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Background: Recent randomized controlled trials indicated that aripiprazole was the effective
treatment for children and adolescents with autism spectrum disorder (ASD).

Obijective: This study systematically reviewed the efficacy, acceptability and tolerability of
aripiprazole in treatment of ASD children and adolescents.

Data sources: Electronic search of databases including, Scopus, PubMed, CINAHL and
Cochrane Controlled Trials Register was performed in July 2017.

Methods: The full-text versions of included trials were meticulously evaluated and extracted.
The main efficacious outcomes consisted of pooled mean change scores of the standardized
rating scales for ASD and the pooled response rate.

Results: A total of 408 randomized patients from eligible trials were included for synthesiz-
ing in this meta-analysis. The pooled mean change scores in aripiprazole-treated group for the
Aberrant Behavior Checklist (ABC)-Irritability, ABC-Hyperactivity/noncompliance, ABC-
Inappropriate speech and ABC-Stereotypic behavior were significantly greater than those
of the placebo-treated group. Unfortunately, the significant difference between two groups
was not found for ABC-Lethargy/social withdrawal. The overall pooled response rate of the
aripiprazole-treated group was significantly higher than that of the placebo-treated group.
The pooled overall discontinuation rate in aripiprazole-treated group was significantly better
than that of placebo-treated group. The pooled discontinuation rates due to adverse events in
aripiprazole-treated group significantly differed from the placebo-treated group (RR [95% CI]
of 1.43 [0.65, 3.18], I*=0%).

Limitation: A small number of studies were gathered in this review.

Conclusion: Aripiprazole has efficacy in the treatment of behavioral disturbances, including
irritability, hyperactivity/noncompliance, inappropriate speech and stereotypic behavior found
in ASD children and adolescents; however, it could not improve the lethargy/social withdrawal
in such patients. The present evidence also indicates that it is safe, acceptable and tolerable in
such treatment. As a small sample size, further well-defined and large sample size studies should
be conducted to warrant those findings.

Keywords: Aberrant Behavior Checklist, ABC, Children’s Yale-Brown Obsessive Compulsive
Scale, CY-BOCS, efficacy, acceptability, tolerability

Introduction

Autism spectrum disorder (ASD), considered as a neurodevelopmental disorder, has
principal deficits in social communication and social interaction with restricted and
repetitive patterns of behavior, interests and activities. A number of ASD children and
adolescents also have additional difficulties, including aggressive and self-injurious
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behaviors, tantrums and irritability, frequently disturbing
their education and development as well as creating a burden
to caregivers. Several previous studies have explored effec-
tive therapy for behavioral difficulties in those children and
adolescents.

Some studies illustrated the efficacy of a behavioral
approach in aggressive and self-injurious behaviors, lead-
ing it to be a gold-standard treatment of such behavioral
difficulties in ASDs.! Unfortunately, those studies had
some limitations, including the low quality of methodology,
limited sample size or short-term treatment.' In addition
to personalized response for ASDs, the behavioral therapy
regularly relies on a wide range of resources, which increases
the cost. Therefore, such therapy may not be applied for all
ASD children and adolescents.* Other modalities may be an
alternative treatment for those children and adolescents.

Several medications have been used in the treatment of
behavioral problem, including antipsychotic drugs.’ Previous
evidence has illustrated the effectiveness of antipsychotics
in the treatments of ASD-related symptoms.®® Some stud-
ies suggest the efficacy of haloperidol in ASD children and
adolescents.®!” Such a high potency antipsychotic agent
has potentially extrapyramidal side effects.® Although ris-
peridone, a serotonin-dopamine antagonist, has shown its
efficacy in the treatment of ASD children and adolescents,
it is associated with some adverse events, including som-
nolence, weight gain, dyskinesia and drooling.®!''* Other
antipsychotic medications with a lower propensity of adverse
events may be an alternative treatment in ASD children and
adolescents.

Aripiprazole, a dopamine partial agonist, is mainly used
in the treatment of schizophrenia'* and bipolar disorder.'s
Recently, the evidence from randomized controlled trials
(RCTs) suggests that it is also efficacious in treatment of
irritability for ASD children and adolescents with well
tolerability.”!%!” Due to such RCTs including a small numbers
of subjects, meta-analysis, known as a powerful method in
determining the true effect size, can be applied to examine
the efficacy, tolerability and acceptability of aripiprazole
in the treatment of ASD children and adolescents. For this
reason, this study was conducted to systematically review
the efficacy, acceptability and tolerability of aripiprazole in
children and adolescents with ASDs.

Methods
Types of studies

All RCTs of aripiprazole in ASD were considered for inclu-
sion in this review.

Types of participants
Children and adolescents up to 18 years of age with any set of
diagnostic criteria for ASD were considered in this review.

Type of interventions
Any aripiprazole treatment of ASD vs placebo in dose, form
and frequency was eligible.

Types of outcome measures

1. The measured mean change scores of standardized rating
scales for ASD

2. Response rate

3. Discontinuation rates
a. Overall discontinuation rate
b. Discontinuation rate due to adverse events

Information sources

Searching of the databases, including Scopus, PubMed,
CINAHL and Cochrane Controlled Trials Register, was
conducted. Because aripiprazole has been published in the
PubMed since 1995, searching started from January 1995 to
July 2017. Furthermore, searching of the ClinicalTrials.gov

and European Union (EU) Clinical Trials Register was also
carried out. All searches were restricted to human studies.
The references of relevant articles gathered from any methods
were inspected. All RCTs of aripiprazole treatment for child
and adolescent ASD were entitled for this meta-analysis.
Limitation of any language in RCTs was not applied.

Searches

In order to raise the sensitivity to optimally identify the RCTs,
the strategic searches for the PubMed were restricted to the
following words and phrases: [(aripiprazole) OR (Abilify)]
AND [(Autism Spectrum Disorder) OR (Autistic Disorder)
OR (Pervasive Developmental Disorder) OR (Asperger
syndrome)]. This strategy was also applied for the other
databases searched.

Study selection

All the titles and abstracts acquired from the electronic
databases were assessed separately by two reviewers (NM
and BM). After the full-text version of a relevant article was
collected, two reviewers (NM and BM) individually evalu-
ated whether it met eligible criteria. Consensus was applied
in cases of disputes between reviewers.

Data collection process
Initially, the first reviewer (NM) extracted all the data from
the full-version articles and study results of clinical trial
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register (if available). All extracted information was taken
into the developed extraction. Finally, the second reviewer
(BM) thoughtfully rechecked that data. Again, consensus
was reached if a dispute occurred between two reviewers.
In event of not reaching an agreement, the third reviewer
(MS) made a decision.

Data items

The data extracted from RCTs had to consist of the follow-
ing: 1) important outcomes for use to evaluate the quality of
the individual study; 2) basic characteristics of each study
associated with enrolled subjects, criterion diagnosis, study
designs and criteria for eligibility/exclusion; 3) forms, doses
and treatment duration of aripiprazole; 4) outcomes of inter-
est; and 5) intention-to-treat outcomes.

Risk of bias in individual studies

Based on the Cochrane Collaboration’s Tool for assessing
risk of bias, all included RCTs’ internal validity (quality)
was determined by two reviewers (NM and BM). The risk
of biases included sequence generation (randomization),
allocation concealment, performance bias, incomplete out-
come data, selective outcome reporting and other biases'
(Figure 1).

Summary measures

The main outcome measures were efficacy, acceptability and
tolerability. The outcome efficacy was measured by the mean
end point or the mean change scores of a standardized ASD
rating scale and response rate measured on any set of criteria.
The Aberrant Behavior Checklist (ABC) is one of the few
empirically developed scales designed to measure psychiatric
symptoms and behavioral disturbance exhibited by individu-
als with intellectual developmental disorder across various
domains: Irritability (ABC-I); Hyperactivity/noncompliance
(ABC-H); Inappropriate speech (ABC-IS); Stereotypic
behavior (ABC-S); and Lethargy/social withdrawal (ABC-
SW).120 In consideration of a previous systematic review,
acceptability was calculated by using the overall rate of
discontinuation,* while tolerability associated with adverse
events of the treatments? relied on the rate of discontinuation
due to adverse events.

Statistical analysis and synthesis of results
In a systematic review, the continuous data are usually
synthesized by using a weighted mean difference (WMD)
or a standardized mean difference (SMD) with 95% CI,
calculated by the mean difference between the compared

Random sequence generation (selection bias)

- | Allocation concealment (selection bias)

-~

Marcus et al®

Owen et al'®

. . . Selective reporting (reporting bias)

. . . Incomplete outcome data (attrition bias)
. . . Other bias

. . . Blinding of participants and personnel (performance bias)
. . . Blinding of outcome assessment (detection bias)

Ichikawa et al'”

Figure | Summary of risk of bias in a clinical controlled trial of aripiprazole in
children and adolescents with ASD.

Notes: Green circles indicate low risk of bias; yellow circles indicate unclear risk
of bias.

Abbreviation: ASD, autism spectrum disorder.

groups divided by an estimate of the within-group SD. The
WMD is a method of direct comparison or combination of
the results gathered from a similar rating scale used across
studies. Unfortunately, the WMD is not able to estimate the
same outcomes that are measured by various rating scales
across studies. For this reason, the SMD, not having a unit,
is an alternative technique to compare or combine those
outcomes. This systematic review was intended to estimate
either the WMDs or the SMDs based on the measure scales
used across studies. When the data such as SD were pro-
vided, the calculation was conducted by using the statistical
methods or by direct substitution.”® An inverse-variance,
weighing the effect of individual study, was carried out to
determine the pooled mean endpoint or change score with
95% Cls.'®

The relative risk (RR) with the 95% CI was applied for
synthesizing the dichotomous data. Therefore, comparison
of pooled response and discontinuation rates were estimated
by using the RRs with 95% CI. The Mantel-Haenszel method
was thoroughly used to evaluate all pooled RRs of discon-
tinuous data with 95% Cls.'

As is known, synthesis of results in meta-analysis can be
applied to the fixed or the random effect model. Based on
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the fixed effect model, the true effect size is assumed to be
the same as in all eligible trials. Additionally, the summary
effect is also the estimation of the common effect size in all
studies. Although each eligible study is weighted, the result
of'the smaller study can be removed since the better outcomes
regarding the same effect size in the larger ones are provided.
In this event, a fixed effect model can be applied. However,
the assumption of one true effect size is less likely to take
place. Even if the all studies are comparatively homogenous,
it may not be possible to conclude that they are completely
identical. By this reason, a random effect model, expecting
that the true effect size differs across studies, was allocated
in all outcome synthesis. All outcomes were synthesized
using the RevMan 5.3.

Risk of bias across studies

If possible, the evaluation of reporting bias would be deter-
mined by using a funnel plot, a simple scatter plot of the
intervention effect estimated from individual studies against
a measure of each study’s size. When the plot resembled a
symmetrical inverted funnel, one could estimate that the bias
is possibly absent.?*

Test of heterogeneity

To determine the similarities of clinical outcomes, a test of
heterogeneity was applied in the present systematic review.
Each outcome from an eligible study was examined to
determine whether they were higher and different from the
anticipated outcomes by chance alone. Evaluation of such
results was performed by examining them from displayed
graph and also using the test of heterogeneity. A significance
of heterogeneity was defined as an I? of 50% or more.

Results

Study selection

A total of 356 citations were collected from searches of
the databases (Scopus=250, PubMed=11, CINAHL=57,
Cochrane Controlled Trials Register=26, ClinicalTrials.
gov=9 and EU Clinical Trials Register=3) (Figure 2). Three
hundred and fifteen citations remained after the duplicates
were eliminated. Relying on assessments of the titles and
abstracts from such those studies, six citations were gathered
for evaluation in the full-text version. Of these six citations,
three were disregarded from this review for the reason that
one was a study of adult patients, one was a long-term
study?® and one was a post hoc analysis.?” Unfortunately, a
relevant or unpublished study was not found. Consequently,
a total of three articles were included in this review.*!%!”7

Study characteristics

The study duration for all included studies was 8 weeks.
Either aripiprazole or placebo was randomized for the par-
ticipants. The response rate was defined as a reduction in
ABC-I subscale score of at least 25% and Clinical Global
Impression-Improvement (CGI-I) score of 1 or 2 in all trials.
The dose of aripiprazole was up to 15 mg/day. All demo-
graphic and clinical characteristics between the two groups
were well matched.

A total of 408 randomized patients from eligible trials
were included for synthesizing in this meta-analysis. All
patients met the autistic disorder criteria of the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition,
text revision. Mean ages (SD) of participants for aripipra-
zole and placebo groups were 9.7 (3.2) and 9.6 (3.0) years,
respectively. The basic characteristics of included studies
are illustrated in Table 1.

All included studies reported the standardized measures,
including ABC, CGI-I, CGI-Severity scale (CGI-S) scale and
Children’s Yale-Brown Obsessive Compulsive (CY-BOCS),
therefore, the WMDs of the mean change scores for such
measures could be used to estimate and synthesize such
outcomes. Additionally, the response and discontinuation
rates were illustrated in all included trials.

Risk of bias within studies

The included studies had a low risk for all risks of biases,
except one.” However, intention-to-treat analysis was not
reported in all trials.

Synthesis of results

Efficacy

According to the measurement of efficacy outcomes, a
significance of heterogeneity occurred only in the pooled
response rate, mean change score of CY-BOC and mean
end score of CGI-I. The pooled mean changed scores in
aripiprazole-treated group for the ABC-Irritability (I),
ABC-Hyperactivity/noncompliance (H), ABC-Inappropriate
speech (IS) and ABC-Stereotypic behavior (S) had signifi-
cantly greater than that of the placebo-treated group with
WMDs (95% CI) of —5.41 (-7.58, —3.24), P=10%, —7.68
(-9.92, —-5.45), P=0%, —1.23 (-2.08, 0.38), ’=48%,
and —2.04 (=3.33,-0.74), P=47%, respectively (Figures 3-6).
Unfortunately, the significant difference between two groups
was not found in the ABC-SW (WMD [95% CI] of —1.03
[-2.69, 0.62], P=0%) (Figure 7). The overall pooled response
rate of the aripiprazole-treated group was significantly higher
than that of the placebo-treated group, with RR (95% CI) of
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Figure 2 Flow of diagram of study.
Abbreviation: EU-CTR, European Union Clinical Trials Register.

2.08 (1.24, 3.46), ’=55% (Figure 8). Relying on such a rate
of response, the number needed to treat (NNT) (95% CI) was
3.7 (2.8, 5.7). Additionally, the mean change scores of the
CGI-S and CY-BOC and mean end score of CGI-I were also
significantly greater than those of the placebo-treated group
with WMDs (95% CI) of —0.61 (-0.85,-0.36), P=15%,—1.52
(-2.84, -0.20), P=67%, and —0.92 (-1.31, —=0.54), P=65%,
respectively (Figures 9-11).

Main adverse events

The pooled rates of extrapyramidal side effects and headache
in the aripiprazole-treated and placebo-treated groups had no
difference with RR (95% CI) of 2.40 (0.91, 6.30), ’=0%,
and 0.86 (0.18, 4.20), I’=63%, respectively. However, the
pooled rate of sedation in the aripiprazole-treated group
was significantly higher than placebo-treated group with
RR (95% CI) of 4.13 (1.59, 10.69), ’=0%. Although the

pooled rates of decrease appetite were significantly higher
in the aripiprazole-treated group and increase appetite was
not different between two groups with RR (95% CI) of
4.78 (1.13, 20.25), P=0%, and 1.94 (0.82, 4.58), ’=0%,
respectively, the weight mean change from baseline in
aripiprazole-treated group was significantly higher than that
in placebo-treated group with WMDs (95% CI) 0f 0.97 (0.53,
1.40), ’=0%. The pooled incidence of subjects with fasting
triglyceride =120 mg/day for females and =160 for males
was not different between the two groups with RR (95% CI)
of 1.51 (0.62, 3.67), ’=0%. No subject experienced fasting
serum glucose value =115 mg/dL in two studies,'®!” except
one study’ found two patients (one treated with aripiprazole
10 mg/day and another with 15 mg/day). Considered in
prolactin level, its pooled mean change in the aripiprazole-
treated group more significantly decreased from baseline
than that of placebo-treated group with WMDs (95% CI)
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Table | The basic characteristics of randomized, controlled trials of aripiprazole vs placebo of autism spectrum disorder in children

and adolescents

Study Number of Age of included Study Drug/dose Diagnostic Response Outcome
randomized subjects duration criteria criteria measures
patients (years) (weeks)

Marcus et al® 218 6-17 8 Aripiprazole/ DSM-IV-TR =25% reduction ABC

5, 10, 15 mg/day for autistic in the ABC-I CGI-l
(fixed dose) disorder score and CGI-I CGI-S
score=| or 2 CGSQ
CY-BOCS
PedsQL
Owen et al'® 98 617 8 Aripiprazole/up DSM-IV-TR =25% reduction ABC
to |5 mg/day for autistic in the ABC-I CGI-I
(flexible dose) disorder score and CGl-I CGI-S
score=| or 2 CGSQ
CY-BOCS
PedsQL
Ichikawa et al'” 92 6-17 8 Aripiprazole/ DSM-IV-TR =25% reduction ABC-
1,3,6,9, 12, for autistic in the ABC-J-I CGAS
15 mg/day disorder score and CGI-I CGl-l
(flexible dose) score=| or 2 CGI-S
CY-BOCS

Note: Assessment scale.

Abbreviations: ABC, Aberrant Behavior Checklist; ABC-l, ABC-Irritability; ABC-J-I, Aberrant Behavior Checklist Japanese version in irritability subscale; CGAS, Children’s
Global Assessment Scale; CGI-l, Clinical Global Impression-Improvement; CGI-S, Clinical Global Impression-Severity; CGSQ, Caregiver Strain Questionnaire; CY-BOCS,
Children’s Yale-Brown Obsessive Compulsive Scale; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision; PedsQL, Pediatric Quality

of Life Inventory.

of —9.19 (—13.83, —4.55), I’=68% (Figure 12). No subject
showed marked vital signs and electrocardiogram (ECG)
abnormalities in both groups.

Discontinuation rates

Overall discontinuation rate (acceptability)

Heterogeneity was not significantly noted in the overall
discontinuation rate. The pooled overall discontinuation
rate in the aripiprazole-treated group was significantly better
than that of the placebo-treated group (RR [95% CI] of 0.56
[0.36, 0.88], ’=0%).

Discontinuation rate due to adverse events (tolerability)
Heterogeneity was not significantly illustrated in the discontin-
uation rate due to adverse events. The pooled discontinuation

rates due to adverse events in the aripiprazole-treated group
did not significantly differ from those in the placebo-treated
group (RR [95% CI] of 1.43 [0.65, 3.18], ’=0%).

Risk of bias across studies

As is known, if included studies in a systematic review
have less than ten trials, evaluation of the publication bias
by using a funnel plot may not have enough power to assess
the chances of real asymmetry occurring due to the included
outcomes.* For this reason, the test of funnel plot could not be
done due to limited included studies (three included trials).

Discussion
Based on the present review, aripiprazole is able to decrease
irritability, hyperactivity/noncompliance, inappropriate

Study or Experimental Control Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% ClI

Marcus et al® -133 9.7 164 -84 9.7 49 42.5 —4.90 (-8.00, —1.80) —a—

Owen et al'® -129 98 46 -5 10 49 271 —7.90 (-11.88, -3.92) —

Ichikawa etal'”” -11.4 89 47 -7.5 94 45 30.4 -3.90 (-7.64, -0.16) —_

Total (95% ClI) 257 143 100 -5.41 (-7.58, -3.24) -

Heterogeneity: 72=0.39; y?=2.23, df=2 (P=0.33); I>=10% k + + i
-10 -5 0 5 10

Test for overall effect: Z=4.89 (P<0.00001)

Favors (aripiprazole) Favors (placebo)

Figure 3 The forest plot of ABC-I mean change scores from baseline (95% ClI) of aripiprazole vs placebo in ASD in children and adolescents.
Abbreviations: ABC-l, Aberrant Behavior Checklist-Irritability; ASD, autism spectrum disorder; df, degrees of freedom; IV, inverse variance.
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Study or Aripiprazole Placebo Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI

Marcus et al® -145 1.7 164 -7.7 11.7 49 35.8 —6.80 (-10.53, -3.07) —a—

Owen et al'® -12.7 103 46 -2.8 10.5 49 28.5 —9.90 (-14.08, -5.72) _

Ichikawa etal'” -14.5 11.7 164 -7.7 11.7 49 35.8 —6.80 (-10.53, -3.07) —

Total (95% Cl) 374 147 100 —7.68 (-9.92, —5.45) g

Heterogeneity: 72=0.00; y2=1.51, df=2 (P=0.47); I>=0% + + t t
-10 -5 0 5 10

Test for overall effect: Z=6.74 (P<0.00001)

Favors (aripiprazole) Favors (placebo)

Figure 4 The forest plot of ABC-H mean change scores from baseline (95% Cl) of aripiprazole vs placebo in ASD in children and adolescents.
Abbreviations: ABC-H, Aberrant Behavior Checklist-Hyperactivity/noncompliance; ASD, autism spectrum disorder; df, degrees of freedom; IV, inverse variance.

Study or Aripiprazole Placebo Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI

Marcus et al® -2 3.1 164 -1.1 3.2 49 34.9 -0.90 (-1.91, 0.11) —a—

Owen et al'® -2.5 26 46 -0.4 27 49 33.2 -2.10 (-3.17,-1.03) _—

Ichikawa et al'” -2.2 27 47 -1.5 27 45 32.0 —-0.70 (-1.80, 0.40) ——

Total (95% Cl) 257 143 100 -1.23 (-2.08, -0.38) Rl

Heterogeneity: 72=0.27; x?=3.85, df=2 (P=0.15); I>=48% t t t t
-4 -2 0 2 4

Test for overall effect: Z=2.85 (P=0.004)

Favors (aripiprazole)

Figure 5 The forest plot of ABC-IS mean change scores from baseline (95% Cl) of aripiprazole vs placebo in ASD in children and adolescents.
Abbreviations: ABC-IS, Aberrant Behavior Checklist-Inappropriate speech; ASD, autism spectrum disorder; df, degrees of freedom; 1V, inverse variance.

Favors (placebo)

Study or Aripiprazole Placebo Weight Mean difference IV, Mean difference IV,
subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI
Marcus et al® —4.4 48 164 -1.8 48 49 35.7 —2.60 (-4.13,-1.07) ——

Owen et al'® -4.8 43 46 -2 43 49 314 —2.80 (-4.53, -1.07) ——

Ichikawa et al'””  -3.3 4.1 47 -2.6 4 45 329 —-0.70 (-2.36, —0.96) —_—

Total (95% Cl) 257 143 100 —2.04 (-3.33, -0.74) g

Heterogeneity: 72=0.62; y?=3.77, df=2 (P=0.15); I’=47%

Test for overall effect: Z=3.08 (P=0.002) -10 -5 0 5 10
Favors (aripiprazole) Favors (placebo)

Figure 6 The forest plot of ABC-S mean change scores from baseline (95% CI) of aripiprazole vs placebo in ASD in children and adolescents.

Abbreviations: ABC-S, Aberrant Behavior Checklist-Stereotype behavior; ASD, autism spectrum disorder; df, degrees of freedom; IV, inverse variance.

Study or Experimental Control Weight Mean difference IV, Mean difference IV,

subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI

Marcus et al® -6.2 83 164 -5.2 8.1 49 40.5 —1.00 (-3.60, 1.60) —.—

Owen et al'® -7.9 7.8 46 -6.2 79 49 27.5 —1.70 (—4.86, 1.46) —_—

Ichikawa et al'”” -5.2 6.9 47 -4.7 74 45 32.0 —0.50 (-3.43, 2.43) —_—l—
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Figure 7 The forest plot of ABC-SW mean change scores from baseline (95% CI) of aripiprazole vs placebo in ASD in children and adolescents.

Abbreviations: ABC-SW, Aberrant Behavior Checklist-Lethargy/social withdrawal; ASD, autism spectrum disorder; df, degrees of freedom; IV, inverse variance.

Study or Aripiprazole Placebo Weight Risk ratio Risk ratio

subgroup Events Total Events Total (%) M-H, random, 95% CI M-H, random, 95% CI

Marcus et al® 86 166 17 49 43.7 1.49 (0.99, 2.25) ——

Owen et al'® 24 46 7 49 26.8 3.65 (1.74, 7.65) —_—

Ichikawa et al'” 19 47 9 45 29.4 2.02 (1.02, 3.99) —

Total (95% CI) 259 143 100 2.08 (1.24, 3.46) e

Total events 129 33
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Figure 8 The forest plot of comparison of relative risk (95% Cl) for response rate of aripiprazole vs placebo in ASD in children and adolescents.

Abbreviations: ASD, autism spectrum disorder; df, degrees of freedom; M-H, Mantel-Haenszel test.
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Marcus et al® -1 1 140 -0.6 1 41 40.9 —0.40 (-0.75, —0.05) —a—

Owen et al'® -1.2 0.9 40 -0.4 1 40 30.3 -0.80 (-1.22, -0.38) —_—

Ichikawa etal” 1.4 0.7 47 -0.7 1.3 45 28.8 —-0.70 (-1.13, -0.27) _—
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Figure 9 The forest plot of CGI-S mean change scores from baseline (95% Cl) of aripiprazole vs placebo ASD in children and adolescents.
Abbreviations: ASD, autism spectrum disorder; CGI-S, Clinical Global Impression-Severity; df, degrees of freedom; IV, inverse variance.

speech and stereotypic behavior in children and adolescents
with ASD. Unfortunately, it could not improve the social
withdrawal in such patients. Relying on an ABC-I measure-
ment, the pooled response rate was 50%. According to the
response rate, the NNT of four indicates that one in every four
children and adolescents with ASD benefits from aripiprazole
in treatment of irritability. The review found that incidence of
sedation was common in aripiprazole, while the extrapyrami-
dal side effects and headache in aripiprazole were comparable
to placebo. Interestingly, changed level of prolactin from
baseline more significantly decreased in aripiprazole-treated
group than placebo-treated group. Based on some metabolic
profiles, number of decreased appetite patient was signifi-
cantly higher in aripiprazole-treated group, while increase
appetite did not differ. However, mean change of weight gain
had significantly been greater in aripiprazole-treated group.
The incidences of abnormal fasting triglyceride and serum
glucose in aripiprazole were not different from those of pla-
cebo. Considering discontinuation rates, the acceptability of
aripiprazole in the treatment of ASD was better than that of
placebo, while its tolerability was comparable to placebo.
Antipsychotics have used in the treatment of various symp-
toms in ASD children and adolescents. According to previous
evidence, haloperidol is able to decrease some behavioral
problems and increase discrimination learning in childhood
autism.%”!1° In addition to a conventional antipsychotic drug,
an atypical antipsychotic such as risperidone has illustrated

its efficacy and tolerability in ASD treatment. Recent evi-
dence indicated that risperidone has shown its efficacy over
haloperidol in terms of reduction of behavioral symptoms
and impulsivity, and improvement of language skills, sensory
motor skill and social relationship skills.?® 3 Similarly, some
evidence also suggested that aripiprazole has been effective in
the treatment of children and adolescents with ASD.*!617
Generally, use of antipsychotics in children and adoles-
cents should concern the safety and serious adverse events.
Previous evidences have noted the adverse events of typical
antipsychotics, including, cardiac risk, extrapyramidal side
effects, high level of prolactin, and sedative effects.?!:3?
However, atypical antipsychotics, serotonin-dopamine
antagonists, have shown the additional risk of metabolic
syndrome.’! Additionally, the concern of QTc prolongation
with antipsychotics has been reported in several studies until
suggesting the ECG initial evaluation and monitoring for
patients having the cardiac risk.** Based on previous study,
although the efficacy and safety of aripiprazole and risperi-
done in the treatment of ASD children and adolescents are
comparable,** possibly interchangeable in the treatment of
such patients aripiprazole may more preference in patients
who have to avoid those side effects, especially cardiovascu-
lar side effects, metabolic syndrome and prolactinemia.
According to previous evidences, an acceptability of
antipsychotics such as risperidone was not better than the
placebo,®!135 although the present review has shown that

Study or Aripiprazole Placebo Weight  Mean difference IV, Mean difference IV,
subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI
Marcus et al® 2.7 3.3 148 -1.7 33 44 37.0 —-1.00 (-2.11, 0.11) ——
Owen et al'® -3.8 34 43 -0.8 36 44 30.9 -3.00 (-4.47,-1.53) —_—
Ichikawa et al'” -2 34 47 -1.3 34 45 32.2 —-0.70 (-2.09, 0.69) _—
Total (95% CI) 238 133 100 -1.52 (-2.84, -0.20) e
1 1 i i
Het ity: 72=0.90; x?=6.01, df=2 (P=0.05); I>=679Y ' ' ' '
eterogeneity: 7 4 , ( ); % W - 0 2 4

Test for overall effect: Z=2.26 (P=0.02)
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Figure 10 The forest plot of CY-BOCS mean change scores from baseline (95% Cl) of aripiprazole vs placebo in ASD in children and adolescents.
Abbreviations: ASD, autism spectrum disorder; CY-BOCS, Children’s Yale-Brown Obsessive Compulsive Scale; df, degrees of freedom; IV, inverse variance.
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Owen et al'® 2.2 1.2 46 3.6 1.3 49 27.3 -1.40 (-1.90, -0.90) —_—
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Figure |1 The forest plot of CGI-l mean end scores from baseline (95% Cl) of aripiprazole vs placebo in ASD in children and adolescents.
Abbreviations: ASD, autism spectrum disorder; CGI-l, Clinical Global Impression-Improvement; df, degrees of freedom; IV, inverse variance.

Study or Aripiprazole Placebo Weight Mean difference IV, Mean difference IV,
subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% CI
Marcus et al® -55 9.5 165 0.9 9.5 51 41.7 —6.40 (-9.38, -3.42) —a—
Owen et al'® -6.3 1.4 47 1.6 1.4 50 34.0 —7.90 (-12.44, -3.36) _
Ichikawa etal'”” -13.8 16.6 47 2 16.6 45 24.3 —-15.80 (-22.59, —-9.01) _—
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[, .2 —o (P= . 122380 t + t t
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Figure 12 The forest plot of comparison of mean change scores for prolactin level from baseline (95% ClI) of aripiprazole vs placebo in autism spectrum disorder in children

and adolescents.
Abbreviations: df, degrees of freedom; IV, inverse variance.

acceptability of aripiprazole, measured by the overall dis-
continuation rate, is greater than placebo in the treatment of
ASD in children and adolescents. Similarly to risperidone,
the tolerability of aripiprazole as measured in the discon-
tinuation rate due to adverse events was not different from
placebo in such treatment.®!''%5 In addition to its efficacy,
aripiprazole may be considered in the treatment of ASD in
children and adolescents since it has more acceptability and
tolerability.

Limitations

Initially, a limited number of included RCTs may decrease
the power of this meta-analysis. Secondly, since all eli-
gible RCTs were financially supported by a patent holding
company of aripiprazole, interpretation should be cautious.
Finally, the test of funnel plot to define asymmetry could
not be carried out because of a small number of included
studies;* therefore, publication bias could to be excluded.

Conclusion

Aripiprazole is efficacious in the acute treatment of irritabil-
ity, hyperactivity/noncompliance, inappropriate speech and
stereotypic behavior in children and adolescents with ASD.
Unfortunately, it could not improve the social withdrawal in
such patients. However, it is reasonably safe, more accept-
able and well tolerable in such treatments. In addition to its
efficacy in ASD children and adolescents, aripiprazole has

shown low risk of adverse events, particularly in cardio-
vascular, metabolic and hyperprolactinemic side effects.
Further well-defined and large sample size studies should
be conducted to confirm those findings.
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