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ABSTRACT

Background

Autism spectrum disorders (ASD) include autistic disorder, Asperger's disorder and pervasive developmental disorder - not otherwise
specified (PDD-NOS). Antipsychotics have been used as a medication intervention for irritability related to ASD. Aripiprazole, a third-
generation, atypical antipsychotic, is a relatively new drug that has a unique mechanism of action different from that of other
antipsychotics. This review updates a previous Cochrane review on the safety and efficacy of aripiprazole for individuals with ASD,
published in 2011 (Ching 2011).

Objectives

To assess the safety and efficacy of aripiprazole as medication treatment for individuals with ASD.

Search methods

In October 2015, we searched the Cochrane Central Register of Controlled Trials (CENTRAL), Ovid MEDLINE, Embase, the Cumulative Index
to Nursing and Allied Health Literature (CINAHL) and seven other databases as well as two trial registers. We searched for records published
in 1990 or later, as this was the year aripiprazole became available.

Selection criteria

Randomised controlled trials (RCTs) of aripiprazole (administered orally and at any dosage) versus placebo for treatment of individuals
with a diagnosis of ASD.

Data collection and analysis

Two review authors independently collected, evaluated and analysed data. We performed meta-analysis for primary and secondary
outcomes, when possible. We used the GRADE (Grades of Recommendation, Assessment, Development and Evaluation) approach to rate
the overall quality of the evidence.

Main results

We included three trials in this review. Two were included in the previous published review, and the results of one, placebo-controlled
discontinuation study were added to this review. Although we searched for studies across age groups, we found only studies conducted in
children and youth. Included trials had low risk of bias across most domains. High risk of bias was seen in only one trial with incomplete
outcome data. We judged the overall quality of the evidence for most outcomes to be moderate.
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Two RCTs with similar methods evaluated use of aripiprazole for a duration of eight weeks in 316 children/adolescents with ASD. Meta-
analysis of study results revealed a mean improvement of -6.17 points on the Aberrant Behavior Checklist (ABC) - Irritability subscale
(95% confidence intervals (Cls) -9.07 to -3.26, two studies, 308 children/adolescents, moderate-quality evidence), -7.93 points on the
ABC - Hyperactivity subscale (95% CI -10.98 to -4.88, two studies, 308 children/adolescents, moderate-quality evidence) and -2.66 points
on the ABC - Stereotypy subscale (95% ClI -3.55 to -1.77, two studies, 308 children/adolescents, moderate-quality evidence) in children/
adolescents taking aripiprazole relative to children/adolescents taking placebo. In terms of side effects, children/adolescents taking
aripiprazole had a greater increase in weight, with a mean increase of 1.13 kg relative to placebo (95% CI 0.71 to 1.54, two studies, 308
children/adolescents, moderate-quality evidence), and had a higher risk ratio (RR) for sedation (RR 4.28, 95% CI 1.58 to 11.60, two studies,
313 children/adolescents, moderate-quality evidence) and tremor (RR 10.26, 95% Cl 1.37 to 76.63, two studies, 313 children/adolescents,
moderate-quality evidence). Arandomised, placebo-controlled discontinuation study found that 35% of children/adolescents randomised
to continue intervention with aripiprazole relapsed with respect to their symptoms of irritability, compared with 52% of children/
adolescents randomised to placebo, for a hazard ratio of 0.57 (95% CI 0.28 to 1.12, 85 children/adolescents, low-quality evidence).

Allthreeincluded trials were supported by Bristol-Myers Squibb (Princeton, NJ) and Otsuka Pharmaceutical Company, Ltd. (Tokyo, Japan),
with editorial support provided by Ogilvy Healthworld Medical Education and Bristol-Myers Squibb.

Authors' conclusions

Evidence from two RCTs suggests that aripiprazole can be effective as a short-term medication intervention for some behavioural aspects
of ASD in children/adolescents. After a short-term medication intervention with aripiprazole, children/adolescents showed less irritability
and hyperactivity and fewer stereotypies (repetitive, purposeless actions). However, notable side effects, such as weight gain, sedation,
drooling and tremor, must be considered. One long-term, placebo discontinuation study found that relapse rates did not differ between
children/adolescents randomised to continue aripiprazole versus children/adolescents randomised to receive placebo, suggesting that
re-evaluation of aripiprazole use after a period of stabilisation in irritability symptoms is warranted. Studies included in this review used
criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) (APA 2000) for ASD diagnosis; however, the
diagnostic criteria for ASD changed significantly with release of the fifth edition of the DSM (DSM-5) in 2013 (APA 2013).

PLAIN LANGUAGE SUMMARY

Aripiprazole for autism spectrum disorders (ASD)
Background

Aripirazole is an antipsychotic drug - a type of medication used to treat serious mental disorders such as paranoia. It has also been used
to treat behavioural problems (e.g. aggression, severe temper tantrums) in people with autism spectrum disorders (ASD). Aripiprazole has
been shown to be well tolerated and to improve behavioural problems in other disorders such as schizophrenia and bipolar disorder. As
aripiprazole is a relatively new drug, it is important to understand both the benefits and side effects of this drug in patients with ASD.

Review question

Do children and adults with ASD benefit from treatment with aripiprazole, compared with other children and adults with ASD who receive
a drug with no active ingredient (placebo)?

Study characteristics

In this review, we included three studies that investigated effects of aripiprazole. Two were short-term (eight weeks) studies that evaluated
whether aripiprazole improved behavioural problems in a total of 316 children/adolescents. The third was a longer-term (up to 16 weeks)
study in which 85 children/adolescents whose symptoms initially improved on aripiprazole discontinued the medication to evaluate
whether their behavioural problems recurred. All participants were between six and 17 years of age. All studies used multiple behavioural
checklists to assess symptoms of ASD.

Key results and quality of evidence

Short-term studies found improved irritability, hyperactivity and stereotypy (i.e. repetitive behaviours) and inappropriate speech in
children/adolescents with ASD taking aripiprazole as compared with placebo. Researchers found no improvement in lethargy/withdrawal
(i.e. lack of energy and reduced alertness). White children/adolescents were less likely to relapse (return to older, problematic behaviours)
when taking aripiprazole, but this finding was not reported in children/adolescents of other races. Rates of movement disorder side effects
such as tremor, muscle rigidity and involuntary movement were higher in children/adolescents taking aripiprazole in all trials. Results
of this review suggest that short-term use of aripiprazole may improve irritability, hyperactivity and repetitive movements in children/
adolescents with ASD, although both weight gain and neurological side effects (e.g. involuntary movements of the face and jaw) can occur.
Children and adolescents taking aripiprazole should be re-evaluated periodically to monitor improvements in ASD symptoms and side
effects. Overall, the quality of this evidence is moderate. Since the time these studies were conducted, an updated version of the manual for
diagnosing ASD and other conditions has been published. Additional studies evaluating safety and benefits of long-term use of aripiprazole
would be helpful.

Aripiprazole for autism spectrum disorders (ASD) (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Aripiprazole compared with placebo for autism spectrum disorders (ASD)*

Patient or population: children/youth with ASD
Settings: ambulatory care
Intervention: aripiprazole

Comparison: placebo

Outcomes Effect (95% confidence interval) Number Quality of Com-
of partici- the evi- ments
pants dence

(GRADE)
(studies)

ABC - Irritability subscale MD -6.17 (-9.07 to -3.26) points relative to 308 B0 -

placebo, in favour of aripiprazole Moderate?

Mean score changes ()

8 weeks of treatment

ABC - Hyperactivity subscale MD -7.93 (-10.98 to -4.88) points relative to 308 DPDO -

placebo, in favour of aripiprazole Moderated
Mean score changes (2)

8 weeks of treatment

ABC - Stereotypy subscale MD -2.66 (-3.55 to -1.77) points relative to 308 DDDO -

placebo, in favour of aripiprazole Moderate?
Mean score changes (2)

8 weeks of treatment

Weight gain MD 1.13 (0.71 to 1.54) points relative to 308 DO -
placebo Moderate?
8 weeks of treatment (2)
Sedation RR 4.28 (1.58 to 11.60) 313 DDDO -
Moderate?
8 weeks of treatment (2)
Tremor RR 10.26 (1.37 to 76.63) 313 DDDO -
Moderate?
8 weeks of treatment (2)
Relapse rate HR0.57 (0.28 to 1.12) 85 Lowb -
16 weeks of treatment (1)

ABC: Aberrant Behavior Checklist; GRADE: Grades of Recommendation, Assessment, Development and Evaluation; HR: hazard ra-
tio;MD: mean difference; RR: risk ratio

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.

Aripiprazole for autism spectrum disorders (ASD) (Review) 3
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Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

aQuality was rated as moderate because of unclear risk of bias for some domains in Marcus 2009 and Owen 2009, and because of the overall
small number of studies conducted using aripiprazole in ASD.

bQuality of evidence for long-term trials was rated as low because of high risk of attrition bias for incomplete outcome data in Findling
2014. Further research may have an important impact on our confidence in the estimate of effect and may change the estimate.

*Asmall number of studies have evaluated the use of aripiprazole for ASD. Only one study examined aripiprazole at a duration longer than
eight weeks. Future trials of aripiprazole in children/adolescents with ASD are likely to impact the estimates found in this review.

Aripiprazole for autism spectrum disorders (ASD) (Review) 4
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BACKGROUND

Description of the condition

Before 2013, autism spectrum disorders (ASD) represented
pervasive developmental disorders of variable severity, defined as
autistic disorder, Asperger's disorder and pervasive developmental
disorder - not otherwise specified (PDD-NOS) in the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition - Text
Revision (DSM-IV-TR) (APA 2000), and as childhood autism, atypical
autism, Rett's syndrome, other childhood disintegrative disorder,
Asperger's syndrome, other pervasive developmental disorder and
pervasive developmental disorder unspecified in the International
Statistical Classification of Diseases and Related Health Problems,
Tenth Edition (ICD-10) (WHO 1994). The three characteristic
manifestations of ASD are (1) impaired social interaction,
(2) impaired communication and (3) restricted repetitive and
stereotyped patterns of behaviour. Diagnostic criteria for ASD
changed significantly with the release of the fifth edition of the DSM
(DSM-5) in 2013 (APA 2013). Autistic disorder, Asperger's disorder
and PDD-NOS were collapsed into a single diagnosis of ASD - a
single diagnosis with considerable diagnostic variability. The social
and communication domains of ASD were combined, leaving two
key symptom domains: (1) social communication and (2) restricted
and repetitive behaviours.

As a result of symptom variability, clinicians are encouraged to
describe diagnostic specifics in detail, in particular, intelligence
and speech and language level. Kanner first described autism
in 1943 through his observations of several afflicted children,
noting their affinity for extreme aloneness and sameness, and
their inability to form purposeful relationships with other people
(Kanner 1943). Secondary characteristics, such as emotional and
behavioural problems, are extremely common; examples of these
includeirritability, aggression, poor temper, self injury and injury to
others (Lecavalier 2006). As no biomarkers have been established,
the diagnosis of ASD is based on behavioural features.

Autism spectrum disorder is a lifelong condition. Individuals
with ASD are frequently affected by other neuropsychiatric
conditions as well, the most common of which are attention
deficit hyperactivity disorder (ADHD), oppositional defiant disorder
(ODD) and anxiety disorders (Simonoff 2008). Autism spectrum
disorder is a neurodevelopmental disorder, but the exact genetic
and environmental factors contributing to its cause are unknown.
Boys are three to four times more likely to have ASD than girls, again
suggesting the importance of genetics in the disorder.

Estimates of the prevalence of ASD vary. A systematic review of
prevalence studies of ASD from 1966 to 2004 identified an overall
estimate of prevalence of 7.1 per 10,000 for autism (95% confidence
interval (Cl) 1.6 to 30.6) and 20 per 10,000 (95% Cl 4.9 to 82.1)
for all ASD (Williams 2006). Variation in the prevalence estimate
of typical autism has been significantly affected by the diagnostic
criteria used, the age of children screened and study location. More
recent prevalence studies have yielded higher estimates. The 2007
National Survey of Children's Health (N (sample size) = 78,037)
found the weighted ASD point prevalence to be 110 per 10,000 in the
United States (Kogan 2009). In a UK school-based population study
in the Special Educational Needs register, the prevalence estimate
for ASD was 94 per 10,000 (Baron-Cohen 2009). Most recently, a
2014 report by the Centers for Disease Control and Prevention
(CDC) found the point prevalence of ASD to be 14.7 per 1000 eight-

year-olds (CDC 2014). A systematic review found that the median
worldwide prevalence of autistic disorder was 17 per 100,000, with
a range of 2.8 to 94 per 100,000; the median worldwide prevalence
of pervasive developmental disorder was 62 per 100,000, with a
range of 1 to 189 per 100,00 (Elsabbagh 2012).

Both pharmacological and non-pharmacological interventions are
available for children and adults with ASD. Non-pharmacological
interventions include educational, behavioural and social
communication strategies that are used alone or in combination
as part of an individual plan to enhance learning and
community participation. These interventions strive to improve
communication, social skills, daily living skills, play and leisure
skills, academic achievement and maladaptive behaviours (Meyers
2007).

Description of the intervention

Aripiprazole is a novel, atypical, antipsychotic drug with distinct
mechanisms of action through its receptor binding profile.
Typical antipsychotic medications, such as haloperidol, are
potent antagonists at D -dopamine receptors. Second-generation
antipsychotics, such as risperidone, are high-affinity antagonists
at D,-dopamine receptors and serotonin 5-HT A receptors.
Aripiprazole has functionally significant interactions at D, D, and
D, dopamine receptors,and at5-HT a,5-HT 5, 5-HT g, 5-HT ¢, 5-HT_
and 5-HT_serotonin receptors. Aripiprazole is postulated to work by
being a dopamine-serotonin partial agonist, or by working through
the mechanism of functional selectivity, whereby D, functional
effects are dependent on the cellular location of the D, receptor
(Shapiro 2003). The functional selectivity hypothesis proposes that
depending upon the cellular milieu, a mixture of agonist, partial
agonistand antagonist actionsis likely. Thus, the unique and robust
mechanism of aripiprazole lies in its ability to be a dopamine
agonist when levels are too low, and a dopamine antagonist when
levels are too high (Goodnick 2002).

What is known about other antipsychotic medications in ASD?

Both typical (first-generation) and atypical (second-generation)
antipsychotics have been evaluated for the treatment of
behavioural symptoms in individuals with ASD. Although short-
term randomised controlled trials (RCTs) suggest efficacy for
improving some symptoms of ASD, important side effects limit
their use. Typical antipsychotics have been associated with
drug-induced movement disorders. Haloperidol, for example,
has been evaluated for the treatment of ASD in several trials
and has been associated with improvements in withdrawal and
stereotypies (Anderson 1989), as well as positive effects on
learning (Campbell 1982); however, it has also been associated
with extrapyramidal side effects such as acute dystonic reactions,
withdrawal dyskinesias and tardive dyskinesia in this population
(Campbell 1997). A systematic review of risperidone for ASD
demonstrated efficacy of this medication in treating symptoms
of aggression, irritability and repetitive behaviour; notable side
effects included weight gain, increased appetite and sedation
(Jesner2009) .

How the intervention might work

Alterations in dopaminergic and serotonergic neurotransmission
have been implicated in ASD, and abnormalities in these systems
have been demonstrated through neuroimaging and metabolic

Aripiprazole for autism spectrum disorders (ASD) (Review)
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studies (Posey 2008). As aripiprazole has affinity for both dopamine
and serotonin receptors, it is likely to exert its action through
mechanisms similar to those of other antipsychotic medications.
When compared, the 5-HT, antagonism of aripiprazole is higher
than most atypical antipsychotics but lower than ziprasidone or
risperidone; however its degree of antagonist activity, along with
partial D, agonist activity, is at an optimal level, reducing the
risk of extrapyramidal signs such as tardive dyskinesia (Goodnick
2002). Aripiprazole has moderate H_ receptor affinity, which results
in decreased sedation and risk of weight gain, compared with
clozapine and olanzapine, which have high affinities at this receptor
(Goodnick 2002).

Aripiprazole use in other disorders

Aripiprazole has been shown in a placebo-controlled trial to be
an effective intervention for positive and negative symptoms
of schizophrenia, with a lower propensity to induce certain
movement disorders, weight gain or sedation, or to increase
cholesterol and prolactin levels, compared with drugs such as
olanzapine or risperidone (Komossa 2009). Studies have shown
that antipsychotic medications can cause increased weight gain
and increased risk of type 2 diabetes in children and adolescents
(Bobo 2013; Correll 2009). Aripiprazole was well tolerated in a
placebo-controlled trial of adolescents with schizophrenia, causing
few side effects (Findling 2008). Another placebo-controlled trial
has shown its efficacy and tolerability in treating adolescents with
bipolar | disorder or mixed episodes, with no significant weight
changes compared with placebo (Findling 2009). The half-life of
aripiprazole of 72 hours allows once-daily dosing and increased
assurance of full absorption (Goodnick 2002).

Why it is important to do this review

This review updates a previous Cochrane review on the safety
and efficacy of aripiprazole for individuals with ASD published in
2011 (Ching 2011). Aripiprazole currently has United States (US)
Food and Drug Administration (FDA)-labelled indications for the
treatment of schizophrenia, bipolar disorder, major depressive
disorder and autistic disorder (FDA 2010). Although several
antipsychotics have demonstrated benefit in the treatment of
behavioural symptoms of ASD, all currently available medication
interventions have side effects that limit their use. As aripiprazole
is a relatively new drug, it is important to understand both the
efficacy and the side effects of this intervention in individuals with
ASD. It is also important to determine whether intervention effects
are dependent on factors such as age, length of intervention or
medication dosage. A synthesis of available data on aripiprazole in
ASD will be useful for clinicians considering use of this agent for
people with ASD.

OBJECTIVES

To assess the safety and efficacy of aripiprazole as medication
treatment for individuals with ASD.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised controlled trials (RCTs), including both parallel-group
and cross-over designs, of any duration.

Types of participants

Children and adults with a clinical diagnosis of ASD made
by an established classification system. Diagnosis of ASD
includes individuals with autistic disorder, Asperger's disorder and
pervasive developmental disorder - not otherwise specified (PDD-
NOS).

Diagnosis of ASD in trial participants was corroborated by
administration of a standardised instrument such as the Autism
Diagnostic Interview - Revised (ADI-R) (Lord 1994).

Given the high rate of co-morbidity between ASD and other
neuropsychiatric disorders, we did not exclude individuals with co-
morbid disorders. However, we did exclude participants receiving
co-interventions such as other antipsychotics, psychostimulants,
antidepressants or mood stabilisers. We did not exclude
participants receiving non-pharmacological therapy (i.e. behaviour
therapy) provided it was equally accessible to all study participants,
stable before trial entry and consistent throughout the study.

Types of interventions

Aripiprazole administered orally for ASD at any dosage compared
with placebo.

Types of outcome measures
Primary outcomes

« Emotional and behavioural symptoms, as measured by

validated clinician- or parent-reported scales.

* Irritability (e.g. Aberrant Behaviour Checklist (ABC) -
Irritability subscale (Aman 1986)).

* Hyperactivity (e.g. ABC - Hyperactivity subscale (Aman
1986)).

*  Stereotypy (e.g. ABC - Stereotypy subscale (Aman 1986)).

* Inappropriate speech (e.g. ABC - Inappropriate Speech
subscale (Aman 1986)).

* Lethargy/withdrawal
subscale (Aman 1986)).

* Aggression (e.g. Overt Aggression Scale (OAS) (Yudofsky
1986)).

* Clinical Improvement (e.g. Clinical Global Impression (CGlI) -
Improvement scale (Guy 1976)).

« Extrapyramidal side effects*, as measured by scales such as the
modified Webster Scale (mWS) (Webster 1968), the Abnormal
Involuntary Movements Scale (AIMS) (Guy 1976) or the Barnes
Akathisia Scale (BARS) (Barnes 1989).

(e.g. ABC - Lethargy/Withdrawal

Secondary outcomes

« Obsessive-compulsive behaviours as rated by, for example, the
Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS)
(Goodman 1989).

« Weight gain and metabolic side effects*.

o Other side effects*, for example, somnolence, insomnia,
headache and constipation.

We planned to synthesise results for the following time points: less
than three months, three to six months and over six months. We
were able to synthesise two trials that were eight weeks in duration
and to describe, in detail, a discontinuation study of 16 weeks'
duration.
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*Please note, we use the term 'side effects' to describe any
harms, adverse effects or adverse drug reactions associated with
aripiprazole.

Search methods for identification of studies
Electronic searches

Searches for the original review were run in May 2011. We limited
the search to 1990 onwards, as this is the year in which aripiprazole
first became available. We applied no language restrictions. We ran
searches for this update in November 2014 and again in October
2015, using the search strategies presented in Appendix 1. We
have reported in Appendix 2 additional details about the searches,
including exact search dates for each database. We searched the
following databases.

« Cochrane Central Register of Controlled Trials (CENTRAL; 2015,
Issue 9; part of The Cochrane Library), which also contains the
Cochrane Developmental, Psychosocial and Learning Problems
Group Specialised Register.

« Ovid MEDLINE (1946 to October Week 1 2015).

« Embase (1980 to Week 41 2015; Ovid).

« CINAHL Plus (1937 to current; EBSCOhost).

o PsycINFO (1806 to October Week 1 2015; Ovid).

« Cochrane Database of Systematic Reviews (CDSR; 2015, Issue 10;
The Cochrane Library).

« Database of Abstracts of Reviews of Effects (DARE; 2015, Issue 2;
The Cochrane Library).

« Conference Proceedings Citation Index - Science (CPCI-S; 1990
to current; Web of Science).

« Autism Data (all available years).

« ZETOC (limited to conference proceedings; all available years).

« WorldCat (limited to theses and dissertations; all available
years).

« ClinicalTrials.gov (all available years).

« World Health Organisation International Clinical Trials Registry
Platform (WHO ICTRP; all available years).

Searching other resources

We contacted the drug company that makes aripiprazole to
determine whether any trials were ongoing or results unpublished
in this area.

Data collection and analysis
Selection of studies

For the initial review, two review authors (TP, HC) independently
reviewed titles and abstracts obtained from the searches and
selected potentially relevant studies. Two review authors (TP, LH)
followed the same procedure for this update. We obtained full-
text articles and read them in detail to determine whether they
fulfilled inclusion criteria. In the event of any dispute as to whether
a study met the inclusion criteria, a discussion between review
authors took place. We did not need to refer any disagreement to
an independent arbiter.

Data extraction and management

Both review authors (TP and HC original; TP and LH update)
independently extracted data from included studies and entered

them onto a pre-designed data extraction form. We extracted and
entered the following data.

o Study procedures, including recruitment,
medication, dosage, duration and clinical setting.

« Study design.

« Method of randomisation.

« Method of allocation concealment.

« Blinding of participants, personnel and outcome assessors.
« Inclusion and exclusion criteria for participants.

« Number of participants.

+ Agedistribution.

diagnosis,

« Gender.

«+ Loss to follow-up.

« Premature discontinuation and reasons for such.

» Outcomes.

« Incomplete outcome data and selective outcome reporting.
+ Method of analysis.

« Comparability of groups at baseline.

We compared extracted data to ensure accuracy, and we resolved
discrepancies through discussion between review authors. One
review author (TP) entered data into Review Manager (RevMan
2014), and the other (LH) checked the data for accuracy.

Assessment of risk of bias in included studies

Two review authors (original review: TP and HC; this update: TP
and LH) independently assessed the risk of bias of each included
study according to the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011a). Review authors assessed each
included study against the seven domains described below and
assigned a rating of low risk of bias, high risk of bias or unclear risk
of bias (uncertain risk of bias). When risk of bias was unclear, we
sought additional information from the study authors. When the
two review authors disagreed, we consulted the original paper until
we were able to make a decision.

Random sequence generation

Description: The method by which participants were randomly
allocated to different intervention groups is described in sufficient
detail as to determine whether comparable groups were produced.

Review authors’ judgement: Was the allocation sequence
adequately generated?

Allocation concealment

Description: The method by which participants were notified of
intervention schedules is described in sufficient detail to assess
whether such schedules could be foreseen in advance of, or during,
recruitment.

Review authors’ judgement: Was allocation adequately concealed?

Blinding of participants and personnel

Description: Any measures taken to blind participants and
personnel were described in sufficient detail to determine whether
knowledge of intervention type was revealed at any point during
the study.

Aripiprazole for autism spectrum disorders (ASD) (Review)
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Review authors’ judgement: Was blinding adequate during the
study?

Blinding of outcome assessment

Description: Any measures taken to blind outcome assessors were
described in sufficient detail to determine whether knowledge of
intervention type was revealed at any point during the study.

Review authors’ judgement: Was blinding adequate during the
study?

Incomplete outcome data

Description: Intention-to-treat analysis (analysis comparing
participants in the groups to which they were originally
randomly assigned versus complete outcome data available for
all randomised participants) was included in each study. Review
authors extracted and reported data on the distribution across
intervention groups, on attrition and exclusion, on reasons for
missed outcomes and on re-inclusion in analyses.

Review authors’ judgement: Were incomplete study data dealt with
adequately by study authors?

Selective outcome reporting

Description: We attempted to assess the possibility of selective
outcome reporting by study authors. We checked study protocols
through trial registries and compared outcomes listed in the
protocol versus the published report. We then compared outcomes
listed in the methods section of the manuscript versus those those
listed in the results section. We also assessed and reported which
studies collected data on a small number of key outcomes that are
routinely measured.

Review authors’ judgement: Are included studies free of any
possibility of selective outcome reporting?

Other sources of bias

Description: We investigated any possibility of potential threats to
validity in the included studies. Possible sources included:

« design-specific risk of bias;

« early stopping;

« baseline imbalance;

« inappropriate administration of a co-intervention; and
« use of an insensitive instrument to measure outcomes.

Review authors’ judgement: Are included studies free of other
problems that could put the investigation at high risk of bias?

Measures of treatment effect
Binary data

We used risk ratio (RR) estimations with 95% Cls for binary
outcomes.

Continuous data

For continuous outcomes, we used the mean difference (MD) to
pool outcomes measured on the same scale across studies. We
also performed an intention-to-treat analysis and included all
randomised participants in the analysis, retained in the groups to
which they were allocated. For additional methods to be used in

future updates of this review, please see our protocol (Ching 2011)
and Appendix 3.

Time-to-event data

We used hazard ratio (HR) estimations with 95% Cls for time-to-
event outcomes.

Unit of analysis issues

We did not encounter any unit of analysis issues. Please see our
protocol (Ching 2011) and Appendix 3 for methods that we will use
to deal with these issues when we update this review.

Dealing with missing data

When data were missing, we first attempted to contact the
study authors. Neither of the included studies reported standard
deviations for data on the Aberrant Behavior Checklist (ABC) (Aman
1986), the Clinical Global Impression - Severity (CGI-S) scale (Guy
1976) and the Children’s Yale-Brown Obsessive Compulsive Scale
(CY-BOCS) (Goodman 1989). Furthermore, although study authors
responded to our requests for further information, they were not
able to provide us with the standard deviations that we requested.
Correspondence with study authors and a statistician allowed us to
use statistical methods, when necessary, to back-calculate missing
data. Therefore, for Marcus 2009, we back-calculated standard
deviations from given standard errors. For Owen 2009, we back-
calculated standard deviations from given 95% Cls. We performed
back-calculations using the methods specified in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).
We described missing data and dropouts for each study included in
the review in the 'Risk of bias' tables (beneath the Characteristics
of included studies tables).

Assessment of heterogeneity

We assessed methodological heterogeneity by comparing trial
designs, and clinical heterogeneity by comparing the distribution
of important participant factors such as age. We estimated
heterogeneity through the DerSimonian and Laird method. We then
assessed statistical heterogeneity by examining the |2 statistic, an
approximate quantity that describes the proportion of variation
in point estimates that is due to heterogeneity of studies rather
than to sampling error. In addition, we performed a Chi? test
of homogeneity to determine the strength of evidence that
heterogeneity is genuine. We examined 1*> and Chi? statistics in
conjunction with one another because of the limitations of each
statistic independently, especially considering the small number of
studies included in this review. We used a significance level of 0.10
for the Chi? test. We also described tau?, an estimate of between-
study variability, when presenting results of the random-effects
model.

Assessment of reporting biases

As we found only three studies, we did not assess reporting bias.
See our protocol (Ching 2011) and Appendix 3 for methods to be
used for future updates of this review.

Data synthesis

We performed a meta-analysis of the data, using both fixed-
effect and random-effects models, which we compared to assess
statistical heterogeneity. We used Mantel-Haenszel methods for
RRs because of the rarity of these events, as the Mantel-
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Haenszel weighting scheme is preferable with sparse data (Higgins
2011c). We analysed time-to-event data and MDs using inverse
variance methods. We did not plan to combine trials with
important differences in methods, inclusion criteria, participants
and administration of medication (e.g. trials with only adult
participants would not be combined with trials of only children;
trials lasting two weeks would not be combined with trials lasting
one year). When we were unable to perform a meta-analysis,
we described trial data with respect to the review's primary and
secondary outcomes. When significant heterogeneity was present
in the fixed-effect model, we presented results from the random-
effects model.

Summary of findings

We created a 'Summary of findings' table, which includes the
effect estimate, 95% Cls, number of participants and quality
of evidence for major outcomes included in the review (ABC -
Irritability subscale, ABC - Hyperactivity subscale, ABC - Stereotypy
subscale, weight gain, sedation, tremor, relapse rate). We used the
GRADE (Grades of Recommendation, Assessment, Development
and Evaluation) method to assess the quality of the body of
evidence for each outcome (Guyatt 2011). Although we considered
RCTs to provide high-quality evidence, we downgraded the level of
evidence to moderate for all outcomes because of the presence of
limitations in the design of available studies, and the overall small
number of studies in this area. It is thus likely that further research
could have an important impact on our confidence in the estimate
of effect and may change the estimate.

Subgroup analysis and investigation of heterogeneity

As we found only two studies, we did not perform a subgroup
analysis. See our protocol (Ching 2011) and Appendix 3 for methods
to be used for future updates of this review.

Sensitivity analysis

As we found only two studies, we did not perform a sensitivity
analysis. See our protocol (Ching 2011) and Appendix 3 for methods
to be used for future updates of this review.

RESULTS

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

In 2011, we found 1569 records, discarded the duplicates and
screened 1323 titles and abstracts. We obtained and reviewed
14 full-text reports. Two studies fitted our inclusion criteria of
being randomised, placebo-controlled, and double-blinded trials
(Marcus 2009; Owen 2009). We excluded the remaining 12 studies
because they were review articles, pooled analyses, open-label
retrospective studies or case series studies (Ching 2012).

For this update, we ran searches in November 2014 and found
468 records. From these, we reviewed eight full-text reports. We
excluded seven of the eight studies (see Excluded studies) and
included data from one new study in the update of this review (see
Figure 1). The included study was an RCT investigating the safety
and efficacy of long-term maintenance treatment with aripiprazole
in ASD (Findling 2014). We updated the searches again in October
2015. Among the 111 records found, we identified no eligible
studies.
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Figure 1. Study flow diagram.

579 records identified through
previous version of review

2 studies included in ‘

database searches for review update

419 recards after duplicates removed

419 recards screened for relevance

4_{ 411 records excluded

7 full-text reparts excluded with reasans:

3 - review article/pooled analysis of Marcus and
Owen studies (twa of which were alsa excluded
in the previous update of this review)

2 - non-randomised, unblinded trials

1 - post hoc analysis of health related quality of
life autcomes from Marcus and Owen studies

‘ 8 full-text reparts assessed far eligibility ‘

1 - no placebo control group

‘ 1 included study (from one repart) ‘

!

3 studies included in update

Of which, 2 included in gquantitative
synthesis (meta-analysis)

We found no cluster-randomised or cross-over trials. Also, no
studies conducted repeated observations on participants.

Included studies

See Characteristics of included studies tables.

Two studies included within this review were described as
randomised, placebo-controlled, double-blinded trials; each lasted
eight weeks (Marcus 2009; Owen 2009). The third study
was a randomised, placebo-controlled, double-blinded relapse
prevention trial, which included two phases (Findling 2014). Phase
one - the stabilisation phase - consisted of 13 to 26 weeks of
single-blind aripiprazole, and phase two - the randomisation phase
- consisted of up to 16 weeks of double-blinded treatment with
aripiprazole or placebo. Participants whose symptoms of irritability
demonstrated a stable response to aripiprazole therapy for 12
consecutive weeks in phase one were eligible for randomisation
into phase two.

Study location

All three studies were multi-centre studies conducted in the United
States (Findling 2014; Marcus 2009; Owen 2009).

Study participants

All participants in the studies were individuals (children or young
people) younger than 18 years of age (age range six to 17 years)
(Findling 2014; Marcus 2009; Owen 2009). Although the search
was not restricted to children/adolescents, results of the search
yielded appropriate studies involving only children/adolescents.
Every child/adolescent had been diagnosed with autistic disorder.
Both boys and girls were included and the number of children/
adolescents ranged from 85 (Findling 2014) to 218 (Marcus 2009).

Study interventions and dosage

The intervention used was aripiprazole in several doses, ranging
from 2 mg to 15 mg per day. In the Findling 2014 study, during
phase one - the stabilisation phase - aripiprazole was flexibly
dosed between 2 mg and 15 mg per day. During phase two -
the randomisation phase - children/adolescents randomised to
aripiprazole continued at the dose prescribed at the end of phase
one.
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Study outcomes
Primary outcomes
Emotional and behavioural symptoms

All three studies used the Aberrant Behaviour Checklist (ABC) to
assess five categories of emotional and behavioural symptoms of
ASD, notably, irritability, hyperactivity, stereotypy, inappropriate
speech and lethargy/withdrawal. The ABC, developed by Aman
1986, consists of 58 items, organised within five subscales:
irritability, hyperactivity, stereotypy, inappropriate speech and
withdrawal/lethargy. Each item is scored on a scale from zero
(not a problem) to three (severe). In interpreting results of this
scale, a decreased score correlates with an improvement in the
category, and an increased score correlates with a decline in that
category. For example, the highest possible number of points for
the irritability subscale is 45 (15 items x three points) and would
depict the most severe case.

Studies by Marcus 2009 and Owen 2009 used the illness severity and
global improvement subscales of the Clinical Global Impression
(CGI) scale (Guy 1976) to measure clinical improvement. Illness
severity is rated from one through seven, with one indicating
normal, four moderately ill and seven most severely ill. Thus, a
decrease in score for CGI-S (severity) marks an improvement in
disease state. Global improvement (illness change) is also rated
from one through seven, with one meaning very much improved,
four meaning no change and seven meaning very much worse.
Thus, a decrease in score for CGI-C (change) also marks an
improvement in disease state.

The Findling 2014 relapse prevention trial evaluated time from
randomisation to relapse of behavioural symptoms. Relapse was
defined in one of the following ways.

« Aberrant Behavior Checklist - irritability (ABC-1) score increase >
25% compared with end-of-phase one score, and Clinical Global
Impressions - Improvement (CGI-I) rating of “much worse” or
“very much worse” relative to the end of phase one, for two
consecutive visits.

« ABC-l and CGI-I scores as per definition above at one visit, plus
“lost-to-follow-up” at the next visit.

« ABC-I and CGI-I scores as per definition above at one visit, plus
initiation of a prohibited drug to treat worsening symptoms of
irritability associated with autistic disorder at the next visit.

« Child discontinued because of hospitalisation for worsening
symptoms of irritability associated with autistic disorder
or because of lack of efficacy based on the investigator's
assessment.

Extrapyramidal side effects

All three studies used the Simpson Angus Scale (SAS) (Simpson
1970), the Abnormal Involuntary Movement Scale (AIMS) (Guy 1976)
and the Barnes Akathisia Scale (BARS) (Barnes 1989) to measure
extrapyramidal symptoms.

Secondary outcomes
Obsessive-compulsive behaviours

Both Marcus 2009 and Owen 2009 used the Children's Yale-Brown
Obsessive Compulsive Scale (CY-BOCS) (Scahill 1997) to assess
obsessive-compulsive behaviours. The CY-BOCS is an adapted
version of the Yale-Brown Obsessive Compulsive Scale (Goodman
1989). It requires two informants - child and parent - to rate 10
items on a scale of zero to four. In general, a score of zero on
each item shows no symptoms, and a score of four shows extreme
symptoms (Scahill 1997); the total maximum score is 40. Therefore,
as a higher number corresponds with greater severity of illness, a
decrease in mean score on this particular scale shows improvement
in symptoms. Both trials looked at the MD in scores between
aripiprazole and placebo on these outcome scales.

Findling 2014 did not provide data related to this outcome.

Weight gain and metabolic side effects

The three studies also reported data on weight gain. As weight
gain is a common occurrence for patients taking antipsychotic
medications, more than one way of looking at this outcome was
presented. Absolute weight gain in kilograms (kg) was presented in
allstudies, in addition to change in body mass index (BMI). Clinically
relevant weight gain was defined in studies as an increase in weight
of 7% or more of baseline body weight.

Other side effects

All three studies measured cholesterol, triglycerides and blood
sugar. Studies also measured other side effects, including sedation,
drooling and tremor.

Excluded studies

Overall, we excluded 19 out of 22 studies.

In the original review, we excluded 12 of 14 studies because they
were review articles, pooled analyses, open-label retrospective
studies or case series studies (Ching 2011).

In this updated review, we excluded seven of eight studies: two
because they used unblinded, non-randomised, controlled study
designs (D'Alessandro 2012, Maloney 2014), three because they
were review articles or pooled analyses of the Marcus 2009 and
Owen 2009 studies (Benton 2011; Douglas-Hall 2011; Robb 2011),
one randomised trial because it did not include a placebo control
(Ghanizadeh 2014) and one study because it provided quality of
life data (Varni 2012) from the two original studies included in
our review (Marcus 2009; Owen 2009); however, this was not an
outcome of interest in our review. Two of these studies were also
excluded from the previous version of this review (Benton 2011,
Robb 2011).

Risk of bias in included studies

See Figure 2 and 'Risk of bias' tables beneath the Characteristics of
included studies tables.
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Allocation
Random sequence generation

In Findling 2014, eligible children/adolescents were randomly
assigned (1:1) to placebo or aripiprazole (continued at the dose
prescribed), but the randomisation sequence generation was not
described in the manuscript. In Marcus 2009, children/adolescents
were randomised to receive placebo or aripiprazole (5,10 or 15 mg/
d) in a 1:1:1:1 ratio, but the randomisation sequence generation
was not described in the manuscript. We emailed each of the study
authors for clarification but received no response. Consequently,
we rated both of these studies as having unclear risk of selection
bias. In Owen 2009, eligible children/adolescents were randomly
assigned (1:1) to flexibly dosed aripiprazole or placebo according
to a computer-generated randomisation schedule prepared by
Bristol-Myers Squibb, using a permuted block design. We rated this
study as having low risk of bias.

Allocation concealment

In Findling 2014, investigational sites accessed a centralised,
call-in system for randomisation. In Owen 2009, investigational
sites accessed a call-in, interactive voice response system when
children/adolescents were ready to be randomly assigned. This
system assigned a medication bottle number to each child/
adolescent. We rated both of these studies as having low risk of bias
in this domain. However, in Marcus 2009, allocation concealment
was not described; thus it is unclear whether knowledge of
assignment was adequately prevented.

Blinding

Performance bias

In all studies, children/adolescents were reported to be blinded to
intervention type. We rated both Findling 2014 and Owen 2009 as
having low risk of bias. For Marcus 2009, a double-blind trial was

described, but the study did not describe assurance of blinding, and
so we rated this study as having unclear risk of bias.

Detection bias

In all studies, outcome assessors were reported to be blinded to
intervention type. We rated both Findling 2014 and Owen 2009 as
having low risk of bias. For Marcus 2009, a double-blind trial was
described, but the study did not describe assurance of blinding, and
so we rated this study as having unclear risk of bias.

Incomplete outcome data

All studies gave details of attrition. Intention-to-treat analyses were
performed in all three studies. Below, we describe missing data and
dropouts for each study included in the review.

In Findling 2014, 19 out of 44 children/adolescents completed the
placebo arm of the trial. Twenty-five discontinued - 23 because of
lack of efficacy. Out of 41 children/adolescents, 22 completed the
aripiprazole arm of the trial. Nineteen discontinued, 13 because of
lack of efficacy, five withdrew consent and one was lost to follow-
up. We rated this study as having high risk of attrition bias. All study
participants were included in the analysis of effect. If a participant
dropped out of the study, investigators used the last observation
carried forward (LOCF) method.

In Marcus 2009, 38 out of 52 children/adolescents completed the
placebo arm of the trial. Fourteen discontinued for various reasons:
lack of efficacy (n = 3), side effects (n = 4), withdrawal of consent
(n =2), loss to follow-up (n = 3), non-compliance (n = 1) and no
longer meeting study criteria (n = 1). Out of 164, 140 children/
adolescents completed the aripiprazole arm of the trial, whether 5
mg, 10 mg or 15 mg/d. In total, 26 discontinued for various reasons:
side effects (n = 17), withdrawal of consent (n = 3), loss to follow-up
(n=2), non-compliance (n =3) and other (n=1). None discontinued
because of lack of efficacy. The safety sample included all children/
adolescents who took at least one dose of study medication,
whereas the efficacy sample included all children/adolescents who
had at least one post-randomisation efficacy evaluation performed
and compared with baseline values. Study authors performed a
LOCF analysis for any child who discontinued. Despite the slightly
higher percentage of dropouts in the aripiprazole arm, we rated
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this study as having low risk of attrition bias, as discontinuations
due to side effects were generally higher in active treatment groups
compared with placebo groups.

In Owen 2009, 36 out of 51 children/adolescents completed the
placebo arm of the trial. Fifteen discontinued for various reasons:
lack of efficacy (n = 6), side effects (n = 3), withdrawal of consent
(n = 2) and loss to follow-up (n = 4). Thirty-nine out of 47
children/adolescents finished the aripiprazole arm of the trial. Eight
discontinued for various reasons: lack of efficacy (n = 1), side effects
(n = 5), withdrawal of consent (n = 1) and loss to follow-up (n =
1). The safety sample included all but one child who was lost to
follow-up before entering the intervention phase. In the efficacy
sample, two children were excluded (withdrawal of consent and
side effects), as they did not complete a post-baseline efficacy
evaluation. We rated this study as having low risk of attrition bias.

Selective reporting

All three studies pre-specified primary and secondary outcomes
and reported expected measures of outcomes. Study protocols are
available online at clinicaltrials.gov (NCT00332241, NCT00337571,
NCT01227668); thus, we judged these studies to be at low risk of
selective reporting bias.

Please see our protocol (Ching 2011) and Appendix 3 for additional
methods that we would have used to assess small-study effects had
we identified 10 or more studies.

Other potential sources of bias

Although all three studies received funding from pharmaceutical
companies, we did not judge this to be a matter of concern and thus
rated all three studies as having low risk of bias.

Effects of interventions

See: Summary of findings for the main comparison

We were able to perform a meta-analysis of data from Marcus 2009
and Owen 2009, as no important clinical heterogeneity was found.
Furthermore, because both trials used the same measures and
reported changes in scores and endpoint data in the same way,
we were able to perform meta-analyses for most of the outcomes
listed below. The Findling 2014 trial had important differences
in methods; therefore, we have described the results of this trial
separately. For the study by Findling 2014, if a participant dropped
out of the study, investigators used the LOCF method for their
analysis.

We used both fixed-effect and random-effects models, which
we then compared to assess statistical heterogeneity. Random-
effects and fixed-effect models yielded nearly identical results in
all analyses performed, with no difference greater than 0.1 point
for any measure. Below, we present results from random-effects
models.

Minimal clinically important differences are not listed, as they
are difficult to define because they vary depending on who is
making the judgement and how severe underlying symptoms are
determined to be. Thus, when combined with variation in our
estimates (95% Cls), these differences will not lead to an accurate
interpretation of study results. Instead, we have given information
about the rating scales used, including maximum number of points

possible, so that clinicians can make their own judgement as to
whether the amount of change seen is clinically important.

Primary outcomes
Emotional and behavioral symptoms
Irritability

All three studies (Findling 2014; Marcus 2009; Owen 2009) assessed
irritability using the ABC - Irritability subscale (15 items yielding a
maximum of 45 points) (Aman 1986).

Ameta-analysis of two studies (Marcus 2009; Owen 2009) yielded an
MD of -6.17 points (change from baseline) between aripiprazole and
placebo, in favour of aripiprazole (95% CI -9.07 to -3.26, tau® = 1.47,
12 = 33%, P value < 0.00001, 308 children/adolescents, moderate-
quality evidence; Analysis 1.1).

Findling 2014 found no differences in scores between children/
adolescents treated with aripiprazole and those treated with
placebo from the end of phase one to week 16 of phase two.

Hyperactivity

All three studies (Findling 2014; Marcus 2009; Owen 2009) assessed
hyperactivity using the ABC - Hyperactivity subscale (16 items
yielding a maximum of 48 points) (Aman 1986).

Ameta-analysis of two studies (Marcus 2009; Owen 2009) yielded an
MD of -7.93 points (change from baseline) between aripiprazole and
placebo, in favour of aripiprazole (95% CI -10.98 to -4.88, tau?=2.27,
12 = 44%, P value < 0.00001, 308 children/adolescents, moderate-
quality evidence; Analysis 1.2).

Findling 2014 reported differences in scores between children/
adolescents treated with aripiprazole and those treated with
placebo (MD -5.2, 95% Cl -10.2 to -0.2, P value = 0.041, 85 children/
adolescents).

Stereotypy

All three studies (Findling 2014; Marcus 2009; Owen 2009) assessed
stereotypy using the ABC - Stereotypy subscale (seven items
yielding a maximum 21 points) (Aman 1986).

Ameta-analysis of two studies (Marcus 2009; Owen 2009) yielded an
MD of -2.66 points (change from baseline) between aripiprazole and
placebo, in favour of aripiprazole (95% Cl -3.55 to -1.77, tau? = 0.00,
12 = 0%, P value < 0.00001, 308 children/adolescents, moderate-
quality evidence; Analysis 1.3).

Findling 2014 reported differences in scores between children/
adolescents treated with aripiprazole and those treated with
placebo (MD -2.0,95% CI -3.70 to -0.40, P value = 0.018, 85 children/
adolescents).

Inappropriate speech

All three studies (Findling 2014; Marcus 2009; Owen 2009) assessed
inappropriate speech using the ABC - Inappropriate Speech
subscale (four items yielding a maximum 12 points) (Aman 1986).

A meta-analysis of two studies yielded an MD of -1.43 points
(change from baseline) between aripiprazole and placebo, in favour
of aripiprazole (95% CI -2.60 to -0.27, tau?=0.51, 1> = 71%, P value =
0.02, 308 children/adolescents; Analysis 1.4).
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Findling 2014 reported differences in scores between children/
adolescents treated with aripiprazole and those treated with
placebo (MD -1.5,95% Cl -2.6,-0.3, P value =0.013).

Lethargy/withdrawal

Marcus 2009 and Owen 2009 assessed lethargy/withdrawal using
the lethargy/withdrawal subscale of the ABC (16 items yielding a
maximum of 48 points) (Aman 1986). We combined these studies
in a meta-analysis. Results yielded an MD of -1.19 points (change
from baseline) between aripiprazole and placebo, in favour of
aripiprazole (95% Cl -2.77 to 0.40, tau® = 0.00, I* = 0%, P value = 0.14,
308 children/adolescents; Analysis 1.5).

Aggression

No studies provided data on this outcome.

Clinical improvement

All three studies (Findling 2014; Marcus 2009; Owen 2009) assessed
severity using the CGI-S subscale (Guy 1976). A meta-analysis of two
studies (Marcus 2009; Owen 2009) found an MD of -0.57 point (mean
change from baseline) between aripiprazole and placebo, in favour
of aripiprazole (95% Cl -0.96 to -0.18, tau® = 0.05, 1> = 63%, P value =
0.004, 308 children/adolescents; Analysis 1.6). Findling 2014 found
no differences in scores between children treated with aripiprazole
and those treated with placebo from the end of phase one to week
16 of phase two.

Two studies (Marcus 2009; Owen 2009) assessed clinical
improvement using the CGI-I subscale (Guy 1976). A meta-analysis
of these studies yielded an MD of -1.33 points between aripiprazole
and placebo, which approximates a one-point change on the scale
(of oneto seven),in favour of aripiprazole (95% Cl -1.75 t0 -0.92, tau?
=0.00, I*=0%, P value <0.00001, 308 children/adolescents; Analysis
1.7).

Findling 2014 reported no differences between aripiprazole and
placebo for the primary endpoint - time from randomisation to
relapse (P value = 0.097). Kaplan-Meier relapse rates at week 16
were 35% for aripiprazole and 52% for placebo, for a hazard ratio
(aripiprazole/placebo) of 0.57 (95% Cl 0.28 to 1.12, low-quality
evidence). A treatment-by-race interaction was explored and was
found (P value = 0.034). Among white children/adolescents (n = 59),
aripiprazole treatment resulted in a lower relapse rate (25.8%) than
placebo (60.7%), with a hazard ratio of 0.33 (95% CI 0.14 to 0.78, P
value = 0.011), whereas among non-white children/adolescents (n
=26), the two treatment arms did not differ. An age-interaction test
found no evidence of an age interaction.

Extrapyramidal side effects

Extrapyramidal side effects are adverse, movement-related
symptoms, which include drug-induced parkinsonism, dystonia,
akathisia and tardive dyskinesia.

A meta-analysis of two studies (Marcus 2009; Owen 2009) found
no difference in rates of extrapyramidal symptom events among
children/adolescents treated with aripiprazole compared with
placebo (RR 1.89, 95% Cl 0.98 to 3.66, tau® = 0.00, 1> = 0%, P
value = 0.06, 313 children/adolescents; Analysis 1.8). The result
may not have reached statistical significance because the analysis
lacked power with only two included studies. We were not able
to perform a meta-analysis on extrapyramidal side effects, as

neither study provided standard deviations, standard errors or
Cls for data from SAS (Simpson 1970), AIMS (Guy 1976) and
BARS (Barnes 1989). Owen 2009 did not find differences between
intervention groups with respect to mean change from baseline
on these three measures. Marcus 2009 reported no differences
between placebo- and aripiprazole-treated children/adolescents
in the mean change from baseline on BARS. On SAS, children/
adolescents treated with a 10 mg dose of aripiprazole had
significantly greater change from baseline (+ 0.7) compared with
placebo-treated children/adolescents (-0.4) (P value = 0.006).
Marcus 2009 also reported a significant change from baseline on
the AIMS in all aripiprazole-treated children/adolescents compared
with placebo-treated children/adolescents. Children/adolescents
taking aripiprazole showed a decrease in scores (-0.1 to -0.2 points)
compared with placebo-treated children/adolescents, who had an
increase in score of 0.2 points (P value <0.05).

Findling 2014, in phase one (the single-blind phase), reported
that 27 children/adolescents (17.4%) had treatment-emergent
extrapyramidal symptom-related side effects. Extrapyramidal
symptom-related side effects occurred in 7.7% of children/
adolescents treated with aripiprazole and in 7% of children/
adolescents treated with placebo. Investigators reported no
differences between groups on SAS, AIMS and BARS. Movement
disorders were also common in phase two (5.1% for aripiprazole
versus 0% for placebo).

Secondary outcomes
Obsessive-compulsive behaviours

Two studies (Marcus 2009; Owen 2009) used the Children's
Yale-Brown Obsessive Compulsive Scale (CY-BOCS) (Scahill 1997)
to assess obsessive-compulsive behaviours in 308 children/
adolescents. We combined these studies in a meta-analysis
(Analysis 1.9). Results yielded an MD of -1.93 points (mean change
from baseline) between aripiprazole and placebo, in favour of
aripiprazole (95% ClI -3.86 to 0.00, tau® = 1.65, I> = 84%, P value =
0.05).

Weight gain and metabolic side effects

In a meta-analysis of two studies (Marcus 2009; Owen 2009), the
RR of clinically relevant weight gain while taking aripiprazole was
approximately 3.78 kg compared with placebo (95% Cl 1.78 to 8.02,
tau? = 0.00, 1> = 0%, P value = 0.0005, 308 children/adolescents;
Analysis 1.10). The MD in weight gain between the aripiprazole
group and the placebo group was 1.13 kg (95% CI 0.71 to 1.54,
tau? = 0.00, 1> = 0%, P value < 0.00001, two studies, 308 children/
adolescents, moderate-quality evidence; Analysis 1.11). We noted
no difference between study groups as regards change in body
mass index (BMI) (MD 0.44, 95% Cl -0.27 to 1.16, tau® = 0.00, |2 =
0%, P value = 0.22, two studies, 313 children/adolescents; Analysis
1.12). Both Marcus 2009 and Owen 2009 (313 children/adolescents)
reported no differences in rates of abnormal triglycerides between
children/adolescents treated with placebo and those treated with
aripiprazole (Analysis 1.13), nor in low-density lipoprotein (Analysis
1.14), high-density lipoprotein (Analysis 1.15) or blood sugar
(Analysis 1.16).

Findling 2014 reported an increase of 25.2% in weight in phase
one (all children/adolescents took aripiprazole during phase one).
At week 16 of phase two, children/adolescents treated with
aripiprazole gained a mean of 2.2 kg and placebo recipients gained
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0.6 kg. Investigators reported no changes on metabolic laboratory
tests (cholesterol, triglycerides and glucose) from baseline to week
16, during phase two, between children/adolescents treated with
aripiprazole and those treated with placebo.

Other side effects

For the two studies included in the meta-analysis (Marcus 2009;
Owen 2009), we chose clinically relevant effects of concern, such as
sedation, drooling and tremor. Such side effects were common in
the aripiprazole group. In comparison with the control group, the
RR of experiencing sedation was 4.28 times more likely if taking
aripiprazole (95% Cl 1.58 to 11.60, tau? = 0.00, I*> = 0%, P value
= 0.004, two studies, 313 children/adolescents, moderate-quality
evidence; Analysis 1.17). A person was 9.64 times more likely to
experience drooling if taking aripiprazole (95% Cl 1.29 to 72.10,
tau? = 0.000, 12> = 0%, P value = 0.03, two studies, 313 children/
adolescents; Analysis 1.18) and was 10.26 times more likely to
experience tremor (95% Cl 1.37 to 76.63, tau?=0.00, 1 = 0%, P value
= 0.02, two studies, 313 children/adolescents, moderate-quality
evidence; Analysis 1.19) compared with placebo.

Findling 2014 reported that somnolence (14.8%) and vomiting
(14.2%) were common side effects in phase one (all children/
adolescents treated with aripiprazole during phase one), and in
phase two, the most common side effects with aripiprazole were
upper respiratory tract infection (10.3% for aripiprazole versus
2.3% for placebo) and constipation (5.1% for aripiprazole versus 0%
for placebo).

DISCUSSION

Summary of main results

Both short-term studies showed that aripiprazole can improve
some symptoms of autism spectrum disorders (ASD). From these
results, we can suggest that aripiprazole appears effective for
the short-term medication intervention of children/adolescents
with ASD. Several significant results point towards efficacy of
aripiprazole as a short-term medication intervention for children/
adolescents with ASD. Most of the primary outcomes specified were
significantly better with aripiprazole as compared with placebo
intervention. These primary outcomes, as stated earlier in the
Types of outcome measures section, include score changes on the
Aberrant Behaviour Checklist (ABC) (Aman 1986) and Clinical Global
Impression (CGI) scales (Guy 1976).

Meta-analysis of mean changes in scores on the ABC - Irritability
subscale and the CGI - Improvement scale from both Marcus
2009 and Owen 2009 shows efficacy of aripiprazole in treating
this behavioural symptom (see Analysis 1.1 and Analysis 1.7).
Significant improvements also occurred in the hyperactivity and
stereotypy subscales of the ABC. Changes on remaining ABC
subscales pertaining to social withdrawal and inappropriate
speech were not expected, as no evidence suggests that
antipsychotic therapy is helpful in treating the core social and
communication impairments of ASD. The magnitude of change on
the ABC - Irritability subscale was 6.17 points with aripiprazole
relative to placebo. With mean baseline scores in the study
group ranging from 25 to 30 out of a total of 45 points on
this scale, a six-point reduction in symptoms may be considered
clinically meaningful by caregivers. Similarly, for the ABC -
Hyperactivity subscale, the magnitude of change was 7.93 points

with aripiprazole relative to placebo, with baseline scores in the
study group on this subscale ranging from 30 to 35 out of a total
of 48 points. This change in hyperactivity score may be clinically
meaningful for caregivers. Changes in stereotypy scores were more
modest, with a decrease of 2.66 points with aripiprazole relative to
placebo. Stereotypy subscale baseline scores ranged from 10 to 12
among study groups at baseline, out of a total of 21 points.

Secondary outcomes included results from the Children's Yale-
Brown Obsessive Compulsive Scale (CY-BOCS) (Scahill 1997),
metabolic side effects such as weight gain, extrapyramidal
symptoms and other side effects such as sedation, drooling
and tremor. We noted no improvement in obsessive-compulsive
behaviours. Multiple children/adolescentsin the aripiprazole group
experienced side effects compared with those in the placebo group.
Evidence was consistent for both an increase and a decrease
in extrapyramidal symptoms. Risk of experiencing side effects
of sedation, drooling and tremor was higher if treated with
aripiprazole. Individuals treated with aripiprazole gained more
weight relative to placebo, and clinically significant weight gain was
more likely to occur if treated with aripiprazole than placebo.

The Findling 2014 relapse prevention trial found no difference
between aripiprazole and placebo during maintenance treatment
(P value = 0.097). However, evidence showed a treatment-by-
race relationship (P value = 0.034), wherein white children/
adolescents demonstrated lower relapse rates on aripiprazole than
placebo, although no difference was noted between non-white
children/adolescents. These results suggest that some children/
adolescents may benefit from continued use of aripiprazole, and
others may not. For secondary endpoints, the most clinically
important effect observed was a deterioration in scores on the
ABC - Hyperactivity subscale, among children/adolescents treated
with placebo compared with aripiprazole. Greater weight gain and
increased movement disorders were associated with continued
aripiprazole. In combination with results from Marcus 2009 and
Owen 2009, it is suggested that children/adolescents taking
aripiprazole should be re-evaluated periodically to determine
whether aripiprazole remains appropriate for treatment of ASD
symptoms.

Overall completeness and applicability of evidence

Although the two short-term use studies are complete in their
reporting, and provide highly applicable findings, world literature
on the use of aripiprazole for ASD is small. Only one long-term
use study has been conducted and is at high risk of bias due
to attrition. Short-term use studies found clinically important
moderate improvements in irritability and hyperactivity, and small
improvements in stereotypies, with aripiprazole compared with
placebo. This review aimed to determine the safety and efficacy
of aripiprazole for any ASD, but data were available only on
children/adolescents with a diagnosis of autistic disorder, and
failed to include those with Asperger's syndrome or pervasive
developmental disorders - not otherwise specified (PDD-NOS), or
adults with ASD. Although classification of these disorders changed
in 2013, studies included only those at the most severe end of the
spectrum. Data from a 14-week open-label study of aripiprazole,
which was not eligible for inclusion (Stigler 2009), provided
information on participants with Asperger's syndrome and PDD-
NOS and found similar trends of efficacy as the studies included
in this review. Furthermore, all included studies were performed
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in the United States and were sponsored by pharmaceutical
companies.

No trials examined the specific link between medication
and behavioural interventions. Trials that include behavioural
interventions and the addition of medication for families in crisis,
or with behavioural interventions that are not sufficient, would
provide the most applicable evidence related to current guidelines
for treatment of ASD.

One study, which did not meet our inclusion criteria for the review,
provided information on comparative efficacy of aripiprazole.
Ghanizadeh 2014 randomised 59 children/adolescents with ASD
to risperidone or aripiprazole twice daily. Investigators assessed
outcomes using the ABC (Aman 1986), the CGI - Improvement
scale (Guy 1976) and systematic examination for extrapyramidal
symptoms and other side effects. Both aripiprazole and risperidone
decreased all ABC subscale scores significantly (P value <0.05), but
no significant difference between intervention groups was evident.
Researchers also reported no difference between intervention
groups on the CGI-I subscale scores at endpoint. Both interventions
were well tolerated, and the most common side effects were
increased appetite, drooling and drowsiness. One child from each
intervention arm withdrew because of side effects. Therefore,
this study found that aripiprazole and risperidone show similar
efficacy and side effects for treatment of ASD symptoms in children/
adolescents.

Another study that did not meet our inclusion criteria for the review
provided information on the impact of aripiprazole on quality of
life. In a post hoc analysis of data from Marcus 2009 and Owen
2009, Varni 2012 evaluated the effects of use of aripiprazole in
children/adolescents with ASD on health-related quality of life
(HRQoL). A total of 316 children/adolescents were randomised to
aripiprazole or placebo and were evaluated at baseline and at
eight weeks by means of three Pediatric Quality of Life Inventory
(PedsQL) scales (Varni 1999). Aripiprazole was associated with
greaterimprovement in the PedsQL combined scale total score (MD
7.8, 95% Cl 3.8 to 11.8, P value < 0.001), and in all three PedsQL
scales (emotional functioning: MD 7.8, 95% CI 3.4 to 12.2, P value <
0.05; social functioning: MD 6.2, 95% CI 0.7 to 11.8, P value < 0.05;
and cognitive functioning: MD 9.3,95% CI 3.8 to 14.9; P value <0.05).
These findings suggest that short-term treatment with aripiprazole
is associated with increased HRQoL in children/adolescents with
ASD.

Quality of the evidence

The quality of studies performed on the use of aripiprazole in ASD
was moderate. We rated quality as moderate because of unclear
risk of bias for some domains in Marcus 2009 and Owen 2009,
and because of the overall small number of studies conducted on
the use of aripiprazole in ASD. We rated quality of evidence for
long-term trials as low because risk of attrition bias for incomplete
outcome data was high in Findling 2014. Further research may have
animportantimpact on our confidence in the estimate of effect and
may change the estimate.

Potential biases in the review process

We have no other potential biases to report in the review process.
Although we have synthesised all existing RCTs of aripiprazole
for the treatment of behavioural symptoms in ASD, it must be
recognised that available evidence is limited.

Agreements and disagreements with other studies or
reviews

No other formal systematic reviews on use of aripiprazole for the
treatment of ASD have been published to our knowledge. A pooled
analysis of data on side effects from Marcus 2009 and Owen 2009
has been published (Robb 2011). Results and conclusions of our
study with respect to side effects of aripiprazole are similar to those
provided by Robb and colleagues.

AUTHORS' CONCLUSIONS

Implications for practice

Evidence from this review shows that use of aripiprazole for the
short-term treatment of irritability in children/adolescents with
ASD may be worth considering. If the decision is made to use
aripiprazole, clinicians should follow established best practice and
provide information about side effects such as weight gain, tremor,
drooling and sedation to children/adolescents and their families,
so they can consider the benefits and risks of treatment before
commencing a medication trial. Children/adolescents undergoing
a trial of therapy with aripiprazole should be monitored for
clinical effectiveness of the medication, as well as for side effects.
In the absence of high-quality evidence, and given that similar
relapse rates are observed for both aripiprazole and placebo,
evidence suggests that the use of aripiprazole should be re-
evaluated periodically for continued efficacy, and that it might
be appropriate to consider discontinuation of aripiprazole after
successful treatment for 12 weeks.

Implications for research

Additional trials should be conducted to investigate use of
aripiprazole versus placebo for longer than three months. Only one
trial compared aripiprazole head-to-head with another medication,
risperidone. Future trials comparing aripiprazole versus other
medications should be conducted to improve our understanding
of the efficacy and safety of aripiprazole relative to other
pharmacological interventions. Trials of these medications in older
individuals with continuing symptoms should also be performed.
Furthermore, trials that use behavioural interventions as a first-line
approach and medication interventions as an adjunct should be
performed. Future reviews should include health-related quality of
life as an outcome measure.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Findling 2014

Methods Phase 1: single-blind, aripiprazole, flexibly dosed, to aripiprazole (2 to 15 mg/d) for 13 to 26 weeks.
Chldren and adolescents with a stable response (> 25% decrease in ABC-I subscale score and rating
of "much improved" or "very much improved" on CGI-I subscale score for 12 weeks randomised into

phase 2)

Phase 2: 1:1 randomisation to titrated dose of aripiprazole (2 to 15 mg/d) or placebo for 16 weeks in
this double-blind, randomised, placebo-controlled, parallel-group study

Participants Sample size: 85 children/adolescents entered phase 2 (double-blind randomisation), from 157 in

phase 1 (single-blind stabilisation)

Particpants randomised in phase 2

Sample size: 85 (intervention 41, placebo 44)

Sex: 17 girls (intervention 11, placebo 6), 68 boys (intervention 30, placebo 38)
Mean age: overall 10.4 (SD 2.8); intervention 10.1 (SD 2.80); placebo 10.8 (SD 2.77)

Race: 59 white (intervention 31, placebo 28), 19 black/African American (intervention 8, placebo 11), 3
Asian (0 intervention, 3 placebo), 1 American Indian/Alaskan Native (0 intervention, 1 placebo), 3 other
(2 intervention, 1 placebo)

Inclusion criteria (both phases)

« Boysorgirls

« Aged6to 17 years inclusive with current DSM-IV-TR diagnosis of autistic disorder and displays behav-
iours such as tantrums, aggression, self injurious behavior or a combination of these problems. Diag-
nosis of autistic disorder will be confirmed by ADI-R
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Findling 2014 (continued)

« Children/adolescent or designated guardian/caregiver is able to comprehend and satisfactorily com-
ply with protocol requirements, in the opinion of the investigator

« Demonstrates behaviours such as tantrums, aggression or self injury or a combination of these prob-
lems

« ABC-Isubscale score = 18 AND CGI-S subscale score = 4 at screening and baseline visits
« Mental age =24 months

Inclusion criteria (phase 2)

+ Patients whose symptoms of irritability demonstrated a stable response to aripiprazole therapy for
12 consecutive weeks in phase 1. Response was defined as = 25% decrease from baseline in caregiv-
er-rated ABC-l and rating of 1 or 2 (“very much improved” or “much improved”) on the clinician-rated

CGI-I
Interventions Aripiprazole 2, 5, 10 or 15 mg/d or placebo
Outcomes Primary outcome

« Percentage of children and adolescents relapsing by week 16, defined by 1 of 4 criteria:
* ABC-I score increase > 25% compared with end of phase 1 score and CGlI-I rating of "much worse"
or "very much worse" relative to end of phase 1 for 2 consecutive visits

* ABC-l and CGI-I scores as per above definition at 1 visit plus 'lost to follow-up' at next visit

* ABC-l and CGl-I scores as per above definition at 1 visit plus initiation of a prohibited drug to treat
worsening symptoms of irritability associated with autistic disorder at the next visit

* Child or adolescent discontinued because of hospitalisation for worsening symptoms of irritability
associated with autistic disorder or because of lack of efficacy based on investigator assessment

Secondary outcomes

« Adjusted mean change from baseline to week 16 on ABC-I subscale score (LOCF)
« Change from baseline in mean CGI-I scale score at week 16

« Number of children and adolescents with death as outcome, serious adverse events and adverse
events leading to discontinuation during phase 1

Notes Study dates: March 2011 to June 2012
Study location: United States
Funding: Bristol-Myers Squibb
Conflicts of interest

« Dr. Findling receives or has received research support from, acted as a consultant to, received roy-
alties from and/or served on a speaker’s bureau for Abbott, Addrenex, Alexza, American Psychiatric
Press, AstraZeneca, Biovail, Bracket, Bristol-Myers Squibb, Dainippon Sumitomo Pharma, Forest,
GlaxoSmithKline, Guilford Press, Johns Hopkins University Press, Johnson & Johnson, KemPharm,
Lilly, Lundbeck, Merck, National Institutes of Health, Neuropharm, Novartis, Noven, Organon, Otsuka,
Pfizer, Physicians Postgraduate Press, Rhodes Pharmaceuticals, Roche, Sage, Sanofi-Aventis, Scher-
ing-Plough, Seaside Therapeutics, Sepracore, Shionogi, Shire, Solvay, Stanley Medical Research Insti-
tute, Sunovion, Supernus, Transcept, Validus, WebMD and Wyeth

« Dr. Mankoski was an employee of Bristol-Myers Squibb at the time the research was conducted and
currently is a stock shareholder in Bristol-Myers Squibb

« Dr.McQuade is an employee of Otsuka and holds stock in Bristol-Myers Squibb

« Dr. Amatniek is an employee of and stock shareholder in Bristol- Myers Squibb and is a stock share-
holder in Johnson & Johnson and Forest

 Drs. Marcus, Sheehan and McCartney and Mr. Eudicone are employees of Bristol-Myers Squibb
+ Mss. Timko and Lears are employees of and stock shareholders in Bristol-Myers Squibb

Risk of bias
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Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of randomisation was not described in the manuscript

Allocation concealment
(selection bias)

Low risk Randomisation was performed via a centralised call-in system

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blinded aripiprazole or matching placebo was taken once daily

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Double-blinded aripiprazole or matching placebo was taken once daily

Incomplete outcome data
(attrition bias)
All outcomes

High risk Not all raw data were provided

Selective reporting (re-
porting bias)

Low risk All outcomes in protocol were reported in the study

Other bias

Low risk From the report, it does not appear that any other sources of bias are present

Marcus 2009

Methods

Randomised 1:1:1:1 to aripiprazole (5, 10 or 15 mg/d) or placebo in this 8-week double-blind, ran-
domised, placebo-controlled, parallel-group study

Participants

Sample size: 218 children and adolescents (intervention 166 (54 = 15 mg, 59 = 10 mg, 53 =5 mg), place-
bo 52)

Sex: 23 girls (intervention 19 (4 =15 mg, 9 = 10 mg, 6 = 5 mg), placebo 4), 195 boys (intervention 147 (50
=15mg, 50 =10 mg, 47 =5 mg), placebo 48)

Age: 166 between 6 and 12 years of age (intervention 131 (42 = 15 mg, 45 = 10 mg, 44 =5 mg), placebo
35), 52 between 13 and 17 years of age (intervention 35 (12 = 15 mg, 14 =10 mg, 9 =5 mg), placebo 17)

Race: 155 white (intervention = 120 (42 = 15 mg, 41 = 10 mg, 37 =5 mg), placebo = 35), 50 black (inter-
vention =37 (9 =15 mg, 13 =10 mg, 15=5 mg), placebo = 13), 46 Asian (intervention =43 (0 = 15 mg, 42
=10 mg, 1=5mg), placebo = 3), 7 other (intervention =6 (3=15mg, 1 =10 mg, 2=5mg), placebo =1)

Inclusion criteria

« Boysorgirls
« Aged 6 to 17 years inclusive at the time of randomisation

« Meets current DSM-IV-TR diagnostic criteria for ASD and demonstrates serious behavioural problems;
diagnosis confirmed by ADI-R

« CGl scale score >4 AND ABC-I subscale score > 18 at screening and baseline
+ Mental age = 18 months

Interventions

Aripiprazole (5, 10 or 15 mg/day) versus placebo

Outcomes

Primary outcome
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Marcus 2009 (Continued)

« Mean change (week 8 to baseline) in ABC-I subscale score
Secondary outcomes

o Mean CGI-I score

» Number of children and adolescents with response at week 8 (response defined as = 25% reduction
from baseline to endpoint in ABC-I subscale score and CGI-I score of 1 or 2 at endpoint)

« Mean change (week 8 to baseline) in CY-BOCS (compulsion scale only)
« Mean change (week 8 to baseline) in other ABC subscale scores
« Mean change (week 8 to baseline) in CGI-S

« Summary of safety, deaths, adverse events, serious adverse events, treatment-emergent adverse
events and adverse events leading to discontinuation

« Change from baseline in body weight

Notes

Study dates: June 2006 to June 2008

Study location: United States

Funding: Bristol-Myers Squibb and Otsuka Pharmaceutical
Conflicts of interest

« Dr. Aman has received research support from and served as a consultant to Bristol-Myers Squibb,
Johnson & Johnson and Forest

« Dr. Marcus is an employee of Bristol-Myers Squibb

« Dr.Owen is an employee of Bristol-Myers Squibb

« Dr.Kamen is an employee of Bristol- Myers Squibb

« Dr. Manos is an employee of Bristol-Myers Squibb

« Dr. McQuade is an employee of Otsuka Pharmaceutical Development and Commercializaion
« Dr. Carson is an employee of Otsuka Pharmaceutical Development and Commercializaion

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Although a double-blind placebo-controlled trial was described, the study did
not describe how randomisation occurred

Allocation concealment
(selection bias)

Unclear risk Although a double-blind placebo-controlled trial was described, the study did
not describe the method of concealment of allocation of intervention type

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Although a double-blind trial was described, the study did not describe assur-
ance of blinding

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Although a double-blind trial was described, the study did not describe assur-
ance of blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Sufficient information was provided to address incomplete outcome data and
how LOCF analysis of such data was performed. Excluded children and adoles-
cents and reasons for exclusion were reported fully

Selective reporting (re-
porting bias)

Low risk Study protocol is available; its pre-specified, primary outcomes have been re-
ported online to reduce the likelihood of selective reporting

Other bias

Low risk From the report, it seems clear that no other risks of bias are present
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Owen 2009

Methods

Randomised 1:1 to flexibly dosed aripiprazole (target dose 5, 10 or 15 mg/d) or placebo in this 8-week,
double-blind, randomised, placebo-controlled, parallel-group study

Participants

Sample size: 98 children/adolescents (intervention 47, placebo 51)
Sex: 12 girls (intervention 7, placebo 5), 86 boys (intervention 40, placebo 46)

Age: 83 between 6 and 12 years of age (intervention 46, placebo 37), 15 between 13 and 17 years of age
(intervention 10, placebo 5)

Race: 73 white (intervention 41, placebo 32), 18 black (intervention 11, placebo 7), 2 Asian (2 interven-
tion, 0 placebo), 5 other (intervention 2, placebo 3)

Inclusion criteria

» Boysorgirls
« Aged 6to 17 years inclusive at the time of randomisation

+ Meets current DSM-IV-TR diagnostic criteria for ASD and demonstrates serious behavioural problems;
diagnosis confirmed by ADI-R. CGI score >4 AND ABC-I subscale score > 18 at screening and baseline

« Mental age = 18 months

Interventions

Aripiprazole (5, 10 or 15 mg/d) versus placebo

Outcomes Primary outcome

« Mean change (week 8 to baseline) in ABC-I subscale score

Secondary outcomes

« Mean CGl-I score

« Number of children/adolescents with response at week 8 (response defined as = 25% reduction from
baseline to endpoint in ABC-I subscale score and CGI-I score of 1 or 2 at endpoint)

« Mean change (week 8 to baseline) in CY-BOCS (compulsion scale only)

« Mean change (week 8 to baseline) in other ABC subscale scores

« Mean change (week 8 to baseline) in CGI-S (CGI-S)

« Summary of safety, deaths, adverse events, serious adverse events, treatment-emergent adverse
events and adverse events leading to discontinuation

« Change from baseline in body weight

Notes Study dates: June 2006 to April 2008

Study location: United States

Funding: Bristol-Myers Squibb and Otsuka Pharmaceutical

Conflicts of interest

« Dr. Sikich receives or has received research support from Bristol-Myers Squibb, Curemark, Neu-
ropharm, Seaside Pharmaceuticals, Janssen, Lilly, Pfizer and Otsuka, and has also given continuing
medical education lectures supported by Bristol-Myers Squibb

« Drs. McQuade and Carson are employees of Otsuka Pharmaceutical Development and Commercial-
ization, Inc

 Dr.Findling receives or has received research support from or acted as a consultant and/or served on
a speaker’s bureau for Abbott, Addrenex, AstraZeneca, Bristol- Myers Squibb, Forest, GlaxoSmithK-
line, Johnson & Johnson, KemPharm, Lilly, Lundbeck, Neuropharm, Novartis, Organon, Otsuka, Pfiz-
er, Sanofi-Aventis, Sepracore, Shire, Solvay, Supernus Pharmaceuticals, Validus and Wyeth

« Drs. Owen, Corey-Lisle, Manos and Marcus are employees of Bristol-Myers Squibb
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Owen 2009 (Continued)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk A computer-generated randomisation schedule using permuted block design

tion (selection bias) was used for randomisation

Allocation concealment Low risk A call-in interactive voice response system was readily available for partici-

(selection bias) pating intervention sites when children and adolescents were ready to be ran-
domly assigned

Blinding of participants Low risk Medication bottle numbers were assigned to children and adolescents, thus

and personnel (perfor- reducing the risk that blinding could have been broken

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators and caregivers were blinded to the intervention; dosage increas-
sessment (detection bias) es were made incrementally

All outcomes

Incomplete outcome data  Low risk Sufficient information was provided to address incomplete outcome data and
(attrition bias) the way LOCF analysis of such data was performed. Excluded children and

All outcomes adolescents and reasons for exclusion were reported fully. 3 randomised chil-

dren were excluded from the analysis - 1 child randomised to placebo was lost
to follow-up before entering the double-blind intervention phase, 1 child ran-

domised to placebo withdrew consent and 1 child randomised to aripiprazole
discontinued on day 2 of the study before completing a post-baseline efficacy

evaluation. We do not think exclusion of these 3 children would alter study re-
sults, even if extreme results were obtained in all 3 cases

Selective reporting (re- Low risk Study protocol is available; its pre-specified primary outcomes have been re-
porting bias) ported online to reduce the likelihood of selective reporting
Other bias Low risk From the report, it seems clear that no other risks of bias are present

ABC: Aberrant Behavior Checklist.

ABC-I: Aberrant Behavior Checklist - Irritability.

ADI-R: Autism Diagnostic Interview - Revised.

ASD: autism spectrum disorders.

BMI: body mass index.

CGl: Clinical Global Impressions scale.

CGI-I: Clinical Global Impressions - Improvement scale.
CGI-S: Clinical Global Impressions - Severity scale.

CY-BOCS: Children’s Yale-Brown Obsessive Compulsive Scale.
DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision
LOCF: last observation carried forward.

SD: standard deviation.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Aman 2010 Post hoc analysis of pooled results of Marcus 2009 and Owen 2009
Benton 2011 Review article
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Study Reason for exclusion

Blankenship 2010 Review article

D'Alessandro 2012

Non-randomised controlled trial

Douglas-Hall 2011 Review article

Erickson 2010 Review article

Farmer 2011 Review article

Ghanizadeh 2014

No placebo control group

Huang 2010 Case series

Lewis 2009

Pooled analysis of results of Marcus 2009 and Owen 2009

Maloney 2014

Non-randomised controlled trial

Masi 2009

Retrospective naturalistic study

Narasimhan 2006 Open-label study

Robb 2011 Pooled analysis of results of Marcus 2009 and Owen 2009

Stigler 2004 Open-label study

Stigler 2006 Open-label study

Varni 2012 Post hoc HRQoL analysis of results of Marcus 2009 and Owen 2009

HRQoL: health-related quality of life.

WHAT'S NEW

Date Event

Description

15 May 2015 New citation required but conclusions

have not changed

We found a new study that evaluates risk of relapse after discon-
tinuation of aripiprazole once symptoms have improved during
treatment

20 November 2014 New search has been performed

We updated the review following a new search in November 2014
and a top-up search in October 2015
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

« We choose not to exclude participants receiving non-pharmacological therapy (i.e. behaviour therapy), provided it was equally
accessible to all study participants, stable before trial entry and consistent throughout the study. This was not specified in the protocol
(Ching 2011) and therefore reflects a post hoc decision.

« We have specified in the Types of outcome measures section that we use the term 'side effects' to describe any harms, adverse effects
or adverse drug reactions associated with aripiprazole.

« We added Conference Proceedings Citation Index - Science and WorldCat to the electronic sources listed in our protocol (Ching 2011) to
increase the chance of finding conference papers and theses. We also added Autism Data to search the holdings of the National Autistic
Society Information Centre Library. For this update, we also searched the Cochrane Database of Systematic Reviews (CDSR) and the
Database of Abstracts of Reviews of Effects (DARE) to check the reference lists of previous reviews related to our topic.

« Inthe Assessment of risk of bias in included studies, we reported separately methods for assessing the risk of performance bias due
to inadequate blinding of participants and personnel, and methods for assessing the risk of detection bias due to inadequate blinding
of outcome assessment.

« Weanalysed time-to-event data using hazard ratios and their associated 95% Cls. This type of data analysis was not listed in the protocol
(Ching 2011) and therefore reflects a post hoc decision.

« We reported tau? - an estimate of between-study variance - when reporting results from the random-effects model. This was not
specified in the protocol (Ching 2011) and therefore reflects a post hoc decision.

« We added a section on 'Summary of findings', beneath the section on 'Data synthesis".
INDEX TERMS

Medical Subject Headings (MeSH)

Antipsychotic Agents [*therapeutic use]; Aripiprazole [*therapeutic use]; Child Development Disorders, Pervasive [*drug therapy];
Hyperkinesis [drug therapy]; Irritable Mood [drug effects]; Randomized Controlled Trials as Topic

MeSH check words

Adolescent; Child; Female; Humans; Male
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