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Abstract

Objective—Impairments associated with attention-deficit/hyperactivity disorder (ADHD) and
noncompliance are prevalent in children with autism spectrum disorder (ASD). However, ADHD
response to stimulants is well below rates in typically developing children, with frequent side
effects. Group studies of treatments for noncompliance are rare in ASD. We examined individual
and combined-effectiveness of atomoxetine (ATX) and parent training (PT) for ADHD symptoms
and noncompliance.

Method—In a 3-site, 10-week, double-blind, 2x2 trial of ATX and PT, 128 children (ages 5-14)
with ASD and ADHD symptoms were randomized to ATX, ATX+PT, placebo+PT, or placebo.
ATX was adjusted to optimal dose (capped at 1.8 mg/kg/day) over 6 weeks and maintained for 4
additional weeks. Nine PT sessions were provided. Primary outcome measures were the parent-
rated DSM ADHD symptoms on the Swanson, Nolan and Pelham (SNAP) scale and Home
Situations Questionnaire (HSQ).
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Results—On the SNAP, ATX, ATX+PT and placebo+PT were each superior to placebo (effect
sizes 0.57-0.98), with p-values of 0.0005, 0.0004 and 0.025, respectively. For noncompliance,
ATX and ATX+PT were superior to placebo (effect sizes 0.47-0.64; p values of .03 and .0028,
respectively). ATX was associated with decreased appetite but otherwise well-tolerated.

Conclusion—Both ATX and PT resulted in significant improvement on ADHD symptoms while
ATX (both alone and combined with PT) was associated with significant decreases on measures of
noncompliance. ATX appears to have a better side effects profile than psychostimulants in the
population with ASD.

Keywords
Atomoxetine; parent training; ADHD; autism spectrum disorder; clinical trial

INTRODUCTION

One of the most common and impairing comorbidities in children with autism spectrum
disorders (ASD) is attention-deficit/hyperactivity disorder (ADHD), which is often
accompanied by noncompliance, oppositional behavior, and irritability. ADHD occurs in
about one-third of children with ASD12 and is associated with diminished quality of life and
adaptive functioning.3 Noncompliance (e.g., ignoring, refusing, defying, or arguing with
requests) occurs in approximately one in five children with ASD*® and can be highly
stressful for children and families.®

Between 14% and 22% of children with ASD are being treated at any one time for ADHD
symptoms, often with stimulant medication.”8 However, response rates, defined as >25%
symptom reduction plus clinician impression of improvement, are much lower in children
with ASD than in typically developing (TD) children with ADHD.® Approximately half of
children with ASD are “responders,” demonstrating reduction in ADHD symptom burden,
compared to 70% of TD children, rising to 90% if several stimulants are tried.10-11
Moreover, the rate of intolerable side effects is about four times higher in youth with ASD
when compared with TD youth. %12 As a result, it is clear that non-stimulant medication
interventions, as well as non-medication treatments to target ADHD symptoms, are needed
for children with ASD.

Atomoxetine (ATX) has been shown to be effective for treating ADHD in the TD
population. This non-stimulant agent is a potent inhibitor of the presynaptic norepinephrine
transporter in the frontal cortex, and it has minimal affinity for other noradrenergic
receptors.1314 Across 25 pooled, randomized clinical trials (RCTs), the mean effect size for
overall ADHD symptoms was 0.64, with a 60% response rate.15 The effect size for
symptoms of oppositional defiant disorder (ODD), however, was only 0 .33, suggesting that
other treatment options may need to be included with ATX to address such symptoms.

A recent review of ATX in children and adolescents with developmental disabilities (DD)
identified 11 studies, ten of which were conducted in patients with ASD.16 Only two were
RCTs, with sample sizes of 16 and 97 and response rates of 57% and 21% respectively
(versus 25% and 9% placebo response rates).17:18 Generally, across the 11 identified studies,
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rates of both inattention and hyperactivity were reduced, whereas oppositional behavior was
lowered in about half of the comparisons. Decreased appetite, nausea, and irritability were
the most common adverse events (AEs). With only two RCTSs, the overall strength of
evidence for a therapeutic effect of ATX in ASD and DD was low. As with stimulants,
irritability appeared to be a more common side effect than was reported in TD children,
indicating the need to be clinically vigilant for irritability effects when prescribing ATX for
children with ASD or DD.

One possible means of increasing the number of ATX responders and the ES is to combine
ATX treatment with a psychosocial intervention, such as parent training (PT). PT is well-
established as an intervention for reducing noncompliant behaviors in a wide range of
children and as an adjunct to medication in ADHD treatment.19-20 It also has support from
many small-sample studies in the ASD literature?! and in one large RCT when combined
with risperidone.?2 However, few data are available on the efficacy of PT as a stand-alone
treatment for noncompliance in ASD.23

An RCT of PT and risperidone together indicated that combined treatment was more
effective than pharmacotherapy alone for reducing irritability in children with ASD.22
However, the additive value of PT was manifested only after 20 weeks. In addition to the
behavioral benefits, individuals receiving combination treatment were prescribed
statistically significant lower risperidone doses. The Multisite Multimodal Treatment Study
of Children with ADHD (MTA) similarly concluded that adding psychosocial treatment to
medication (mainly methylphenidate) increased therapeutic benefit for managing ADHD
symptoms and noncompliance while affording significantly lower medication dosing.24 In
the present study, we looked at the single and combined effects of ATX and PT. We
compared ATX versus placebo, and PT versus no psychosocial intervention in a 2-by-2
factorial design. We predicted that ATX and PT by themselves would each reduce ADHD
symptoms and noncompliance, and that combined treatment would surpass unimodal
treatment.

We have previously described the background, methodological decisions, and feasibility of
this study.2® The study was approved by the institutional review boards at all sites; parents/
legal guardians signed informed consent, and children assented if able.

Sample Characteristics

Participants were between 5.0 and 14.11 years old, both male and female, with a minimum
mental age (MA) of 24 months (based upon either the Stanford-Binet 51 Edition26 or
Mullen Scales of Early Learning??). All participants met criteria for an ASD (autistic
disorder, Asperger’s disorder, pervasive developmental disorder-not otherwise specified
[PDD-NOS]), based upon the Autism Diagnostic Interview—Revised?8 and expert clinical
evaluation using a DSM-IV-TR interview.2? Participants also exhibited significant symptoms
of overactivity and/or inattention at both home and school, based upon a mean item score =
1.50 on the parent- and teacher-completed Swanson, Nolan, and Pelham (SNAP) scales30
and a Clinical Global Improvement (CGI) -Severity score >4.31 We originally excluded
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children with inattention only, but with prior approval from our Data Safety Monitoring
Board (DSMB), we changed our eligibility criteria to accept such children in order to
increase enrollment. Participants were enrolled irrespective of severity of noncompliance
scores. Consequently, some participants had no significant clinical noncompliance issues.
Participants were free of psychotropic medications (with the exception of those on stable
doses of melatonin or low-dose clonidine [£0.3 mg/day] for sleep) for two weeks prior to
study randomization. A single anticonvulsant for seizure control was allowed, provided that
stable doses and seizure-free status had been six months or more. Exclusion criteria included
Rett’s disorder, childhood disintegrative disorder, lifetime diagnosis of schizophrenia, other
psychatic disorder, bipolar disorder, or current diagnosis of major depression or obsessive-
compulsive disorder. Children with significant medical conditions (e.g., heart, liver, renal, or
pulmonary disease) or significant abnormalities on routine laboratory tests and
electrocardiogram (ECG) were excluded. Other exclusion criteria included a prior adequate
trial of ATX (minimum of four weeks, with at least one week at = 1.0 mg/kg) within the last
two years, and regular usage of beta adrenergic blocking agents, asthma medicine, such as
albuterol (because of potential for drug interaction), and prior involvement in a highly
structured parent training program.

This was a randomized, parallel-groups trial conducted at three sites (University of
Pittsburgh Medical Center, The Ohio State University, and University of Rochester).
Randomization was stratified by site in equal numbers to ATX, ATX+PT, placebo+PT, or
placebo and balanced by mental age (MA, < 6 years vs. = 6 years) to ensure proportionate
distribution of children with lower MA across the four groups. The study biostatistician
generated the randomization sequence using a computer algorithm; a designated team
member at each site (e.g., research pharmacist) obtained the assignment for each participant
via a web portal maintained by the data center. ATX assignment was double-blind and PT
assignment was rater-single-blind (i.e., only the family, behavior therapist, and study
coordinator were aware of assignment to PT, while other study personnel remained blinded).
School staff were aware that children were enrolled in the study (as teachers were asked to
complete study questionnaires) but were not specifically told which families were assigned
to PT (although it is possible that some parents informed their children’s teachers, especially
if a school daily report card was implemented as part of the PT intervention). Study medical
providers adjusted medication and monitored side effects. Families assigned to PT met with
a behavior therapist who had been trained to use the PT manual with fidelity. Independent
evaluators blinded to treatment assignment until completion of the study rated participants
on the CGI scale.

After completing the informed consent process, participants underwent an ASD diagnostic
assessment and cognitive assessment. Both parents and teachers completed behavior rating
scales to confirm the presence of ADHD symptoms and assess levels of noncompliance.
Once study eligibility was established, participants were randomized to one of the four
treatment arms. Study visits occurred weekly to assess medication response, monitor adverse
events (AEs), and adjust doses. Individualized dose adjustments (maintaining or lowering)
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were allowed based on response, interval concerns, or AEs. Final dose adjustments were
made at Week 6, with subsequent monitoring visits at Weeks 8 and 10. Families assigned to
PT met weekly for 1:1 sessions with a PT clinician for 60 to 90 minutes.

At Week 10, patients were rated as ADHD responders based upon a CGl-Improvement
rating of “1” or “2” for ADHD symptoms by the blinded evaluator and a =30% decrease on
the Parent SNAP-1V. At the same time, patients were rated as noncompliance responders
based upon a CGI-Improvement rating of “1” or “2” for noncompliance by the blinded
evaluator and a >30% decrease on the HSQ.25 Responders (either ADHD or noncompliance)
remained in their assigned treatments and continued in a double-blind 24-week extension
(results to be reported elsewhere). Nonresponders had their medication blinding broken at
the Week 10 visit and also entered the 24-week extension. Those who had received placebo
during the first 10 weeks began an open trial of ATX, whereas those who had taken ATX
during the first 10 weeks were treated clinically.2> Based on the finding in our previous trial
that effects of PT emerged only at 16-24 weeks, we followed both responders and non-
responders in the extension.22

Outcome Measures

The Clinical Global Impressions Scale (CGI):31—This scale includes subscales for
severity of illness and global improvement. The Severity scale is scored from “1” (normal)
to “7” (extremely ill), with a rating greater than 4 required for inclusion. The Improvement
score ranged from “1” (very much improved) through *“4” (no change) to “7” (very much
worse). The CGI was completed by a blinded rater based on parent/child interview and
review of completed parent and school behavior problem questionnaires at each study visit.
Separate CGI ratings were obtained for ADHD and Noncompliance. This was done because
we hypothesized that PT would have a greater impact on Noncompliance while ATX would
have a greater impact on ADHD. Using a single global CGI-I rating would have made it
difficult to discriminate between the impact of the two treatments.

The Swanson, Nolan, and Pelham (SNAP)-1V:30—The SNAP-IV Parent and Teacher
Rating Scales were used to measure ADHD and oppositional symptoms at home and school.
The SNAP-IV, ADHD, and ODD sections include the 18 DSM-1V symptoms of ADHD (9
inattention and 9 hyperactive/impulsive items) and 8 symptoms of ODD rated on a 0-3
scale. A mean item score of 1.5 on the parent and teacher SNAP-1V18 ADHD symptoms
or the 9-symptom hyperactive-impulsive items or the 9-symptom inattentive items served as
a study inclusion criterion. Patients were not required to have elevated ratings on the ODD
subscale (or on other measures of noncompliance) for study entry.

Home and School Situations Questionnaires (HSQ and SSQ):32:33—The HSQ
and SSQ were completed by parents and teachers, respectively, to assess noncompliance.
Originally developed to assess noncompliance in TD children with disruptive behavior,34:35
the 25-item HSQ was adapted by the Research Units on Pediatric Psychopharmacology
(RUPP) Autism Network to evaluate behavioral noncompliance in children with ASD.33
The 9-item SSQ was used as originally designed. Items on both instruments are rated on 10-
point Likert scales, ranging from 0-9.
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Aberrant Behavior Checklist (ABC):36—The ABC is a 58-item behavior checklist
completed by both parents and teachers. Items are scored on a 4-point Likert scale (from
“not a problem” to “severe in degree”). Five subscales are derived: 1) Irritability (15 items),
I1) Social Withdrawal (16 items), 111) Stereotypic Behavior (7 items), V) Hyperactivity/
Noncompliance (16 items), and V) Inappropriate Speech (4 items). The ABC is reliable,
valid, and sensitive to treatment effects (MG Aman, Annotated Bibliography on the
Aberrant Behavior Checklist (ABC), unpublished manuscript, updated July 2012).37

The parent SNAP-1V and HSQ were completed at each study visit. The parent-completed
ABC was completed on alternating weeks. The teacher SNAP-1V, SSQ, and ABC were
completed every other study visit.

Adverse Events (AES)

Study medical providers interviewed parents regarding AEs at each study visit, rating each
as mild, moderate, or severe, after reviewing the parent-report side effect form, which was
completed at every visit.

PT and Fidelity Procedures

Families assigned to PT met weekly for individual sessions with a PT clinician. Sessions
were adapted from the RUPP Parent Training Manual and covered topics such as preventing
behavior problems, reinforcement, time out, and planned ignoring.23 Each session lasted 60—
90 minutes and included didactic materials, videos, and role playing.25 Parents were given
weekly homework assignments and kept data on target behaviors. A home visit was also
conducted between the second and third session. PT clinicians were trained by supervisors
who were licensed clinical psychologists with specialized training in behavioral
interventions and developmental disabilities (B.H. or T.S.). Prior to the start of the study, PT
clinicians were certified by supervisors based on 85% or greater fidelity scores for
implementation and scoring of manualized sessions with pilot families. Regular telephone
conferences were held between site PT clinicians and supervisors to achieve standardization
and to provide feedback from randomly viewed tapes.?® PT clinicians rated all sessions for
their own fidelity to the manual; 15% of session videos (randomly selected) were also rated
independently by B.H. or T.S.

ATX Dosage and Compliance

ATX doses were split twice daily to prevent side effects. However, once-daily dosing was
allowed if strongly preferred by a given family. ATX doses were individually adjusted
according to a weight-based dosage schedule, with medical clinicians allowed to delay
increases or to reduce doses due to AEs. The initial dose was 0.3mg/kg/day (rounded to the
nearest 5 mg) with weekly escalations by 0.3mg/kg/day, unless there were limiting side
effects or no further room for improvement, to a target dose of 1.2 mg/kg/day, and could be
increased to a maximum of 1.8 mg/kg/day based on clinical status and response.

Medication compliance was assessed via a daily medication log kept by families and by
counting the remaining doses from returned bottles of medication. Families who regularly
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missed doses were counseled by medical clinicians and study staff to improve the
consistency of medication administration.

Statistical Procedures

Baseline demographic and clinical characteristics for all randomized patients were
summarized and compared among the four treatment groups using Chi-square or Fisher’s
exact tests for categorical variables and analysis of variance for continuous variables with
proper data transformation if needed. All data analyses were conducted with the intention-
to-treat (ITT) principle. Linear mixed models for repeated measures were used to compare
treatment effects for each continuous (primary or secondary) outcome with site, treatment,
time, and time-by-treatment interaction included as independent variables. The comparisons
of the changes from baseline to week 10 among treatment groups were based on the
restricted maximum likelihood (REML) estimation method using the MIXED procedure in
SAS. Model assumptions were assessed by examination of residuals. The mixed procedure
uses the missing at random (MAR) assumption to address all missing data. Sensitivity
analyses were carried out using last-observation-carry-forward (LOCF) to confirm the
conclusions reached based on the mixed models. These analyses are not reported here unless
the conclusions differ from the primary analysis. Response rates were estimated based on
the last parent rating (SNAP-1V for ADHD and HSQ for noncompliance) and CGI-
Improvement scores (same as LOCF) for each treatment group and compared using Chi-
square tests. The primary comparison for the ADHD symptom difference (SNAP-1V) was
between the ATX (ATX+PT, ATX) and no ATX (PT or placebo) treatment groups. The
primary comparison for noncompliance (HSQ) was between the PT (ATX+PT, placebo+PT)
and no PT (ATX or placebo) treatment groups. Secondary outcomes concerned ATX effects
on noncompliance and PT effects on ADHD and all variables not specified in the primary
analyses. The threshold for statistical significance was set at p<.05, two-tailed, for primary
and secondary outcome measures, and at p< .10 for AEs. Effect sizes were calculated by
Cohen’s d, with changes from baseline to week 10, using data from patients with complete
cases (Cohen, 1990; 1992).38:39 All analyses were conducted in SAS version 9.3 (SAS
Institute, Cary, NC).

Sample Size Calculation

RESULTS

Our pilot study of ATX at the Ohio State University (OSU) site obtained an effect size of .
90 for ADHD symptoms (MG Aman, Annotated Bibliography on the Aberrant Behavior
Checklist (ABC), unpublished manuscript, updated July 2012). However, to be conservative,
we calculated our sample size based on what we considered a minimally significant effect
size of .60, and we allowed for attrition up to 20%. With these parameters, a minimum of 62
patients per group (ATX or no ATX, PT or no PT) provided 80% power to detect
differences between groups at a significance level of 0.05.

Participant Characteristics

From January 2009 to April 2014 (when we met our enrollment target), 200 potential
participants were screened, and 128 (64%) were randomized. Figure 1 depicts the
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Consolidated Standards of Reporting (CONSORT) diagram showing disposition of the
entire sample, including randomized and “screened-but-not-randomized” participants. Sixty-
nine individuals were ineligible. Sixteen of these did not meet entry criteria for ADHD; 23
did not have an ASD diagnosis; five had MA < 24 months; two parents had previous PT;
and the remaining 23 did not qualify for other reasons (e.g., consent withdrawn, presence of
other excluded psychiatric disorder, inability to complete washout, abnormal lab values, or
use of excluded medications). In addition, two participants who passed the screening
withdrew, and one child became ineligible due to ADHD severity declining at baseline.
Table 1 summarizes participant demographics by group. The mean age for the entire sample
was 8.1 (x2.1) years, and mean full-scale 1Q was 81.7 (x24.3). Eighty-five percent of
patients were boys. Eighty-two percent were Caucasian, 8% African American, 8% Multi-
Racial, and 2% Other. One patient was on a stable anticonvulsant dose and 25 (19.5%)
patients were taking melatonin for sleep (ATX+PT: 7; ATX: 8; PT+placebo: 6; placebo: 4).
In addition, 58 (45.3%) patients had received prior treatment for ADHD; 49 of these patients
had been treated with one or more stimulants, and 13 had been prescribed alpha-2 agonists
or complementary and alternative treatments. One patient had a prior ATX trial that was
considered to have been inadequate. The children’s type of school placement differed
significantly between groups, but no other group differences were noted. The baseline CGI-
S rating for both ADHD and Noncompliance was not statistically different across the four
treatment groups.

Exposure to Treatments and Treatment Fidelity

Ninety-nine children (77%) completed the 10-week trial. Figure 1 describes the reasons for
study discontinuation for the remaining 29 children. The mean number of PT sessions
attended was 7.0 for the ATX+PT group and 6.9 for the PT +placebo group (p=0.82). Two
independent raters (B.H. and T.S.) viewed 15% of PT session videos (randomly selected) to
monitor PT treatment fidelity. An 80% or greater level of fidelity to the manual was
established as the standard for a session to meet fidelity criteria. Of 61 sessions viewed, 54
(88.5%) were determined to meet the fidelity standard. Drug compliance was 95% for the
ATX, PT+placebo and placebo groups and 91% for the ATX+PT group. Table 2
summarizes ATX dose (ATX or placebo) information by treatment group. Dose data are
presented by mean final dose (both in mg and mg/kg) at Week 10. The ATX+PT group had
the lowest prescribed dose (mg/kg), followed by ATX, placebo, and placebo+PT. However,
none of the differences was statistically significant (p<0.59).

Primary and Secondary Outcome Measures

Based on our a priori definition of ADHD responders (=30% decrease on the SNAP and
CGlI-1=2), the response rates were 45.2% for ATX+PT, 46.9% for ATX , 29.0% for PT
+placebo, and 19.4% for placebo (ATX groups>placebo, p = 0.015 Fisher Exact Test). The
rates of Noncompliance response (=30% decrease on the HSQ and CGI-1<2) were 22.6% for
ATX+PT, 43.8% for ATX, 38.7% for PT+placebo, and 16.1% for placebo. No significant
Noncompliance responder differences were found between the two PT treatments versus no-
PT (p=0.95), or between the two ATX treatments versus placebo (p=0.47).
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Figures 2 and 3 depict the summaries of the primary dimensional ADHD and
Noncompliance outcome measures. After 10 weeks of treatment, the SNAP ADHD scores
decreased 44.3% for ATX+ PT, 43.1% for ATX, 34.6% for PT+placebo, and 20.9% for
placebo. The numeric findings (including least squares [LS] means, SDs, sources of
significance, and effect sizes) for baseline and end-point are summarized in Table 3. Where
significant treatment effects occurred, these are identified in the right-most column of Table
3. The Inattention, Hyperactivity, and ADHD Total on the parent-rated SNAP showed
significant effects for all three active conditions relative to placebo alone. The effect sizes
for ATX alone ranged from .68 to .84, whereas the effect sizes for PT+placebo ranged

from .46 to .60. Based on the linear mixed model, the two ATX treatment groups had
statistically significant greater improvement on the ADHD Total score than the two placebo
groups (p=.0004). After 10 weeks of treatment, the HSQ score declined 40.6% for ATX+PT,
51.2% for ATX, 45.7% for PT+placebo, and 24.8% for placebo. The change on the HSQ
was significant for ATX+PT versus placebo (effect size = 0.47, p=0.030) and for ATX
versus placebo (effect size = 0.64, p=.0028), but not for PT+placebo versus placebo (p=
0.061). While the two ATX groups had statistically significant improvement compared to
the two placebo groups (p=0.019), the HSQ improvement of the two PT groups was not
statistically higher than the two no-PT groups (p=0.43).

In addition to parent SNAP and HSQ, significant group differences were also found on the
parent ABC Hyperactivity/Noncompliance subscale for ATX+PT versus placebo (effect size
=0.69) and for ATX versus placebo (effect size = 0.56). PT was more effective than placebo
for four additional variables: parent ABC Irritability (effect size = 0.56); parent ABC
Inappropriate Speech (effect size = 0.86); SSQ (effect size = 0.67), and teacher ABC
Inappropriate Speech (effect size = 0.61). Thus, ratings of home behavior showed robust and
consistent effects for all three active treatments. The ratings obtained in school showed
relatively few significant changes, and those that did occur were confined to PT+placebo.

Table 4 summarizes the CGIl-Improvement at the last visit of study (week 10 or the last visit
before exiting the study). CGI-1 scores of “4” and “5 or 6” were further collapsed into one
group for statistical analysis. Significant overall differences were noted for both ADHD
ratings (p=.007) and Noncompliance ratings (p=.016). CGlI-I significant improvement was
defined as a score of “1” or “2.” The patients with ATX+PT treatment had the highest
ADHD CGI-I improvement (48.4%), followed by ATX (46.9%), PT+placebo (29%), and
placebo (19.4%). The two treatment groups with ATX had significantly more patients with
ADHD improvement than the two placebo groups (p=.009), while the two PT groups were
not significantly different from the two no-PT groups (p=0.58). On the other hand, ATX
treatment had the highest Noncompliance improvement (43.8%), followed by PT+placebo
(38.7%), ATX+PT (32.3%), and placebo (22.6%). The Noncompliance improvement was
not statistically significantly different between the two ATX groups versus the two placebo
groups (p=0.45), or between the two PT groups versus the two no-PT groups (p=0.86).

Adverse Events

In general, ATX was well-tolerated. The study drop-out rate in the two ATX treatment arms
was 17% (n=11) versus 28% (n=18) in the two placebo arms (p=0.14). Of the 15
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participants who left the study early due to an AE (e.g., increased irritability or a physical
adverse event), only five were actually prescribed ATX (representing 8% of patients on
active medication). Table 5 summarizes the AEs that were exhibited by >5% of patients
during the trial. AEs for the ATX Alone and ATX + PT groups are collapsed under “ATX”
while AEs for the placebo alone and PT+placebo groups are collapsed under “placebo.”
Increased irritability was the most common AE across all groups, along with related
complaints of increased agitation and aggression. Gastro-intestinal-related concerns were
also frequently reported, including decreased appetite, vomiting, constipation, diarrhea, and
abdominal pain. The two ATX groups reported significantly greater complaints of decreased
appetite and abdominal pain than that reported by the two placebo groups (ps=0.04 and 0.07,
respectively). In addition, the ATX groups reported nonsignificantly greater concerns with
sleep onset (p=.14). One SAE was reported at Week 8 involving a patient who was
hospitalized for a seizure. The patient was on a stable dose of an anticonvulsant
(levetiracetam) with no seizures during the prior 6-month period. AED levels were found to
be subclinical, the SAE was rated as unrelated to ATX, and the ATX treatment was
resumed.

DISCUSSION

The current study is only the third published RCT of ATX in ASD.16 It is the first study
involving psychosocial intervention and ATX (both alone and in combination) for the
treatment of ADHD and noncompliance in ASD. In addition, it is only the second RCT to
examine combined drug and psychosocial treatment in ASD. Medication compliance and
participation in PT were very high, and drop-outs were rare. Consistent with previous RCT
findings, ATX was effective for treating ADHD symptoms in children with ASD. The
overall response rate of 45-46% was higher than in a recent RCT of ATX and ASD, in
which a 26% response rate was reported.1® The investigation ranks among the largest PT
studies in ASD to date. As a result of this RCT, ATX is one of the best-studied
pharmacological treatments for ADHD in ASD (along with treatment options such as
methylphenidate or alpha-2 agonists). The overall response rate was fairly similar to that of
studies of ASD involving methylphenidate.®41 However, the response rates for both ATX
and methylphenidate have consistently been lower than those reported among children
without ASD39 —47% compared to 60% for ATX15 and 70% for methylphenidate.*3
Interestingly, the effect sizes in the current study (0.59-0.98) were larger than effect sizes
reported for methylphenidate in children with ASD (0.54)° and comparable to effect sizes in
children without ASD for ATX (0.64)15 and methylphenidate (0.99).44 However, these
cross-study comparisons should be viewed with caution because research strategies differed
considerably from the current investigation (e.g., fixed versus flexible dosing, crossover
versus parallel design) but indicate that ATX may be a viable alternative to methylphenidate
for children with ASD.

While the impact of combining PT with ATX was not significantly better than ATX alone,
PT +placebo was significantly better than placebo alone in treating ADHD symptoms. Thus,
although the findings did not support our hypothesis that ATX+PT would be more
efficacious than either ATX or PT alone, we did find benefits from PT. PT is a relatively
low-intensity, low-cost treatment that can be provided by experienced clinicians in an
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outpatient setting. The study results suggest that psychosocial treatments can reduce ADHD
symptoms in the ASD population.

We did not observe benefits from either ATX or PT on the ODD scale of the SNAP-1V.
However, this scale did not appear to be a good index of behavioral compliance. Indeed,
parent-rated ODD at baseline was correlated with SNAP ADHD (r=.45) almost as highly as
with HSQ (r=.48), and it correlated highest with ABC Irritability (r=.58) of the outcomes
that were checked. Further, the ODD scale mean was not elevated in most cases. This is
likely because (1) many ODD symptoms require considerable language skills (e.g., child
often argues with adults, often blames others for his or her mistakes or misbehavior) or well-
planned behavior (e.g., child deliberately annoys people, is often spiteful or vindictive) and
(2) the sample was not selected for an ODD threshold, thus reducing the range available to
show improvement. The ABC Irritability and HSQ/SSQ probably capture noncompliance
and oppositionality better in this population.

The school findings were difficult to interpret. We observed high variability in the school
data, likely due to a substantial number of children who initiated treatment in the late spring
or summer and who had different teachers in the subsequent semester. Given that many of
our patients were studied across different school years, it is perhaps not surprising that ATX
did not significantly affect ADHD ratings in school. The PT+placebo condition accounted
for the only significant improvements at school (not PT+ATX).

In terms of AEs, a significantly greater number of reports of decreased appetite and
abdominal pain occurred among patients taking ATX than placebo. These AEs are also
commonly reported AEs among TD children with ADHD treated with ATX.16 One
interesting finding was the general lack of increased irritability reported by those in ATX in
comparison to placebo. Whereas we noted that irritability was among the most commonly
reported AEs ascribed to ATX in our review of children with DDs,6 the findings in this
RCT actually showed higher rates of irritability, agitation, and aggression in the two placebo
groups. One possible explanation might be the cautious dose adjustment schedule used in
this study, starting with half the starting dose recommended in the package insert and
splitting the daily dose, all of which was calculated to reduce side effects. A crossover study
using the same dose adjustment schedule also found an effect on irritability practically
indistinguishable from placebo (although the sample size was only 16 patients).4? This
suggests implications for clinical practice. The mean dose levels used in the current study
appear to have been slightly higher than those reported by other studies of ATX in the ASD
population, 16 possibly because physicians in the current study had the option of titrating to a
maximum of 1.8 mg/kg if clinically indicated (versus a 1.2-1.4 mg/kg maximum dose in
most other studies).

As noted, the differential drop-out rate between the two ATX arms and two placebo arms
approached but did not reach statistical significance (p=0.14), with fewer discontinuations
among those prescribed ATX. Of the patients who left the study early due to increased
irritability or a physical AE, only five (8% of those on active medication) were prescribed
ATX. This is in contrast to the RUPP methylphenidate study,? in which 18% of patients
dropped out related to inability to tolerate methylphenidate.
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The racial and ethnic composition of the sample was mostly Caucasian, with no Hispanic
Americans or Asian Americans. In addition, we may not have allowed enough time for PT
to impact the behavior of study participants. After longer study period involving 16-24
weeks of PT, significant differences between the drug alone and drug plus PT conditions
might have emerged. Additional limitations of the current report include the reliance on
rating scales, absence of information on moderators, and lack of follow-up data; however,
all of these limitations will be addressed in future reports. It is possible that the separate CGI
ratings for ADHD and for Noncompliance may have been confounded (as the two concepts
are somewhat interwoven). Finally, although the study was adequately powered to compare
ATX versus no ATX and PT versus no PT, it may have been underpowered to compare the
relative efficacy of each of the four treatment conditions (ATX, ATX+PT, placebo+PT, and
placebo).

It is useful to compare the three FDA-approved classes of medication for treatment of
ADHD in terms of the ASD population. These three drug classes appear to have fairly
similar positive response rates (45%-55%), confirming ATX as a first-line treatment in this
population. Second, despite similar response rates, the placebo-controlled effect sizes for
ADHD symptoms may be greater for ATX than for alternative medications. Third, ATX’s
side effect profile was relatively good, with minimal impact on appetite, weight, and
irritability, in contrast to psychostimulants.? ATX also has less potential for activation, with
fewer families reporting increased agitation or moodiness than within the studies of
stimulants. ATX appears to have fewer sedating effects than alpha-2 agonists.3° Conversely,
ATX appears to require a number of weeks of treatment to achieve clinically significant
improvement on behavior, while psychostimulants and alpha-2 agonists may improve target
symptoms more rapidly. It is important to note that these results were obtained starting at
half the package insert dose and splitting the daily dose to prevent side effects. Subsequent
research should include a comparison of atomoxetine with other psychopharmacological
treatments for ADHD along with the impact of psychosocial interventions such as PT.
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Screened n=200

Screen failure, n=69; ADHD not
confirmed, n=16; ASD not confirmed,

Passed screen n=131

n=23; Previous PT or mental age too
low, n=7; Others, n=23 (see Results)

Withdrew, n=2

Reasons for exit before week 10:

A: Inadequate improvement, n=5 (1, 0, 2, 2 for each group, respectively)
B: Behavioral adverse event (primarily irritability), n=11 (2, 2, 4, 3, respectively)

C: Physical adverse event, n=4 (1, 0, 1, 2, respectively)
D: Lost to follow-up, n=3 (1, 1, 0,1, respectively)

E: Unable to swallow medicine, n=2 (2, 0, 0, 0, respectively)
F: Other (parent burden/disappointment with result of assignment, unknown), n=4 (1, 0, 0, 3)

Figure 1.

Consolidated standards of reporting (CONSORT) diagram. Note: ADHD = attention-deficit/
hyperactivity disorder; ASD = autism spectrum disorder; ATX = atomoxetine; PT = parent

training.
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Figure 2.
Parent Swanson, Nolan, and Pelham (SNAP) scales mean attention-deficit/hyperactivity

disorder (ADHD) score. Note: ATX = atomoxetine; PT = parent training.
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Figure 3.
Parent Home Situations Questionnaire (HSQ) mean severity score. Note: ATX =

atomoxetine; PT = parent training.
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Table 2

Group Exposure to Medication and Parent Training (PT)

Treatment . + | Final Dose Per ATX vs. ATX vs.
Condition Flnia!nlg?se Weight * Placebo *** | Placebo ****
(mg/kg) (mg) (mg/kg)
ATX 49.8 +23.3 1.38+£0.47
450+21.5 1.37 + .46
ATX +PT 40.0+18.4 1.35+0.45
Placebo + PT | 42.4+143 1.49 £0.36
44.0 £17.5 1.46 £0.39
Placebo 45.6 +20.3 1.43+£0.43
Note: ATX = atomoxetine.
*
p=.21;
**
p=.59;
* k%
p=.76;
*kkk
p=.22
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