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Abstract

Objective: The purpose of this study was to evaluate the long-term safety and efficacy of risperidone in treating irritability and
related behaviors in children and adolescents with autistic disorders.

Methods: In this 6 month (26 week) open-label extension (OLE) study, patients (517 years of age, who completed
the previous fixed-dose, 6 week, double-blind [DB] phase) were flexibly dosed with risperidone based on body weight. The
maximum allowed dose was 1.25 mg/day for those weighing 20 to <45 kg, and 1.75 mg/day for those weighing =45 kg. The
study primarily assessed risperidone’s safety; efficacy was assessed as a secondary end-point.

Results: Fifty-six (71%) out of 79 enrolled patients completed the OLE; the most common discontinuations were for
insufficient response (7 [9%]) or adverse events (AE) (5 [6%]). The most common (= 5% frequency in the total group) AEs
were increased appetite (11% [n=9]); increased weight and vomiting (9% [n=7] each); sedation, pyrexia, and upper
respiratory tract infection (8% [n=6] each); nasopharyngitis (6% [n=5]); and somnolence and fatigue (5% [n=4] each).
Extrapyramidal AEs were reported in 6 (8%) patients. Increase in mean weight (11-15%) and body mass index (5-10%)
occurred; one patient discontinued because of weight increase. One potentially prolactin-related AE (irregular menstruation)
was reported. The risperidone high-dose group had the greatest mean improvement in sleep visual analog scale (24.6). All
groups showed additional improvement in efficacy scale scores during the OLE.

Conclusions: During this OLE, safety findings with risperidone treatment (maximum weight-based dose of 1.25 mg/day or
1.75 mg/day) were consistent with those observed in the DB phase, and with the current safety information for risperidone in autistic,
psychiatric, and behavioral disorders. Patients experienced some additional improvement in irritability and related behaviors.

Clinical Trials Registry: This phase-4 study is registered at ClinicalTrials.gov (NCT00576732).

Introduction

AUTISM, A TYPE OF PERVASIVE DEVELOPMENTAL DISORDER, is
characterized by impaired social interaction and communi-
cation, along with restricted or stereotyped behaviors (Pandina
et al. 2007). Approximately 50-75% of patients with autism are
identified with intellectual disability, in part because of commu-
nication deficits; up to 25% may develop a seizure disorder
(Lindgren and Doobay 2011; Miles et al 2010).

Risperidone is a second generation antipsychotic (SGA) agent
approved in the United States and > 20 other countries. In the United
States, it is specifically approved for the treatment of irritability and
associated symptoms in children and adolescents with autistic dis-
orders, adults and adolescents (=13 years) with schizophrenia, and

adults and children or adolescents (=10 years) with bipolar mania
(Risperdal® 2011).

Several studies have demonstrated the efficacy of risperidone at
flexible doses (ranging from ~0.5 to 3.5 mg/day) in the treatment
of irritability, including severe aggression, rapid mood swings, and
tantrums, associated with autistic disorders in children and ado-
lescents (5-16 years of age) (Nicolson et al. 1998; Research Units
on Pediatric Psychopharmacology Autism Network 2002; Gaglia-
no et al. 2004; Shea et al. 2004). Long-term safety and tolerability
are important considerations for individuals with autistic disorder
treated with SGAs, particularly given the established need for on-
going treatment (Williams et al. 2006; Posey et al. 2008). Con-
sidering the potential for treatment-emergent adverse events (AEs),
including weight gain, metabolic syndrome, tardive dyskinesia
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(TD), and others, it is important to determine the lowest effective
dose in order to minimize the potential adverse effects, and thus
maximize the benefits in treatment management. The efficacy and
safety of risperidone at fixed doses (one of which was lower than
the recommended dose of 1 mg/day) was previously evaluated in a
6 week double-blind (DB) phase in autistic children and adoles-
cents (Kent et al. 2013). Here, we present the safety findings
from the 6 month (26 week) open-label extension (OLE) to this
DB study.

Methods
Study population

Patients of either sex, ages 517 years, inclusive, weighing >20kg,
diagnosed with autistic disorder (Diagnostic and Statistical Manual
of Mental Disorders, 4th ed. [DSM-IV] and Autism Diagnostic In-
terview - Revised [ADI-R]) were enrolled in the DB phase of this
study. These patients had an Aberrant Behavior Checklist-Irritability
(ABC-I) subscale score of =18 and a Clinical Global Impressions-
Severity (CGI-S) scale score of >4 at screening and baseline; and
had a mental age of at least 18 months (Leiter International Per-
formance Scale — Revised or another standardized, individualized,
test of intelligence) measured and documented at any time before or
at screening (American Psychiatric Association 1994). The detailed
eligibility criteria for the DB phase are published separately (Kent
et al. 2013).

Patients were eligible for entry into the OLE if they had either
completed the 6 week DB phase or had discontinued from the DB
phase after at least 3 weeks for reasons other than tolerability,
(provided <4 weeks had elapsed since completion or discontinu-
ation), and, in the investigator’s judgment, needed risperidone
treatment. The patients’ randomization group in the DB phase re-
mained blinded to both site and sponsor staff until the completion of
the OLE study. Patients who were pregnant or breast-feeding were
excluded.

This study was conducted in accordance with the ethical prin-
ciples that have their origin in the Declaration of Helsinki, in ac-
cordance with the International Conference on Harmonisation
(ICH) Good Clinical Practice guidelines, applicable regulatory
requirements, and in compliance with the protocol. All parents (or
their legally acceptable representatives) of the children and ado-
lescents provided written informed consent and children and ado-
lescents provided assent after a discussion using age-appropriate
language about the study, according to local regulations.

Study design

This was a 26 week flexible-dose OLE to a 6 week fixed-dose,
DB, randomized, placebo-controlled, multicenter study (Fig. 1).
This study was conducted in the United States from December 3,
2007 to March 9, 2010. During the OLE, patients received a flexible-
dose regimen of risperidone within a given weight-based dose range,
as will be described. The individual dose was adjusted to acceptable
tolerability and effectiveness. OLE baseline visit assessment data
were collected for all patients entering OLE. The baseline visit for
the OLE could be on the same day as the end-point visit of the DB
phase (week 6 or early withdrawal). If the day of OLE baseline visit
was within 14 days of the DB end-point visit, then the DB end-point
assessments were not repeated at the OLE baseline visit. The OLE
safety and efficacy evaluations were completed during the visits at
weeks 0 (baseline), 1, 2,4, 13, and 26, or upon early withdrawal from
the OLE phase.
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Study medication

Risperidone was provided as oral solution (0.1 mg/mL) and as
tablets in blister wallets of 10 tablets each (strengths of 0.25, 0.5,
and 1 mg).

Dosage and administration

Risperidone was flexibly dosed during the OLE, and titrated by
the investigator according to tolerability and efficacy. Prior to the
OLE, in the DB phase, risperidone was administered at two dose
levels: low dose (range 0.125mg/day or 0.175mg/day, based
on weight) and high dose (1.25 mg/day or 1.75 mg/day, based on
weight). In the OLE, risperidone was administered as oral solution
(0.1 mg/mL) for the first 3 days and as tablets from day 4 onwards.
On day 1, patients started with a 0.125 mg/day (patients weighing
<45kg: 1.25mL of 0.lmg/mL oral solution) or 0.175 mg/day
(patients weighing =45kg; 1.75mL of 0.1mg/mL oral solution)
dose of risperidone. On day 4, the dose was increased to 0.25 mg for
all patients, and after day 14, increases in increments of 0.25 or
0.5 mg every 2 weeks were allowed. Dose adjustment (upward or
downward) was allowed as indicated by the patient’s clinical
condition. The maximum allowed dose was 1.25 mg/day (patients
weighting <45kg) or 1.75mg/day (patients weighing >45kg).
Risperidone was administered once daily in the morning or, if
somnolence occurred, in the evening.

Concomitant medications

Anticholinergic medications and antihistamines for treatment of
emergent extrapyramidal symptoms (EPS) were allowed at the
lowest effective dose and for the shortest possible duration. For
patients with stable seizure disorders (i.e., for at least 6 months),
anticonvulsant medications were allowed for those who were stable
on a particular dose for at least 4 weeks before study start. Patients
who had been stable on hypnotic or sedative medications at a
constant dose for at least 30 days before the study started were
allowed to continue with these medications. No sedative or hyp-
notic medications were allowed during the 8 hours preceding any
behavioral assessment. Patients had to be medication-free for all
other psychotropic medications for at least 1 week (except 4 weeks
for fluoxetine or 8 weeks for depot medications) before the baseline
Visit.

Safety assessments

Safety assessments included evaluation of AEs (only those AEs
that had a new onset in OLE phase of the study are reported); EPS
rating scales (Abnormal Involuntary Movement Scale [Guy 1976.],
Barnes Akathisia Rating Scale [Barnes 1989], and Simpson-Angus
Rating Scale [Simpson and Angus 1970]) scores; Night Time Sleep
Quality and Daytime Drowsiness Visual Analog Scale (VAS)
scores (scale of 0-100) (Harvey et al. 2005); Tanner staging
(Marshall and Tanner 1969, 1970) for sexual maturation; clinical
laboratory parameters; measurement of body weight, height, and
vital signs, 12-lead electrocardiogram; and physical examinations.

Change from DB baseline (before randomization) to OLE end-
point was measured for the following clinical laboratory parameters:
glucose, lipids, insulin, growth hormone-related factors, and pro-
lactin. Insulin resistance (homeostatic model assessment of insulin
resistance [HOMA-IR]) was calculated using the formula: glucose
(mmol/L) X insulin (xU/mL)/22.5 (Wallace et al. 2004). HOMA-IR
values >3 were considered ‘‘markedly abnormal.” Insulin-like
growth factor (IGF-1) and IGF-binding protein (IGF-BP-3) were
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Placebo/RIS" Ris Low Dose/RIS’ Ris High Dose/RIS®
(N=30) (N=24) (N=25)
v v \ 4
Adverse event Lost to follow-up Adverse event
(n=4) (n=1) (n=1)
Lost to follow-up Insufficient Lost to follow-up
(n=2) response (n=2) (n=1)
Patient choice Non-compliance Patient choice
(n=1) (n=1) (n=1)
Insufficient Insufficient
response (n=2) response (n=3)
Non-compliance Other (n=2)
(n=2)
v Y y
Completed Completed Completed
(n=19) (n=20) (n=17)

FIG. 1. Study design and patient disposition. %0.125 mg/day (patients weighing 20kg to <45kg). °0.175 mg/day (patients weighing
>45kg). “Patients randomly assigned to placebo during double-blind (DB) phase who continued into open-label extension (OLE) and
received risperidone. “Patients randomly assigned to risperidone low dose in DB phase and receiving risperidone (as per weight class) in
OLE phase. “Patients randomly assigned to risperidone high dose in DB phase and receiving risperidone (as per weight class) in OLE

phase.

initially measured using an enzyme immunoassay (EIA) method.
As the EIA assay method did not have pediatric reference ranges
available, a new assay method, Immulite® (Siemens Medical So-
lutions Diagnostics, NJ), which had pediatric reference ranges as
well as means and standard deviations (SDs) from a normal pop-
ulation, was introduced during the study (Elmlinger et al. 2004).
There was a strong correlation between the two assays in this study
(correlation coefficient=0.96), hence, results were summarized
only for the EIA assay, for which results were available for all
patients. The Immulite normal population means and SDs were
transformed based on a linear regression of EIA values on Immulite
values from the current study. These derived normal population

means and SDs were then used to derive SD scores (SDS) for EIA
values as: [log (IGF-1) — mean;g_scate] / SDiog-scate-

Efficacy assessments

The mean change from DB baseline (before randomization) to
OLE end-point in the scores for the ABC-I subscale; other ABC
subscales (Lethargy or Social Withdrawal, Stereotypic Behavior,
Hyperactivity or Noncompliance, and Inappropriate Speech); CGI-
S; and Children’s Yale-Brown Obsessive Compulsive Scale-Per-
vasive Developmental Disorder (CY-BOCS-PDD) (Scahill et al.
2006) compulsion subscale were evaluated.
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Additionally, response rate at each visit (response was defined as
at least 25% improvement in ABC-I score from baseline), and
percentage of patients with CGI of Change (CGI-C) ratings of
“much improved” and ‘‘very much improved’’ at OLE endpoint,
were evaluated.

Statistical methods

There was no formal sample size calculation. All safety and
efficacy analyses were summarized descriptively, into three groups
based on the randomization group in the DB phase.

Placebo/risperidone group: Patients randomly assigned to pla-
cebo during the DB phase and who continued into the OLE
and received risperidone

Risperidone low-dose/risperidone group: Patients randomly
assigned to risperidone low dose during the DB phase and
who continued into the OLE and received risperidone.

Risperidone high-dose/risperidone group: Patients randomly
assigned to risperidone high dose during the DB phase and
who continued into the OLE and received risperidone.

The baseline characteristics collected during the DB phase, be-
fore randomization, were summarized separately for patients who
entered the OLE. For patients who dropped out before completing
the OLE, the last non-missing, post-OLE-baseline observation was
used as the OLE end-point.

ABC-I response at OLE end-point (defined as =25% improve-
ment from DB baseline) and the percentage of patients with CGI-C
ratings of ‘““much improved” or ‘‘very much improved’ were an-
alyzed using ” tests.

All patients who received at least one dose of the study drug were
included in the efficacy (open-label analysis set) and safety ana-
lyses (open-label safety analysis set).
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Results
Patient disposition and characteristics

Of the 96 patients randomized in the DB phase, 79 (82%) entered
the OLE phase, and 56 (71%) completed the study. The most common
reasons for discontinuation were insufficient response (n=7 [9%]),
AEs (n=5 [6%]), and being lost to follow-up (n=4 [5%]) (Fig. 1).

The majority of the study population was male (89%). The mean
(SD) age was 9 (3.1) years (range: 5—17 years), and 81% of the
population were <12 years old. The mean (SD) age at first diag-
nosis of autism was 4 (2.6) years (range: 2—14 years) (Table 1).

The median mode dose administered during the OLE phase was
0.875 mg/day (0.125-1.25 mg/day) in the patients weighing 20 to
<45kg, and 1 mg/day (0.25-2.00 mg/day; one patient received
2.00 mg/day, which was a protocol deviation) in patients weighing
>45kg. The median duration of treatment was 178 days, with 33
(42%) patients treated for =6 months (180-201 days). Twenty
one (70%) patients in placebo/risperidone group, 14 (58.3%) pa-
tients in risperidone low-dose/risperidone group, and 16 (64%)
patients in risperidone high-dose/risperidone group received con-
comitant medications. The most commonly used (more than
five patients) concomitant medications were, paracetamol (n=9
[11.4%]), ibuprofen (n=8 [10.1%]), amoxicillin (n=7 [8.9%])
loratadine (n=6 [7.6%]), and diphenhydramine hydrochloride
(n=5[6.3%]).

Safety

A total of 50 (63%) patients experienced AEs in the OLE phase.
The most common AEs (>5% in total group) reported were increased
appetite (11%), increased weight (9%), vomiting (9%), sedation
(8%), pyrexia (8%), upper respiratory tract infection (8%), naso-
pharyngitis (6%), somnolence (5%), and fatigue (5%) (Table 2).

TABLE 1. PRETREATMENT BASELINE CHARACTERISTICS OF PATIENTS ENTERING OPEN-LABEL
EXTENSION PHASE (INTENT-TO-TREAT ANALYSIS SET)

Placebo/RIS (n=30)

RIS low-dose/RIS (n=24)

RIS high-dose/RIS (n=25) Total (n=79)

Parameters n (%) n (%) n (%) n (%)
Age (years) Category

0-<12 27 (90) 17 (71) 20 (80) 64 (81)

>12 3 (10) 7(29) 5 (20) 15 (19)

Mean (SD) 8.5 (2.53) 10 (3.7) 9.2 (2.82) 9.2 (3.1)
Sex

Boys 26 (87) 21 (88) 23 (92) 70 (89)

Girls 4 (13) 3 (13) 2(8) 9 (11)
Race

White 18 (60) 16 (67) 21 (84) 55 (70)

Black 9 (30) 521 2(8) 16 (20)

Asian 0 14 0 1(1)

Other 1(3) 14 2(8) 4 (5)
Baseline body mass index (kg/m?)

Mean (SD) 19.5 (4.87) 20.4 (5.64) 18.7 (4.74) 19.5 (5.05)
Age at first diagnosis of autism

Mean (SD) 4.7 (2.75) 5.0 (3.07) 3.8 (1.89) 4.5 (2.63)
Mental age (years)

Mean (SD) 5.6 (2.60) 6.4 (3.31) 6.2 (3.40) 6.0 (3.07)
Previous antipsychotic use

Yes 2(7 3 (13) 2(8) 70)

No 28 (93) 21 (88) 23 (92) 72 (91)

RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind (DB) phase who continued into open-label extension (OLE)
and received risperidone; RIS low dose/RIS, patients randomly assigned to risperidone low dose during DB phase who continued into OLE and received
risperidone; RIS high dose/RIS, patients randomly assigned to risperidone high dose during DB phase who continued into OLE and received risperidone.
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TABLE 2. OVERALL ADVERSE EVENTS (AES) IN OPEN-LABEL EXTENSION PHASE (OPEN-LABEL SAFETY ANALYSIS SET)

Placebo/RIS (n=30)

RIS low-dose/RIS (n=24)

RIS high-dose/RIS (n=25) Total (n=79)

n (%) n (%) n (%) n (%)
Total no. patients with AEs 21 (70) 14 (58) 15 (60) 50 (63)
Treatment-Emergent Adverse Events in at least 2 patients in any group
Increased appetite 7 (23) 2 (8) 0 9(11)
Weight increased 5(17) 14) 1) 709)
Vomiting 2 (7) 3(13) 2 (8) 7(9)
Upper respiratory tract infection 2 (7) 2 (8) 2 (8) 6 (8)
Pyrexia 1(3) 3(13) 2 (8) 6 (8)
Sedation 4 (13) 14 14) 6 (8)
Nasopharyngitis 2 (7) 14) 2 (8) 5 (6)
Headache 3 (10) 0 1) 4. (5)
Cough 2(7) 1(4) 1 (4) 4(5)
Enuresis 2 (7) 14) 1) 4.(5)
Diarrhea 1(3) 1(4) 2 (8) 4(5)
Fatigue 2 (7 14) 14) 4 (5)
Somnolence 3 (10) 0 1 4) 4 (5
Influenza 2 (7) 14) 0 34)
Agitation 2(7) 0 1 (4) 3 4)
Insomnia 1(3) 2 (8) 0 34
Abdominal discomfort 2 (7) 0 0 2 (3)
Sinusitis 2 (7 0 0 23
Oropharyngeal pain 0 0 2 (8) 2(3)
Extrapyramidal symptom-related treatment emergent events in all patients
Total no. patients with AEs 2 (7) 2 (8) 2 (8) 6 (8)
Drooling 133 14 0 2(3)
Dyskinesia 0 14 0 1(1)
Tic 0 0 14 1(1)
Blepharospasm 13 0 0 1(1)
Psychomotor hyperactivity 0 0 1 (4) 1(1)

RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind (DB) phase who continued into open-label extension (OLE)
and received risperidone; RIS low dose/RIS, patients randomly assigned to risperidone low dose during DB phase who continued into OLE and received
risperidone; RIS high dose/RIS, patients randomly assigned to risperidone high dose during DB phase who continued into OLE and received risperidone.

Three AEs, occurring in more than one patient per DB risper-
idone treatment group, first emerged in the DB treatment phase and
continued into the OLE phase. These were: increased appetite (17%
of patients in the DB low dose risperidone group, 32% in the DB
high dose group), weight increase (13% of patients in the DB low
dose group, 16% in the DB high dose group), and somnolence (0%
of patients in the DB low dose group, 16% in the DB high dose
group).

Investigators reported six AEs in the OLE as severe (based on
the investigator’s clinical judgment and their experience with other
patients with this disorder): agitation and hydrocele (n=1 [4%]
each) in the risperidone high-dose/risperidone group; aggression
and insomnia (n=1 [4%] each) in the risperidone low-dose/ris-
peridone group; and migraine and foot fracture (n=1 [3%] each) in
the placebo/risperidone group.

Only one serious AE was reported during the OLE (hydrocele).
This AE occurred in the risperidone high-dose/risperidone group
and was considered by the investigator as not related to risperidone.
The AE resolved after hydrocele hernia surgery, but was followed
by a diagnosis of idiopathic thrombocytopenia purpura and a low
platelet count of 14,000/mm?>.

Five patients withdrew from the OLE because of AEs; four in the
placebo/risperidone group and one in the risperidone high-dose/
risperidone group. One of these patients in the placebo/risperidone
group experienced seven distinct AEs (blepharospasm, confused
state, crying, decreased appetite, irritability, self-injurious behav-
ior, and somnolence). One patient each had the AE of fatigue and

weight increase. One patient experienced treatment-emergent
markedly abnormal neutropenia (product label AE for risperidone)
while receiving 1.25 mg/day dose of risperidone. This patient re-
covered without sequela and without treatment after 3 days of
discontinuation of risperidone. In the risperidone high-dose/ris-
peridone group, one patient withdrew because of vomiting.

In the OLE phase, the frequency of somnolence-(n="7 [23%])
and fatigue-(n=2 [7%]) related AEs was highest in the placebo/
risperidone group. The frequency of EPS-related AEs was similar
across all groups (two patients in each of the three groups) (Table 2).

Although no clinically relevant changes were observed from the
DB baseline to the OLE end-point in any of the laboratory analytes
(Table 3), there were slight elevations in several parameters related
to metabolic safety. A mean increase in triglyceride levels was
observed in the risperidone high-dose/risperidone group. Mean
IGF-1 levels increased from DB baseline to OLE end-point in all
treatment groups. Five (8%) patients with IGF-1 SDS within£2 at
the DB baseline had an SDS value <-2 at the OLE end-point
(Table 3). HOMA-IR values increased the most in the risperidone
high dose/risperidone group (Table 3).

Mean increases from DB baseline to OLE end-point in pro-
lactin levels were greater in the risperidone low-dose/risperidone
(13.74ng/mL) and high-dose/risperidone groups (13.51 ng/mL)
than in the placebo/risperidone group (12.36ng/mL) (Table 4).
One potentially prolactin-related AE (irregular menstruation) was
reported during the study, and occurred in the risperidone low-
dose/risperidone group.
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TABLE 3. MEAN CHANGE FROM DOUBLE-BLIND BASELINE TO OPEN-LABEL END-POINT IN CLINICAL LABORATORY
ANALYTES AND HOMA-IR VALUES (OPEN-LABEL SAFETY ANALYSIS SET)

Laboratory analytes Placebo/RIS group (n=30) RIS low-dose/RIS group (n=24) RIS high-dose/RIS group (n=25)

Glucose (mg/dL)
Mean baseline
Mean change (SD)
Median change (range)

Insulin (uU/mL)

Mean baseline

Mean change (SD)

Median change (range)
Lipids (mg/dL)
Cholesterol

Mean baseline

Mean change (SD)

Median change (range)
LDL

Mean baseline

Mean change (SD)

Median change (range)

HDL
Mean baseline
Mean change (SD)
Median change (range)
Triglycerides
Mean baseline
Mean change (SD)
Median change (range)

87.0 (9.88)
4.0 (12.3)
6.0 (=205 31)

9.2 (16.28)
—0.11 (12.19)
2.42 (—48.2; 9.3)

163.7 (24.23)
2.5 (25.08)
—1.0 (—43; 60)

94.1 (25.61)
1.5 (20.55)
—1.0 (=32; 45)

53.9 (13.80)
~0.4 (7.01)
1.0 (-13; 13)

78.2 (42.57)
7.2 (40.86)
4.0 (-66; 117)

Growth Hormones and Growth Factors

TSH (uU/mL)

Mean baseline

Mean change (SD)

Median change (range)
Thyroxine (ug/dL)

Mean baseline

Mean change (SD)

Median change (range)
IGF-1 (ng/mL)

Mean baseline

Mean change (SD)

Median change (range)
IGF-1 SDS

Mean baseline

Mean change (SD)

Median change (range)
IGF-BP-3 (ng/mL)

Mean baseline

Mean change (SD)

Median change (range)
HOMA-IR

Mean baseline

Mean change (SD)

1.69 (0.55)
0.09 (0.816)
0.0 (-1.4;2.1)

8.1 (1.68)
0.90 (2.68)
0.4 (-2.6;10.1)

167.3 (79.73)
39.2 (71.41)
28.0 (- 108; 255)

0.10 (0.83)
0.41 (0.96)
0.37 (-0.98; 2.96)

3002.4 (773.20)
—231.7 (707.34)
—148.0 (—1437; 933)

2.03
0.09 (2.67)

87.2 (9.04)
3.5 (12.3)
6.0 (=27; 19)

5.3 (3.72)
1.64 (3.93)
1.46 (-4.60; 10.31)

153.4 (33.33)
0.3 (21.4)
—1.5 (-49; 33)

85.7 (29.47)
0.4 (19.36)
5.0 (=59; 27)

55.4 (8.62)
~1.9 (9.14)
~1.0 (-17; 16)

61.9 (20.88)
0.0 (22.05)
4.5 (—43; 46)

1.89 (0.82)
0.27 (0.914)
0.2 (~1.1; 2.4)

7.9 (1.12)
0.38 (0.99)
0.3 (-1.2; 2.6)

153.9 (72.29)
40.6 (59.80)
21.5 (—47; 167)

—0.65(1.26)
0.54 (0.98)
0.30 (= 1.17; 2.27)

2709.1 (629.30)
—41.5 (517.87)
—47.0 (~1028; 1422)

1.26
0.36 (0.89)

91.9 (5.15)
2.3 (8.8)
1.0 (—13; 15)

4.93 (2.40)
3.21 (4.01)
2.13 (-1.72; 11.06)

165.9 (21.36)
~1.6 (10.82)
~-3.5(-17; 21)

97.9 (21.37)
—-0.6 (10.94)
—1.0 (-22; 26)

54.9 (10.48)
~6.6 (10.21)
~8.0 (-25; 13)

66.1 (30.77)
20.3 (34.65)
11.0 (=27; 107)

2.16 (1.04)
0.05 (0.926)
0.1 (=2.3; 2.5)

8.7 (1.64)
0.06 (1.72)
0.1 (-2.5; 4.1)

129.1(44.31)
53.1 (73.65)
22.0 (=29; 237)

—-0.85(1.09)
0.56 (1.01)
0.47 (-1.61; 2.22)

2813.2 (716.90)
—159.1 (715.06)
—93.0 (-1257; 1400)

1.11
0.75 (0.91)

HDL, high density lipoprotein; LDL, low-density lipoprotein; TSH, thyroid-stimulating hormone; IGF, insulin growth factor; IGF-BP, insulin growth
factor-binding protein; HOMA-IR, homeostatic model assessment of insulin resistance; RIS, Risperidone; placebo/RIS, patients randomly assigned to
placebo during double-blind (DB) phase who continued into open-label extension (OLE) and received risperidone; RIS low dose/RIS, patients randomly
assigned to risperidone low dose during DB phase who continued into OLE and received risperidone; RIS high dose/RIS, patients randomly assigned to
risperidone high dose during DB phase who continued into OLE and received risperidone.

[HOMA-IR] formula: glucose [mmol/L] X insulin [¢U/mL]/22.5 (Wallace et al. 2004).
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TABLE 4. MEAN CHANGE IN PROLACTIN LEVELS (OPEN-LABEL SAFETY ANALYSIS SET)

Baseline (OLE)

Week 13 (OLE) Week 26 (OLE) End-point (OLE)

Treatment group
Placebo/RIS

Mean DB baseline 8.98 (5.63)

Mean change from DB Baseline (SD) 0.05 (5.21)
RIS low dose/RIS

Mean DB baseline 9.46 (5.96)

Mean change from DB Baseline (SD) 3.14 (5.62)
RIS high dose/RIS

Mean DB baseline 9.87 (10.13)

Mean change from DB Baseline (SD) 20.01 (15.87)

8.64 (4.83) 8.03 (3.67) 8.64 (4.83)
17.08 (12.13) 11.47 (8.02) 12.36 (11.58)
8.44 (5.72) 8.53 (6.08) 8.44 (5.72)

12.71 (14.36) 15.67 (13.05) 13.74 (13.49)

7.35 (3.36)
12.93(11.26)

7.42 (3.62)
13.60 (13.19)

7.35 (3.36)
13.51 (12.66)

RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind (DB) phase who continued into open-label extension (OLE)
and received risperidone; RIS low dose/RIS, patients randomly assigned to risperidone low dose during DB phase who continued into OLE and received
risperidone; RIS high dose/RIS, patients randomly assigned to risperidone high dose during DB phase who continued into OLE and received risperidone.

Mean weight (kg) and body mass index (BMI) (kg/mz) increased
in all groups during OLE (increases in weight ranged from 11% to
15%; increases in BMI ranged from 5% to 10%) (Table 5). The
weight and the BMI Z-scores plateaued at 3—6 months in the ris-
peridone high-dose/risperidone group (Fig. 2).

The quality of sleep VAS scores improved the most in the ris-
peridone high-dose/risperidone group (mean baseline, 60.4; mean
[SD] increase, 24.6 [31.6]), and were comparable between the
risperidone low-dose/risperidone- (mean baseline, 70.3; mean [SD]
increase, 9.8 [32.5]) and the placebo/risperidone groups (mean
baseline, 70; mean [SD] increase, 14.5 [30.1]). Mean daytime
drowsiness VAS score did not change in any treatment group at
OLE end-point (risperidone high-dose/risperidone group: mean
baseline, 19.5; mean [SD] decrease, —2 [27.11]; risperidone low-
dose/risperidone group: mean baseline, 20.2; mean [SD] decrease,
—2.6 [27.21]; and placebo/risperidone group: mean baseline, 18.3;
mean [SD] decrease, —2.4 [22.89]). There was minimal to no
change in any group in EPS rating scale scores. Of the 46 patients
who had Tanner stage assessments at DB baseline and OLE end-
point, 39 (85%) remained in the same Tanner stage, and 7 (15%)
patients had an increase of one Tanner stage.

No clinically significant change was seen in the vital signs and
physical examination findings in any treatment groups.

Efficacy

The improvement in ABC-I subscale scores observed in the DB
phase continued in the OLE for all treatment groups (Fig. 3). The
ABC-I response rate improved from 41% (14/34) at DB end-point
to 76% (22/29) at OLE end-point in the placebo/risperidone group,
and from 52% (15/29) at DB end-point to 79% (19/24) at OLE end-
point in low-dose risperidone/risperidone group, whereas for ris-
peridone high-dose/risperidone group the improvement in response
rate observed at DB end-point (83% [24/29]) was maintained at
OLE end-point (83% [20/24]). The percentage of patients with
ABC-I response at OLE endpoint (defined as =25% improvement
from DB baseline) was not statistically significantly different
among the three groups (p=0.800). The other ABC-subscales
scores, CGI-S, and CY-BOCS-PDD compulsion scale scores also
improved (decreased) from DB baseline to OLE end-point across
all the groups (Table 6).

The percentage of patients showing “much” or “very much”
improvement in the CGI-C scores was numerically higher in the
placebo/risperidone group (69%, 20/29), than in either the risperidone
high-dose/risperidone, (60%, 15/25) or low-dose/risperidone (58%,
14/24) groups. This was expected, as this group of patients was
switched from placebo to active (risperidone) treatment and change

TABLE 5. MEAN CHANGE FROM DOUBLE-BLIND BASELINE TO OPEN-LABEL END-POINT
IN WEIGHT AND BoDY MASs INDEX (OPEN-LABEL SAFETY ANALYSIS SET)

Placebo/RIS group (n=30)

RIS low-dose/RIS group (n=24)

RIS high-dose/RIS group (n=25)

Weight (kg)

Mean (SD) baseline 37.9 (18.00)

Mean change (SD) 4.3 (3.25)
Weight Z score

Mean (SD) baseline 0.90 (1.20)

Mean change (SD) 0.22 (0.330)
BMiI(kg/m?)

Mean (SD)baseline 19.5 (4.96)

Mean change (SD) 1.1 (1.30)
BMI Z score

Mean baseline 0.75 (1.32)

Mean change (SD) 0.27 (0.424)

40.3 (24.76) 36.5 (15.86)
4.7 (3.72) 5.5 (2.86)
0.43(1.43) 0.34 (1.27)

0.36 (0.410) 0.40 (0.340)

20.1 (5.82) 18.8 (4.85)
1.5 (1.76) 2.0 (1.67)

0.78 (1.20) 0.26 (2.11)

0.25 (0.473) 0.69 (1.643)

BMI, body mass index; RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind (DB) phase who continued into
open-label extension (OLE) and received risperidone; RIS low dose/RIS, patients randomly assigned to risperidone low dose during DB phase who
continued into OLE and received risperidone; RIS high dose/RIS, patients randomly assigned to risperidone high dose during DB phase who continued

into OLE and received risperidone.
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FIG. 2. Mean change in weight and body mass index (BMI) Z-scores over time (open-label safety analysis set). (A) Mean change in
weight. (B) Mean change in BMI Z-scores. RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind
(DB) phase who continued into open-label extension (OLE) and received risperidone; RIS low dose/RIS, patients randomly assigned to
risperidone low dose during DB phase who continued into OLE and received risperidone; RIS high dose/RIS, patients randomly
assigned to risperidone high dose during DB phase who continued into OLE and received risperidone.

was measured from the start of the open-label trial; however, patients
who continued on risperidone also showed additional clinical im-
provement. The percentage of patients with CGI-C ratings of ““‘much”
or “very much” improvement at OLE endpoint was not statistically
significantly different among the three groups (p=0.684).

Discussion

As antipsychotic drugs are frequently used long term in treating
patients with autism, determining the lowest effective dose for
these drugs is important from a safety perspective. This 26 week
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FIG. 3. Mean (% standard error [SE]) Aberrant Behavior Checklist -
Irritability Subscale over time (open label analysis set). Placebo/RIS,
patients randomly assigned to placebo during double-blind (DB)
phase who continued into open-label extension (OLE) and received
risperidone; RIS low dose/RIS, patients randomly assigned to ris-
peridone low dose during DB phase who continued into OLE and
received risperidone; RIS high dose/RIS, patients randomly assigned
to risperidone high dose during DB phase who continued into OLE
and received risperidone.

OLE followed a 6 week DB phase that assessed the efficacy and
safety of risperidone at two fixed, weight-based dose ranges (low
dose=0.125 or 0.175 mg/day and high dose = 1.25 or 1.75 mg/day),
compared with placebo, in patients with autism. The low dose
regimen selected was much lower than the currently recommended
dose of risperidone (1 mg/day for patients weighing >20kg), and
was based on the recommendation of the United States Food and
Drug Administration. In the OLE phase of the study, patients were
flexibly dosed up to a maximum dose of 1.25 and 1.75 mg/day
(median mode dose, 0.875 or 1 mg/day).

Risperidone exhibited a safety profile consistent with the pre-
viously reported safety information that was based on a dose range
of 0.5-3 mg/day in patients with autism and other disruptive be-
havior disorders (Malone et al 2002; Masi et al 2003; Martin et al
2004; Research Units on Pediatric Psychopharmacology 2005;
Troost et al. 2005; Aman et al 2009). The most common (=5%)
AEs were increased appetite, increased weight, vomiting, sedation,
pyrexia, upper respiratory tract infection, nasopharyngitis, som-
nolence, and fatigue; none of these events were rated as severe.
Hydrocele was the only serious AE reported during the OLE, and
was considered to be unrelated to risperidone. There were few
discontinuations during the OLE study, and most of these discon-
tinuations were in patients who were previously (during the DB
phase) treated with placebo and then received risperidone during
the OLE, as may be expected, because of the difference in adverse
event profiles between placebo and active compounds. The fact that
two thirds of the patients eligible for the OLE had previous expo-
sure to risperidone during the DB phase, whereas one third, as-
signed to placebo during the DB phase, had no previous exposure to
risperidone, introduced some heterogeneity into the OLE sample.
This fact biases the sample somewhat, in that only those patients in
the placebo arm and those who tolerated risperidone in the DB
phase continued into the OLE. Those patients who did not tolerate
risperidone in the DB phase were not included in the OLE phase,
and, therefore, their data are not represented here, which is a
shortcoming of this study design.

Somnolence (Turgay et al. 2002; Shea et al. 2004; Pandina et al.
2007) and EPS-related events (Turgay et al. 2002; Haas et al. 2009)
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TABLE 6. MEAN CHANGE FROM DOUBLE-BLIND BASELINE TO OPEN-LABEL END-POINT IN CLINICAL
GLOBAL IMPRESSIONS-SEVERITY SCALE, CHILDREN’S YALE-BROWN OBSESSIVE COMPULSIVE SCALE,
AND ABERRANT BEHAVIOR CHECKLIST SUBSCALES (OPEN-LABEL ANALYSIS SET)

Placebo/RIS
group (n=30)

RIS low-dose/RIS
group (n=24)

RIS high-dose/RIS
group (n=25)

Clinical Global Impressions-Severity

Mean (SD) baseline 4.9 (0.67)

Mean change (SD) —-0.9 (0.88)
Compulsions total score

Mean (SD) baseline 13.7 (2.66)

Mean change (SD) —-5.3(4.99)
Aberrant Behavior Checklist Subscales
Irritability

Mean (SD) baseline 28.4 (6.03)

Mean change (SD) —11.8 (7.68)
Lethargy/social withdrawal

Mean (SD) baseline 18.1 (10.16)

Mean change (SD) —6.9 (8.08)
Stereotyped behavior

Mean (SD) baseline 10.5 (5.26)

Mean change (SD) —-2.8 (4.12)
Hyperactivity

Mean (SD) baseline 31.4 (8.60)

Mean change (SD) —11.7 (8.54)
Inappropriate speech

Mean (SD) baseline 5.9 (3.42)

Mean change (SD) —-1.5(2.69)

5.1 (0.93) 5.0 (0.75)
- 1.0 (1.02) -13(1.17)
13.4 (3.99) 14.4 (4.64)
-4.1 (3.01) —5.6 (4.66)
27.8 (6.58) 28.8 (8.24)
-13.2(9.29) —13.0 (10.55)
18.2 (9.71) 21.4 (9.09)
-8.3(9.03) -10.4 (8.57)
9.3 (5.17) 11.5 (5.06)
-4.2 (6.51) -4.6 (5.14)
30.1 (11.46) 33.8 (9.75)
-10.5 (12.42) —12.3(11.78)
6.6 (3.49) 7.5 (2.78)
-1.8(3.93) -2.1.3.07)

RIS, risperidone; placebo/RIS, patients randomly assigned to placebo during double-blind (DB) phase who continued into open-label extension (OLE)
and received risperidone; RIS low dose/RIS, patients randomly assigned to risperidone low dose during DB phase who continued into OLE and received
risperidone; RIS high dose/RIS, patients randomly assigned to risperidone high dose during DB phase who continued into OLE and received risperidone.

were the events with the highest incidence observed with risper-
idone in the previous studies (dose range: 0.5-3 mg for autism and
disruptive behavior disorders; 1.5-6 mg/day for schizophrenia).
Contrary to these earlier studies, in this OLE, very few incidences
of somnolence or EPS-related AEs were observed. Patients previ-
ously exposed to risperidone during the DB phase had a lower rate
of somnolence than patients exposed to placebo. One patient from
the placebo/risperidone group discontinued because of somnolence
during the OLE phase. There was no worsening in the frequency of
EPS-related AEs from the DB to the OLE phase. The EPS-related
AEs of dyskinesia and blepharospasm were observed only during
the OLE. One patient discontinued because of blepharospasm from
the placebo/risperidone group. There was minimal to no change in
EPS rating scale scores. There were no reports of tardive dyskinesia
during either the OLE or the DB phase (Kent et al. 2013).

Consistent with the findings in DB phase (Kent et al. 2013),
risperidone treatment also resulted in improvement in nighttime
sleep quality during the OLE. However, there was essentially no
change in daytime drowsiness VAS score in any treatment group at
OLE end-point.

Risperidone treatment is associated with incidences of hyper-
glycemia, diabetes mellitus, and exacerbation of pre-existing dia-
betes mellitus (Risperdal® 2011). Assessment of the relationship
between atypical antipsychotic use and glucose abnormalities is
complicated by the increasing incidence of diabetes mellitus in the
general population, and is correlated with weight gain. Given these
confounding factors, the relationship between atypical antipsychotic
use and hyperglycemia-related AEs is not completely understood.
Contrary to certain findings from some other studies and the
warning in the product labeling (Risperdal® 2011), in this study no

clinically meaningful increases occurred in mean fasting glucose,
cholesterol, or low-density lipoprotein (LDL) levels with risper-
idone treatment; however, slight increases in triglycerides were
noted in the risperidone high-dose/risperidone treatment group. The
minimal changes observed in these metabolic parameters could be
attributed to the relatively low doses of risperidone used in this
study, compared with the recommended doses (effective dose range:
0.5-3 mg/day) for the treatment of patients with autism. Consistent
with the known safety profile (Risperdal® 2011), risperidone
treatment was associated with glucose metabolism-related AEs of
increased appetite and weight increase. The frequency of these AEs
was highest in patients who had previously been administered pla-
cebo in the DB phase. It should be noted that the differential time of
exposure may have affected AE reporting in this study.

Weight gain is one of the major issues associated with use of
antipsychotic drugs in patients of all age groups. In both children
and adolescents, age-inappropriate weight gain during development
is a particularly important medical concern, as it could predict adult
obesity, metabolic syndrome, cardiovascular morbidity, and ma-
lignancy (Correll 2008; Correll et al. 2009; Maayan and Correll
2011). In this OLE of approximately 6 months’ duration, a mean
increase of 4.3-5.5 kg in body weight was reported; only one patient
discontinued because of weight increase. However, interpretation of
increased weight is complicated in children and adolescents because
of the increases expected as a function of normal growth and de-
velopment, particularly over longer periods of time as in this 6
month OLE. Nonetheless, as atypical antipsychotics are associated
with weight gain, psychoeducation, and instituting a dietary regi-
men and plan of physical activity may help in preventing or di-
minishing the weight gain associated with risperidone treatment
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(Turgay et al. 2002). It is also especially important to treat patients
with the lowest effective dose, to decrease the potential for those
AEs that may be dose-related.

Among the reported AEs in the OLE, increased appetite, in-
creased weight, somnolence, and sedation occurred more fre-
quently in the placebo/risperidone group than in the risperidone
low-dose/risperidone or risperidone high-dose/risperidone groups.
This suggests that treatment-associated AEs may emerge more
commonly early in treatment.

Hyperprolactinemia is commonly observed with treatment of all
D2 receptor antagonists, including risperidone (Alfaro et al. 2002;
Anderson et al. 2007), and in some cases may be associated with
potentially prolactin-related adverse events. Earlier studies show a
trend in the prolactin profile with risperidone use at the re-
commended doses for autism: prolactin levels generally increase
within 1-2 months of risperidone treatment initiation, after which
levels often return within or close to normal by 3—5 months (Ali and
Khemka 2008). A similar trend was generally observed in the
current study, in which prolactin levels increased across all groups
from DB baseline to OLE end-point. Patients treated with risper-
idone high dose in the DB phase showed a peak increase in pro-
lactin levels at the end of the 6 week DB phase (OLE baseline). For
the other two groups, a maximum increase in prolactin levels was
observed within 13 weeks (first assessment) after initiation of ris-
peridone treatment (1.25 or 1.75 mg/day) in the OLE phase. Across
groups, the prolactin levels then decreased but did not return within
the baseline range by study end (26 weeks), and appeared to pla-
teau. Only one patient had a potentially prolactin-related AE (no
patient had a treatment-emergent markedly abnormal [>100ng/
mL] prolactin value).

Mean IGF-1 levels increased from DB baseline to OLE end-point,
consistent with the findings observed in children and adolescents
with conduct and other disruptive behavior disorders (Mills et al.
2007). There were no clear treatment-related changes in mean IGF-
BP-3 values. There were no clear treatment-related changes in
thyroi-stimulating hormone or thyroxin throughout the study.

As was expected, sexual maturity, as assessed by Tanner staging,
did not change for the majority of patients from DB baseline to OLE
end-point. In the rest of the patients, Tanner stage increased by one.
Small changes in height Z-scores indicated that the growth of chil-
dren and adolescents continued on the same trajectory, with patients
maintaining the same height percentile over the course of the study.

The efficacy scales scores during the OLE showed maintenance
of efficacy, or some additional improvement from the DB study.

Conclusions

Risperidone, administered orally up to a maximum dose of
1.25mg/day for patients weighing 20 to <45kg (median mode
dose=0.875 mg/day) or 1.75 mg/day for patients weighing >45kg
(median mode dose =1 mg/day) in patients with autism ages 5—17
years for 26 weeks, had a safety profile consistent with the current
safety information for risperidone, and with that established in
previous studies with risperidone in patients with autistic disorder
and other disruptive behavior disorders. Clinical benefit from
treatment either continued with open-label treatment or showed
additional improvement, and was consistent with previous studies.

Clinical Significance

Long-term safety issues are a major concern associated with
antipsychotic drugs used in treatment of autism. Risperidone is one
of the widely recommended drugs for treatment of irritability as-
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sociated with autistic disorder. The safety of risperidone in children
and adolescents with autistic disorder was assessed in this study
over a 26 week period. Increased appetite was the most common
adverse event reported with risperidone treatment in this study. The
safety profile was as expected and consistent with earlier reports.
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