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INTRODUCTION

The long-term goal of our center is to bring novel and effective treatment modalities for patients
with Prader-Willi Syndrome (PWS). This study will address excessive daytime sleepiness (EDS),
one of the key clinical issues that affect persons with PWS. There is extensive literature
demonstrating the efficacy of light therapy (LT) in treating EDS and behavioral symptoms in other
populations, with LT being accepted as an evidence-based treatment for seasonal depression.
Bright light therapy improves day-night (circadian) rhythm and is known to have acute alertness
promoting effect. Our hypothesis is that LT, as a sensory therapy, would improve sleepiness,
mood, and behavior in patients with PWS. Research suggests that EDS is present independent of
sleep apnea in patients with PWS. The limited availability of medication options further
emphasizes the need to explore non-medication therapies for the management of EDS in PWS.

We propose to utilize a naturalistic approach to management of EDS independent of the presence
of obstructive sleep apnea. Therefore, this study will examine the impact of LT on EDS defined as
a score of 12 or more on the Epworth Sleepiness Scale (ESS) due to all causes in patients with
PWS. Our specific aims are two-fold: 1) To determine the impact of LT on EDS in patients with
Prader-Willi Syndrome (PWS). 2) To elucidate the effect of LT on mood, behavior, body weight,
and hyperphagia in PWS patients.

BACKGROUND AND SIGNIFICANCE

Excessive daytime sleepiness or EDS is defined in the DSM-5 as “symptoms of excessive
sleepiness associated with lapses into sleep, feeling unrefreshed despite adequate sleep time and
difficulty waking in the morning despite adequate nighttime sleep”. In addition to sleep
disturbance, EDS disrupts school performance and may be associated with irritability and
behavioral problems seen in individuals with PWS. The etiology of EDS in PWS seems to be
genetic and beyond what would be explained by the role of weight gain and low muscle tone
leading to obstructive sleep apnea (OSA). This is evidenced by the persistence of EDS despite
adequate treatment of OSA in patients with PWS. Several studies have demonstrated that
SNORD116 plays a role in sleep. Rodent PWS mutant models have demonstrated that deletions in
SNORD116 lead to an increased REM/NREM ratio, increased REM fragmentation, and increased
amplitude of theta waves during REM sleep in the light phase. This speaks to the possibility that
light exposure might have a modulating effect on the sleep abnormalities noted in PWS. While
multiple studies provide evidence that light therapy is a simple, cost-effective modality with
minimal side effects in other populations, there are no studies exploring its efficacy in treatment
of EDS in patients with PWS.
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Randomized controlled trials have shown that light therapy (LT) is associated with phase advances
of the melatonin rthythm. Morning exposure to LT can suppress melatonin secretion resulting in
the reduction of excessive daytime sleepiness and insomnia, as well as improving alertness. LT
utilizes appropriately timed exposure to an artificial full spectrum lamp at 10,000 lux. It is thought
to work by resynchronizing the biological clock (circadian system), enhancing alertness, and
acting on serotonin, and other monoaminergic pathways.

The effects of LT are well-researched in several patient populations. As an example, EDS
decreased significantly in the period from rising time to 3:00 P.M. with 2 hours/day of LT in
nursing home patients with dementia. Additionally, LT has shown positive effects on mood,
activity, and expressive language in patients with dementia. LT has also shown benefit in reducing
fatigue in patients with traumatic brain injury. Interestingly, LT seems to have a dose-dependent
effect on “threat-related brain function” by modulating amygdala-prefrontal reactivity and
communication. This effect is consequential due to the known neurobiological correlates of PWS
which contribute to increased impulsivity and reactive aggression. LT is an evidence-based
treatment for both seasonal and non-seasonal depression and leads to significant improvement in
circadian dysregulation. LT has been used as monotherapy as well as an adjunct in several
depression trials. In addition to its effects of mood and behavior, LT has been shown to improve
sleep architecture in patients with type 2 diabetes without PWS, suggesting that patients at risk for
metabolic illnesses and EDS might benefit from this intervention. Significant reduction in night-
time eating has been demonstrated with LT as well. Finally, there is some evidence suggesting that
the addition of LT can alter body composition by significantly reducing body fat especially when
combined with exercise.

Sleep disorders are common and under-recognized in people with PWS. Excessive daytime
sleepiness (EDS) affects over half of all individuals with PWS. The repercussions of EDS extend
beyond sleep disturbance to other behavioral issues seen in PWS. The pharmacological strategies
for the management of EDS in PWS include the use of stimulants, modafinil, and pitolisant.
However, the prevalence of side effects and drug-drug interactions limit their use. Other than the
use of continuous positive airway pressure (CPAP) in patients with co-morbid OSA, no other
evidence-based non-pharmacologic management strategies for EDS in patients with PWS are
available. LT, is a well-established, evidence-based non-pharmacological treatment to manage
sleep disorders such as delayed sleep phase syndrome. Moreover, LT has shown efficacy for the
management of EDS in patients with and without OSA. Despite the reported elevated risk of
behavioral activation with LT, multiple studies evaluating its efficacy in the management of
bipolar depressions have shown no significant risk of manic switching. LT has a well-known
favorable safety profile.

Given the limited medication options, and their side effects, there is need to explore non-
medication therapies for the management of EDS in PWS. Despite the ubiquity of EDS in PWS
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and ample evidence of LT being an effective modality for the management of EDS in the general
population, LT has not been studied in patients with PWS. This will be the first study looking at
the efficacy and tolerability of LT in the management of all-cause EDS in patients with PWS.

STUDY OBJECTIVES

The primary objective of this study is to reduce EDS in PWS as evidenced by a significant
reduction in the ESS score.

The secondary objectives include understanding the effect of LT on mood, behavior, body weight,
and hyperphagia in the participants with PWS.

HYPOTHESIS

Our hypothesis is that LT, as a sensory therapy, would improve sleepiness, mood, and behavior
in patients with PWS.

EXPERIMENTAL DESIGN AND METHODS

Study Design: Double-Blind Randomized Controlled Trial with Open Label Extension
Subjects: Children with Prader-Willi Syndrome
Eligibility Criteria:

Inclusion Criteria:

1) Subjects must be between 6 and 18 years of age
2) Diagnosis of PWS confirmed by genetic testing
3) Score of 12 or above on the Epworth Sleepiness Scale (ESS).

Exclusion Criteria:

1) Subjects with an eye condition that could be negatively affected by bright light
such as patients with a history of retinal damage or patients needing
photosensitizing medications

2) A history of previous treatment with LT

3) Patients presenting with active psychosis or mania

Note: Patients who have a documented history of OSA may be included as long as their regimen
of treatment such as CPAP/BiPAP is unchanged for at least 4 weeks leading to the study and will
remain so for the duration of the study.
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Study Procedure: In order to make the study more accessible, and to minimize the risk of COVID-
19 infection, all screenings and evaluations will be conducted utilizing a HIPAA-compliant video
based tele-health platform. By utilizing over-the-counter materials which will be mailed to
patients, all participants can be included in the study without any in-person visits. To duplicate
real-world settings, patients will be using LT in the comfort of their homes without any invasive
tests or physical examinations and without the risk of disrupting circadian rhythms due to travel.
Despite the reported elevated risk of behavioral activation with LT, multiple studies evaluating its
efficacy in the management of bipolar depressions have shown no significant risk of manic
switching. However, a semi-structured psychiatric interview will be conducted at baseline to rule
out mania and/or psychosis. A two-week period during which sleep schedule will be documented
using a daily sleep log will be required after screening and enrollment and prior to randomization.
Seven documented days in this 2-week pre-randomization period will be required to have a base-
line evaluation of circadian rhythm.

In addition, as suggested by FPWR grant reviewers, we will utilize a wearable actigraphy device
to record objective data. The device collects and downloads continuously, objective activity, sleep,
and wake data from ambulatory subjects in one compact, professional-grade scientific device. The
device chosen for both efficacy, history of being used in evidence-based research as well as cost-
effectiveness was the latest iteration of a Fitbit Charge health tracker, the Charge 5. In addition to
tracking sleep stages & quality, it also monitors Oxygen Saturation (SpO2), Heart Rate Variability,
Breathing Rate, and dermal temperature Tracking Sleep Score & Sleep Stages all if which can help

provide useful secondary data on the impact of LT on participants. It is designed to provide
accurate and objective data recording to help assess activity, sleep, wake, and light-exposure in
their subjects. Data collected through this single device, plus associated software, will also help us
conveniently and reliably assess the impact of light therapy on PWS patients. The devices are
water proof and can be worn safely throughout the day and night. The participants will be placing
the device as recommended by the manufacturer on their non-dominant forearm to increase the
sensitivity of the readings. Participants will be instructed to sync the data from all their devices
using their respective apps on the tablet each day, within an hour of waking up. Additionally, a log
will be provided to caregivers to manually enter any time period that the device was removed by
the participant for any reason.

Phase 1: After the 2-week pre-randomization period, participants will be randomized in a 1:1 ratio
to receive either 30 minutes of bright LT or dim-red light (sham) in gaze direction in the mornings
(between 6 AM and 10 AM) and 30 minutes in the afternoon (between 2 PM and 6 PM) daily, i.e.
2 sessions per day, for a duration of 3 contiguous weeks. Bright LT will be provided using light
box with an artificial full spectrum lamp providing 10,000 lux of illuminance, whereas, sham
treatment will be provided from a light box with dim-red light spectrum lamp. The light box will
be placed at least 70 cm and at most 90 cm away from the subject. A 90 cm string attached from
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its side with a soft Velcro wrist band will be provided to ensure adherence to this distance. Detailed
instructions will be provided to the participants, to assist with the proper exposure distance.
Participants will be instructed to engage in any activity as long as the light source is within their
gaze area and they are not sleeping. Daily sleep diary as well as LT administration log will be
required to be filled by a consistent caregiver. Actigraphy records for the period will be retrieved.
A total of 28 logged LT sessions will be required to qualify as completion of phase one. (see Table

1y

Phase 2: Upon completion of phase one, all participants will be given the option to continue into
the open-label phase of the study. Participants will utilize LT for another 3 contiguous weeks. All
instructions will remain the same as in phase one. A total of 28 logged LT sessions will be required
to qualify as completion of this phase. (see Table 1)

Table 1: Schedule of Events

Study Events / PHASE 1 PHASE2 = PHASE 2
Procedures Pre- Randomizati Main Phase Participants who  Participants who
randomizati on received sham in received LT in
on Phase 1 Phase 1
Visit 1 Visit 2 Visi | Visit = Visit | Visit Visit Visit = Visit = Visit = Visit
t3 4 5 6 7 8 6 7 8
-14 days (Week 0) (W (Wee (Wee (Wee (Wee (Wee (Wee (Wee (Wee
(2 weeks) 1) k 2) k 3) k 4) k 5) k 6) k 4) k 5) k 6)
Informed Consent X
and ESS
Medical/Psychiatric X X X X
Eval
Sleep diary
Scales (ESS, ABC, X X X X X X X X X X
MOAS, HQ-CT)
(ofc]| X
Actigraphy reports X X X X X X X X X
Review of AEs

Data Collection Procedures:

Weekly assessments will be conducted.

The scales utilized will include the following:
e ESS

e Hyperphagia Questionnaire (HQCT)
e Modified Overt Aggression Scale (MOAS)
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¢ Clinical Global Impression- Severity and Improvement scales
e Aberrant Behavior Checklist scale

One study rater conducting the scales will remain blinded to the participants’ LT vs sham
assignment throughout the study.

Sleep diary and actigraphy reports will be reviewed and data recorded.

Data Analysis:

Data will be analyzed comparing participant outcomes in the two arms of phase one as well as
within-participant data from the two phases. Instead of employing a full stepped-wedge design,
which would require a larger sample size, data gathered from the open-label phase of this project
will be analyzed through use of a paired t-test to compare the ESS scores between the treatment
and open label phases for the control group to test for a significant effect of treatment in this group.
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