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Abstract
Narcolepsy is a rare and chronic hypersomnolence disorder characterized by excessive daytime sleepiness, disrupted night-
time sleep, sleep paralysis, and hypnagogic hallucinations and occurs with or without cataplexy. Orexin neuron loss has been 
implicated in the underlying pathophysiology of narcolepsy type 1 through dysregulation of sleep/wake patterns and rapid 
eye movement sleep. γ-Aminobutyric acid (GABA) has been shown to play a role in modulation of orexin neuronal activity 
during transitions from wakefulness to sleep. γ-Hydroxybutyrate (GHB), an endogenous analog of GABA, has demonstrated 
therapeutic benefit in treatment of narcolepsy through early investigations, but use has historically been limited owing to 
existing stigma related to illicit use and abuse risk. Initial regulatory approval of its sodium salt derivative, sodium oxybate 
(SXB), for cataplexy in patients with narcolepsy occurred in 2002, and additional formulations have been developed. The 
efficacy and safety of SXB in narcolepsy have been supported by decades of clinical use and research. This review discusses 
the history and clinical application of GHB and its SXB derivatives in the treatment of individuals with narcolepsy, includ-
ing clinical safety and effect on sleep.

Key Points 

γ-Hydroxybutyrate (GHB) has been recognized as an 
effective treatment for narcolepsy since 1979; however, a 
stigma related to its illicit use remains.

The efficacy and safety of oxybates, the active moiety of 
GHB, in narcolepsy treatment have been supported by 
decades of clinical use and research.

1  Introduction

Narcolepsy is a rare and chronic neurologic/sleep disorder 
characterized by excessive daytime sleepiness (EDS), with 
an estimated prevalence of up to 44.3 per 100,000 persons 
in the USA [1, 2]. Globally, the prevalence of narcolepsy 
varies between regions, with estimated prevalence ranging 
from 0.14 per 100,000 in Israel to 79 per 100,000 in Finland 
[3]. In addition to EDS, the condition presents with other 
burdensome symptoms including disrupted nighttime sleep 
(DNS), sleep paralysis, and hypnagogic/hypnopompic hal-
lucinations and may occur with or without cataplexy [4]. 
There is no cure for narcolepsy, and patients often experi-
ence significant impacts related to activities of daily liv-
ing, mental health, social relationships, and performance at 
work or school [5]. Wakefulness and rapid eye movement 
(REM) sleep physiology are regulated by orexin neurons 
located in the lateral hypothalamus [6], and dysregulation of 
orexin neuronal activity is considered a contributing factor 
in disease pathogenesis [7]. REM sleep dissociation in nar-
colepsy has been associated with abnormal circadian timing 
and rapid, unexpected transitions into REM sleep throughout 
the day [6]. Narcolepsy type 1 (NT1), characterized by the 
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presence of cataplexy, is caused by severe loss of orexin neu-
rons resulting in low levels of orexin A peptide in the cer-
ebrospinal fluid (CSF) [4]. While narcolepsy type 2 (NT2) 
shares similar clinical characteristics with NT1 related to 
REM disruption, individuals do not experience cataplexy. 
Although its pathogenesis remains unknown, NT2 occurs 
independent of significant orexin neuron loss, as CSF orexin 
A levels typically remain normal [4].

γ-Aminobutyric acid (GABA), a major inhibitory neuro-
transmitter, has been implicated in sleep-promoting systems 
[8, 9]. Evidence suggests that GABAergic neurons likely 
inhibit orexin activity during transitions from wakefulness 
to sleep [6, 8]. γ-Hydroxybutyrate (GHB), an analog of 
GABA [9], has been recognized as an effective treatment 
for narcolepsy since 1979 [10], although initial US Food 
and Drug Administration (FDA) approval of its sodium salt, 
sodium oxybate (SXB), for the treatment of cataplexy in 
narcolepsy did not occur until 2002 [11]. SXB was subse-
quently approved for the treatment of EDS in adults with 
narcolepsy in 2005 [12]. Unfortunately, GHB has histori-
cally been associated with illicit use, including reports of 
abuse and use as a facilitating agent in sexual assault [13]. A 
lingering stigma remains today, albeit less prevalent, among 
patients and even some clinicians. This review discusses the 
history and clinical use of GHB and SXB derivatives in the 
treatment of people with narcolepsy, including clinical safety 
and effects on sleep.

2 � Discovery of GHB and Early Investigations 
in Narcolepsy

GHB was first synthesized in 1874 and, upon discovery 
of the compound’s ability to cross the blood–brain barrier 
(BBB) in the 1960s, was later studied for its hypnotic prop-
erties and therapeutic potential as an endogenous precur-
sor of GABA to induce sedation, including initial use as an 
adjuvant to surgical anesthesia [9, 14–16]. Notably, studies 
have reported lack of tolerance with prolonged use [17]. 
GHB is also a metabolite of GABA and exhibits a variety of 
pharmacologic effects ranging from euphoria and decreased 
inhibition to somnolence, respiratory depression, and nausea 
[9, 13, 14]. GHB is a substrate for both sodium- and proton-
dependent monocarboxylate transporters (MCTs), with par-
ticular affinity for MCT1 at the BBB [9, 18]. GHB is present 
in the brain at low concentrations (µM) and coordinates its 
actions via two distinct receptors, GABAB and GHB (Fig. 1). 
The behavioral, pharmacologic, and toxicologic aspects of 
GHB, including sedative and hypnotic effects, are mainly 
mediated through its action as a weak GABAB agonist [9, 
19–22]. Additionally, some physiologic effects involve spe-
cific and pH-dependent binding to the GHB receptor, which 

is distinct from GABAB and comprises a subset of GABAA 
receptors with α4, ẟ, and β1 subunits [9, 23, 24].

GHB was first evaluated for the treatment of narcolepsy 
in 1979 owing to its hypnotic properties that do not inhibit 
REM sleep. Initially, GHB was tested to determine if it could 
improve nighttime sleep and, subsequently, daytime sleepi-
ness [10]. Multiple doses were administered (at bedtime and 
1–3 times thereafter during the night) to assess effects on 
nighttime sleep and daytime symptoms [10]. Study partici-
pants reported rapid improvement of nocturnal sleep qual-
ity, including reductions in restlessness, nightmares, and 
hallucinations, along with gradual improvement of daytime 
symptoms, including cataplexy and ability to stay awake. 
Investigators noted that a key disadvantage of GHB was its 
relatively short duration of action and highlighted the need 
for an extended-release formulation to sustain therapeutic 
effect for 7 to 8 h overnight [10]. The effect of GHB on sleep 
and wake patterns was further studied in individuals with 
narcolepsy and cataplexy using continuous 48-h polygraph 
recordings [25]. GHB significantly increased nocturnal 
slow-wave sleep duration and REM sleep efficiency, while 
reducing sleep latency, sleep fragmentation, and duration of 
daytime sleep periods [25]. Findings from GHB studies have 
further supported the link between nocturnal REM fragmen-
tation and daytime cataplexy symptoms [26].

Although SXB has been approved by the FDA for > 20 
years, misperceptions remain, as does a general lack of aware-
ness of the extensive regulatory safeguards required by the FDA 
to oversee safe use. Effects of illicit GHB use include euphoria, 
decreased inhibition, and increased sexual arousal [13, 27, 28]. 
Studies have shown that unresponsiveness occurs at GHB blood 
concentrations of approximately 300 µg/mL [27]. Further, death 
from respiratory depression may occur at concentrations > 500 
µg/mL [27]. The average peak blood concentration of GHB 
after SXB administration is approximately 60–70 µg/mL [29], 
as shown in Fig. 2.

Understanding the history and current strategies for risk 
mitigation is crucial for clinicians and the narcolepsy patient 
community. In 2000, GHB was listed as a schedule I sub-
stance, defined as a controlled substance with high abuse 
potential and no accepted medical use, as directed by the 
US Congress [30, 31]. However, given the clinical benefit in 
narcolepsy, a path forward was achieved, and FDA-approved 
medications containing GHB are currently classified as 
schedule III substances, defined as medications with inter-
mediate abuse potential [9, 31].
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3 � Clinical Use of Oxybate in Narcolepsy

The clinical use of GHB as SXB for the treatment of nar-
colepsy began in 2002 when a twice-nightly formulation of 
SXB was developed by Orphan Medical [32], which was 
acquired by Jazz Pharmaceuticals in 2005. Developments 
in the clinical use of twice-nightly SXB for the treatment 
of narcolepsy continued during the first decade of 2000s. 
Clinical trials demonstrated the efficacy of SXB in the 
management of core narcolepsy symptoms, including 
cataplexy [33–36] and EDS [33, 36, 37]. In a large, inter-
national, double-blind, placebo-controlled clinical trial, 
twice-nightly SXB was associated with improvements in 
EDS, demonstrated through significant increase of Mainte-
nance of Wakefulness Test (MWT) scores at the 4.5-g and 
9-g doses, dose-related decreases in Epworth Sleepiness 

Scale scores at 6 g and 9 g, and improvements in Clini-
cal Global Impression of Severity (CGI-S) scores at all 
doses (4.5 g, 6 g, and 9 g) [37]. Additionally, all doses 
of twice-nightly SXB were associated with progressive 
dose-dependent decreases in frequency of weekly cata-
plexy episodes [35]. On the basis of these findings, the 
FDA approved twice-nightly SXB (XYREM®) for the 
treatment of cataplexy associated with narcolepsy in 2002 
[38] and for the treatment of EDS in 2005 [39]. SXB was 
subsequently added to the American Academy of Sleep 
Medicine (AASM) clinical practice guidelines for manage-
ment of narcolepsy in 2007 [40]. Demonstrated efficacy 
and clinical application of SXB in narcolepsy has led to 
the development of alternative formulations.

GABAA
receptor GABAB

receptor

GHB
receptor

GHB

GABA

Postsynaptic
neuron

Presynaptic
neuron

Reduced
Cataplexy

Reduced
EDS

Increased
SWS

Fig. 1   Mechanism of action of GHB. EDS excessive daytime sleep, GABA γ-aminobutyric acid, GHB γ-hydroxybutyrate, SWS slow-wave sleep
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Calcium/magnesium/potassium/sodium oxybate 
(mixed-salt oxybates; XYWAV®) was approved for the 
treatment of narcolepsy in 2020 and idiopathic hypersom-
nia (IH) in 2021 [41] on the basis of positive efficacy and 
safety data from randomized withdrawal trials [42, 43]. 
Although this formulation contains less sodium owing to 
the inclusion of additional cations, twice-nightly dosing 
is still required [41]. Although a small proportion of the 
narcolepsy population may be sensitive to sodium, > 20 
years of use in clinical practice, as well as an extensive 
review of published data, have not identified a signal for 
increased risk of cardiovascular disease, including hyper-
tension, underscoring that clinicians appropriately manage 
utilization [44].

Flamel Pharmaceuticals (later Avadel Pharmaceuticals) 
began development of an extended-release, once-nightly 

formulation of SXB (ON-SXB) in 2013 and has com-
pleted a total of 11 pharmacokinetic studies in nearly 300 
healthy volunteers. Positive efficacy and safety data from 
the phase 3 REST-ON trial were published in 2022 [45], 
and ON-SXB (LUMRYZ™) was approved by the FDA to 
treat cataplexy and EDS in adults with narcolepsy in 2023 
and in patients 7 years of age and older with narcolepsy in 
2024 [46]. ON-SXB demonstrated statistically significant 
and clinically meaningful improvement versus placebo at 
all doses tested (6 g, 7.5 g, and 9 g) on the coprimary 
endpoints of mean sleep latency on the MWT, Clinical 
Global Impression of Improvement (CGI-I) rating, and 
mean number of weekly cataplexy episodes.

Additional sponsors have described efforts to develop 
extended-release oxybate formulations for once-nightly dos-
ing (XW10172, XW Pharma; Tris Pharma; JZP324, Jazz 

Fig. 2   Mean plasma concentrations of orally administered SXB for-
mulations in healthy volunteers. Mean plasma concentrations of 6-g 
ON-SXB and twice-nightly SXB formulations over a 14-h period 
in 25 healthy adult volunteers (adapted from Bogan R, et  al. Sleep 
Medicine. 2022;100:442–447 [88]). *Published GHB plasma levels 
associated with lack of arousability are illustrated (Busardò FP, Jones 
AW. Curr Neuropharmacol. 2015;13(1):47–70 [27]). The estimated 
plasma concentration of GHB at which there is a risk of death due 

to respiratory depression is approximately > 500 mg/L (Busardò FP, 
Jones AW. Curr Neuropharmacol. 2015;13(1):47–70 [27]). In a study 
of 16 healthy adult volunteers who were assessed 20–300 min follow-
ing intravenous administration of GHB, the mean plasma concentra-
tion associated with deep sleep/no response to stimuli was approxi-
mately 311 mg/L (Helrich M, et al. Anesthesiology. 1964;25:771–775 
[15]). GHB γ-hydroxybutyrate, ON-SXB once-nightly sodium oxy-
bate, SXB sodium oxybate
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Pharmaceuticals) [47–49]. To date, only preliminary data 
from XW10172 have been presented [47]. Jazz Pharmaceuti-
cals and Concert Pharmaceuticals conducted a phase 1 study 
of JZP-386, a deuterium-modified SXB analog, but scant 
information is available aside from the results not supporting 
advancement into a later stage clinical trial [50].

When it was introduced into the AASM clinical prac-
tice guidelines in 2007, SXB was initially classified as a 
standard recommendation, defined as a patient-care strategy 
that reflects a high degree of clinical certainty, for treatment 
of cataplexy, daytime sleepiness, and DNS associated with 
narcolepsy [40]. Notably, the updated 2021 AASM guide-
lines classify SXB as a strong recommendation, defined 
as an intervention that almost all patients should receive if 
clinically appropriate, for treatment of narcolepsy, owing to 
clinically significant improvements in EDS, cataplexy, and 
disease severity [51]. Additional medications that received 
a strong recommendation by AASM for narcolepsy include 
modafinil, solriamfetol, and pitolisant; only pitolisant and 
SXB are recognized to significantly reduce cataplexy [51]. 
SXB was also recommended as a first-line treatment in clini-
cal guidelines developed by European entities (European 
Academy of Neurology, European Sleep Research Society, 
European Narcolepsy Network) in 2021 and is the only 
first-line monotherapy recommended for management of 
concurrent cataplexy, EDS, and DNS symptoms. European 
guidelines also recommend pitolisant for treatment of EDS 
(strong recommendation) and cataplexy (weak recommenda-
tion) symptoms [52]. Use of SXB is suggested for treatment 
of moderate to severe sleep paralysis and/or sleep-related 
hallucinations, but available evidence is limited given the 
relatively low basal frequency of these symptoms [35, 52].

3.1 � Safety and Tolerability of Oxybate Use 
in Narcolepsy

The FDA requires that all oxybate medications follow a Risk 
Evaluation and Mitigation Strategy (REMS) [51], which is 
a drug safety program reserved for certain medications with 
serious safety concerns to help ensure that the benefits of 
the medication outweigh the risks [53]. For oxybates, the 
primary safety concerns are abuse, misuse or diversion, and 
central nervous system (CNS) depression [38, 41, 46]. As 
such, oxybate REMS programs require that (i) healthcare 
providers who prescribe the drug be specially certified, (ii) 
the drug is dispensed only by specially certified pharmacies, 
and (iii) the drug be dispensed and shipped only to patients 
who are enrolled in the REMS with documentation of safe 
use conditions [38, 41, 46]. Similarly, the European Medi-
cines Agency requires a risk management plan (RMP) for 
twice-nightly SXB, which aims to identify, characterize, and 
minimize risks of a medication to ensure safe and effective 
use [54, 55]. As part of the RMP, the European Medicines 

Agency requires (i) a controlled distribution program and (ii) 
physician and patient education materials [56]. The French 
Monitoring Program requires additional measures, including 
(i) a 24 h/7 day phone number for questions; (ii) a 24 h/7 
day coordinating center with specialized staff; (iii) a physi-
cian, pharmacist, and patient registry; (iv) annual, initial, 
and first monthly prescription renewal forms; and (v) annual 
postauthorization reports [56]. This safety oversight includes 
careful review of concomitant medications and potential 
drug–drug interactions by pharmacists. Notably, alcohol and 
sedative hypnotics are contraindicated in combination with 
oxybates [38, 41, 46]. In cases that require concurrent use 
of oxybates with medications that cause CNS depression, 
dose reductions of one or both treatments may be required 
[38, 41, 46].

When used appropriately, adverse reactions with oxybates 
are generally issues related to tolerability (nausea, vomiting, 
headache, enuresis, and dizziness), which are usually tran-
sient and mild to moderate in severity [45, 57–59]. Patient 
counseling is important to help set patient expectations that 
these side effects typically subside over time. Serious risks 
such as CNS depression, respiratory depression, seizure, 
and bradycardia have typically been reported by individuals 
who took the second dose of twice-nightly SXB too early (< 
2.5 h), but such risks are not described in the labeling [60, 
61]. Psychiatric adverse events following twice-nightly SXB 
treatment have been observed at low rates [57]. In a post-
marketing, real-world evidence study in the European Union 
involving 730 individuals, only one event was reported [57]. 
As per product labeling, clinicians should inform patients 
that oxybates can cause behavioral or psychiatric adverse 
reactions, including confusion, anxiety, and psychosis [38, 
41, 46].

4 � Clinical Use of Oxybate in Other 
Conditions

Potential clinical application of SXB has been evaluated for 
the treatment of other medical and sleep-related disorders 
(Table 1). SXB has been investigated as a therapeutic option 
in alcohol use disorder [62, 63], and further research is war-
ranted. Sleep disturbance plays a key role in the pathophysi-
ology of fibromyalgia, and nonrestorative sleep has been 
linked to hyperalgesia and bodily hypersensitivity [64]. 
Twice-nightly SXB (4.5 g or 6 g) demonstrated significant 
improvement of pain, fatigue, and tenderness, as well as 
general health, in patients with fibromyalgia [64]. However, 
despite evidence of potential therapeutic value reported in 
large, multicenter studies, approval of SXB for the treatment 
of fibromyalgia was denied by the FDA owing to an inade-
quate benefit/risk profile [65]. In an open-label study of four 
patients with chronic cluster headache and disrupted sleep, 
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SXB demonstrated reduction in the frequency and inten-
sity of nocturnal headaches, improved daytime headaches, 
and improved sleep [66]. SXB also demonstrated efficacy 
in reducing daytime and nocturnal headaches in an indi-
vidual with episodic cluster headache [67]. In individuals 
with Parkinson’s disease, SXB improved EDS and nocturnal 
sleep disturbances, which are common and burdensome non-
motor manifestations of the disease [68]. The 2021 AASM 
guidelines include a conditional recommendation for SXB to 
treat hypersomnia secondary to Parkinson’s disease in adults 
[69]. A double-blind trial investigating SXB in REM sleep 
behavior disorder (RBD) did not demonstrate SXB superior-
ity over placebo; however, significant improvement across 
subjective outcomes of RBD activity, including frequency of 
monthly episodes, severe episode burden, and overall sever-
ity burden, was observed [70].

5 � Effects of SXB Treatment on Sleep

Individuals with narcolepsy have fragmented sleep with fre-
quent nocturnal awakenings and shortened periods of con-
solidated sleep, owing to sleep instability (elevated number 
of stage sleep shifts to wake and lighter sleep stages, along 
with limited slow-wave and REM sleep). While total sleep 
time (TST) in narcolepsy may be decreased during the sleep 
period, it remains normal over a 24-h period [71]. TST in 
healthy adults, as measured by polysomnography (PSG), has 
been estimated to range between 6.5 and 7 h [72]. People 
with narcolepsy also have shorter nocturnal sleep latencies 
than individuals without narcolepsy, irrespective of subtype 
[73]. People with NT1 show longer stage 1 (N1) bouts and 
elevated arousability with shorter bouts in N2 and REM 
sleep compared with individuals who report problematic 
daytime sleepiness but do not meet PSG and multiple sleep 
latency test criteria for NT1, NT2, or IH [74]. Subsequently, 
people with narcolepsy experience difficulty maintaining 
continuous sleep throughout the night and wakefulness dur-
ing the day [75].

Fig. 3   Illustrative hypnogram: sleep architecture of a 24-year-old 
female patient with NT1 before and after treatment with ON-SXB. 
Illustrative hypnogram of sleep cycles assessed using overnight 
polysomnography performed in clinic (Kushida CA, et  al. Sleep. 
2022;45(6):zsab200 [45]) of an individual with NT1 before and after 

13-week treatment with ON-SXB. 1, N1 sleep stage; 2, N2 sleep 
stage; 3, N3 sleep stage; 4, N4 sleep stage, NT1 narcolepsy type 1, 
ON-SXB once-nightly sodium oxybate, R rapid eye movement sleep 
stage, W wake sleep
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Data demonstrating improvements in various sleep 
parameters for both twice-nightly SXB and ON-SXB have 
been published (Table 2) [76–85]. Although some data 
from twice-nightly oxybates are presented as a continuous 
endpoint, effects on sleep must be evaluated in light of the 
bifurcated regimen required by twice-nightly oxybate dos-
ing, such as the “first half” and “second half” of the night 
measurements presented by Black et al. [86]. Interestingly, 
twice-nightly SXB was associated with greater slow-wave 
sleep during the second half of the night at the 9-g dose [86], 
in contrast to the more typical sleep architecture in which 
slow-wave sleep occurs early in the nocturnal sleep period 
following homeostatic regulation [87]. While temporal PSG 
assessment data are not available for ON-SXB, early peak 
concentrations may theoretically correspond to more slow-
wave sleep in the first half of the night [88], as occurs in 
a more “normal” sleep pattern. An illustrative hypnogram 
of sleep cycles assessed using overnight PSG performed in 
clinic [45] of an individual with NT1 before and after treat-
ment with ON-SXB is depicted in Fig. 3.

While PSG assessments are important in clinical trials, 
real-world effectiveness of medications is based upon how 
an individual feels after a night’s sleep. As the importance of 
sleep health and regularity is increasingly recognized, some 
individuals with sleep disorders may mistakenly believe they 
need to conduct their own assessments to confirm achieve-
ment of the recommended 7 to 9 h of nocturnal sleep [89, 
90]. However, individual needs for optimal sleep time differ 
between patients, and parameters related to reported sleep 
quality and refreshing nature of sleep are important to con-
sider. To help evaluate treatment response, clinicians should 
educate patients with narcolepsy to assess how they feel 
about their sleep and how they function the next day. Indi-
viduals with narcolepsy sleep a similar number of hours, on 
average, to those without narcolepsy [71]. In clinical trials 
of both twice-nightly SXB and ON-SXB, TST ranged from 
approximately 6–7 h prior to initiation of the study medica-
tion and remained so throughout the trials (twice-nightly 
SXB, 358.0–380.9 min; ON-SXB, 393.5–403.1 min) [86, 
91]. Clinically significant improvements in objective and 
subjective measures of sleep architecture have been con-
sistently observed with ON-SXB, regardless of concomitant 
alerting agent use (Fig. 4) [92].

While there are no published data on the effect of mixed-
salt oxybates on sleep architecture, the effect should theoreti-
cally be similar. However, it is noteworthy that mixed-salt 
oxybate is not bioequivalent to twice-nightly SXB, likely 
owing to less sodium, which is required for sodium-depend-
ent MCT transport [93].

6 � SXB Pharmacokinetic Profile

ON-SXB was developed to improve pharmacokinetic 
parameters and potential therapeutic benefit in narcolepsy 
treatment. The pharmacokinetics of twice-nightly SXB and 
ON-SXB were compared in a bioavailability study (Table 3) 
[88]. The maximum serum concentration (Cmax) with a sin-
gle dose of ON-SXB at 6 g (65.8 mg/mL) was bioequivalent 
to that of the second dose of twice-nightly SXB 3 g, given 4 
h after the first 3-g dose (77.1 mg/mL) [88]. Median time to 
reach maximum plasma concentrations (Tmax) was 0.5 h after 
the first dose and 1 h after the second dose of twice-nightly 
SXB and 1.5 h after ON-SXB administration. Notably, the 
mean plasma concentration of GHB with ON-SXB at 0.5 h 
after dosing was comparable to the Cmax after the first dose 
of twice-nightly SXB (Fig. 2) [88].

GHB exposure, as determined by area under the concen-
tration-time curve (AUC), was also bioequivalent between 
the single dose of ON-SXB and two doses of twice-nightly 
SXB (geometric least squares mean AUC​0-inf, 241.8 versus 
235.1 µg·h/mL; geometric mean ratio [90% CI] 102.9% 
[98.0–108.0]), with low intrapatient variability between the 
two treatments [88]. Although bioequivalence was dem-
onstrated through Cmax and AUC, plasma concentrations 8 
hours after dosing (C8h) were lower with ON-SXB com-
pared with twice-nightly SXB and below the bioequivalence 
threshold (geometric least squares mean, 2.3 versus 3.7 µg/
mL; geometric mean ratio [90% CI], 61.7% [45.8–83.0]). 
These findings suggest that ON-SXB may result in less next-
day sleepiness or grogginess after wakening [88]. The phar-
macokinetics of ON-SXB may follow an ideal drug expo-
sure, with a fast onset reaching peak concentrations early in 
the evening to encourage sleep onset, maintenance through 
the night, and dissipation from the circulation by morning. 
ON-SXB, which has a calculated half-life of 2.25 h [91], 
may provide pharmacokinetic advantages over twice-nightly 
SXB, which requires patients to administer the second dose 
overnight, interrupting nighttime sleep for individuals with 
narcolepsy and their bed partners. ON-SXB demonstrates 
a pharmacokinetic profile consistent with those of sedative 
hypnotics for sleep that similarly demonstrate high initial 
concentrations that progressively decline over time, corre-
sponding to waking hours [94]. Therefore, ON-SXB may 
theoretically produce a more “normal” sleep pattern in peo-
ple with narcolepsy [45, 88].

7 � Conclusions

Early studies from nearly 50 years ago demonstrated that 
GHB was a promising treatment for narcolepsy owing to 
its ability to modulate sleep/wake patterns and promote 
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Fig. 4   (continued)

Fig. 4   Effects of ON-SXB treatment on sleep architecture parameters 
with and without concomitant alerting agent use. Change from base-
line in (A) sleep stage shifts, (B) nocturnal arousals, (C) VAS sleep 
quality, and (D) VAS refreshing nature of sleep, for participants with 
or without concomitant alerting agent use (mITT population; Roth 

T, et  al. CNS Drugs. 2022;36(4):377–387 [92]). *P < 0.05, **P ≤ 
0.01, ***P ≤ 0.001. VAS was on a scale of 1–100. LSM least squares 
mean, mITT modified intent to treat, ON-SXB once-nightly sodium 
oxybate, PSG polysomnography, VAS visual analog scale

◂
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slow-wave sleep [25]. Following establishment of SXB, 
the sodium salt of GHB, as an FDA-approved treatment for 
narcolepsy, safety and efficacy of SXB in narcolepsy man-
agement have been supported by decades of utilization and 
AASM clinical practice guideline recommendations [40, 
44, 51]. Despite this, many sleep clinicians are reluctant 
or avoid incorporating oxybates into their treatment arma-
mentarium. Currently, the AASM strongly recommends four 
medications for narcolepsy: modafinil, solriamfetol, sodium 
oxybate, and pitolisant [51]. However, only two medications 
are both FDA-approved and strongly recommended by the 
AASM for treating cataplexy: sodium oxybate and pitolisant 
[46, 51, 95]. Treatment decisions should be individualized 
for each patient, with ongoing assessments. Many patients 
will require polypharmacy, and combining drugs with differ-
ent mechanisms of action may be helpful. Notably, findings 
from a recent post hoc analysis of REST-ON demonstrated 
that the 37% of the overall trial population, who received 
ON-SXB monotherapy, experienced significant improve-
ments across multiple domains [96].

When treated with twice-nightly oxybates, individu-
als must chronically awaken to take a second dose during 
nighttime sleep, which is already disrupted in the majority 
of people with narcolepsy [2, 97]. Although all oxybates 

are effective at treating EDS and cataplexy, ON-SXB only 
requires one dose at bedtime, which is recognized as a major 
contribution to patient care [98]. With > 20 years of effi-
cacy and safety data in the treatment of narcolepsy from 
twice-nightly SXB and > 3 years of ON-SXB data from 
the long-term RESTORE study, clinicians can rely upon a 
well-characterized safety profile for the drug moiety, along 
with the advantage of a single bedtime dose provided by 
ON-SXB.

Acknowledgments  Medical writing support was provided by Nancy 
Nguyen, PharmD, from The Curry Rockefeller Group, LLC, a Citrus 
Health Group, Inc., company (Chicago, IL, USA), and was funded by 
Avadel Pharmaceuticals (Chesterfield, MO, USA).

Declarations 

Funding  This article has been published as part of a journal supple-
ment wholly funded by Avadel Pharmaceuticals (Chesterfield, MO, 
USA). Preparation of this manuscript was funded by Avadel Pharma-
ceuticals. Avadel Pharmaceuticals was involved in the writing of the 
manuscript and in the decision to submit for publication. Open access 
publication and publication costs were funded by Avadel Pharmaceu-
ticals.

Table 3   Summary of SXB pharmacokinetic profile

AUC​0–inf area under the concentration-time curve from time 0 extrapolated to infinity, AUC​0–t area under the concentration-time curve from time 
0 to the time of the last observed/measured nonzero concentration, C8h plasma concentration 8 h after dosing, Cmax maximum plasma concentra-
tion, ON-SXB once-nightly sodium oxybate, TN-SXB twice-nightly sodium oxybate

Study Study design Study population Key pharmacokinetic parameters

Chen et al., 2021 [93] Analysis of two phase 1, open-label, 
randomized, single-dose crossover 
studies of TN-SXB and mixed-salt 
oxybates

Healthy volunteers aged 18–50 years 
(N = 108)

Mixed-salt oxybates and TN-SXB met 
bioequivalence criteria for AUC; 
however, mixed-salt oxybates had a 
lower Cmax

Seiden et al., 2021 [29] Pilot study
  Randomized, open-label, crossover 

study of ON-SXB and TN-SXB
Dose-proportionality study
  Open-label, single-dose, 3-sequential 

period study of ON-SXB
Relative bioavailability study
  Randomized, open-label, crossover 

study of ON-SXB and TN-SXB
Food-effect study
  Open-label, 2-period, crossover, 

single-dose study of ON-SXB

Healthy volunteers aged 18–65 years
Pilot study
(N = 16)
Dose-proportionality study
(N = 20)
Relative bioavailability study
(N = 28)
Food-effect study of ON-SXB
(N = 16)

Pilot study
  AUC​0-inf of ON-SXB was comparable 

to that of TN-SXB
Dose-proportionality study
  ON-SXB had similar overall pharma-

cokinetic profile at all tested doses 
and Cmax and AUC​0-inf increased in a 
dose-proportional manner

Relative bioavailability study
  AUC​0-inf and interpatient variability 

of ON-SXB were similar to those of 
TN-SXB

Food-effect study
  AUC​0-inf met bioequivalence criteria 

between the fed and fasted states, 
with lower Cmax in the fed state

Bogan et al., 2022 [88] Phase 1, randomized, crossover, 
open-label single-center study of 
ON-SXB 6 g versus TN-SXB 6 g 
(two 3-g doses)

Healthy volunteers aged 18–65 years 
residing in the United States (N = 
28)

Pharmacokinetic properties of ON-
SXB and TN-SXB, including Cmax, 
AUC​0–inf, and AUC​0–t were bioequiv-
alent; however, C8h for ON-SXB fell 
below bioequivalence criteria when 
compared with TN-SXB



S49Clinical Utility of GHB in Narcolepsy

Conflict of interest  Thomas Roth is a consultant for Avadel Pharma-
ceuticals, Eisai, Idorsia, Jazz Pharmaceuticals, Merck & Co., Orexo, 
and Takeda Pharmaceutical Co.

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Availability of data and material  Not applicable.

Code availability  Not applicable.

Author Contributions  Thomas Roth contributed to the conceptualiza-
tion and refining of the review, analysis and interpretation, and writing 
of the original draft, as well as reviewing and editing the manuscript.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Acquavella J, Mehra R, Bron M, et al. Prevalence of narcolepsy 
and other sleep disorders and frequency of diagnostic tests from 
2013–2016 in insured patients actively seeking care. J Clin Sleep 
Med. 2020;16:1255–63.

	 2.	 Bassetti CLA, Adamantidis A, Burdakov D, et al. Narcolepsy-
clinical spectrum, aetiopathophysiology, diagnosis and treat-
ment. Nat Rev Neurol. 2019;15:519–39.

	 3.	 Longstreth WT Jr, Koepsell TD, Ton TG, et al. The epidemiol-
ogy of narcolepsy. Sleep. 2007;30:13–26.

	 4.	 Kornum BR, Knudsen S, Ollila HM, et al. Narcolepsy. Nat Rev 
Dis Primers. 2017;3:16100.

	 5.	 Maski K, Steinhart E, Williams D, et al. Listening to the patient 
voice in narcolepsy: diagnostic delay, disease burden, and 
treatment efficacy. J Clin Sleep Med. 2017;13:419–25.

	 6.	 Mahoney CE, Cogswell A, Koralnik IJ, Scammell TE. The 
neurobiological basis of narcolepsy. Nat Rev Neurosci. 
2019;20:83–93.

	 7.	 Scammell TE. Narcolepsy. N Engl J Med. 2015;373:2654–62.
	 8.	 Xie X, Crowder TL, Yamanaka A, et al. GABA(B) receptor-

mediated modulation of hypocretin/orexin neurones in mouse 
hypothalamus. J Physiol. 2006;574:399–414.

	 9.	 Felmlee MA, Morse BL, Morris ME. Gamma-hydroxybutyric 
acid: pharmacokinetics, pharmacodynamics, and toxicology. 
AAPS J. 2021;23:22.

	 10.	 Broughton R, Mamelak M. The treatment of narcolepsy-cata-
plexy with nocturnal gamma-hydroxybutyrate. Can J Neurol Sci. 
1979;6:1–6.

	 11.	 US Food and Drug Administration Center for Drug Evaluation 
and Research. NDA 21-196 Xyrem (sodium oxybate) oral solu-
tion approval letter. Rockville: US Food and Drug Administra-
tion; 2002.

	 12.	 US Food & Drug Administration. Memorandum: Decision to 
waive the requirement for a single, shared system REMS for 
sodium oxybate oral solution. 2017. https://​www.​fda.​gov/​media/​
102913/​downl​oad. Accessed 16 Oct 2024.

	 13.	 White CM. Pharmacologic, pharmacokinetic, and clinical assess-
ment of illicitly used gamma-hydroxybutyrate. J Clin Pharmacol. 
2017;57:33–9.

	 14.	 Laborit H. Sodium 4-hydroxybutyrate. Int J Neuropharmacol. 
1964;3:433–51.

	 15.	 Helrich M, McAslan TC, Skolnik S, Bessman SP. Correlation of 
blood levels of 4-hydroxybutyrate with state of consciousness. 
Anesthesiology. 1964;25:771–5.

	 16.	 Blumenfeld M, Suntay RG, Harmel MH. Sodium gamma-
hydroxybutyric acid: a new anesthetic adjuvant. Anesth Analg. 
1962;41:721–6.

	 17.	 Vickers MD. Gammahydroxybutyric acid. Int Anesthesiol Clin. 
1969;7:75–89.

	 18.	 Morris ME, Felmlee MA. Overview of the proton-coupled MCT 
(SLC16A) family of transporters: characterization, function and 
role in the transport of the drug of abuse gamma-hydroxybutyric 
acid. AAPS J. 2008;10:311–21.

	 19.	 Carai MA, Colombo G, Brunetti G, et al. Role of GABA(B) 
receptors in the sedative/hypnotic effect of gamma-hydroxybu-
tyric acid. Eur J Pharmacol. 2001;428:315–21.

	 20.	 Carai MA, Lobina C, Maccioni P, et al. Gamma-aminobutyric 
acidB (GABAB)-receptor mediation of different in vivo effects 
of gamma-butyrolactone. J Pharmacol Sci. 2008;106:199–207.

	 21.	 Kaupmann K, Cryan JF, Wellendorph P, et al. Specific gamma-
hydroxybutyrate-binding sites but loss of pharmacological effects 
of gamma-hydroxybutyrate in GABA(B)(1)-deficient mice. Eur 
J Neurosci. 2003;18:2722–30.

	 22.	 Morse BL, Vijay N, Morris ME. gamma-Hydroxybutyrate 
(GHB)-induced respiratory depression: combined receptor-
transporter inhibition therapy for treatment in GHB overdose. 
Mol Pharmacol. 2012;82:226–35.

	 23.	 Absalom N, Eghorn LF, Villumsen IS, et al. alpha4betadelta 
GABA(A) receptors are high-affinity targets for gamma-
hydroxybutyric acid (GHB). Proc Natl Acad Sci USA. 
2012;109:13404–9.

	 24.	 Benavides J, Rumigny J, Bourguignon J, et al. High affinity 
binding site for γ-hydroxybutyric acid in rat brain. Life Sci. 
1982;30:953–61.

	 25.	 Broughton R, Mamelak M. Effects of nocturnal gamma-hydroxy-
butyrate on sleep/waking patterns in narcolepsy-cataplexy. Can 
J Neurol Sci. 1980;7:23–31.

	 26.	 Montplaisir J, Godbout R. Nocturnal sleep of narcoleptic 
patients: revisited. Sleep. 1986;9:159–61.

	 27.	 Busardò FP, Jones AW. GHB pharmacology and toxicology: 
acute intoxication, concentrations in blood and urine in forensic 
cases and treatment of the withdrawal syndrome. Curr Neurop-
harmacol. 2015;13:47–70.

	 28.	 Abanades S, Farre M, Segura M, et al. Gamma-hydroxybutyrate 
(GHB) in humans: pharmacodynamics and pharmacokinetics. 
Ann N Y Acad Sci. 2006;1074:559–76.

	 29.	 Seiden D, Tyler C, Dubow J. Pharmacokinetics of FT218, a once-
nightly sodium oxybate formulation in healthy adults. Clin Ther. 
2021;43:672e1-e14.

	 30.	 United States Congress. H.R.2130—Hillory J. Farias and 
Samantha Reid Date-Rape Drug Prohibition Act of 2000. 2000. 
https://​www.​congr​ess.​gov/​bill/​106th-​congr​ess/​house-​bill/​2130. 
Accessed 2024.

http://creativecommons.org/licenses/by-nc/4.0/
https://www.fda.gov/media/102913/download
https://www.fda.gov/media/102913/download
https://www.congress.gov/bill/106th-congress/house-bill/2130


S50	 T. Roth 

	 31.	 Gabay M. The federal controlled substances act: schedules and 
pharmacy registration. Hosp Pharm. 2013;48:473–4.

	 32.	 Tunnicliff G, Raess BU. Gamma-hydroxybutyrate (orphan medi-
cal). Curr Opin Investig Drugs. 2002;3:278–83.

	 33.	 US Xyrem Multicenter Study Group. A randomized, double 
blind, placebo-controlled multicenter trial comparing the effects 
of three doses of orally administered sodium oxybate with pla-
cebo for the treatment of narcolepsy. Sleep. 2002;25:42–9.

	 34.	 US Xyrem Multicenter Study Group. Sodium oxybate dem-
onstrates long-term efficacy for the treatment of cataplexy in 
patients with narcolepsy. Sleep Med. 2004;5:119–23.

	 35.	 Xyrem International Study Group. Further evidence support-
ing the use of sodium oxybate for the treatment of cataplexy: 
a double-blind, placebo-controlled study in 228 patients. Sleep 
Med. 2005;6:415–21.

	 36.	 US Xyrem Multicenter Study Group. A 12-month, open-label, 
multicenter extension trial of orally administered sodium oxybate 
for the treatment of narcolepsy. Sleep. 2003;26:31–5.

	 37.	 Xyrem International Study Group. A double-blind, placebo-
controlled study demonstrates sodium oxybate is effective for 
the treatment of excessive daytime sleepiness in narcolepsy. J 
Clin Sleep Med. 2005;1:391–7.

	 38.	 Jazz Pharmaceuticals. Xyrem® (sodium oxybate). Full Prescrib-
ing Information. Palo Alto: Jazz Pharmaceuticals, Inc; 2023.

	 39.	 Jazz Pharmaceuticals. Jazz Pharmaceuticals, Inc. Release: 
Xyrem® Receives FDA approval for the treatment of excessive 
daytime sleepiness in patients with narcolepsy. 2005. https://​
www.​biosp​ace.​com/​artic​le/​relea​ses/​jazz-​pharm​aceut​icals-​inc-​
relea​se-​xyrem-r-​recei​ves-​fda-​appro​val-​for-​the-​treat​ment-​of-​exces​
sive-​dayti​me-​sleep​iness-​in-​patie​nts-​with-​narco​lepsy-/. Accessed 
15 July 2022.

	 40.	 Morgenthaler TI, Kapur VK, Brown T, et al. Practice parameters 
for the treatment of narcolepsy and other hypersomnias of central 
origin. Sleep. 2007;30:1705–11.

	 41.	 Jazz Pharmaceuticals. Xywav™ (calcium, magnesium, potas-
sium, and sodium oxybate). Full Prescribing Information. Palo 
Alto: Jazz Pharmaceuticals, Inc; 2023.

	 42.	 Bogan RK, Thorpy MJ, Dauvilliers Y, et al. Efficacy and safety 
of calcium, magnesium, potassium, and sodium oxybates (lower-
sodium oxybate [LXB]; JZP-258) in a placebo-controlled, dou-
ble-blind, randomized withdrawal study in adults with narcolepsy 
with cataplexy. Sleep. 2021;44:zsaa206.

	 43.	 Dauvilliers Y, Arnulf I, Foldvary-Schaefer N, et al. Safety and 
efficacy of lower-sodium oxybate in adults with idiopathic 
hypersomnia: a phase 3, placebo-controlled, double-blind, 
randomised withdrawal study. Lancet Neurol. 2022;21:53–65.

	 44.	 Avidan AY, Kushida CA. The sodium in sodium oxybate: is 
there cause for concern? Sleep Med. 2020;75:497–501.

	 45.	 Kushida CA, Shapiro CM, Roth T, et al. Once-nightly sodium 
oxybate (FT218) demonstrated improvement of symptoms in 
a phase 3 randomized clinical trial in patients with narcolepsy. 
Sleep. 2022;45:zsab200.

	 46.	 Avadel Pharmaceuticals. LUMRYZ™ (sodium oxybate for 
extended-release oral suspension, CIII). Full Prescribing Infor-
mation. Chesterfield: Avadel Pharmaceuticals; 2024.

	 47.	 Canafax D, Xiang W, Xiang JN. 501 Clinical PK of 
XW10172 for once nightly therapy in patients with narco-
lepsy or sleep disorders in neurodegenerative diseases. Sleep. 
2021;44:A197–8.

	 48.	 Tris Pharma. Tris pharma announces development of a very 
low sodium and once-nightly oxybate formulation. 2021. 
https://​www.​trisp​harma.​com/​who-​we-​are/​news-​and-​media/​
tris-​pharma-​annou​nces-​devel​opment-​of-a-​very-​low-​sodium-​
and-​once-​night​ly-​oxyba​te-​formu​lation. Accessed 2024.

	 49.	 Dauvilliers Y, Bogan RK, Sonka K, et al. Calcium, magnesium, 
potassium, and sodium oxybates oral solution: a lower-sodium 

alternative for cataplexy or excessive daytime sleepiness asso-
ciated with narcolepsy. Nat Sci Sleep. 2022;14:531–46.

	 50.	 Jazz Pharmaceuticals Inc. Jazz Pharmaceuticals and Concert 
Pharmaceuticals Provide JZP-386 Program Update. 2015. 
https://​inves​tor.​jazzp​harma.​com/​news-​relea​ses/​news-​relea​se-​
detai​ls/​jazz-​pharm​aceut​icals-​and-​conce​rt-​pharm​aceut​icals-​
provi​de-​jzp-0. Accessed 23 Oct 2024.

	 51.	 Maski K, Trotti LM, Kotagal S, et al. Treatment of central 
disorders of hypersomnolence: an American Academy of 
Sleep Medicine clinical practice guideline. J Clin Sleep Med. 
2021;17:1881–93.

	 52.	 Bassetti CLA, Kallweit U, Vignatelli L, et al. European guide-
line and expert statements on the management of narcolepsy in 
adults and children. Eur J Neurol. 2021;28:2815–30.

	 53.	 Strunc MJ, Black J, Lillaney P, et al. The Xyrem® (Sodium 
Oxybate) Risk Evaluation and Mitigation Strategy (REMS) 
program in the USA: results from 2016 to 2017. Drugs Real 
World Outcomes. 2021;8:15–28.

	 54.	 European Medicines Agency. Guideline on good pharmacovig-
ilance practices (GVP): Module V—risk management systems 
(Rev 2). 2017. https://​www.​ema.​europa.​eu/​en/​docum​ents/​scien​
tific-​guide​line/​guide​line-​good-​pharm​acovi​gilan​ce-​pract​ices-​
module-​v-​risk-​manag​ement-​syste​ms-​rev-2_​en.​pdf. Accessed 
17 Oct 2024.

	 55.	 UCB Pharma. XYREM (sodium oxybate). Summary of Product 
Characteristics. Brussels, Belgium: UCB Pharma; 2020.

	 56.	 European Medicines Agency. EU-Risk Management Plan for 
Xyrem® Sodium Oxybate 500 mg/mL Oral Solution Version 
10.1, Amsterdam. 2021.

	 57.	 Mayer G, Plazzi G, Iranzo A, et al. Long-term compliance, 
safety, and tolerability of sodium oxybate treatment in patients 
with narcolepsy type 1: a postauthorization, noninterventional 
surveillance study. Sleep. 2018;41:zsy128.

	 58.	 Drakatos P, Lykouras D, D’Ancona G, et al. Safety and efficacy 
of long-term use of sodium oxybate for narcolepsy with cata-
plexy in routine clinical practice. Sleep Med. 2017;35:80–4.

	 59.	 Stern T, Roy A, Shapiro C, et al. 0579 Long-term safety of 
once-nightly oxybate for narcolepsy: RESTORE study interim 
analysis of data. Sleep. 2023;46:A254–5.

	 60.	 Gudeman J, Burroughs D. Evidence of accidental dosing 
errors with immediate-release sodium oxybate: data from the 
US Food and Drug Administration Adverse Event Reporting 
System. Drugs Real World Outcomes. 2023;10:225–34.

	 61.	 Mayeux C, Sanders T, McIntosh B. Oxybate salts: acute respir-
atory failure from mistiming one night’s doses. J Med Toxicol. 
2023;19:137.

	 62.	 van den Brink W, Addolorato G, Aubin HJ, et al. Efficacy and 
safety of sodium oxybate in alcohol-dependent patients with a 
very high drinking risk level. Addict Biol. 2018;23:969–86.

	 63.	 Guiraud J, Addolorato G, Antonelli M, et al. Sodium oxy-
bate for the maintenance of abstinence in alcohol-depend-
ent patients: an international, multicenter, randomized, 
double-blind, placebo-controlled trial. J Psychopharmacol. 
2022;36:1136–45.

	 64.	 Spaeth M, Bennett RM, Benson BA, et al. Sodium oxybate 
therapy provides multidimensional improvement in fibromy-
algia: results of an international phase 3 trial. Ann Rheum Dis. 
2012;71:935–42.

	 65.	 Staud R. Sodium oxybate for the treatment of fibromyalgia. 
Expert Opin Pharmacother. 2011;12:1789–98.

	 66.	 Khatami R, Tartarotti S, Siccoli MM, et al. Long-term efficacy 
of sodium oxybate in 4 patients with chronic cluster headache. 
Neurology. 2011;77:67–70.

	 67.	 Hidalgo H, Uhl V, Gantenbein AR, et  al. Efficiency of 
sodium oxybate in episodic cluster headache. Headache. 
2013;53:1490–1.

https://www.biospace.com/article/releases/jazz-pharmaceuticals-inc-release-xyrem-r-receives-fda-approval-for-the-treatment-of-excessive-daytime-sleepiness-in-patients-with-narcolepsy-/
https://www.biospace.com/article/releases/jazz-pharmaceuticals-inc-release-xyrem-r-receives-fda-approval-for-the-treatment-of-excessive-daytime-sleepiness-in-patients-with-narcolepsy-/
https://www.biospace.com/article/releases/jazz-pharmaceuticals-inc-release-xyrem-r-receives-fda-approval-for-the-treatment-of-excessive-daytime-sleepiness-in-patients-with-narcolepsy-/
https://www.biospace.com/article/releases/jazz-pharmaceuticals-inc-release-xyrem-r-receives-fda-approval-for-the-treatment-of-excessive-daytime-sleepiness-in-patients-with-narcolepsy-/
https://www.trispharma.com/who-we-are/news-and-media/tris-pharma-announces-development-of-a-very-low-sodium-and-once-nightly-oxybate-formulation
https://www.trispharma.com/who-we-are/news-and-media/tris-pharma-announces-development-of-a-very-low-sodium-and-once-nightly-oxybate-formulation
https://www.trispharma.com/who-we-are/news-and-media/tris-pharma-announces-development-of-a-very-low-sodium-and-once-nightly-oxybate-formulation
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-and-concert-pharmaceuticals-provide-jzp-0
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-and-concert-pharmaceuticals-provide-jzp-0
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-and-concert-pharmaceuticals-provide-jzp-0
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-module-v-risk-management-systems-rev-2_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-module-v-risk-management-systems-rev-2_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-good-pharmacovigilance-practices-module-v-risk-management-systems-rev-2_en.pdf


S51Clinical Utility of GHB in Narcolepsy

	 68.	 Büchele F, Hackius M, Schreglmann SR, et al. Sodium oxy-
bate for excessive daytime sleepiness and sleep disturbance in 
Parkinson disease: a randomized clinical trial. JAMA Neurol. 
2018;75:114–8.

	 69.	 Maski K, Trotti LM, Kotagal S, et al. Treatment of central 
disorders of hypersomnolence: an American Academy of 
Sleep Medicine systematic review, meta-analysis, and GRADE 
assessment. J Clin Sleep Med. 2021;17:1895–945.

	 70.	 During EH, Hernandez B, Miglis MG, et al. Sodium oxybate 
in treatment-resistant rapid-eye-movement sleep behavior dis-
order. Sleep. 2023;46

	 71.	 Broughton R, Dunham W, Newman J, et al. Ambulatory 24 
hour sleep-wake monitoring in narcolepsy-cataplexy compared 
to matched controls. Electroencephalogr Clin Neurophysiol. 
1988;70:473–81.

	 72.	 Hertenstein E, Gabryelska A, Spiegelhalder K, et al. Reference 
data for polysomnography-measured and subjective sleep in 
healthy adults. J Clin Sleep Med. 2018;14:523–32.

	 73.	 Rogers AE, Aldrich MS, Caruso CC. Patterns of sleep 
and wakefulness in treated narcoleptic subjects. Sleep. 
1994;17:590–7.

	 74.	 Maski KP, Colclasure A, Little E, et al. Stability of nocturnal 
wake and sleep stages defines central nervous system disorders 
of hypersomnolence. Sleep. 2021;44

	 75.	 Ahmed I, Thorpy M. Clinical features, diagnosis and treatment 
of narcolepsy. Clin Chest Med. 2010;31:371–81.

	 76.	 Mamelak M, Black J, Montplaisir J, Ristanovic R. A pilot study 
on the effects of sodium oxybate on sleep architecture and 
daytime alertness in narcolepsy. Sleep. 2004;27:1327–34.

	 77.	 Roth T, Dauvilliers Y, Bogan RK, et al. Effects of oxybate dose 
and regimen on disrupted nighttime sleep and sleep architec-
ture. Sleep Med. 2023;114:255–65.

	 78.	 Donjacour CE, Aziz NA, Frölich M, et al. Sodium oxybate 
increases prolactin secretion in narcolepsy patients and healthy 
controls. Eur J Endocrinol. 2011;164:363–70.

	 79.	 Donjacour CE, Aziz NA, Roelfsema F, et al. Effect of sodium 
oxybate on growth hormone secretion in narcolepsy patients 
and healthy controls. Am J Physiol Endocrinol Metab. 
2011;300:E1069–75.

	 80.	 Alshaikh MK, Gacuan D, George S, et al. Long-term follow-
up of patients with narcolepsy-cataplexy treated with sodium 
oxybate (Xyrem). Clin Neuropharmacol. 2011;34:1–4.

	 81.	 Poryazova R, Tartarotti S, Khatami R, et al. Sodium oxybate 
in narcolepsy with cataplexy: Zurich sleep center experience. 
Eur Neurol. 2011;65:175–82.

	 82.	 Tantrakul V, Guilleminault C. Effect of gammahydroxybutyrate 
on cyclic alternating pattern (CAP) in patients with narcolepsy 
with cataplexy. In: SLEEP 2011, The 25th anniversary meeting 
of the associated professional sleep societies; 2011 June 11–15; 
Minneapolis.

	 83.	 van der Heide A, Werth E, Donjacour CE, et al. Core body 
and skin temperature in type 1 narcolepsy in daily life; effects 
of sodium oxybate and prediction of sleep attacks. Sleep. 
2016;39:1941–9.

	 84.	 Peraita-Adrados R, Bellon JM, Lillo-Triguero L, et al. Long-
term follow-up on the effects of sodium oxybate on daytime 

sleepiness and sleep architecture in patients with narcolepsy 
type 1. Rev Neurol. 2023;76:35–40.

	 85.	 Xu XM, Wei YD, Liu Y, Li ZX. Gamma-hydroxybutyrate 
(GHB) for narcolepsy in adults: an updated systematic review 
and meta-analysis. Sleep Med. 2019;64:62–70.

	 86.	 Black J, Pardi D, Hornfeldt CS, Inhaber N. The nightly use 
of sodium oxybate is associated with a reduction in nocturnal 
sleep disruption: a double-blind, placebo-controlled study in 
patients with narcolepsy. J Clin Sleep Med. 2010;6:596–602.

	 87.	 Dijk DJ. Regulation and functional correlates of slow wave 
sleep. J Clin Sleep Med. 2009;5:S6-15.

	 88.	 Bogan R, Thorpy MJ, Winkelman JW, et  al. Randomized, 
crossover, open-label study of the relative bioavailability 
and safety of FT218, a once-nightly sodium oxybate for-
mulation: phase 1 study in healthy volunteers. Sleep Med. 
2022;100:442–7.

	 89.	 Ramar K, Malhotra RK, Carden KA, et al. Sleep is essential 
to health: an American Academy of Sleep Medicine position 
statement. J Clin Sleep Med. 2021;17:2115–9.

	 90.	 Sletten TL, Weaver MD, Foster RG, et al. The importance of 
sleep regularity: a consensus statement of the National Sleep 
Foundation sleep timing and variability panel. Sleep Health. 
2023;9:801–20.

	 91.	 Avadel CNS Pharmaceuticals, LLC. Data on File. Chesterfield: 
Avadel CNS Pharmaceuticals,, LLC; 2024.

	 92.	 Roth T, Dauvilliers Y, Thorpy MJ, et al. Effect of FT218, a 
once-nightly sodium oxybate formulation, on disrupted night-
time sleep in patients with narcolepsy: results from the rand-
omized phase III REST-ON trial. CNS Drugs. 2022;36:377–87.

	 93.	 Chen C, Jenkins J, Zomorodi K, Skowronski R. Pharmacoki-
netics, bioavailability, and bioequivalence of lower-sodium 
oxybate in healthy participants in two open-label, randomized, 
crossover studies. Clin Transl Sci. 2021;14:2278–87.

	 94.	 Chen X, Broeyer F, de Kam M, et  al. Pharmacodynamic 
response profiles of anxiolytic and sedative drugs. Br J Clin 
Pharmacol. 2017;83:1028–38.

	 95.	 Harmony Biosciences L. Wakix (pitolisant). Full Prescribing 
Information. Plymouth Meeting: Harmony Biosciences, LLC; 
2024.

	 96.	 Dauvilliers Y, Roth T, Bogan R, et al. Efficacy of once-nightly 
sodium oxybate (FT218) on daytime symptoms in individuals 
with narcolepsy with or without concomitant alerting agent 
use: a post hoc analysis from the phase 3 REST-ON trial. Sleep 
Med. 2024;124:209–16.

	 97.	 Rosenthal LD, Merlotti L, Young DK, et al. Subjective and 
polysomnographic characteristics of patients diagnosed with 
narcolepsy. Gen Hosp Psychiatry. 1990;12:191–7.

	 98.	 US Food and Drug Administration. Clinical superiority find-
ings. 2023. https://​www.​fda.​gov/​indus​try/​desig​nating-​orphan-​
produ​ct-​drugs-​and-​biolo​gical-​produ​cts/​clini​cal-​super​iority-​
findi​ngs. Accessed 11 May 2023.

	 99.	 Donjacour CE, Kalsbeek A, Overeem S, et al. Altered circadian 
rhythm of melatonin concentrations in hypocretin-deficient 
men. Chronobiol Int. 2012;29:356–62.

	100.	 Thorpy M, Dauvilliers Y, Roth T, et al. 0406 Efficacy of once-
nightly sodium oxybate (ON-SXB; FT218) across stimulant 
use subgroups: post-hoc analyses from the REST-ON trial. 
Sleep. 2022;45:A182.

https://www.fda.gov/industry/designating-orphan-product-drugs-and-biological-products/clinical-superiority-findings
https://www.fda.gov/industry/designating-orphan-product-drugs-and-biological-products/clinical-superiority-findings
https://www.fda.gov/industry/designating-orphan-product-drugs-and-biological-products/clinical-superiority-findings

	Therapeutic Use of γ-Hydroxybutyrate: History and Clinical Utility of Oxybates and Considerations of Once- and Twice-Nightly Dosing in Narcolepsy
	Abstract
	1 Introduction
	2 Discovery of GHB and Early Investigations in Narcolepsy
	3 Clinical Use of Oxybate in Narcolepsy
	3.1 Safety and Tolerability of Oxybate Use in Narcolepsy

	4 Clinical Use of Oxybate in Other Conditions
	5 Effects of SXB Treatment on Sleep
	6 SXB Pharmacokinetic Profile
	7 Conclusions
	Acknowledgments 
	References




