total creatine
phosphokinase, defined as an increase of 500 U/liter or
more from baseline. A total of 17 subjects showed a po-
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30 mg/day of Aripiprazole

Data
N Mean SD N %
97
0.2 23
35
16 16
12 12
7 7
62
36 37
17 18
9 9
97 0.0 0.20
97
0.0 0.8
0.01 0.25
55 -0.98 10.57
79 0 0
95 -5.01 23.28
40 -0.73 51.85
40 0.05 7.92
92 -15.14 26.87

tentially clinically significant elevation: five placebo-
treated subjects, five patients receiving 10 mg/day of
aripiprazole, and seven receiving 30 mg/day of aripipra-
zole.

All groups showed mean decreases in serum prolactin
after 6 weeks of treatment (Table 4). Both active treatment
groups had significantly greater reductions in prolactin
than did the placebo group (10-mg aripiprazole, p=0.003;
30-mg aripiprazole, p<0.0001). While the mean change
from baseline in the 30-mg aripiprazole cohort was nu-
merically greater than that observed in the 10-mg group,
this difference was not statistically significant (p=0.16).
Low prolactin levels are defined as those below 3 ng/ml for
females and below 2 ng/ml for males. According to these
definitions, the rates of low prolactin levels were 8% for the
placebo group, 34% for the group taking 10 mg/day of
aripiprazole (significantly different from placebo,
p<0.0001), and 26% for those taking 30 mg/day of aripipra-
zole (p=0.001).

No trends were observed for any potentially clinically
significant changes in ECG measures, including QTcB in-
terval. At the last visit, the mean changes in QTcB intervals
were —1.3 msec (SD=15.6) for placebo, 0 msec (SD=14.0)
for the 10-mg dose of aripiprazole, and -5.4 msec (SD=
23.4) for 30 mg of aripiprazole.
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Time to Discontinuation

No statistically significant differences were observed
between placebo and aripiprazole with respect to time to
discontinuation due to all reasons (10 mg versus placebo:
hazard ratio, 1.67, p=0.20; 30 mg versus placebo: hazard
ratio, 1.88, p=0.11).

Discussion

To our knowledge, this study with aripiprazole is the
largest investigation conducted to date in adolescents
with schizophrenia. Aripiprazole at doses of 10 and 30
mg/day was more efficacious in ameliorating the symp-
toms of schizophrenia than was placebo, as demon-
strated by significantly greater improvements on the
PANSS total score. Although considerable improvement
was also observed with placebo, the salutary effects of
placebo highlight the utility of employing a placebo-con-
trolled methodology in treatment studies with this vul-
nerable adolescent population.

Statistically significant superiority for both active treat-
ment arms was also demonstrated on the PANSS positive
subscale scores at week 6. In addition, decreases were seen
in PANSS negative subscale scores in both aripiprazole
dosage groups. However, a statistically significant differ-
ence from placebo was observed in the 10-mg aripiprazole
arm at study endpoint only. The 30-mg aripiprazole dose
was superior to placebo at weeks 3 and 4 but not at end-
point (week 6 or last observation). End-of-study scores for
the CGI severity and improvement scales demonstrated
improvement consistent with a clinically meaningful re-
sponse, with both dose groups showing significant reduc-
tions over the course of the study. Subjects with a “moder-
ately” to “markedly” severe baseline illness (mean CGI
severity score, 4.6) demonstrated clinically meaningful
improvement, as shown by the CGI improvement scale.
Both dose groups demonstrated statistically significant
improvement compared to placebo, and the difference
from placebo was numerically greater for the 30-mg group
than for the 10-mg group at all scheduled postbaseline vis-
its except week 2. Finally, after 6 weeks of treatment at ei-
ther dose, scores on the Children’s Global Assessment
Scale improved by more than 30% in both aripiprazole
groups, compared with 22% in the placebo group.

The rate of discontinuation due to adverse events was
low in both aripiprazole groups and was comparable to
the rate in the placebo group. One patient in the 10-mg
aripiprazole group withdrew owing to the emergence of
dystonia, which resolved 3 days later (26).

While neither active treatment group exhibited sub-
stantial weight gain in the current study, the change in
weight differed across groups, because of weight loss in
the placebo group but not in the two active treatment
groups. Thus, like the data for other antipsychotic medica-
tions, findings from the current trial suggest that clinicians
treating adolescents should remained concerned about
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the potential for adverse long-term changes in weight with
aripiprazole.

Hyperprolactinemia also has long been reported with
antipsychotic therapy. The effects of hyperprolactine-
mia—anovulation, amenorrhea, decreased libido, orgas-
mic dysfunction, breast engorgement, galactorrhea, and
hypoestrogenism/androgenism—can be disruptive and
may be more pronounced in postpubertal adolescents
(35). All treatment groups demonstrated a reduction from
baseline in serum prolactin concentrations. Significant
differences between placebo and aripiprazole may be re-
lated to the dopamine partial agonist properties of ari-
piprazole, which is thought to mimic the inhibitory action
of dopamine on pituitary prolactin secretion. Few pub-
lished data exist on the consequences of lowered prolactin
in adult or in child and adolescent populations; however,
possible consequences include failure to lactate in child-
bearing girls and possible decrease in pubic hair. In cases
of extremely low prolactin (e.g., less than 2 ng/ml), there is
the possibility of impaired fertility (36-39).

Despite the observation that overall clinical improve-
ment has been demonstrated in adolescents with schizo-
phrenia who receive placebo, and the lack of approved
treatments for adolescent schizophrenia at the time this
study began, ethical concerns about the use of placebo in
clinical studies remain. In an attempt to reduce the risk as-
sociated with participation in this clinical trial, subjects
were allowed to receive “rescue medication” (benzodiaz-
epines and anticholinergics) over the course of the study.
In addition, subjects who received placebo were given the
option to receive aripiprazole at the end of the study. Fur-
thermore, as a precautionary measure, a data safety mon-
itoring board reviewed and evaluated cumulative safety
data collected at regular intervals to ensure the safety of all
subjects enrolled in this study.

The procedures used in this study addressed the meth-
odologic limitations of most other studies of pharmaco-
logic therapy in adolescent schizophrenia. Nevertheless,
because schizophrenia generally requires long-term treat-
ment, additional large, randomized, placebo-controlled
clinical trials are needed to assess long-term outcomes. In
addition, the study did not include patients with schizoaf-
fective disorder; thus, caution should be used in applying
these study results to that patient group. Finally, large-
scale, randomized, head-to-head trials of typical versus
atypical antipsychotics in adolescents are necessary so
that between-drug comparisons can be made on the basis
of methodologically stringent data.

In conclusion, aripiprazole was generally well tolerated,
with a low rate of discontinuation due to adverse events
and a high completion rate in adolescents with schizo-
phrenia. These results provide support for aripiprazole
use in adolescents with schizophrenia at a starting dose of
2 mg/day, and they provide evidence of efficacy and toler-
ability at the recommended adult doses, ranging from 10
to 30 mg/day. Longer-term, randomized, head-to-head
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trials of typical versus atypical antipsychotics are neces-
sary to confirm the efficacy and safety of long-term man-
agement of schizophrenia in adolescents.
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