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Abstract

Objective: A recent double-blind randomized placebo-controlled study demonstrated 3-month efficacy and safety of a novel
pediatric-appropriate prolonged-release melatonin (PedPRM) for insomnia in children and adolescents with autism spectrum
disorder (ASD) and neurogenetic disorders (NGD) with/without attention-deficit/hyperactivity disorder comorbidity. Long-
term efficacy and safety of PedPRM treatment was studied.

Methods: A prospective, open-label efficacy and safety follow-up of nightly 2, 5, or 10 mg PedPRM in subjects who
completed the 13-week double-blind trial (51 PedPRM; 44 placebo). Measures included caregiver-reported Sleep and Nap
Diary, Composite Sleep Disturbance Index (CSDI), caregiver’s Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness
Scale, and quality of life (WHO-5 Well-Being Index).

Results: Ninety-five subjects (74.7% males; mean [standard deviation] age, 9 [4.24]; range, 2—17.5 years) received PedPRM
(2/5 mg) according to the double-blind phase dose, for 39 weeks with optional dose adjustment (2, 5, or 10 mg/day) after the
first 13 weeks. After 52 weeks of continuous treatment (PedPRM-randomized group) subjects slept (mean [SE]) 62.08 (21.5)
minutes longer ( p=0.007); fell asleep 48.6 (10.2) minutes faster (p <0.001); had 89.1 (25.5) minutes longer uninterrupted
sleep episodes (p=0.001); 0.41 (0.12) less nightly awakenings (>50% decrease; p=0.001); and better sleep quality
(p<0.001) compared with baseline. The placebo-randomized group also improved with PedPRM. Altogether, by the end of
39-week follow-up, regardless of randomization assignment, 55/72 (76%) of completers achieved overall improvement of
21 hour in total sleep time (TST), sleep latency or both, over baseline, with no evidence of decreased efficacy. In parallel,
CSDI child sleep disturbance and caregivers’ satisfaction of their child’s sleep patterns (p <0.001 for both), PSQI global
(p<0.001), and WHO-5 (p=0.001) improved in statistically significant and clinically relevant manner (n=72) compared
with baseline. PedPRM was generally safe; most frequent treatment-related adverse events were fatigue (5.3%) and mood
swings (3.2% of patients).

Conclusion: PedPRM, an easily swallowed formulation shown to be efficacious versus placebo, is an efficacious and safe
option for long-term treatment (up to 52 weeks reported here) of children with ASD and NGD who suffer from insomnia and
subsequently improves caregivers’ quality of life.
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Introduction

AUTISM SPECTRUM DISORDER (ASD) is characterized by per-
sistent difficulties in social communication, as well as re-
stricted interests and repetitive behaviors. The deficits result in
functional limitations in effective communication, social partici-
pation, social relationships, academic achievement, or occupational
performance, individually or in combination (APA 2013). Between
30% and 50% of individuals with ASD manifest attention-deficit/
hyperactivity disorder (ADHD) symptoms (particularly at preschool
age; Leitner 2014). Children with neuropsychiatric disorders (e.g.,
ASD and ADHD), neurogenetic disorders (NGD, e.g., Rett’s dis-
order, tuberous sclerosis, Smith-Magenis Syndrome [SMS], and
Angelman syndrome), and chronic neurologic disorders, such as
epilepsy and Tourette’s disorder, commonly exhibit chronic sleep
disturbances (Mindell et al. 2006; Johnson and Malow 2008; Kra-
kowiak et al. 2008; Hollway and Aman 2011; Kotagal and Broomall
2012; APA 2013; Elrod and Hood 2015). Compared with their age-
matched typically developing peers, children with ASD are more
likely to experience chronic sleep problems, with a prevalence of
50%-80% (Cuomo et al. 2017). The most prevalent complaints are
difficulty falling asleep (~40%) or maintaining sleep (~35%;
Taira et al. 1998; Krakowiak et al. 2008). Sleep problem severity is
similar across ADHD and non-ADHD ASD subgroups (Taira et al.
1998; Krakowiak et al. 2008).

Sleep problems in children and adolescents with ASD are par-
ticularly challenging to their families and have been associated
with increased maternal distress and parental sleep disruption as
well as poor caregiver’s quality of life (Doo and Wing 2006;
Kuhlthau et al. 2010; Devnani and Hegde 2015).

Clinical guidelines recommend sleep hygiene and/or behavioral
intervention as the first-line treatment (Howes et al. 2018). How-
ever many patients face limited access to behavioral intervention
(e.g., limited caregiver time), and only around 25% respond to such
therapy (Appleton et al. 2012). Patients with persistent problems
will seek pharmacotherapy. However, there are no medications
with regulatory approval for the treatment of chronic insomnia in
children and adolescents (Mindell et al. 2006; Hollway and Aman
2011), and that is particularly problematic for children with ASD
(Mindell et al. 2006; Johnson and Malow 2008; Efron et al. 2014).
Consequently, physicians often prescribe off-label drugs, for ex-
ample, antihistamines, alpha-adrenergic agonists (clonidine), an-
tidepressants, and antipsychotics, for their sedative side effects
without proven safety, efficacy, or dosing regimen in children
(Mindell et al. 2006; Johnson and Malow 2008; Efron et al. 2014).
Moreover, unregulated melatonin preparations or food supple-
ments are used despite considerable concerns over the quality and
potential safety hazards and lack of evidence on long-term efficacy
and safety (Hollway and Aman 2011; Erland and Saxena 2017).

Melatonin treatment has shown promise in the treatment of in-
somnia in children with neurodevelopmental disabilities (Ros-
signol and Frye 2011; Cortesi et al. 2012; Gringras et al. 2012). A
recent review of sleep-based interventions for children with ASD
concluded that melatonin and behavioral interventions are the most
effective of the current treatment options used for this condition
(Cuomo et al. 2017). However, there is currently only one mela-
tonin product with regulatory approval in the European Union and
other countries (prolonged release melatonin for insomnia in pa-
tients aged 55 and over) and no melatonin products approved for
use in children. Difficulty in swallowing may also limit the use of
adult prolonged-release preparations in children (Schirm et al.
2003). Whereas periodic re-evaluation of the ongoing need of using
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melatonin in the treatment of sleep problems in children with ASD
should be recommended as part of good clinical practice (GCP),
data needed to underpin evidence-based clinical recommendations
about useful duration dose and safety of melatonin treatment in such
children are missing. Furthermore, no long-term well-controlled
studies exist to support chronic use of such treatment in children
and adolescents.

Pediatric prolonged-release melatonin (PedPRM; Neurim Phar-
maceuticals) is a novel age-appropriate formulation (<3 mm in
diameter) under development for sleep disorders in children with
neurodevelopmental disabilities who have difficulty swallowing.
PedPRM is an oral solid dosage form of prolonged-release mela-
tonin mini-tablets to be swallowed as a whole. PedPRM has been
designed to gradually release melatonin, mimicking the physio-
logical secretion profile of melatonin that produces sustained
plasma levels of melatonin for up to 8-10 hours.

In a recent randomized, double-blind, placebo-controlled, par-
allel group multi-center (EU and United States) study, we inves-
tigated the effects of a new pediatric age-appropriate formulation of
prolonged-release melatonin (PedPRM) for 13 weeks in children
and adolescents (2—17.5 years old; n=125) with ASD and NGD
with or without ADHD comorbidity, who had not shown im-
provement after standard sleep behavioral intervention (Gringras
et al. 2017).

Results of the 13-week double-blind phase of the study indicated
that PedPRM (2/5mg) was efficacious and safe compared with
placebo for treatment of insomnia in children with ASD with/
without ADHD and NGD with clinically meaningful improvements
in total sleep time (TST), duration of uninterrupted sleep (longest
sleep episode [LSE]), and sleep latency (SL) and without causing
earlier wake-up time (Gringras et al. 2017).

A major aim of the study was to evaluate long-term safety of
PedPRM treatment, thus providing clinicians with evidence-based
long-term data. Here we report on the results of a prospective, 39-
week, open-label, follow-up PedPRM treatment of the aforemen-
tioned study, resulting in up to 52 weeks (1 year) of continuous
PedPRM treatment. The purpose of this follow-up was to describe
long-term (up to 52 weeks) efficacy and safety of PedPRM at the
optimal (2, 5, or 10 mg) daily dose and impact of the treatment on
caregivers’ sleep, daytime sleepiness, and quality of life.

Methods
Participants

Children and adolescents (2-17.5 years) with (1) physician-
diagnosed ASD according to ICD-10/Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-4; American
Psychiatric Association 1994)/Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5; American Psychiatric
Association 2013) criteria or (2) NGD who completed the double-
blind phase of the study and were willing to continue into the open-
label follow-up. The presence of comorbidities (e.g., enlarged tonsils
and adenoids, or gastroesophageal reflux disease) was recorded and
the child was allowed to be included in the study provided that the
physician investigators considered such comorbidities not to be the
cause for the sleep problem.

Exclusion criteria included other sleep disorders (e.g., moderate
to severe sleep apnea), use of prohibited medication as detailed
before (Gringras et al. 2017), melatonin within 2 weeks before
screening, allergy to melatonin or lactose, or unresponsive to pre-
vious Circadin® therapy participation in a clinical trial within the
last 3 months before the study. Females not using contraceptives
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but were sexually active and pregnant and/or breastfeeding females
were excluded.

Study design

The study was carried out in 14 centers in the United States and 10
centers in Europe: United Kingdom, France, the Netherlands, and
Finland. The 13-week, double-blind phase was conducted from De-
cember 2013 to May 2016. The 39-week, open-label follow-up took
place from March 2014 to February 2017. The protocol and informed
consent form were reviewed and approved by the institutional review
boards of participating institutions. The trial complied with the prin-
ciples of the Declaration of Helsinki (1989) and standards of GCP.

All participants and parents/legal guardians provided informed
assent and consent, respectively, under procedures and local regula-
tions of each country (ClinicalTrials.gov identifier: NCT01906866).

The study comprised 2-week, single-blind, placebo run-in (base-
line), a 13-week, randomized double-blind efficacy and safety study
of PedPRM (Neurim Pharmaceuticals Ltd.) or placebo treatment
(2mg, with optional dose escalation to 5mg after 3 weeks if the
patient did not improve from baseline by at least 1 hour in SL and/or
TST), followed by a 91-week, open-label PedPRM treatment and 2-
week, single-blind placebo period (withdrawal effects)—altogether
108 weeks (2.2 years) of study medication.

In the first 13 weeks of the follow-up, patients received PedPRM
(2/5mg) according to the double-blind phase dose. Accordingly,
patients who received 2 mg placebo in the double-blind phase re-
ceived 2 mg PedPRM, and those who were escalated to 5 mg pla-
cebo received 5 mg PedPRM. Once all subjects in the follow-up
phase completed 39 weeks of follow-up (altogether 12 months of
study medication), the 1-year data were summarized and are pre-
sented herein, while the patients continued in the study of addi-
tional 52 weeks of PedPRM treatment (ongoing).

Participants were instructed to take the study medication regu-
larly after the evening meal, 30—60 minutes before bedtime. After
the first 13 weeks of follow-up sleep variables were assessed, and if
the patient did not improve from baseline by at least 1 hour in SL
and/or TST in the double-blind or follow-up phases, the dose was
escalated from 2 to 5mg/day and from 5 to 10 mg/day. Optional
decrease in dose was also allowed at all times during the study,
based on the evaluation of excess drowsiness, behavioral changes,
or ceasing to respond to study drug. Children then continued open-
label on 2, 5, or 10 mg PedPRM for the remaining period, with
efficacy assessment after 26 and 39 weeks of follow-up.

Treatment compliance was monitored in all subjects using a
3-monthly tablet count %adherence = 100*(number of tablets dis-
pensed — number of tablets returned — number of tablets lost)/
(Number of tablets per day x number of days since last visit).

Patients with significant adverse events were withdrawn from
the study at the discretion of the investigator. All hypnotics or
treatments used to induce sleep (including benzodiazepines,
Z-drugs [benzodiazepine receptor agonists], herbal sleep prepara-
tions, antihistamines, alcohol) were not allowed during the study
[Table S1, published online in Gringras et al. (2017)].

Study endpoints

Sleep variables, reported by parent/caregiver, were assessed
using a validated parent-reported Sleep and Nap Diary (SND). The
SND was to be completed every morning by the parent/caregiver at
home for 14 days before each visit. Child sleep variables included
SND-recorded changes from baseline in mean TST, SL, number of
awakenings (NOA), LSE (duration of uninterrupted sleep), and
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quality of sleep (QOS—“Can you describe the child’s sleep quality
last night as one of the following: Very bad, Bad, Fair, Good, Very
good, Unknown’’) over the 14 days and change from baseline in
Composite Sleep Disturbance Index (CSDI) score.

Caregiver’s measures included the Pittsburgh Sleep Quality
Index (PSQI) score (Backhaus et al. 2002; Buysse et al. 2006),
WHO-5 Well-Being index (Bech et al. 2003), Epworth Sleepiness
Scale (ESS; Johns 1991), and CSDI-recorded satisfaction of child’s
sleep patterns. The PSQI comprises nine main questions relating to
the patient’s usual sleep habits during the previous 2 weeks. It
addresses possible reasons for trouble in sleeping as well as day-
time behavior. The caregiver is asked to give the most accurate
reply for the majority of his/her own days and nights during this
period. An algorithm is used to calculate seven component scores,
and these are added to give a global PSQI score. The PSQI has been
recommended as an essential measure for global sleep and in-
somnia symptoms in recent expert consensus recommendations for
a standard set of research assessments in insomnia (Buysse et al.
2006). The WHO-5 Well-Being index covers positive mood, vi-
tality, and general interests (Bech et al. 2003). A change of 10% and
more in WHO-5 is considered clinically relevant (WHO 1998).

The ESS is a self-administered questionnaire with eight ques-
tions. Caregivers were asked to rate, on a four-point scale (0-3),
their usual chances of dozing off or falling asleep while being
engaged in eight different activities. The higher the ESS score, the
higher that person’s average sleep propensity in daily life, or their
“‘daytime sleepiness’” (Johns 1991).

Safety was monitored throughout the study, using standard
clinical trials’ methods and definitions (Treatment-Emergent Signs
and Symptoms [TESS], AEs, vital signs, and physical examination).
Child development was assessed using Tanner scale (pubertal
stage), body mass index (BMI) percentiles (obesity), and Z scores
(growth). Epilepsy and health status assessments were also assessed.

Statistical methods

Efficacy analyses are presented for all participants who took at
least one dose of study medication, satisfied all major entry criteria,
and had valid assessments of mean TST at baseline and at least once
during the double-blind phase. Within-participant changes from
baseline were analyzed using paired #-tests. Missing data due to
participant withdrawal or other reasons were not imputed.

Results
Study population

One hundred twenty-five children (2-17.5 years; 96.8% ASD,
3.2% SMS) whose sleep failed to improve on behavioral intervention
alone were randomized (1:1 ratio), double-blind, to receive PedPRM
(2mg escalated to 5mg) or placebo for 13 weeks. A total of 95
participants who completed the 13-week double-blind phase entered
the 39-week, open-label follow-up phase (Fig. 1). Mean (standard
deviation [SD]) age was 9 (4.24); range was 2—17 years; 74.7% were
males; and mean BMI was 19.8. Of the 95 patients in the follow-up
phase, 51 had been assigned to PedPRM and 44 to placebo in the
double-blind phase. Eighty subjects completed the 39-week follow-
up (77 ASD, 3 SMS) and 15 discontinued; the most common reasons
for discontinuation were withdrawal of parent consent (mainly be-
cause of personal reasons) and lost to follow-up (Fig. 1).

Of those who completed the 39-week follow-up, 25 (31%) had
been diagnosed with comorbid ADHD (compared with 29% of
randomized subjects at baseline).



702 MARAS ET AL.
A
DB phase 13 weeks completers DB phase 13 weeks completers
PedPRM: 51 Placebo: 44
Follow up phase @ =======-=-=----------------mmm——mm =
Discontinued:3
Open Label 2-Adverse event
13 weeks: 92 ~ | 1-withdrawal of parent consent
No diary data:1
Follow up week13 .- ccmmcmmmmm e e e e mm e m———mm— = i
Open Label _ Discontinued: 7
— | 3-withdrawal of parent consent
13 weeks: 85 1-withdrawal of assent
2-protocol non-compliance
1-adverse event
No diary data: 5
Follow up week26 —cc--eccmecmmm e e e e mmmm————mmm -
Discontinued: 5
Open Label 1-withdrawal of parent consent
— ;
13 weeks:80 2-withdrawal of assent
1-early termination
1-LFTU
No diary data:2
Follow upweek39 —~~-~-~-~-~-~-~~-~--~--~--=-==T-T--om oo oo T e T T
2mg I
P —
B
Follow up W13 Follow up W13
N=59 N=32
5 9 .
Dose optimization Follow up W13 e 4—'?
1 —>
Follow up W26 Follow up W26 Follow up W26
N=33 N=29 N=17
Follow up W39 Follow up W39 Follow up W39
N=30 N=26 N=16

FIG. 1.

Overall study patient disposition (CONSORT diagram) (A) and dose breakdown for patients with SNDs (B). The study

comprised 9-month, open-label PedPRM treatment on 2 or 5 mg doses with optional dose adjustment after 13 weeks of the open-label
phase. PedPRM, pediatric prolonged-release melatonin; SND, Sleep and Nap Diary.

Of those completing 39 weeks of follow-up, stimulant was re-
ported by 15, clonidine by 6, and atomoxetine by 2. Patients re-
mained on stable doses of these drugs throughout the follow-up.

Mixed effect model repeat measurement (MMRM) analyses in-
cluding prior ADHD treatment, epilepsy, and prior clonidine use as
factors did not reveal effects of the comedications on the response to
PedPRM. Due to the small number of patients with each factor, no
conclusions could be drawn.

Seventy-two of the 80 completers had valid SND data.
Among the 23 patients who discontinued the study or did not

have valid SND data, 15 (65.5%) attained clinically meaningful
responses in TST and/or SL (improved on PedPRM by at least
45 minutes in TST or 15 minutes in SL or both, compared with
baseline), based on their last valid SND data during the follow-
up; this rate was similar to the respective number among patients
assigned to PedPRM in the double-blind phase (68.9%; Gringras
et al. 2017).

Treatment adherence was a mean 100% on average throughout
the study. Principal investigators reported that there was no need to
crush the mini-tablets and children were able to swallow the tablets,
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thus confirming previous findings on the acceptability and suitability
of 3-mm-diameter minitablets for preschool-aged children (Thom-
son et al. 2009; Gringras et al. 2017).

Efficacy

Sleep and Nap Diary. The mean (SE) changes from baseline
in SND-reported sleep measures (TST, SL, LSE, QOS, and NOA)
during 52 weeks of continuous PedPRM treatment (subjects who
had been assigned to PedPRM in the double-blind phase; n=41) are
presented in Figure 2. For ease of interpretation, data on this group
from the double-blind phase (Gringras et al. 2017) are also depicted
(yellow outline). As can be seen, improvements in TST (increase),
SL (decrease), and LSE (increase) observed in the double-blind

TST

g

# p=0.002 p=0.002 p=0.007

#
80
60 | T
40 T
20 I
O -
13 26 39 52

3
Treatment Duration, weeks

TST Change from baseline,
minutes

g sL

o 0

(1]

2 w

= |

< £ L

§E |

=

2 -60

j # #  p<0.001 p<0.001 p<0.001

7 -80
3 13 26 39 52
Treatment Duration, weeks
Sleep Quality

0" 14

c i #  p=0.004 p=0.001 p<0.001 p<0.001

= :

® 1 |

= 0.8

E o

°© L o6

u— T

o 3 04

by

S 0 — - -

38 3 13 26 39 52

o]

Treatment Duration, weeks

FIG. 2.

703

phase were maintained or enhanced throughout the follow-up
(Fig. 2). After 52 weeks of continuous PedPRM treatment, chil-
dren slept on average (mean [SE]) 62.08 (21.5) minutes longer
(p=0.007); duration of uninterrupted sleep (LSE) increased by
89.1 (25.5) minutes (p=0.001); SL shortened by 48.6 (10.21)
minutes (p<0.001); nightly awakenings NOA decreased by 0.41
(0.12; >50%; p=0.001); and quality of sleep improved significantly
(p<0.001) compared with baseline values (Fig. 2).

Subjects originally assigned to placebo also improved with
PedPRM treatment. By the end of 39 weeks of follow-up these
children slept on average (mean [SE]) 25.6 (17.2) minutes longer
(N.S.); duration of uninterrupted sleep (LSE) increased by 67.2
(22.99) minutes (p=0.007); SL shortened by 33.6 (8.3) minutes
(p<0.001); nightly awakenings NOA decreased by 0.38 (0.16;
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Effects of continuous PedPRM treatment (52 weeks) on child sleep. SND-reported change from baseline (end of the single-

blind placebo run-in phase) in mean (SE) TST (minutes), SL (minutes), duration of uninterrupted sleep (LSE, minutes), NOA, quality of
sleep, and CSDI in the PedPRM-assigned group during the 52 weeks of continuous treatment (n=41). For completion of the picture,
data from the 13-week, double-blind phase for this group (Gringras et al. 2017) are also depicted and marked with yellow outline.
# represents significant differences over placebo in the double-blind phase (MMRM analysis; Gringras et al. 2017). CSDI, Composite
Sleep Disturbance Index; LSE, longest sleep episode; NOA, number of awakenings; PedPRM, pediatric prolonged-release melatonin;
SL, sleep latency; SND, Sleep and Nap Diary; TST, total sleep time.
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p=0.021); and quality of sleep improved significantly (p=0.001)
compared with baseline values. Although improvements in this
group lagged behind those in the patients who were assigned to
PedPRM from start, there were no significant differences between
the groups, thus allowing us to combine the groups during the
follow-up phase (Table 1).

In the combined groups (Table 1), improvement was maintained or
enhanced over the 39-week follow-up after attaining the optimal
dose, with significant improvements over baseline in TST, SL, un-
interrupted sleep duration, NOA, and quality of sleep. Fifty-five
(76%) of the 72 patients who completed the 39-week follow-up and
who provided SND data achieved an overall improvement of 1 hour
or more in TST, SL, or both over baseline and, according to the
criteria used in the study, did not require further dose escalation. The
average daily dose after 1 year of treatment in patients who satisfied
this criterion was 5.3 mg (29% of these subjects used 2 mg/day, 47%
used 5 mg/day, and 24% used 10 mg/day). Seventeen subjects (24%)
had partial (6 of 17) or no measurable (11 of 17) response compared
with baseline even at the highest (10 mg) dose. MMRM analysis,
including age, co-medication, diagnosis, or symptom severity, has not
shown any particular trait for this group. Diagnosis (ASD with/
without ADHD or SMS) and co-medication (e.g., stimulants) did not
affect PedPRM efficacy outcomes (data not shown).

For the ASD-only subpopulation mean (SE) improvement in
TST in the whole group by the end of 39 weeks of follow-up was
44.5 (14.5) minutes (p=0.002) and SL decreased by 42.55 (6.88)
minutes (p<0.001), very similar to values observed in the total
study population (Table 1).

The sleep variables at each time-point were compared with those
at baseline to show that the treatment continued to be efficacious.
While it seems that the effect of the intervention improved over
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time, this improvement could be explained by the dose modifica-
tion, at least in part (Fig. 2; Table 1).

We explicitly looked at the group treated with 2 mg PedPRM
without dose escalation (Fig. 3). Findings of 2 mg treatment give a
clinically important information: (a) about lack of attrition effects
and (b) that there is a substantial group of children responding to
lower PedPRM doses. This group comprised 11 subjects who had
been randomized to PedPRM and remained on the 2mg dose (1
participant had a temporary dose escalation to 5 mg at week 3 but
was returned to 2 mg after week 13 of the follow-up) and 5 partici-
pants who had been randomized to placebo and given 2 mg PedPRM
in the 39 weeks of follow-up without dose escalation (2 participants
were randomized to placebo, had—due to dose escalation to 5 mg
placebo at week 3—received temporarily 5 mg PedPRM dose during
the first 13 weeks of follow-up but their dose was reduced to 2 mg
afterward). As can be seen in Figure 3, there was no evidence of
decreased efficacy of PedPRM over the 52 weeks. On the contrary,
patients staying on the 2 mg PedPRM dose had the same or greater
benefits over time without dose escalation (Fig. 3).

The average optimal dose for younger children in the cohort was
5.6 mg, while for the adolescents the mean dose was 8.3 mg, but the
dose range was the same across all age groups. The response
(change in TST and/or SL) did not differ significantly between the
age groups (Table 2).

Composite Sleep Disturbance Index. The mean (SEM)
change from baseline in total CSDI score in patients treated con-
tinuously with PedPRM for 52 weeks is presented in Figure 2. By
the end of the 52-week follow-up, mean (SE) total CSDI score
improved (decreased) —3.45 (0.53) units from baseline on average

TABLE 1. SLEEP VARIABLES AFTER 13, 26, AND 39 WEEKS OF OPEN-LABEL, PEDIATRIC PROLONGED-RELEASE
MELATONIN TREATMENT OF THE COMBINED POPULATION®

Variable 13 weeks open label

26 weeks open label 39 weeks open label

n® 9]

79 72

TST (minutes)

Estimated change from baseline® (SE)

37.01 (10.26)

p 0.001
SL (minutes)

Estimated change from baseline (SE) —28.39 (5.68)

p <0.001
NOA

Estimated change from baseline (SE) —0.35 (0.08)

p <0.001

Longest sleep duration (minutes)
Estimated change from baseline (SE)

64.21 (12.58)

p <0.001
Quality of sleep

Estimated change from baseline (SE) 0.53 (0.10)

p <0.001
Sleep disturbance (CSDI)

Estimated change from baseline (SE) —2.46 (0.330)

p <0.001

40.75 (12.34)

44.35 (13.94)

0.001 0.002
-41.9 (6.34) —41.36 (6.64)
<0.001 <0.001
-0.38 (0.09) -0.39 (0.1)
<0.001 <0.001

76.0 (15.5) 78.63 (17.18)
<0.001 <0.001
0.67 (0.12) 0.72 (0.14)
<0.001 <0.001
-3.12 (0.34) -3.27 (0.35)
<0.001 <0.001

Patients in PedPRM-randomized group had altogether 52 weeks and those in the placebo group had 39 weeks of continuous PedPRM treatment by the

end of the 39-week, open-label phase.
PAll patients who provided SND data.

“Baseline—2-week, single-blind placebo run-in before randomization.

CSDI, Composite Sleep Disturbance Index; NOA, number of awakenings; PedPRM, pediatric prolonged-release melatonin; SND, Sleep and Nap

Diary; TST, total sleep time.
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(p<0.001). Similar results were obtained with the whole group
regardless of randomization history (Table 1).

Caregivers’ outcomes. By the end of the follow-up, care-
givers of children who had been randomized to PedPRM and treated
continuously with PedPRM for 52 weeks had significant improve-
ments in sleep quality (mean [SE] change from baseline in PSQI
score —2.20 [0.517] units; p<0.001), quality of life (mean [SE]
change from baseline in WHO-5 2.41 [0.836] units; p=0.006), and
CSDI-assessed satisfaction of their child’s sleep patterns (1.95
[0.218]; p<0.001).

Changes from baseline in mean PSQI score for the caregivers
of the combined groups during the 39-week follow-up are shown
in Figure 4. There was a gradual improvement in PSQI over time.
By the end of the follow-up mean (SE) PSQI score of the caregivers
was lower (improved) by 1.79 (0.42) units compared with baseline
(p<0.001). Forty-nine percent of caregivers attained complete re-
mission of insomnia (PSQI score <6; Buysse et al. 1989).

In addition, caregivers’ quality of life improved significantly
with PedPRM treatment. By the end of 39 weeks of follow-up the

mean (SE) WHO-5 increased (improved) by 1.96 (0.59) units
compared with baseline (p=0.001; Fig. 4). Approximately 49%
(38/77) of caregivers experienced a clinically relevant improve-
ment of 10% or more over the baseline quality-of-life score at week
39 of the follow-up.

Importantly, parents’ satisfaction of their child’s sleep (CSDI)
increased significantly, and by the end of the 39 weeks of follow-up
it was improved by mean (SE) 1.9 (0.15) units on a scale of 1-5
(p<0.001; Fig. 4).

Caregivers’ daytime sleepiness (ESS) improved significantly
after 13 weeks of follow-up compared with baseline with a trend
(p<0.1) to improve after 26 and 39 weeks of follow-up (Fig. 4).
Thirty-three percent of parents had a relevant reduction of 25% or
more on the ESS by the end of follow-up.

Safety

Serious adverse events. Three adverse events were consid-
ered “serious” according to standard regulatory definitions, during
weeks 13-52 of the study (the first 39 weeks of follow-up). These
included (one case each) aggression, oppositional defiant disorder,
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TABLE 2. DOSE AND RESPONSE BY AGE AFTER 1 YEAR OF CONTINUOUS STUDY MEDICATION
IN CHILDREN WITH AUTISM SPECTRUM DISORDER
Age, years n Mean dose (range), mg Mean (SE) change in TST, minutes Mean (SE) change in SL, minutes
2-7 28 5.64 (2-10) 52.36 (26.52) —48.66 (8.87)
8-11 20 5.20 (2-10) 45.12 (26.46) —41.89 (12.31)
>12 24 8.33 (2-10) 34.37 (18.58) —32.40 (13.80)

SL, sleep latency; TST, total sleep time.

and constipation. All of these events were considered “‘not related” to
the study medication by review of the physician investigator, and
none led to study drug discontinuation.

Treatment-emergent adverse events.  Out of the 95 patients
in the follow-up, 74 patients (77.9%) reported a total of 333 treatment-
emergent adverse events (TEAEs) during weeks 13-52 of the study—
the first 39 weeks of follow-up (Table 3). Of these TEAEs 26 events in
17 patients were considered treatment-related by review of the phy-
sician investigator: 3 of those in 3 subjects (malaise, headache, and

insomnia [one case each]) led to study drug discontinuation. There was
one patient who temporarily discontinued (interrupted treatment) due
to a TEAE (sinusitis) and returned to the study afterward.

The total number of weeks on PedPRM therapy for the 95 pa-
tients was 3796 weeks.

The most commonly reported TEAEs were fatigue (18.9%),
vomiting (17.9%), somnolence (16.8%), cough (13.7%), mood
swings (13.7%), upper respiratory tract infection (10.5%), head-
ache and rash (8.4% each), dyspnea (7.4%), constipation, nausea
and pyrexia (6.3% each), rhinorrhea, aggression and agitation

TABLE 3. TREATMENT-EMERGENT AND TREATMENT-RELATED ADVERSE EVENTS

Treatment related TEAEs

TEAE Patients % of completers (n=95) Events Patients/%/events
At least 1 TEAE 74 77.9% 333 17/17.9%/26
Fatigue 18 18.9% 20 5/5.3%/5
Vomiting 17 17.9% 25

Somnolence 16 16.8% 19 2/2.1%/2
Cough 13 13.7% 20

Mood swings 13 13.7% 13 3/3.2%/3
Upper respiratory tract infection 10 10.5% 16

Headache 8 8.4% 8 1/1.1%/1
Rash 8 8.4% 8 1/1.1%/1
Dyspnea 7 7.4% 7

Constipation 6 6.3% 9

Nausea 6 6.3% 7

Pyrexia 6 6.3% 7

Rhinorrhea 5 5.3% 5

Aggression 5 5.3% 5 2/2.1%/2
Agitation 5 5.3% 6 1/1.1%/1
Gastroenteritis 4 4.2% 4

Viral respiratory tract infection 4 4.2% 4

Asthma 4 4.2% 4

Hangover 4 4.2% 4 2/2.1%/2
Ear infection 3 32% 5

Influenza 3 3.2% 5

Lower respiratory tract infection 3 3.2% 4

Otitis media 3 3.2% 4

Dizziness 3 32% 4

Seizure 3 3.2% 3

Tremor 3 3.2% 3

Dental caries 3 3.2% 3

Weight increase 3 3.2% 3

Sinusitis 3 3.2% 3 2/2.1%/2
Irritability 2 2.1% 2 2/2.1%/2
Somnambulism 2 2.1% 2 1/1.1%/1
Psychomotor hyperactivity 2 2.1% 3 1/1.1%/1
Pruritus 2 2.1% 3 1/1.1%/1
Delayed sleep phase 1 1.1% 1 1/1.1%/1
Contusion 1 1.1% 1 1/1.1%/1
Overdose 1 1.1% 1 1/1.1%/1

TEAEs occurring at 23% and all TEAEs considered to be treatment-related are depicted.

TEAESs, treatment-emergent adverse events.
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FIG. 4. Effects of continuous PedPRM treatment (52 weeks) of the children on their caregivers. Change from baseline in the
combined patient groups in mean (SE) caregivers’ sleep quality (PSQI), quality of life (WHO-5), ESS, and CSDI-recorded parents’
satisfaction of the child’s sleep during the 39-week follow-up (n=78). CSDI, Composite Sleep Disturbance Index; ESS, Epworth
Sleepiness Scale; PedPRM, pediatric prolonged-release melatonin; PSQI, Pittsburgh Sleep Quality Index.

(5.3% each). Only in 17.9% of patients the TEAEs were considered
by the physician investigator to be definitely, probably, or possibly
related to study medication. Of these, the most commonly reported
adverse events were fatigue in 5 patients (5.3%); mood swings in 3
patients (3.2%); irritability, aggression, hangover, and somnolence,
each in 2 patients (2.1% each). No noticeable changes were found
in vital signs at any time-point during the study. Furthermore, there
were no differences from baseline in the physical examination.
There were small increases in BMI and Z-scores (BMI SD of rel-
ative weight adjusted for child age and sex, based on the Center for
Disease Control growth charts) in the PedPRM and placebo groups,
with no clinically significant difference between the groups. Mean
(SE) Z-score increased from baseline by 0.10 (0.049) after 26
weeks (p=0.042), 0.11 (0.063) after 39 weeks (p=0.077), and
0.20 (0.077) after 52 weeks (p=0.013) of study medication as
expected for developing children and adolescents and thus not
considered related to the treatment. Mean (SE) BMI increased from
baseline 0.44 (0.15) after 39 weeks (p=0.005) and 0.69 (0.18;
p<0.001) after 52 weeks). No TEAE:s related to weight gain or loss
were reported in the study.

Discussion

This study reports 1-year efficacy and safety of a pediatric-
appropriate prolonged-release melatonin (PedPRM) in children

with ASD (97%) or NGD (3%) with sleep disorders. The beneficial
effects of PedPRM on sleep that were demonstrated in the 13-week,
double-blind phase over placebo were maintained or augmented
throughout the 39 weeks of follow-up by significantly increasing
TST, reducing SL, and increasing the duration of uninterrupted
sleep (sleep maintenance) compared with baseline. In addition,
quality of sleep and NOA improved significantly over the long-
term follow-up compared with baseline. The results of SND were
corroborated by CSDI, showing that children had reduced sleep
disturbances. Altogether 76% of children (3 of 4) had long-term
benefit from PedPRM at the optimal dose (2, 5, or 10 mg daily),
achieving 60 minutes or more of longer sleep duration and/or
shortening of SL.

There were no serious treatment-related adverse effects. Ad-
verse effects were few and generally mild, with fatigue emerging as
the main TEAE. Mood swings were in part ascribed to the treatment.
Notably, during the double-blind phase, as well as the follow-up,
mood swings occurred more in the placebo than PedPRM-assigned
group (11 vs. 9 in the double-blind and 8 vs. 5 in the follow-up
phase, respectively), and most were not considered related to treat-
ment. Children and adolescents with ASD can have more frequent
or more severe mood changes than typically developing teenagers
(Arnold et al. 2006), and as this is an open-label study, the mood
swings considered treatment related may in fact be due to the un-
derlying disorder.
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A clinically described difficulty with some melatonin formula-
tions has been the gradual loss of effect over time (Braam et al.
2010, 2013). Looking at the evolution of efficacy in patients re-
ceiving PedPRM without any dose escalation, it appears that they
remained responsive throughout the study and no increase in dos-
age was necessary to avoid attrition of effects. Rather, the response
further evolved gradually, and these improvements were main-
tained throughout the rest of the follow-up.

A limitation in this follow-up study was the open-label design of
the study. It is therefore pertinent to ask whether the apparent in-
crease in efficacy with time is a drug-related clinical benefit or that it
is linked to spontaneous remission of insomnia. Spontaneous re-
mission of insomnia that might contribute to the overall improve-
ment during the 39 weeks of follow-up in some patients cannot be
ruled out. However, taking the known persistence of insomnia in
this population (Sivertsen et al. 2012), this is uncommon.

Another limitation in our study was that due to the design of the
double-blind phase, most (~80%) patients in the placebo group
were escalated to the Smg (placebo) dose and therefore had a
starting dose of 5 mg PedPRM in the open-label follow-up (Grin-
gras et al. 2017). It is assumed that if these patients would have
started 2mg PedPRM treatment, a considerable number (up to
40%) would have stayed on the 2mg dose as was seen in the
PedPRM-assigned group.

Because this study treatment of sleep disorder problems in
children with ASD was the primary purpose of medical interven-
tion and not to improve core symptoms related to the ASD, the
effects of the treatment on ASD severity and comorbid intellectual
disability remain to be explored.

Disrupted melatonin secretion in ASD can explain some of the
difficulties seen in these patients regarding initiating and main-
taining sleep (Melke et al. 2008; Hu et al. 2009; Glickman 2010;
Jonsson et al. 2010; Pagan et al. 2011; Tordjman et al. 2012). The
enhanced efficacy over time with PedPRM in a number of sleep and
daytime variables may perhaps be attributed to improvement in the
adjustment of the circadian system to the day—night cycle (Wade
et al. 2011; Roth et al. 2015).

Of note, clinicians, parents, and children could decide at any time
during the study to discontinue the treatment and end study partic-
ipation without the necessity to declare any reasons for it. In fact, in
most cases, participating clinicians, parents, and children decided to
continue PedPRM treatment during the follow-up period, possibly
due to ongoing improvement seen even after several months of
treatment. Furthermore, benefit to caregivers was also noticed, with
improvement in sleep quality (PSQI), daytime sleepiness (ESS),
quality of life (WHO-5), and parents’ satisfaction of their child’s
sleep patterns. Disturbed child’s sleep has a negative impact on the
whole family’s health and well-being and impairs their proper
employment or further education (Gail Williams et al. 2004; Dev-
nani and Hegde 2015; May et al. 2015). Parents of children with
neurodevelopmental disorders who reported that their child had a
sleep problem were more likely to have their own sleep disturbed by
the child (Robinson and Richdale 2004). The results of this study,
showing clinically relevant improvements in caregivers’ sleep and
quality of life, beyond the beneficial effects on the child, corroborate
the importance of improving sleep in the children and adolescents to
reduce family distress.

Conclusions

PedPRM, an easily swallowed formulation of prolonged-release
melatonin, is shown to be a safe and effective option for long-term

MARAS ET AL.

treatment of insomnia in children with ASD or NGD and is also
associated with improvement in caregivers’ quality of life. Effects
are seen rapidly and maintained long term, with no sign of de-
creased efficacy throughout the 52 weeks of study. Efficacy was
demonstrated in terms of significantly increased TST, reduced SL,
longer uninterrupted sleep period, improved quality of sleep, and
reduction in mid-sleep awakenings. Parents’ sleep quality and
quality of life improved. Adverse events on PedPRM treatment
included fatigue and mood swings. No unexpected safety issues
were reported.

Clinical Significance

Children with ASD have a disproportionally high prevalence of
insomnia compared with typically developing children. Data on
effectiveness/efficacy of current treatments for the sleep problem
are quite limited, and some medications have problematic, potential
side effects. PedPRM, an easily swallowed formulation shown to be
efficacious versus placebo, is shown to be an efficacious and safe
option for long-term treatment (up to 52 weeks reported here) of
children with ASD and NGD, suffering from insomnia, and sub-
sequently improves caregivers’ quality of life.

Acknowledgments

We would like to thank the study participants and their families
for their cooperation and commitment. We thank all members of the
trial team for their active contribution. We express our sincere
gratitude to Dr. Moshe Laudon for developing the investigational
drug and to Dr. Amnon Katz for his help with the study design and
research. Moreover, a sincere gratitude to all investigators who
participated in the study: Dr. Raja Roshan, Clinical Research Center
of Nevada; Dr. Partinen Markku, P4ijat-Hédme Central Hospital; Dr.
Bennett Amanda, Children’s Hospital of Philadelphia; Dr. Bostrom
Samantha, Ericksen Research & Development; Dr. Hillock Karen,
Lake Mary Pediatrics; Dr. Melmed Raun, Southwest Autism Re-
search & Resource Center; Dr. Ginsberg Lawrence, Red Oak Psy-
chiatry Association; Dr. Challman Thomas, Geisinger Health
Systems; Dr. Hill Catherine, University Hospital Southampton NHS
Foundation Trust; Dr. Thomas Megan, Blackpool Victoria Hospital
NHS Trust; Dr. Smits Marcel G, Ziekenhuis Gelderse Vallei; Dr.
Tomasovic Jerry, Road Runner Research; Dr. Gallo Ralph, Clinical
Research Center; Dr. Mate Laszlo; Dr. Rico Angel, Crystal Bio-
medical Research; Dr. Shiwach Rajinder, Insite Clinical Research;
Dr. Pinard Jean-Marc, Hopital Raymond Poincaré; Dr. Kallappa
Chetana, Birmingham Childrens Hospital NHS Trust, Dr. Dennis
Bastiaansen, Yulius Autisme, Yulius Mental Health Organization;
and Bjorn Jaime van Pelt, MS, Researcher, Yulius Autisme, Yulius
Mental Health Organization.

Disclosures

AM.,B.A.M., and C.M.S. were investigators; P.G. was the chief
investigator and paid consultant; R.L.F. was the chief investigator
and receives or has received research support, acted as a consultant,
and/or served on a speaker’s bureau for Aevi, Akili, Alcobra,
Amerex, American Academy of Child and Adolescent Psychiatry,
American Psychiatric Press, Bracket, Epharma Solutions, Forest,
Genentech, Guilford Press, Ironshore, Johns Hopkins University
Press, KemPharm, Lundbeck, Merck, NIH, Neurim, Nuvelution,
Otsuka, PCORI, Pfizer, Physicians Postgraduate Press, Purdue,
Roche, Sage, Shire, Sunovion, Supernus Pharmaceuticals, Sy-
neurx, Teva, Tris, TouchPoint, Validus, and WebMD, J.B. was



PROLONGED-RELEASE MELATONIN FOR INSOMNIA IN ASD

the statistician of the study; all were paid by Neurim Pharma-
ceuticals and declare no interests. S.S. and T.N. are employees
and N.Z. is the founder and Chief Scientific Officer of Neurim
Pharmaceuticals.

References

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, 4th ed. Washington, DC: American Psychia-
tric Association; 1994.

American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders, 5th ed. Washington, DC: American Psychia-
tric Association; 2013.

Appleton RE, Jones AP, Gamble C, Williamson PR, Wiggs L,
Montgomery P, Sutcliffe A, Barker C, Gringras P: The use of
melatonin in children with neurodevelopmental disorders and im-
paired sleep: A randomised, double-blind, placebo-controlled,
parallel study (MENDS). Health Technol Assess 16:i—-239, 2012.

Arnold LE, Aman MG, Cook AM, Witwer AN, Hall KL, Thompson
S, Ramadan Y: Atomoxetine for hyperactivity in autism spectrum
disorders: Placebo-controlled crossover pilot trial. ] Am Acad Child
Adolesc Psychiatry 45:1196-1205, 2006.

Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F: Test-
retest reliability and validity of the Pittsburgh Sleep Quality Index
in primary insomnia. J Psychosom Res 53:737-740, 2002.

Bech P, Olsen LR, Kjoller M, Rasmussen NK: Measuring well-being
rather than the absence of distress symptoms: A comparison of the
SF-36 Mental Health subscale and the WHO-Five Well-Being
Scale. Int J] Methods Psychiatr Res 12:85-91, 2003.

Braam W, Keijzer H, Struijker Boudier H, Didden R, Smits M, Curfs
L: CYP1A2 polymorphisms in slow melatonin metabolisers: A
possible relationship with autism spectrum disorder? J Intellect
Disabil Res 57:993-1000, 2013.

Braam W, Van Geijlswijk I, Keijzer H, Smits MG, Didden R, Curfs
LM: Loss of response to melatonin treatment is associated with slow
melatonin metabolism. J Intellect Disabil Res 54:547-555, 2010.

Buysse DJ, Ancoli-Israel S, Edinger JD, Lichstein KL, Morin CM:
Recommendations for a standard research assessment of insomnia.
Sleep 29:1155-1173, 2006.

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ: The
Pittsburgh Sleep Quality Index: A new instrument for psychiatric
practice and research. Psychiatry Res 28:193-213, 1989.

Cortesi F, Giannotti F, Sebastiani T, Panunzi S, Valente D:
Controlled-release melatonin, singly and combined with cognitive
behavioural therapy, for persistent insomnia in children with autism
spectrum disorders: A randomized placebo-controlled trial. J Sleep
Res 21:700-709, 2012.

Cuomo BM, Vaz S, Lee EAL, Thompson C, Rogerson JM, Falkmer
T: Effectiveness of sleep-based interventions for children with
autism spectrum disorder: A meta-synthesis. Pharmacotherapy 37:
555-578, 2017.

Devnani PA, Hegde AU: Autism and sleep disorders. J Pediatr Neu-
rosci 10:304-307, 2015.

Doo S, Wing YK: Sleep problems of children with pervasive devel-
opmental disorders: Correlation with parental stress. Dev Med
Child Neurol 48:650-655, 2006.

Efron D, Lycett K, Sciberras E: Use of sleep medication in children
with ADHD. Sleep Med 15:472-475, 2014.

Elrod MG, Hood BS: Sleep differences among children with autism
spectrum disorders and typically developing peers: A meta-analysis.
J Dev Behav Pediatr 36:166-177, 2015.

Erland LA, Saxena PK: Melatonin natural health products and sup-
plements: Presence of serotonin and significant variability of mel-
atonin content. J Clin Sleep Med 13:275-281, 2017.

709

Gail Williams P, Sears LL, Allard A: Sleep problems in children with
autism. J Sleep Res 13:265-268, 2004.

Glickman G: Circadian rhythms and sleep in children with autism.
Neurosci Biobehav Rev 34:755-768, 2010.

Gringras P, Gamble C, Jones AP, Wiggs L, Williamson PR, Sutcliffe
A, Montgomery P, Whitehouse WP, Choonara I, Allport T, Ed-
mond A, Appleton R, Group MS: Melatonin for sleep problems in
children with neurodevelopmental disorders: Randomised double
masked placebo controlled trial. BMJ 345:e6664, 2012.

Gringras P, Nir T, Breddy J, Frydman-Marom A, Findling RL: Effi-
cacy and safety of pediatric prolonged-release melatonin for in-
somnia in children with autism spectrum disorder. J Am Acad Child
Adolesc Psychiatry 56:948-957.e944, 2017.

Hollway JA, Aman MG: Pharmacological treatment of sleep distur-
bance in developmental disabilities: A review of the literature. Res
Dev Disabil 32:939-962, 2011.

Howes OD, Rogdaki M, Findon JL, Wichers RH, Charman T, King
BH, Loth E, Mcalonan GM, McCracken JT, Parr JR, Povey C,
Santosh P, Wallace S, Simonoff E, Murphy DG: Autism spectrum
disorder: Consensus guidelines on assessment, treatment and re-
search from the British Association for Psychopharmacology. J
Psychopharmacol 32:3-29, 2018.

Hu VW, Sarachana T, Kim KS, Nguyen A, Kulkarni S, Steinberg ME,
Luu T, Lai Y, Lee NH: Gene expression profiling differentiates
autism case-controls and phenotypic variants of autism spectrum
disorders: Evidence for circadian rhythm dysfunction in severe
autism. Autism Res 2:78-97, 2009.

Johns MW: A new method for measuring daytime sleepiness: The
Epworth sleepiness scale. Sleep 14:540-545, 1991.

Johnson KP, Malow BA: Sleep in children with autism spectrum
disorders. Curr Treat Options Neurol 10:350-359, 2008.

Jonsson L, Ljunggren E, Bremer A, Pedersen C, Landen M, Thuresson
K, Giacobini M, Melke J: Mutation screening of melatonin-related
genes in patients with autism spectrum disorders. BMC Med Geno-
mics 3:10, 2010.

Kotagal S, Broomall E: Sleep in children with autism spectrum dis-
order. Pediatr Neurol 47:242-251, 2012.

Krakowiak P, Goodlin-Jones B, Hertz-Picciotto I, Croen LA, Hansen
RL: Sleep problems in children with autism spectrum disorders,
developmental delays, and typical development: A population-
based study. J Sleep Res 17:197-206, 2008.

Kuhlthau K, Orlich F, Hall TA, Sikora D, Kovacs EA, Delahaye J,
Clemons TE: Health-related quality of life in children with autism
spectrum disorders: Results from the autism treatment network. J
Autism Dev Disord 40:721-729, 2010.

Leitner Y: The co-occurrence of autism and attention deficit hyper-
activity disorder in children—What do we know? Front Hum
Neurosci 8:268, 2014.

May T, Cornish K, Conduit R, Rajaratnam SM, Rinehart NJ: Sleep in
high-functioning children with autism: Longitudinal developmental
change and associations with behavior problems. Behav Sleep Med
13:2-18, 2015.

Melke J, Goubran Botros H, Chaste P, Betancur C, Nygren G, An-
ckarsater H, Rastam M, Stahlberg O, Gillberg IC, Delorme R,
Chabane N, Mouren-Simeoni MC, Fauchereau F, Durand CM,
Chevalier F, Drouot X, Collet C, Launay JM, Leboyer M, Gillberg
C, Bourgeron T: Abnormal melatonin synthesis in autism spectrum
disorders. Mol Psychiatry 13:90-98, 2008.

Mindell JA, Emslie G, Blumer J, Genel M, Glaze D, Ivanenko A,
Johnson K, Rosen C, Steinberg F, Roth T, Banas B: Pharmacologic
management of insomnia in children and adolescents: Consensus
statement. Pediatrics 117:€1223-1232, 2006.

Pagan C, Botros HG, Poirier K, Dumaine A, Jamain S, Moreno S, de
Brouwer A, Van Esch H, Delorme R, Launay JM, Tzschach A,



710

Kalscheuer V, Lacombe D, Briault S, Laumonnier F, Raynaud M,
Van Bon BW, Willemsen MH, Leboyer M, Chelly J, Bourgeron T:
Mutation screening of ASMT, the last enzyme of the melatonin
pathway, in a large sample of patients with intellectual disability.
BMC Med Genet 12:17, 2011.

Robinson AM, Richdale AL: Sleep problems in children with an in-
tellectual disability: Parental perceptions of sleep problems, and
views of treatment effectiveness. Child Care Health Dev 30:139—
150, 2004.

Rossignol DA, Frye RE: Melatonin in autism spectrum disorders: A
systematic review and meta-analysis. Dev Med Child Neurol 53:
783-792, 2011.

Roth T, Nir T, Zisapel N: Prolonged release melatonin for improving
sleep in totally blind subjects: A pilot placebo-controlled multi-
center trial. Nat Sci Sleep 7:13-23, 2015.

Schirm E, Tobi H, de Vries TW, Choonara I, De Jong-van den Berg
LT: Lack of appropriate formulations of medicines for children in
the community. Acta Paediatr 92:1486-1489, 2003.

Sivertsen B, Posserud MB, Gillberg C, Lundervold AJ, Hysing M:
Sleep problems in children with autism spectrum problems: A
longitudinal population-based study. Autism 16:139-150, 2012.

Taira M, Takase M, Sasaki H: Sleep disorder in children with autism.
Psychiatry Clin Neurosci 52:182-183, 1998.

Thomson SA, Tuleu C, Wong IC, Keady S, Pitt KG, Sutcliffe AG:
Minitablets: New modality to deliver medicines to preschool-aged
children. Pediatrics 123:e235-e238, 2009.

MARAS ET AL.

Tordjman S, Anderson GM, Bellissant E, Botbol M, Charbuy H,
Camus F, Graignic R, Kermarrec S, Fougerou C, Cohen D, Touitou
Y: Day and nighttime excretion of 6-sulphatoxymelatonin in ad-
olescents and young adults with autistic disorder. Psychoneur-
oendocrinology 37:1990-1997, 2012.

Wade AG, Crawford G, Ford I, McConnachie A, Nir T, Laudon M,
Zisapel N: Prolonged release melatonin in the treatment of primary
insomnia: Evaluation of the age cut-off for short- and long-term
response. Curr Med Res Opin 27:87-98, 2011.

WHO: (1998). WHO-5 World Health Organization info package: Mas-
tering depression in primary care. www.dawnstudy.com/content/dam/
Dawnstudy/AFFILIATE/www-dawnstudy-com/Home/TOOLSAND
RESOURCES/Documents/WHO-5.pdf. Accessed August 5, 2018.

World Medical Association. Declaration of Helsinki. 1989. https://
www.wma.net/wp-content/uploads/2018/07/DoH-Sept1989.pdf. Ac-
cessed August 6, 2018.

Address correspondence to:
Athanasios Maras, MD

Yulius Academy

Yulius Mental Health Organization
Dennenhout 1

Barendrecht 2994 GC

The Netherlands

E-mail: a.maras@yulius.nl


www.dawnstudy.com/content/dam/Dawnstudy/AFFILIATE/www-dawnstudy-com/Home/TOOLSANDRESOURCES/Documents/WHO-5.pdf
www.dawnstudy.com/content/dam/Dawnstudy/AFFILIATE/www-dawnstudy-com/Home/TOOLSANDRESOURCES/Documents/WHO-5.pdf
www.dawnstudy.com/content/dam/Dawnstudy/AFFILIATE/www-dawnstudy-com/Home/TOOLSANDRESOURCES/Documents/WHO-5.pdf
https://www.wma.net/wp-content/uploads/2018/07/DoH-Sept1989.pdf
https://www.wma.net/wp-content/uploads/2018/07/DoH-Sept1989.pdf

