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Abstract: Narcolepsy and idiopathic hypersomnia are chronic conditions that negatively affect alertness, mental and physical energy,
functioning, and quality of life (QoL). Calcium, magnesium, potassium, and sodium oxybates (low-sodium oxybate; LXB) is an oxybate
formulation with 92% less sodium than sodium oxybate (SXB; a treatment for narcolepsy) and the same active moiety. LXB is approved in
the US for treatment of cataplexy or excessive daytime sleepiness (EDS) in patients 7 years of age or older with narcolepsy, and idiopathic
hypersomnia in adults. In Phase 3 clinical trials, LXB exhibited a safety profile consistent with that of SXB in narcolepsy. Besides continued
efficacy in treating symptoms, potential benefits of long-term LXB treatment include flexible optimization of dosing and regimen,
improvement of QoL and functioning, weight loss, and (relative to SXB in narcolepsy) health benefits of reduced sodium content.
Dosing of LXB is twice nightly (for narcolepsy) or once or twice nightly (for idiopathic hypersomnia) based on patient characteristics
and response, and individualized titration can be leveraged over the long term as a patient’s life circumstances change. Patients with
narcolepsy transitioning from SXB initiate LXB at the same dose, and most patients require no further changes to achieve similar efficacy
and tolerability. Improvements in functioning and QoL with LXB treatment could have cascading positive effects in multiple domains,
particularly in younger patients. In clinical trials, LXB was associated with weight loss in both narcolepsy (in which obesity is a well-
established comorbidity) and idiopathic hypersomnia, only occasionally leading participants to be underweight. As both narcolepsy and
idiopathic hypersomnia are associated with increased risk of cardiometabolic and cardiovascular comorbidities, limiting medication-related
sodium intake with LXB may have significant health benefits, although this has not yet been verified prospectively due to the prolonged
follow-up required. LXB is a promising long-term treatment for narcolepsy and idiopathic hypersomnia.

Plain Language Summary: Narcolepsy and idiopathic hypersomnia are disorders that make people feel very sleepy. Low-sodium
oxybate (LXB) is a medicine for these disorders. Doctors think LXB works on parts of the brain that keep people awake. LXB may
quiet those brain parts down at night by reducing their electrical activity, which helps people sleep better. LXB wears off by the
morning, so people can wake up normally and feel more alert the next day. LXB has less sodium (which is part of salt) than
a medicine called sodium oxybate. Sodium oxybate has been used for narcolepsy for more than 20 years. LXB has several benefits.
First, LXB may be healthier than medicines that contain a lot of sodium, such as a high-sodium oxybate. This is because sodium
can increase blood pressure and risk of heart disease. Second, LXB can be taken twice each night for narcolepsy, or once or twice
each night for idiopathic hypersomnia. This depends on a person’s lifestyle, how well the medicine is working, and side effects.
Third, people taking LXB are more able to work and do other activities and have better quality of life. Finally, people taking LXB
may lose weight. This can help overweight or obese people.
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Introduction

Central disorders of hypersomnolence are a family of disorders characterized by excessive daytime sleepiness (EDS).'
They include narcolepsy type 1 (NT1) and narcolepsy type 2 (NT2); idiopathic hypersomnia; Kleine-Levin syndrome;
insufficient sleep syndrome; and hypersomnia due to a medical disorder, medication or substance, or psychiatric
disorder." Narcolepsy and idiopathic hypersomnia are chronic and potentially lifelong conditions™* that negatively
impact alertness, mental and physical energy, functioning, and quality of life (QoL).** Both are underrecognized and
underdiagnosed.®’” Treatment options are generally limited and symptoms targeted due, in part, to incomplete under-
standing of their pathophysiology.?

Calcium, magnesium, potassium, and sodium oxybates (low-sodium oxybate; LXB; Xywav®) was developed to meet
evolving health-care needs, with 8% of the sodium content of sodium oxybate (SXB), and approved by the US Food and
Drug Administration (FDA) in 2020 for the treatment of cataplexy or EDS in patients 7 years of age or older with
narcolepsy.® 2 LXB is also effective in idiopathic hypersomnia, a therapeutic area with no other current FDA-approved
treatments, and was approved by the US FDA in 2021 for the treatment of idiopathic hypersomnia in adults—the first
medication to be indicated for the treatment of the entire disorder, rather than its individual symptoms (ie, EDS).*’

The purpose of this paper is to discuss the impact and potential benefits of long-term LXB treatment in narcolepsy
and idiopathic hypersomnia.

Narcolepsy and Idiopathic Hypersomnia: Presentation and Lifelong Burden

Narcolepsy is associated with a pentad of symptoms, including EDS, cataplexy, hypnagogic/hypnopompic hallucinations,
sleep paralysis, and disrupted nighttime sleep (DNS)."* EDS is a defining characteristic of both NT1 and NT2. Cataplexy is
often present in NT1 but is always absent in NT2." The onset of narcolepsy symptoms typically occurs during the teen years,
with a potential second peak of onset in the mid-30s.%'* Symptoms evolve over a period of years; EDS is usually the first to
appear, followed by cataplexy (in NT1), and then other symptoms.' NT1 is a stable, lifelong disorder, whereas NT2 may
spontaneously remit."'>'° The prevalence of narcolepsy in 2016 was estimated at 44.3 per 100,000 persons.” In association
with the sleep/wake state instability and EDS of narcolepsy, the following are common: decreased functioning and ability to
pursue activities,*** % decreased QoL,****** increased usage of medical resources and associated health-care costs,>> and
reduced productivity and increased associated costs (eg, short-term disability incidents and days).’

Idiopathic hypersomnia is also characterized by EDS,' but in contrast to narcolepsy, patients emphasize virtually
continuous cognitive aspects of EDS (eg, impaired alertness and difficulty sustaining attention; “brain fog”) as being
especially burdensome.?® Cataplexy is absent.! Associated features include severe, prolonged sleep inertia (defined as
“prolonged difficulty waking up with repeated returns to sleep, irritability, automatic behavior, and confusion”) and long
(>1 hr) unrefreshing naps.' Long sleep time (>11 hr in a 24-hr period) may be present but is not necessary for diagnosis and
may also be seen in narcolepsy.”’ Symptom onset is typically in the late teens or early 20s but may occur earlier.''>**3¢
Symptoms may be long-lasting or spontaneously remit.'®'”'***3* The prevalence of idiopathic hypersomnia in 2016 was
estimated at 10.3 per 100,000 persons.” Idiopathic hypersomnia is associated with decreased functioning, inability to pursue

typical life activities, and poorer QoL.*>=!-32

Diagnosis of Narcolepsy and ldiopathic Hypersomnia

Diagnosis of narcolepsy and idiopathic hypersomnia may be delayed by 10 years or more after symptom onset,®3%-*3?
Diagnoses of other disorders, including psychiatric disorders, attention deficit/hyperactivity disorder (ADHD), other
sleep disorders, and epilepsy,34 are common and contribute to delays in receiving optimal care.

Upon review of the International Classification of Sleep Disorders, 3rd Edition (ICSD-3) diagnostic criteria for
narcolepsy (NT1 and NT2) and idiopathic hypersomnia, it is apparent that there is considerable overlap of diagnostic
criteria, particularly between NT2 and idiopathic hypersomnia, for which findings on the multiple sleep latency test
(MSLT) are the only clearly differentiating diagnostic criterion:'” At least two sleep onset rapid eye movement periods
(SOREMPs) are required for a diagnosis of NT2, and exclude an idiopathic hypersomnia diagnosis.! However, there are
additional differences in associated characteristics, such as the frequent presence (idiopathic hypersomnia) vs typical
absence (NT2) of sleep inertia, nonrestorative naps (idiopathic hypersomnia) vs restorative naps (NT2), and less
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prevalent REM dissociative symptoms in idiopathic hypersomnia compared with NT2.! Similarities among the disorders
represent a significant diagnostic challenge.

A defined protocol for diagnostic testing is lacking. Evaluation begins with clinical examination and history, aiming
to narrow the list of possible diagnoses. Of the three disorders considered here, NT1 may be the easiest to identify if
cataplexy is present, but other differential diagnoses need to be considered as well. Diagnostic testing (eg, polysomno-
graphy, actigraphy, and MSLT) is necessary to confirm a diagnosis according to the ICSD-3 criteria. Hypocretin levels in
cerebrospinal fluid may be obtained (eg, for diagnosis of NT1 in the absence of cataplexy), but there is no official
guidance regarding when and under what circumstances to measure these levels. The potential for misdiagnosis is
considerable since several psychiatric comorbidities (eg, mood disorders) and other medical or behavioral conditions (eg,
substance abuse) are associated with hypersomnolence.' In pediatric patients, presentation of EDS and cataplexy in

15,34 and

narcolepsy or idiopathic hypersomnia can mimic symptoms of ADHD, epilepsy, or psychotic disorders,
differentiation of excessive sleep due to idiopathic hypersomnia versus non-pathologic, age-appropriate long sleep
duration can be difficult.’ In response to these challenges, a new classification of sleep disorders, based on differently
defined clinical characteristics and with less emphasis on MSLT results because of its limited sensitivity and specificity in
this context, has been proposed.®> This classification includes three diagnostic categories: narcolepsy, idiopathic
hypersomnia, and idiopathic excessive sleepiness.’”

Comorbidities associated with NT1, NT2, and idiopathic hypersomnia are wide-ranging, and many are overlapping.
2136 estimated in the Burden of Narcolepsy Disease (BOND)
study to be 2 to 3 times more likely in people with narcolepsy compared with non-narcolepsy controls (odds ratio [OR]:
2.3 [95% confidence interval, CI: 2.2 to 2.5]; P<0.0001).>” The BOND study also identified an increased risk of
cardiometabolic and cardiovascular (CV) conditions and events, including diabetes (OR [95% CI]: 1.8 [1.7, 1.8];
P<0.0001), stroke (2.5 [2.3, 2.7]; P<0.0001), myocardial infarction (1.6 [1.3, 1.8]; P<0.0001), cardiac arrest (1.6 [1.1,
2.3]; P=0.0326), and heart failure (2.6 [2.3, 2.9]; P<0.0001). These findings were verified more recently, in general, in
the Cardiovascular Burden of Narcolepsy Disease (CV-BOND) study.*® Finally, there is a significantly elevated

Obesity is a well-established comorbidity of narcolepsy,

prevalence of headache/migraine; psychiatric conditions, including anxiety disorders and mood disorders; and other
sleep disorders, including periodic limb movement disorder (PLMD), sleep apnea, rapid eye movement (REM), sleep
behavior disorder (RBD), and restless legs syndrome (RLS).*” In a survey, many people with narcolepsy specified that
they had comorbid psychiatric and sleep disorders (eg, depression [32.0-35.3%] and anxiety disorder [25.7-27.5%]) that
had been correctly diagnosed, as opposed to having been misdiagnosed.** Idiopathic hypersomnia does not seem to be
associated with obesity, but a retrospective claims analysis identified diabetes, hyperlipidemia, psychiatric disorders
(mood, depressive, and anxiety disorders), and other sleep disorders (sleep apnea, PLMD, RLS, RBD) as common
comorbidities.** CV conditions or events, including hypertension, major adverse cardiac event, atrial fibrillation, heart
failure, and stroke, were also found to be common.*® Finally, headache/migraine is common,*® and autonomic dysfunc-
tion and cognitive symptoms relating to memory and attention have been reported.***!

Treatment of Narcolepsy and ldiopathic Hypersomnia

Treatment of narcolepsy and idiopathic hypersomnia involves a whole-patient, multifactorial approach. Both nonpharmaco-
logic and pharmacologic interventions should be incorporated, guided by the patient’s individual circumstances, such as
symptom profile and lifestyle (eg, parents of young children; women of childbearing potential). Nonpharmacologic interven-
tions include lifestyle modifications and preventive therapy focusing on factors such as sleep hygiene (eg, discontinuation of
electronics use well before bedtime), adjustment of work hours (eg, beginning work later in the day rather than early morning),
regular exercise, and a healthy diet.**** In addition, cognitive behavioral therapy for hypersomnia emphasizes education
about the disease state, self-identity and self-image (including strategies for self-acceptance), structured daytime and nighttime
activities, coping skills and emotional regulation, social support, and medical/legal/occupational issues (eg, potential
accommodations).*> As far as pharmacologic approaches, narcolepsy and idiopathic hypersomnia are often treated off-
label, and treatment is generally symptomatic (eg, EDS and cataplexy) due to poor understanding of the pathophysiology
of NT2 and idiopathic hypersomnia. The pathophysiology of NT1, as related to hypocretin deficiency, is clearer.*® Approved
pharmacologic agents commonly utilized in narcolepsy include oxybate (LXB [only indicated in the US], SXB, and recently
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fixed-dose, high-sodium oxybate),*”**

wake-promoting agents (eg, modafinil, armodafinil, solriamfetol, and pitolisant), and
stimulants (eg, methylphenidate and dextroamphetamine). Antidepressants (eg, venlafaxine, clomipramine, and fluoxetine)
are often used off-label. Currently, LXB is the only approved treatment for idiopathic hypersomnia in the US.” Modafinil was
previously approved in the EU, but the approval was rescinded in 2011.* Off-label treatments for idiopathic hypersomnia
include modafinil, stimulants (methylphenidate, amphetamines, and mazindol), clarithromycin, and pitolisant. Treatment
guidelines provide recommendations for use of these agents.’*>' Most of the pharmacologic therapies employed in central
disorders of hypersomnolence have not undergone rigorous clinical trials or head-to-head studies. However, pivotal clinical
trials of LXB have recently been conducted, supporting its use in both narcolepsy (NT1 and NT2)** and idiopathic

hypersomnia.”

Development and Characterization of LXB

SXB is a standard of care, based on American Academy of Sleep Medicine and French consensus guidelines, for the treatment
of EDS and cataplexy in narcolepsy.”™' However, at the recommended dosage range for adults (6-9 g/night), SXB
contributes 1100 mg to 1640 mg to daily sodium intake.”*>* The recommended upper limit of daily sodium intake in adults
is 2000 mg/day to 2300 mg/day,” °° but for many people, dietary sodium intake exceeds this limit (mean for Americans aged
2-19 years in 2013-2014: 3033 mg/day).®' Thus, treatment with SXB adds to sodium intake that may already be excessive. It
is well established that excess sodium intake is associated with increased blood pressure and CV risk.®*

LXB is a multiple-cation formulation of oxybate that contains 92% less sodium than SXB, with the same active moiety, at
the same concentration, gram for gram.® In pharmacokinetic/pharmacodynamic (PK/PD) studies in healthy adults, LXB had
lower maximum plasma drug concentration compared with SXB (C,,.«: arithmetic mean, 101.8 vs 135.7 ug/mL), delayed
time t0 Cpax (Trax: median, 0.75 vs 0.50 h), and similar area under the plasma concentration—time curve (AUC_: arithmetic
mean, 235.4 vs 263.9 pg-h/mL; AUC,_,.: arithmetic mean, 236.5 vs 265.2 pg-h/mL) in the fasted state at equivalent oxybate
doses.®® Bioequivalence of LXB and SXB, under fasted conditions, was to be declared if the 90% Cls for the ratio of geometric
least-squares means of log-transformed AUC_, AUCy_.., and C,,.x were all contained within 80% and 125%. As the criteria
were met for AUC but not C .y, LXB and SXB were found to be not bioequivalent.®® An additional finding was that C . and
AUC of LXB were lower under fed than fasted conditions.®®

The mechanism of action of oxybate (gamma-hydroxybutyrate; GHB) in the treatment of narcolepsy and idiopathic
hypersomnia is unknown,” in part due to the incomplete understanding of the pathophysiology of these disorders.'
Hypocretin deficiency is a key element of NT1, and NT2 may involve partial hypocretin/orexin deficiency severe enough

to cause sleepiness but not cataplexy,' although this is controversial.®’

The pathophysiology of idiopathic hypersomnia
remains unknown; no deficiency in hypocretin-1 has been observed.' Since GHB is an endogenous brain neurotransmitter
that acts at GHB-specific receptors and gamma-aminobutyric acid B (GABAg) receptors,®® it is hypothesized that the
therapeutic effects of oxybate on EDS and cataplexy are mediated through GABAg actions at dopaminergic and
noradrenergic neurons, as well as at thalamocortical neurons, during sleep.’

Because bioequivalence criteria were not met in PK/PD studies,°® a phase 3 clinical trial of LXB in narcolepsy
(NCT03030599) was conducted in 2017-2019.%°% Overall, the results of this LXB study are broadly consistent with SXB
in narcolepsy, with a similar efficacy and safety profile.*”> A study of LXB in idiopathic hypersomnia (NCT03533114)
was conducted concurrently, in 2018-2020.3

The narcolepsy pivotal trial of LXB was a multicenter, double-blind, placebo-controlled, randomized withdrawal
study in adults with narcolepsy with cataplexy.>® Participants entered an open-label optimized treatment and titration
period (OLOTTP; 12 weeks), followed by a stable-dose period (SDP; 2 weeks), and then a double-blind randomized
withdrawal period (DBRWP; 2 weeks). An optional open-label extension (OLE) followed the DBRWP. The duration of
the study was 16 weeks (main study) or 40 weeks (including the OLE). A total of 201 participants were enrolled and
treated in the OLOTTP, and 149 participants entered the SDP (74.1% retention rate). The primary endpoint was met:
There was a significant worsening in the weekly number of cataplexy attacks from the end of the SDP to the end of the
DBRWP in the placebo group, compared with no change in the LXB group (P<0.0001). On the key secondary endpoint,
scores on the Epworth Sleepiness Scale (ESS) significantly worsened from the end of the SDP to the end of the DBRWP
in the placebo group and did not change in the LXB group (P£<0.0001). On other secondary endpoints, LXB
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demonstrated improvement compared with placebo on overall narcolepsy symptom severity, QoL, and self-assessed
current health status. In post hoc analyses, LXB was found to reduce cataplexy frequency and increase cataplexy-free
days per week during the OLOTTP and SDP.”® Changes in cataplexy frequency observed during OLOTTP differed by
cataplexy treatment at study entry, but cataplexy-free days were high in all groups at the end of the SDP.”® Efficacy of
LXB during the OLE was not measured in this trial. Improvements in DNS were not tested for LXB but were previously
demonstrated for SXB, which were associated with beneficial effects on sleep architecture, including increases in non-
rapid eye movement (NREM) sleep, stages 3 and 4 sleep, and delta power, and decreases in awakenings, REM sleep,
stage 1 sleep, and stage shifts.””"°

Treatment-emergent adverse events (TEAEs) were common (reported by 76.1% while receiving LXB during the main
study) and consistent with those seen in studies of SXB.’**">7* TEAEs resulting in LXB discontinuation during the
main study (11.9% overall) were worsening cataplexy (3.5%), nausea (1.5%), and anxiety, depressed mood, depression,
headache, and irritability (each 1.0%). Serious TEAEs were reported by 6 participants, and TEAEs considered related to
study medication were reported by two participants (confusion and hallucinations in one participant after accidental
deviation from usual interval between doses; muscle enzyme increased in one participant after intense activity). Similar

to prior long-term safety results with SXB in narcolepsy,”'*

the long-term safety and tolerability profiles of LXB during
the OLE were generally consistent with those during the main study.®' TEAEs were most prevalent early in the OLE and
declined thereafter.®!

The idiopathic hypersomnia pivotal trial of LXB was a multicenter, double-blind, placebo-controlled, randomized
withdrawal study in adults with idiopathic hypersomnia.>® Similar to the narcolepsy study, participants entered an initial
open-label titration and optimization period (called OLT in this study; 10-14 weeks), followed by an SDP (2 weeks) and
a DBRWP (2 weeks). A required OLE (24 weeks) followed the DBRWP. The duration of the study was 38 to 42 weeks.
A total of 154 participants were enrolled and treated in the OLT, and 123 participants entered the SDP (79.9% retention
rate). The primary endpoint was met: ESS scores worsened from the end of the SDP to the end of the DBRWP in the
placebo group and remained stable in the LXB group (P<0.0001). In post hoc analyses, this effect was similar in
subgroups of participants defined by sex, age, long sleep phenotype (ie, with or without long sleep), and baseline
treatment (taking baseline idiopathic hypersomnia medication or treatment naive). On key secondary endpoints,
Idiopathic Hypersomnia Severity Scale (IHSS) total scores increased (indicating worsening) from the end of the SDP
to the end of the DBRWP in the placebo group and remained stable in the LXB group (P<0.0001), and the proportion of
participants reporting worsening in symptoms on the Patient Global Impression of Change (PGIc) at the end of the
DBRWP relative to the end of the SDP was greater with placebo compared with LXB (£<0.0001). On other secondary
and exploratory endpoints, LXB demonstrated improvement compared with placebo on the Clinical Global Impression of
Change, functional outcomes, sleep inertia, work productivity, and activity impairment. In post hoc analyses, scores on
several of these measures improved during open-label LXB treatment in the OLT and SDP®* and were maintained long
term over the 24-week OLE.*® TEAEs were reported by 80% of participants overall and were consistent with those seen
in the LXB study in narcolepsy.”>>> TEAEs leading to discontinuation occurred in 17% of participants while receiving
LXB. Four participants experienced nine serious TEAEs; none were related to study drug.

The FDA approved LXB for the treatment of cataplexy or EDS in patients 7 years of age and older with narcolepsy in
July 2020, and for the treatment of idiopathic hypersomnia in adults in August 2021.° The approval of LXB for the
treatment of narcolepsy in pediatric patients is based on clinical trial data of SXB in pediatric participants 7 to 17 years of
age with narcolepsy,”> the similar treatment effects with LXB and SXB in clinical studies in adults with narcolepsy, PK
data from studies of SXB in adult and pediatric participants, and PK data from studies of LXB in adults.” LXB is not
approved outside of the US.

Benefits of Long-Term Treatment with LXB

There are no randomized controlled studies comparing LXB with other treatment options. LXB efficacy/tolerability is similar
or superior to SXB for most patients with narcolepsy, although there are some patients who prefer SXB.** LXB is newly
approved, and clinical trials of ~I year in duration are available for narcolepsy and idiopathic hypersomnia;>>*7%%2 for

narcolepsy, there is also a well-established, 20-year history of SXB usage supporting certain benefits of oxybate treatment,
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including individualized optimization of dosing and regimen, improvement of QoL and functioning, and association with
weight loss. LXB also has the benefit of reduced sodium content.

Individualized Optimization of Dosing and Regimen
For narcolepsy, LXB dosing is twice nightly (symmetric or asymmetric), and titration is as needed (for those transitioning
from SXB) or occurs in increments of up to 1.5 g/night/week.” Twice-nightly doses are separated by 2.5 to 4 hr.” A clear
understanding of PK and PD will enhance dosing adjustments and improve drug efficacy and safety, particularly when
administered with knowledge of circadian entrainment. For idiopathic hypersomnia, dosing is once or twice nightly, and
titration occurs in increments of up to 1.5 g/night/week.” The recommended LXB dosing interval is based on its PK
profile (peak exposure [Cpax] within 1 hr and decay within 4 hr®®). Once-nightly dosing or asymmetric twice-nightly
dosing may be preferable based on individual patient circumstances (eg, single dosing in idiopathic hypersomnia if there
is difficulty awakening during the night for a second dose, or asymmetric dosing in either disorder if there is awakening
during the night after a single dose but difficulty waking up in the morning after an equal second dose).

For patients transitioning from SXB, LXB is initiated at the same dose and regimen.” In an interim analysis of a Phase
4, open-label study (SEGUE), 90.5% of participants with narcolepsy reported that the process of transitioning was easy.
In the phase 3 study of LXB in narcolepsy, most (50/55; 90.9%) participants who entered taking SXB achieved a stable
total nightly dose of LXB within 1 titration step (range: 0-8).”° Sixteen (29.1%) required an increase in dose (maximum
increase: 4.25 g/night), whereas 2 (3.6%) decreased their dose (by <1.5 g/night).”® Hence, while most patients can
transition from SXB to LXB with no change in dose, others require a change for similar efficacy.

Improvement of QoL and Functioning

A strength of LXB clinical studies is the use of multiple endpoints assessing not only symptoms but also consequences,
such as impairment of QoL and/or functioning. LXB demonstrated efficacy on QoL and/or functioning (which in itself
can be considered a measure of QoL) in both narcolepsy and idiopathic hypersomnia, as described earlier (measured
using the SF-36 [narcolepsy] and FOSQ-10 and WPAI:SHP [idiopathic hypersomnia]).”*>® Functioning was not assessed
in clinical studies of LXB in narcolepsy. In idiopathic hypersomnia, few other agents have demonstrated benefits on
functioning, limited mostly to improvement in driving ability.*>*® Improvement in quality of wakefulness and function-
ing may have a broad impact on a person’s life, including in the longer term as new opportunities arise that might not
otherwise have been possible. For example, patients whose ability to work was limited as a result of idiopathic
hypersomnia®? and whose functioning improved with LXB treatment might experience an impact not only on their
immediate employment prospects but also on their overall career trajectory. This could have cascading effects in other
domains.

Weight Loss

In the LXB clinical trials, treatment during the open-label periods was associated with weight loss, similar to SXB.%7-58
In the study of LXB in narcolepsy,® 31.8% and 35.3% of participants were overweight or obese, respectively, at study
entry, consistent with the well-established increased risk of obesity in narcolepsy.?'~**” At the end of the SDP, with
a total of 14 weeks of LXB treatment, mean (SD) change in body weight in the overall population was —1.6 (3.5) kg.®
Mean weight loss was numerically greater in oxybate-naive participants compared with participants who had been taking
SXB at study entry; among oxybate-naive participants, mean weight loss was also numerically greater in participants
who were overweight or obese compared with normal weight. Most (91%) normal weight participants remained normal
weight, 15% of overweight participants became normal weight, and 8% of obese participants became overweight.
A single TEAE of decreased weight was reported.

Results in the study of LXB in idiopathic hypersomnia were similar,”® although, as noted earlier, idiopathic
hypersomnia is not strongly associated with obesity.>® At study entry, 33.8% and 24.7% of participants were overweight
or obese, respectively. At the end of the SDP, mean (SD) change in body weight in the overall population was —2.5
(4.1) kg. Mean weight loss was numerically greater in overweight or obese versus normal weight participants. Weight
loss was substantial (=5%) in 28.7% of participants. Most (92.1%) of normal weight participants remained normal
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weight, 16.7% of overweight participants became normal weight, and 12.1% of obese participants became overweight.
TEAESs of decreased weight were reported by 5 (3.2%) participants.

The mechanism by which LXB leads to weight loss is unknown. For SXB, which is also associated with weight

87,88

loss, proposed mechanisms of weight loss include increased physical activity, normalization of hormone secretion

(eg, growth hormone, leptin, and/or thyroid-stimulating hormone), and stimulation of metabolism and lipolysis.*”*! In

people previously treated with SXB, LXB might also be associated with reduced fluid retention as a result of its lower
sodium content.

Reduced Sodium Intake

Sleep disorders and excess sodium intake are each associated with increased CV risk. Narcolepsy and idiopathic

37-39,92

hypersomnia are associated with cardiometabolic and CV comorbidities and events, and people with narcolepsy

are more likely than healthy controls to demonstrate nocturnal non-dipping blood pressure,”® which is itself a predictor of

CV risk and mortality in the general population.”**® The mechanisms underlying the link between sleep disorders (and

1°79%) and CV risk are poorly understood, but NT1 may be related to hypocretin deficiency

9

poor sleep or EDS in genera
and associated dysregulation of the sympathetic nervous system.’

The modest sodium load associated with LXB, compared with SXB, is likely to be beneficial for the health of people
with narcolepsy or idiopathic hypersomnia, including young people. As these are chronic disorders that are often

diagnosed in a period spanning adolescence to early adulthood,®*°

providers should be cognizant of any long-term
health consequences of the chosen treatment, even in patients who are young and appear otherwise healthy. Evidence
indicates that presence of CV risk factors early in life may be predictive of poorer outcomes in adulthood. For example,
a population-based longitudinal study in 38,589 participants found that hypertension and obesity in children were
associated with a significantly increased risk of fatal or nonfatal CV events before the age of 60 years.'*

Reduction in sodium intake is associated with decreased CV risk,'®''°” and high sodium-containing medications are
associated with increased CV risk.'”*''" LXB has been recognized by the US FDA in the narcolepsy population for its
significant reduction in chronic sodium burden compared with SXB, which “will be clinically meaningful in reducing
cardiovascular morbidity in a substantial proportion of patients for whom the drug is indicated.”''? While this has not yet
been verified prospectively due to the long-term follow-up required, the potential benefit of reduced sodium intake with
LXB is inferred based on the literature on sodium intake, blood pressure, and CV health. However, it is notable that, in
the LXB narcolepsy study, mean systolic blood pressure values and prevalence of CV/cardiometabolic comorbidities
were higher in participants taking SXB at study entry, compared with participants who were not.’>’® Concomitant use of
stimulants and wake-promoting agents, which could also have been associated with higher blood pressure, was common
in the same study whether or not participants were taking SXB at baseline (groups by treatment at study entry: SXB only,
67.3%; SXB + other anticataplectics, 60.9%; other anticataplectics, 77.8%; anticataplectic naive, 48.9%).5 2,113 Finally, it
is important to note that excessive sodium intake is only one element of larger cardiovascular, cardiometabolic, and
cardiorenal management issues, and reduced sodium intake may not be positive for every patient (eg, in people with
orthostatic hypotension, the higher sodium content in SXB may be beneficial). The American Heart Association has
identified eight essential measures for improving and maintaining cardiovascular health, including diet as one compo-
nent; others include monitoring and management of cardiovascular/cardiometabolic indicators (cholesterol, blood
glucose, and blood pressure) and other lifestyle changes (exercise, cessation of nicotine use, weight management, and

adequate sleep).'"

Perspectives and Clinical Practice Considerations

Selection of the appropriate therapy for each patient is based on a number of considerations. Confidence in the diagnosis
of narcolepsy or idiopathic hypersomnia is paramount, as LXB is not indicated for other sleep disorders. LXB may not be
appropriate for all patients (eg, some parents of young children), and individual circumstances should be considered (eg,
profession, wake time, history of psychiatric issues or substance abuse). Patients with long histories of depression or
anxiety, with or without suicide attempts, may have worsening depression after initiating LXB and should be monitored.’
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Conversely, however, improvement in depressive symptoms as measured with the Patient Health Questionnaire-9 was
observed in the phase 3 study of LXB in narcolepsy.””

Misuse of illicitly produced and acquired GHB (the same active ingredient as in SXB and LXB) has been noted,
potentially due to its anxiolytic, hypnotic, and euphoric effects.®® In patients with a history of substance abuse, the
potential for misuse or abuse of prescription oxybate therapy may be a barrier, but not necessarily always.” SXB has been
available in the US through a long-running, restricted-distribution Risk Evaluation and Mitigation Strategy (REMS)
program, which has also been applied to LXB since its approval.''> The REMS program incorporates a number of
safeguards to prevent abuse, misuse, and diversion, and historical data have demonstrated that controlled access to SXB
was rigorously maintained.''® Furthermore, LXB is not unique in having concerns of this type; other treatments with
known potential for abuse and/or diversion (eg, methylphenidate''®) are widely used in the treatment of hypersomnia.>

It is essential to ensure that patients with narcolepsy and idiopathic hypersomnia are treated optimally, focusing on
addressing the debilitating and potentially hazardous symptoms of EDS and cataplexy in narcolepsy, and symptoms in
idiopathic hypersomnia including (but not restricted to) EDS. Early, effective treatment may have significant benefits, as
treatment of children and adolescents forms part of a continuum of care over the course of a potentially lifelong disease.
Any effective treatment beginning during childhood/adolescence (a period of significant neuroplasticity) might actually
alter the disease course, although this is speculative; in contrast, delayed treatment beginning during adulthood might be
limited to management of symptoms after years of dysfunction. The potential cascading impact of treatment benefits on
QoL and functioning, as described earlier, may be especially impactful in younger patients.

Strategies to improve treatment success include proactive and ongoing titration of LXB dosing and regimen to
maximize efficacy and tolerability. A patient’s optimal dose and regimen may change over time as the patient ages or
individual circumstances evolve. Following that evolution with regular follow-up and monitoring with tools such as those
used as endpoints in clinical trials may be helpful and complementary to discussions surrounding QoL.

Future Research

Future research should address knowledge gaps related to LXB and to the disorders of narcolepsy and idiopathic
hypersomnia. Real-world evidence is presently sparse but should be available soon, as results from OLEs, phase 4 trials
(including the SEGUE study mentioned earlier), and other studies are published. The mechanism of action of LXB,
similar to SXB, is largely unknown;’ improved understanding may emerge from preclinical studies. A better under-
standing of the sleep effects of LXB and correlation with outcomes in narcolepsy and idiopathic hypersomnia may
contribute to improved understanding of the mechanism of action of LXB and open possibilities for its use in other sleep
disorders. Finally, the potential impact of LXB treatment on future disease course and comorbid medical conditions
should be explored in prospectively monitored, population-level/epidemiologic datasets, such as claims databases). Brain
structural and functional changes have been demonstrated in narcolepsy and idiopathic hypersomnia,''’'*° as in
obstructive sleep apnea,'?! and it would be of interest to explore possible neuroprotection with LXB treatment.

A related issue is the impact of LXB, hypocretin deficiency, and other disease aspects in future risk of comorbidities.

Conclusion

LXB is a promising long-term treatment for narcolepsy and idiopathic hypersomnia, demonstrating efficacy on symptoms
including EDS, cataplexy, and sleep inertia, with a safety profile consistent with that of SXB in narcolepsy.
Individualized treatment involving titration of dosage/regimen can be leveraged over the long term to maximize efficacy
and tolerability as a patient’s life circumstances change. Improvements in functioning and QoL could have cascading
positive effects in multiple domains, particularly in younger patients. Weight loss in people who are overweight or obese
may have long-term health benefits, particularly as obesity is a well-established comorbidity of narcolepsy. Limiting
medication-related sodium intake with LXB may have significant health benefits, especially in relation to decreased risk
of cardiovascular morbidity.
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ADHD, attention deficit/hyperactivity disorder; AUC, area under the plasma concentration—time curve; BMI, body mass
index; BOND, Burden of Narcolepsy Disease; CGlc, Clinical Global Impression of Change; CI, confidence interval; CV,
cardiovascular; C,., maximum plasma drug concentration, DNS, disrupted nighttime sleep; DBRWP, double-blind
randomized withdrawal period; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; FDA, Food and
Drug Administration; FOSQ-10, Functional Outcomes of Sleep Questionnaire, short version; GABAp, gamma-
aminobutyric acid B; GHB, gamma-hydroxybutyrate; ICSD-3, International Classification of Sleep Disorders, 3rd
Edition; IH, idiopathic hypersomnia; IHSS, Idiopathic Hypersomnia Severity Scale; IQR, interquartile range; LSM, least
squares mean; LXB, low-sodium oxybate; MCS, Mental Component Summary; MSLT, Multiple Sleep Latency Test; NT1,
narcolepsy type 1; NT2, narcolepsy type 2; OLE, open-label extension; OLOTTP, open-label optimized treatment and
titration period; OLT, open-label titration and optimization period; PCS, Physical Component Summary; PD, pharmaco-
dynamic; PGlc, Patient Global Impression of Change; PK, pharmacokinetic; PLMD, periodic limb movement disorder;
QoL, quality of life; RBD, REM sleep behavior disorder; REM, rapid eye movement; REMS, Risk Evaluation and
Mitigation Strategy; RLS, restless legs syndrome; SD, standard deviation; SDP, stable-dose period; SE, standard error;
SF-36, 36-item Short-Form Survey; SOREMP, sleep onset rapid eye movement period; SXB, high-sodium oxybate; TEAE,
treatment-emergent adverse event; Tp.x, time to Cpax; VAS, visual analog scale; VAS-SI, visual analog scale for sleep
inertia; WPAIL:SHP, Work Productivity and Activity Impairment Questionnaire: Specific Health Problem.
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