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Objective: Idiopathic hypersomnia is a debilitating sleep disorder characterized by excessive daytime sleepiness, sleep inertia, and
prolonged sleep duration. The patient burden of idiopathic hypersomnia is poorly understood. The Real World Idiopathic Hypersomnia
Outcomes Study (ARISE) evaluated symptoms and treatment effectiveness/satisfaction in participants with idiopathic hypersomnia.
Methods: ARISE was a United States—based virtual cross-sectional survey. Participants were adults 21-65 years of age with
idiopathic hypersomnia recruited from social media, the Hypersomnia Foundation website, and a patient panel. Self-assessments
included the Epworth Sleepiness Scale (ESS), Idiopathic Hypersomnia Severity Scale (IHSS), Treatment Satisfaction Questionnaire
for Medication, version II (TSQM-vII), and additional treatment questions. Data were analyzed for all participants and for subgroups
with/without long sleep time (LST; >11 hours in 24 hours).

Results: Of 75 participants enrolled, most were female (81.3%). The mean (SD) age was 34.1 (10.7) years and 49% had LST. Most
participants took off-label prescription medications (89.3%) and/or used other measures (93.3%) to manage their symptoms. The mean
(SD) ESS score was 14.5 (3.5) and the mean IHSS score was 35.2 (7.6). Treatment satisfaction was low (mean [SD] TSQM-vII score:
overall, 61.9 [21.2]; with LST, 57.9 [21.4]; without LST, 66.7 [20.3]), primarily driven by dissatisfaction with treatment effectiveness.
The most common classes of prescription medications used were stimulants (61.3%), wake-promoting agents (28.0%), and anti-
depressants (18.7%); non-prescription measures used to manage symptoms included caffeine (73.3%), planned naps (34.7%), and
individual accommodations (32.0%).

Conclusion: Overall, participants with idiopathic hypersomnia, with or without LST, had substantial symptom burden despite most of
the study population taking off-label medications and using nonprescription measures to manage symptoms.

Keywords: sleep disorder, sodium oxybate, wake-promoting agents, stimulants, antidepressants

Plain Language Summary

Idiopathic hypersomnia is a disabling neurologic sleep disorder with no known cause. People with this disorder are extremely sleepy
during the day and often need to sleep for long amounts of time. They may sleep and nap over 11 hours in a normal day, yet still find it
hard to wake up and think clearly. Many prescription treatments (mostly not FDA approved) and changes in habits have been tried to
improve the symptoms. However, most patients with idiopathic hypersomnia still cannot function well in many areas of their lives. We
used an online survey to better understand how idiopathic hypersomnia and its treatments affect people’s lives. The survey was
completed by 75 adults with idiopathic hypersomnia. About half of them slept longer than 11 hours in a normal day. Most of them took
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a prescription medication and used other measures to help manage their idiopathic hypersomnia. However, most still had a large
burden from their symptoms. Overall satisfaction with treatments was low. These findings more clearly define the patient burden of
idiopathic hypersomnia. More effective therapies could address this symptom burden.

Introduction

Idiopathic hypersomnia is a debilitating neurologic sleep disorder characterized by excessive daytime sleepiness (EDS;
the inability to stay awake and alert during the day, resulting in the irrepressible need to sleep or unplanned lapses into
sleep or drowsiness), and by severe sleep inertia (prolonged difficulty waking with frequent reentries into sleep,
confusion, and irritability), prolonged nighttime sleep, long and unrefreshing naps, and cognitive impairment.'~
Idiopathic hypersomnia negatively affects many aspects of daily life. For example, people with idiopathic hypersomnia
have a greater risk of driving accidents than healthy controls.”> They experience more anxiety and depression than those
without idiopathic hypersomnia, and also score lower than the national norms on multiple domains regarding health-
related quality of life.” In addition, symptoms of autonomic dysfunction, such as headaches, temperature dysregulation,
fainting, and heart palpitations, are reported by more people with idiopathic hypersomnia than by healthy controls."®’
An early report on idiopathic hypersomnia estimated the prevalence as 2—5 cases per 100,000 persons,® although a more
recent study suggested a diagnosed prevalence of 10.3 cases per 100,000 persons.” The true prevalence of idiopathic
hypersomnia is not known.'® The procedures required for diagnosis are often not covered by insurance in the US,"!
which could lead to a lack of diagnoses in people who have the disorder, as well as inaccurate diagnoses of idiopathic
hypersomnia in people who may only have insufficient sleep syndrome.'

According to the International Classification of Sleep Disorders, 3rd Edition (ICSD-3), a diagnosis of idiopathic
hypersomnia requires demonstration of hypersomnia on 24-hour polysomnography or 7-day wrist actigraphy with a sleep
log or hypersomnolence on a multiple sleep latency test, after ruling out of other disorders." Either a 24-hour sleep time
totaling >11 hours or a mean sleep latency of <8 minutes must be present for a diagnosis.' Although the previous edition
of the ICSD (version 2) separated idiopathic hypersomnia into 2 distinct disorders based on whether or not an individual
had long sleep time (LST; >10 hours at nighttime),'? the ICSD-3 stated that evidence was lacking to distinguish
idiopathic hypersomnia with LST as a separate disorder.' Nevertheless, a recent claims analysis reported that at least two-
thirds of patients with newly diagnosed idiopathic hypersomnia had the LST phenotype.'® Further, in a real-world study,
the proportion of individuals with idiopathic hypersomnia who experienced sleep inertia and brain fog (being unable to
think clearly or concentrate at any time throughout the day) was greater in those who slept for cutoffs of at least 10 or 11
hours per day compared with those who slept less."

There was no approved treatment for idiopathic hypersomnia until August 2021, when the United States (US) Food
and Drug Administration (FDA) approved calcium, magnesium, potassium, and sodium oxybates, or low-sodium oxybate
(Xywav®), for idiopathic hypersomnia in adults.'*'® Rather, treatments similar to those used to treat narcolepsy
typically have been prescribed off-label for idiopathic hypersomnia, including stimulants (eg, amphetamines, methyl-
phenidate) and wake-promoting agents (eg, modafinil, armodafinil).'"® The American Academy of Sleep Medicine
(AASM) guidelines, published in September 2021, strongly recommend modafinil as a treatment (compared with no
treatment) in adults with idiopathic hypersomnia, and conditionally recommend other medications (ie, clarithromycin,
methylphenidate, pitolisant, and sodium oxybate).?> However, many patients with idiopathic hypersomnia continue to
experience residual symptoms despite off-label pharmacotherapy.'?

Information is limited on the burden of symptoms in patients with idiopathic hypersomnia, and little is known about
the effectiveness of off-label treatments for this disorder. The Real World Idiopathic Hypersomnia Outcomes Study
(ARISE) evaluated the impact of idiopathic hypersomnia on participants’ lives and their perspectives regarding their
current treatment. The objectives of ARISE were to assess and characterize the severity of idiopathic hypersomnia
symptoms, to evaluate participants’ perceptions regarding satisfaction and effectiveness of their current treatment
regimen, and to examine how idiopathic hypersomnia impacts participants’ lives, including their emotional well-being,
daily activities, cognition, productivity/employment, and relationships. This paper reports on symptom severity and
treatment effectiveness/satisfaction, while the impact of idiopathic hypersomnia on quality of life is reported in a separate
publication.
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Methods

Participant Selection Criteria
Individuals who were eligible to participate in ARISE were between 21 and 65 years of age and resided in the US.

Inclusion criteria were a current diagnosis of idiopathic hypersomnia for at least 6 months, sleeping at least 7 hours in
a typical night, no current diagnosis of narcolepsy or obstructive sleep apnea, and no prior episodes of cataplexy. This
study used a similar methodology as in a recently published web-based idiopathic hypersomnia registry'> to validate the
idiopathic hypersomnia diagnosis. Specifically, during screening, potential participants first were required to select that
they have a current idiopathic hypersomnia diagnosis from a list of sleep disorders or related diagnoses. Then, later
during screening, they had to select again from a list to confirm that they received a current diagnosis of the condition
and that a doctor had informed them that it was the cause of their symptoms. Participants were required to select
idiopathic hypersomnia both times to be eligible for inclusion in the study. Individuals who also had a diagnosis of
obstructive sleep apnea were excluded in order for the study results to be due to idiopathic hypersomnia alone, given the
high amount of symptom overlap with obstructive sleep apnea."'' Exclusion criteria were the inability to read or
understand English and having no access to a computer or a mobile device to send and receive text messages. Participant
recruitment channels included a patient panel, idiopathic hypersomnia—focused social media groups, and the
Hypersomnia Foundation (HF) website (https://www.hypersomniafoundation.org/). Participants of this study were

a convenience sample of volunteers who responded to the study invitation email. The participant selection process is

indicated in Figure 1.

Survey Design

ARISE was a US-based virtual, cross-sectional, internet-based survey using multiple patient-reported outcome measures
consisting of validated questionnaires and additional questions related to idiopathic hypersomnia; therefore, all outcomes
in this study are based on self-reported information. The survey took approximately 30 minutes to complete, and
participants were financially compensated for their participation.

Individuals who responded
to the survey request
n=391 Started screener but did
»| not complete screening
questions
n=54 (13.8%)

v

Participants completed screener
n=337 (86.2%)

Did not meet study
eligibility criteria®
v n=256 (760%)

A4

Participants met eligibility criteria
n=81 (24.0%)

Discontinued after
completing enrollment
v n=6 (7.4%)

A4

Participants completed survey
N=75 (92.6%)?
n=37 with LST®
n=38 without LST

Figure | Participant disposition.

Notes: *Hypersomnia Foundation, n=59; inVibe, n=16. bLong sleep was defined as 211 hours of sleep in a 24-hour period (self-reported). “Most terminations during
screening were because potential participants had obstructive sleep apnea (n=26), narcolepsy (n=12), no idiopathic hypersomnia (n=116), or slept <7 hours a night (n=47).
Abbreviation: LST, long sleep time.
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Assessments

Symptom severity was assessed using the Epworth Sleepiness Scale (ESS) and the Idiopathic Hypersomnia Severity
Scale (IHSS). The ESS is a validated 8-item scale that is a self-reported measure of daytime sleepiness across a variety of
activities.”'** ESS scores range from 0 to 24, with scores >10 representing pathological sleepiness (eg, as in narcolepsy
or idiopathic hypersomnia).*’** The IHSS is a validated 14-item scale that measures hypersomnolence symptoms,
consequences, and responsiveness to treatment in people with idiopathic hypersomnia.?**** Total IHSS score ranges from
0 to 50, with higher scores indicating greater severity of symptoms. The mean (standard deviation [SD]) IHSS score for
controls is 10.49 (6.36). A score of >22 has been used as a cutoff to distinguish untreated people with idiopathic
hypersomnia from controls, and a score >26 has been used to distinguish severe to very severe symptoms from mild to
moderate symptoms.”>** Treatment satisfaction was assessed using the Treatment Satisfaction Questionnaire for
Medication, version II (TSQM-vII), which contains 4 components measuring effectiveness, side effects, convenience,
and overall satisfaction with treatment.”> The TSQM-vII is assessed on a scale of 0—100, with greater numbers indicating
higher satisfaction; a poor appraisal of health was previously found to correspond to mean scores of 64.8 (global
satisfaction), 63.3 (effectiveness), 75.8 (side effects), and 83.3 (convenience).”® Additional quantitative questions covered
current idiopathic hypersomnia medications (dose taken and time on current medication), other nonprescription medica-
tion measures used to manage idiopathic hypersomnia, the most difficult to treat idiopathic hypersomnia symptom, and
hours of sleep during a typical day and night.

Compliance and Ethical Approval

All participants signed an electronic informed consent prior to participating in the survey. The study protocol, informed
consent forms, and recruitment materials were approved by the WCG institutional review board (tracking number:
20210849) prior to any participants enrolling in the study. This study was conducted in accordance with the Declaration
of Helsinki.

Statistical Analyses

Data were collected and processed by inVibe (Costa Mesa, CA). Quality control of data was performed by inVibe,
Stratevi (Santa Monica, CA), and ICON plc (Dublin, Ireland). Continuous variables were summarized with descriptive
statistics (n, mean, SD, median, first and third quartiles, minimum, and maximum). Frequency counts and percentage of
participants within each category were provided for categorical data. Participants were categorized into subgroups of
those with or without self-reported LST (>11 hours of sleep in a 24-hour period).

Results

Study Population

The survey was conducted from March 11 to April 5, 2021. Of the 391 individuals who responded to the survey
invitation, 256 did not meet the eligibility criteria (including 116 who did not have idiopathic hypersomnia) and were
excluded from participation (Figure 1). Seventy-five participants completed the survey. The mean (SD) age was 34.1
(10.7) years and the majority of participants (81.3%) were female (Table 1). Most participants had been diagnosed with
idiopathic hypersomnia 2 or more years previously. The mean (SD) self-reported 24-hour sleep duration was 11.6 (3.4)
hours. Nearly half of all participants reported having a psychiatric comorbidity, most commonly anxiety. Thirty-seven
participants (49.3%) reported having LST. Participants with LST had a mean (SD) self-reported 24-hour sleep duration of
14.3 (2.7) hours and those without LST slept 8.9 (1.1) hours.

Symptoms of Idiopathic Hypersomnia

The mean (SD) ESS score was 14.5 (3.5). For participants with and without LST, these scores were 15.4 (3.8) and 13.6
(3.0), respectively (Figure 2). Most participants (88.0%) scored >10, indicating pathological sleepiness; this was the case
for participants with LST (89.2%) or without LST (86.8%). The mean (SD) IHSS score was in the severe range24 at35.2
(7.6) for all participants, 38.2 (7.1) for participants with LST, and 32.2 (7.0) for those without LST (Figure 3). All
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Table | Demographics and Patient Characteristics

All Participants Participants
Participants With LST Without LST
N=75 n=37% n=38*
Age, years, mean (SD) 34.1 (10.7) 33.7 (10.7) 34.4 (10.9)
Female, n (%) 6l (81.3) 27 (73.0) 34 (89.5)
Time since idiopathic hypersomnia diagnosis, years, n (%)
<2 12 (16.0) 5 (13.5) 7 (184)
24 34 (45.3) 20 (54.1) 14 (36.8)
5-9 18 (24.0) 8 (21.6) 10 (26.3)
=10 Il (14.7) 4 (10.8) 7 (184)
Patient-reported sleep duration, mean (SD)
Approximate hours of sleep in a typical 24-hour period 11.6 (3.4) 14.3 (2.7) 8.9 (1.1)
Approximate hours of sleep in a typical night 8.9 (1.6) 9.8 (1.7) 8.0 (0.8)
Approximate hours of sleep in a typical day 2.7 (2.8) 4.5 (2.9) 0.9 (1.0)
Current self-reported comorbidity (25%), n (%)°
Any psychiatric disorder® 33 (44.0) 16 (43.2) 17 (44.7)
Anxiety 26 (34.7) 13 (35.1) 13 (34.2)
Major depressive disorder 9 (12.0) 2 (5.4) 7 (18.4)
Bipolar disorder or any psychotic disorder 6 (8.0) 5(13.5) 1 (2.6)
Hypothyroidism 6 (8.0) 4 (10.8) 2 (5.3)
PTSD 5(6.7) 3(8.1) 2 (5.3)
Restless legs syndrome 5 (6.7) 3 (8.1) 2 (5.3)
Other disorder that may be associated with excessive daytime sleepiness or 5 (6.7) 1 (2.7) 4 (10.5)
fatigued
Anxiety and PTSD® 4 (5.3) 3(8.1) 1 (2.6)

Notes: *Long sleep was defined as 211 hours of sleep in a 24-hour period (self-reported). °A participant could have had =1 comorbidity. “Includes anxiety, major depressive
disorder, bipolar disorder, or any psychotic disorder. 9Includes | participant each who had depression; mild depression, possible attention-deficit disorder (but could be sleep
disorder); persistent depressive disorder; small fiber neuropathy; and inflammatory bowel disease. ®Includes participants who had both separate diagnoses.
Abbreviations: LST, long sleep time; PTSD, post-traumatic stress disorder; SD, standard deviation.

participants with LST, and 91.9% of participants without LST, had THSS scores >22 (comparable to untreated patients
with idiopathic hypersomnia®®). The most difficult to treat symptoms reported by participants overall were EDS (53.3%),
brain fog (17.3%), and sleep inertia (13.3%) (Figure 4).

Treatment Characteristics and Symptom Management

Most participants took off-label prescription medications (89.3%) and/or used other measures (93.3%) to manage
idiopathic hypersomnia symptoms (Table 2). All but 1 participant with LST, and 81.6% of participants without LST,
took prescription medications. Stimulants, wake-promoting agents, and antidepressants were the most common medica-
tions, taken by 61.3%, 28.0%, and 18.7% of participants, respectively (Figure 5). Stimulants and antidepressants were
taken, respectively, by 75.7% and 24.3% of participants with LST, and 47.4% and 13.2% of participants without LST.

Nature and Science of Sleep 2023:15 heeps: 93

Dove!


https://www.dovepress.com
https://www.dovepress.com

Schneider et al Dove

N=75 n=37 n=38
Mean (SD)=14.5 (3.5) Mean (SD)=15.4 (3.8) Mean (SD)=13.6 (3.0)
Median (Q1, Q3)=15.0 (11, 17) Median (Q1, Q3)=15.0 (13, 18)  Median (Q1, Q3)=14.0 (11, 15)
24 4 Min, max=7, 22 Min, max=7, 22 Min, max=9, 21
@
2
3
& 20 1
S
4
S
3 I
@ 9
12
@ w ‘ Score 10 =
S upper limit
(7] 1 of normal®
5 Y
®
(1]
4

All Participants Participants With LST® Participants Without LST®

Figure 2 ESS scores. The bottom and top edges of the box indicate QI and Q3, the line inside the box is the median, and the marker inside the box is the mean. The
whiskers extending from the box indicate the minimum and maximum values.

Notes: *The range of possible scores is 0-24. "ESS scores of >10 suggest pathologic sleepiness.” “Long sleep was defined as 211 hours of sleep in a 24-hour period (self-reported).
Abbreviations: ESS, Epworth Sleepiness Scale; LST, long sleep time; Max, maximum; Min, minimum; QI, first quartile; Q3, third quartile; SD, standard deviation.

N=73 n=36 n=37
Mean (SD)=35.2 (7.6) Mean (SD)=38.2 (7.1) Mean (SD)=32.2 (7.0)
Median (Q1, Q3)=36.0 (30, 41) Median (Q1, Q3)=40.5 (33, 44)  Median (Q1, Q3)=33.0 (27, 37)
50 q Min, max=18, 48 Min, max=22, 48 Min, max=18, 43

3
5 45 A
o
0
] 40+
-

©

o

@ O

8 1 -
3 =
g Score 22 =
E 25 1 cutoff between
= untreated
2 idiopathic
K 20 1 hypersomnia

and controls®
15-

All Participants Participants With LST® Participants Without LST®

Figure 3 IHSS scores. The bottom and top edges of the box indicate QI and Q3, the line inside the box is the median, and the marker inside the box is the mean. The
whiskers extending from the box indicate the minimum and maximum values.

Notes: *The range of possible scores is 0-50. °IHSS scores of 222 are a cutoff separating untreated patients with idiopathic hypersomnia from controls.”> “Long sleep was
defined as 21| hours of sleep in a 24-hour period (self-reported).

Abbreviations: IHSS, Idiopathic Hypersomnia Severity Scale; LST, long sleep time; Max, maximum; Min, minimum; QI, first quartile; Q3, third quartile; SD, standard

deviation.

B All Participants (N=75)

60 -
533 541 54 Participants With LST® (n=37)
" 50 + B Participants Without LST® (n=38)
& 401
2
o
+© 4
£ 30
o 21.1
S 20 17.3
° 13.5 133 135 132
V) . .
Excessive Daytime Brain Fog Sleep Inertia
Sleepiness

Figure 4 Most difficult to treat symptom of idiopathic hypersomnia®.

Notes: *Other most difficult to treat symptoms were long sleep (n=8), intentional nap (n=1), falling asleep during the day without meaning to (n=1), difficulty remembering
things (n=1), and automatic behaviors (n=1). PLong sleep was defined as 21 hours of sleep in a 24-hour period (self-reported).

Abbreviation: LST, long sleep time.
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Table 2 Off-Label Prescription Medications and

Other Measures Taken to Manage ldiopathic Hypersomnia

Symptoms
All Participants Participants
Participants With LST Without LST
N=75 n=37% n=38%
Off-label medications
Participants, n (%) 67 (89.3) 36 (97.3) 31 (81.6)
Number of medication classes taken, mean (SD)® 1.5 (0.9) 1.6 (1.0) 1.4 (0.7)
Min, Max I, 4 I, 4 1,3
Other measures used
Participants, n (%) 70 (93.3) 35 (94.6) 35 (92.1)
Number of other measures used, mean (SD)© 2.0 (1.1) 22 (1.2) 1.7 (1.0)
Min, Max 0,4 0,4 0,4

Notes: *Long sleep was defined as =1 | hours of sleep in a 24-hour period (self-reported). ®Includes participants taking any medication. “Includes

all participants.
Abbreviations: LST, long sleep time; Max, maximum; Min, minimum; SD, standard deviation.

Wake-promoting agents were taken by 24.3% and 31.6% of participants with and without LST, respectively. Most
participants had been taking medication for idiopathic hypersomnia for >1 year (data not shown).

The mean (SD) global satisfaction score on the TSQM-vIl was 61.9 (21.2) for participants taking prescription
medications. For participants with and without LST, these scores were 57.9 (21.4) and 66.7 (20.3), respectively
(Figure 6). Treatment effectiveness was scored the lowest out of all TSQM-vII components (mean [SD], 52.4 [18.3]).
The mean (SD) treatment effectiveness scores for participants with and without LST were 49.1 (16.6) and 56.2 (19.7),
respectively (Figure 6). TSQM-VII scores of participants who did or did not take antidepressants or stimulants are shown
in Figure 7. The mean (SD) treatment effectiveness score for participants taking antidepressants (n=14) was 44.0 (12.8),
and for those not taking antidepressants (n=53), this was 54.6 (19.0). The mean (SD) convenience rating for participants
taking stimulants (n=46) was 68.6 (20.4), and for those not taking stimulants (n=21), this was 83.1 (18.9).

In addition to prescription medications, 93.3% of participants used other measures to manage their idiopathic
hypersomnia symptoms (Table 2); 62.7% of participants used multiple measures. The most common other measures
used by participants overall were caffeine, planned naps, and individual accommodations (eg, additional time on testing
and assignments, or delayed morning start time; Table 3).

B All Participants (N=67)

Participants With LST¢ (n=36)
70 W Participants Without LST¢ (n=31)

% of Participants
B
o

8.1 8.1
10 67 67 53 53

Histamine Receptor ~ Sodium Oxybate
Agents® Antidepressants? Agent'

Stimulants® Wake-Promoting Antidepressants? Stimulants® + Other®

Figure 5 Types of off-label prescription medications taken by participants to treat idiopathic hypersomnia®.

Notes: °A participant could have taken 2| medication; the 8 participants in the full study population who reported no medication use are not included in this analysis.
®Includes amphetamine and methylphenidate. “Includes modafinil and armodafinil. 9Includes selective serotonin reuptake inhibitors, serotonin and norepinephrine reuptake
inhibitors, tricyclic antidepressants, and monoamine oxidase inhibitors. “Includes bupropion HCI, bupropion XL, flumazenil, and levothyroxine. fPitolisant. 8Long sleep was
defined as 21| hours of sleep in a 24-hour period (self-reported).

Abbreviation: LST, long sleep time.
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M Al Participants (N=67) Participants With LST® (n=36) M Participants Without LST® (n=31)
100 4 = I
a | mem X
80 & <&

o~
S o
.u

| 1-0 \

TSQM-vll Score®

Worse Scores

Global Satisfaction Effectiveness Side Effects Convenience

Figure 6 TSQM-vll scores®. The bottom and top edges of the box indicate Q| and Q3, the line inside the box is the median, and the marker inside the box is the mean. The
whiskers extending from the box indicate the minimum and maximum values.

Notes: *The 8 participants in the full study population who reported no medication use are not included in this analysis. "Scale of 0—100, with greater numbers indicating
higher satisfaction; a poor appraisal of health was previously found to correspond to mean scores of 64.8 (global satisfaction), 63.3 (effectiveness), 75.8 (side effects), and
83.3 (convenience).?® “Long sleep was defined as 11 hours of sleep in a 24-hour period (self-reported).

Abbreviations: LST, long sleep time; Max, maximum; Min, minimum; QI, first quartile; Q3, third quartile; SD, standard deviation; TSQM-vll, Treatment Satisfaction
Questionnaire for Medication, version Il.

M Taking Antidepressants (n=14) [l Not Taking Antidepressants (n=53)

100
|

]
90 A
1 [ !

;El’ >

Better Scor:

2 70 A
5 O |
S 60 A% l
2 o L]
= &
S i .
3 T 30
»
] 20 A
o
= 10 A
Global Satisfaction Effectiveness Side Effects Convenience
B M Taking Stimulants (n=46 [7] Not Taking Stimulants (n=21)
100

)
" LN
<>
80 4
- @l W
O
N |
. . .
N

30 1

Better Scores

TSQM-vll Score?

20 1

Worse Scores

10

Global Satisfaction Effectiveness Side Effects Convenience

Figure 7 TSQM-vll scores in participants® taking antidepressants (A) or stimulants (B) The bottom and top edges of the box indicate Q| and Q3, the line inside the box is
the median, and the marker inside the box is the mean. The whiskers extending from the box indicate the minimum and maximum values.

Notes:*The 8 participants in the full study population who reported no medication use are not included in this analysis. ®Scale of 0100, with greater numbers indicating higher
satisfaction; a poor appraisal of health was previously found to correspond to mean scores of 64.8 (global satisfaction), 63.3 (effectiveness), 75.8 (side effects), and 83.3 (convenience).2®
Abbreviations: Max, maximum; Min, minimum; QI, first quartile; Q3, third quartile; SD, standard deviation; TSQM-vll, Treatment Satisfaction Questionnaire for
Medication, version Il.
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Table 3 Other Measures Used to Manage Idiopathic Hypersomnia Symptoms®

Other Measures Used, All Participants Participants With LST | Participants Without LST
n (%) N=75 n=37¢ n=38¢

Caffeine 55 (73.3) 27 (73.0) 28 (73.7)

Planned naps 26 (34.7) 17 (45.9) 9(237)

Individual accommodations® 24 (32.0) 12 (32.4) 12 (31.6)

Dietary changes® 12 (16.0) 8 (21.6) 4 (10.5)

Cognitive behavioral therapy 10 (13.3) 7 (18.9) 3(7.9)

Melatonin I (14.7) 6 (16.2) 5(13.2)

None 5(6.7) 2(54) 3(7.9)

Other? 7(9.3) 2(54) 5(13.2)

Notes: *A participant could have used 2| other measure. °For example, additional time on testing and assignments, delayed morning
start time, excused absences related to medication holidays or prolonged sleep durations. “For example, maintain a low-carbohydrate
diet. %Includes the following items: afternoon and evening naps whenever feasible; cardio exercise; consistent sleep schedule and regular
physical exercise; exercise; | usually do not start work before 10:00 Am; | wake up to take medication in order to actually get out of bed at
a certain time; using a night and morning routine to prepare my body for sleep and wakefulness and keeping a steady sleep schedule.
®Long sleep was defined as 21| hours of sleep in a 24-hour period (self-reported).

Abbreviation: LST, long sleep time.

Discussion

The ARISE study was conducted to provide real-world data on symptom severity, symptom management, and treatment
satisfaction in participants with idiopathic hypersomnia. The demographic characteristics of the ARISE study population
were generally consistent with other recent, larger studies of people with idiopathic hypersomnia (eg, mean age [years] in
the mid-30s and mostly female).'**” Approximately half of participants in ARISE had LST; this proportion is similar to
what was observed in a registry study but higher than that seen in a randomized clinical trial.'*-*’

Most ARISE participants had ESS scores in the pathological range. The mean ESS score from the ARISE population
(14.5; 89.3% treated with medications) was similar to that of patients with idiopathic hypersomnia at baseline in
a randomized, controlled study (14.0-15.0).*® The ESS scores in ARISE were slightly higher than those from 2
observational studies. One study found mean ESS scores of 13.5 in an idiopathic hypersomnia population (medications
included modafinil [25.6%)], methylphenidate [16.3%], and antidepressants [16.3%]).?’ The other study found a mean
ESS score of 12.1 in an idiopathic hypersomnia population (medications were not reported for this group alone, but
79.6% of a combined idiopathic hypersomnia and narcolepsy group took modafinil).*® All ARISE participants had an
IHSS score that was above the mean for controls without idiopathic hypersomnia (10.5), and most had a score in the
“severe” range (>26), established in prior studies.”” The mean IHSS score in ARISE participants (35.2) was slightly
higher than that of a Phase 3 study population at baseline (32.1; 57% treated with medications),?” and those of treated or
untreated patients with idiopathic hypersomnia in an IHSS validation study (26.1 and 31.0, respectively).**

The present findings demonstrate a substantial burden of idiopathic hypersomnia symptoms that is characterized not
just by EDS (as assessed with the ESS), but also sleep inertia, cognitive difficulties, and unrefreshing sleep (as assessed
with the THSS). This burden was observed despite most patients being treated with the off-label medications that were
available at the time of the study and also using other nonprescription measures to manage their idiopathic hypersomnia
symptoms. This broad symptom burden was also reflected in a larger real-world study from the Hypersomnia Foundation
(HF) in which brain fog, difficulty remembering things, and difficulty waking up and functioning with normal alertness
were reported by approximately 72% to 83% of 468 participants with idiopathic hypersomnia, nearly all of whom also
reported EDS."? Even with treatment, more than half of those participants still experienced EDS (64.1%), trouble waking
up and functioning with normal alertness (61.1%), and brain fog (54.0%). Consistent with this, ARISE participants
identified EDS, brain fog, and sleep inertia as the symptoms that were the most difficult to treat. These symptoms of
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idiopathic hypersomnia have previously been demonstrated to have a negative impact on quality of life and
functioning.>*>" This presents a challenge in treatment, as therapies that are effective at reducing EDS may not be
sufficient in managing the burden of other symptoms in people with idiopathic hypersomnia.

Most ARISE participants (89.3%) reported taking off-label prescription medications for idiopathic hypersomnia
symptoms, most commonly stimulants, followed by wake-promoting agents. These results are consistent with those
from the HF registry study,'® implying that no better approved pharmacotherapy options had appeared in the interim
between these 2 studies. Approximately 11% of participants in the present study were not currently taking any
medications for idiopathic hypersomnia, in contrast to approximately 18% in the HF study.'® In that study, the majority
of untreated participants had previously tried 1 or more medications without success."® A retrospective study found that
42% of patients had tried at least 2 medications for idiopathic hypersomnia.*> However, neither of these studies directly
assessed treatment satisfaction. In ARISE, treatment satisfaction was evaluated with the TSQM-vII, which demonstrated
that participants with idiopathic hypersomnia had low global satisfaction with the treatments available to them at the
time. ARISE participants reported a mean global satisfaction score of 61.9, which is lower than that reported by people in
a TSQM validation study who rated their health as “poor” (64.8) or their illness as “severe” (67.3).%° Additional TSQM-
vII results from ARISE indicated that the primary shortcoming of treatments was their effectiveness; tolerability and
convenience appeared to have relatively minor roles in contributing to the poor global satisfaction. This is consistent with
a previous survey of people with idiopathic hypersomnia, in which they rated medication effectiveness as 5.4 on a 10-
point scale (with 1 being “not effective™).®!

In addition to off-label prescription medications, more than 90% of participants in the present study also adopted
measures other than prescription medications to manage their symptoms. The most common of these were caffeine,
planned naps, and individual accommodations, such as sleeping longer and having a delayed morning start time. This is
similar to another survey study, in which most people with idiopathic hypersomnia reported using caffeine (82.2%),
scheduled nighttime sleep (75.2%), and daytime naps (81.4%) for symptom management.>’ However, these symptom
management options do not appear to be as effective as they are in people with narcolepsy; for example, intentional
napping during the day is typically unrefreshing for people with idiopathic hypersomnia.'-'*-'-3

Collectively, these results underscore that there was an unmet need for therapies with better efficacy. At the time of
this study, there were no approved treatments for idiopathic hypersomnia. However, after the study completed, the US
FDA approved the first treatment for adults with idiopathic hypersomnia (low-sodium oxybate).

Although the ARISE study was not designed to evaluate group differences between participants with or without LST,
several other studies have reported on LST phenotype differences. In the HF study, a greater proportion of participants
with LST reported having trouble waking and maintaining alertness (88.3%), experiencing brain fog (86.9%), and
needing to use more than 1 alarm to wake up (77.5%), compared with those without LST (69.3%, 78.1%, and 61.7%,
respectively).'® Two studies reported no difference in ESS scores based on LST phenotype.“’29 However, participants
with LST (defined as sleeping >10 hours at night or >11 hours in a 24-hour period) had significantly worse scores on the
Fatigue Severity Scale and the Sleep Inertia Questionnaire compared with participants without LST.?

The ARISE study has limitations. This study was entirely internet based, and as such, all data were self-reported. The
most important variables potentially affected by this were the idiopathic hypersomnia diagnosis and the LST groupings.
To increase confidence in the validity of the self-reported diagnosis, participants were asked to answer this question twice
during screening, with different wording (a methodology used by a previous real-world study).'*> The LST groupings
were based on the participants’ self-reported assessments of hours slept, and may be less accurate than data measured in
a sleep clinic. It is possible that the results would be different if objective measures of sleep duration had been used to
group participants into the LST and non-LST categories. As ARISE was a real-world study, participants were not
randomized to their treatments, and no causal attribution of reported differences according to treatment should be
inferred. Individuals who participated in the study may have been motivated to do so because they were less happy with
their symptom management, whereas those who had better symptom management may have not felt the need to
participate. For participants who reported comorbidities, information on whether those comorbidities were sufficiently
managed with treatments was not collected. Because the aim of the ARISE study was to gain real-world data on the
experience of people with idiopathic hypersomnia, no healthy controls or individuals with other sleep disorders (eg,
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narcolepsy) were included. The sample size in ARISE (N=75) is smaller compared with another real-world study of
people with idiopathic hypersomnia (N=468)." Finally, the study population was entirely within the US; thus, some
findings may not be applicable in other countries.

Conclusions

People with idiopathic hypersomnia in the ARISE study demonstrated a significant burden of disease, which warrants
effective therapy. Many participants reported this high disease burden despite differences in symptom management with
off-label medications and other means, and regardless of LST phenotype. The findings from this real-world study provide
valuable insight into the unique characteristics and unmet treatment needs of people with idiopathic hypersomnia. With
the US FDA approval of the first treatment indicated for adults with idiopathic hypersomnia, a more complete under-
standing of the symptom burden of idiopathic hypersomnia is important to accurately assess therapeutic impact.
Additional studies should be conducted to further quantify these unmet needs in people with idiopathic hypersomnia.
Available therapies with demonstrated efficacy over the symptoms of idiopathic hypersomnia may help to reduce this
patient burden.
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