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Abstract
Background  Lower-sodium oxybate (LXB) is an oxybate medication with the same active moiety as sodium oxybate (SXB) 
and a unique composition of cations, resulting in 92% less sodium. LXB was shown to improve cataplexy and exces-
sive daytime sleepiness in people with narcolepsy in a placebo-controlled, double-blind, randomized withdrawal study 
(NCT03030599). Additional analyses of data from this study were conducted to explore the effects of LXB on cataplexy, 
including the clinical course and feasibility of transition from other anticataplectics to LXB monotherapy.
Objective  The aim of these analyses was to evaluate cataplexy frequency during initiation/optimization of LXB and taper/
discontinuation of prior antidepressant/anticataplectic medications.
Methods  Eligible participants (adults aged 18–70 years with narcolepsy with cataplexy) entered the study taking SXB 
only (group A), SXB + other anticataplectics (group B), or anticataplectic medication other than SXB (group C), or were 
cataplexy-treatment naive (group D). LXB was initiated/optimized during a 12-week, open-label, optimized treatment and 
titration period (OLOTTP). Other anticataplectics were tapered/discontinued during weeks 3–10 of OLOTTP. A 2-week 
stable-dose period (SDP; during which participants took a stable dose of open-label LXB) and 2-week double-blind ran-
domized withdrawal period (during which participants were randomized to continue LXB treatment or switch to placebo) 
followed OLOTTP. Treatment-emergent adverse events (TEAEs) were recorded throughout the duration of the study.
Results  At the beginning of OLOTTP, median weekly cataplexy attacks were lower in participants taking SXB at study 
entry (SXB only [2.00]; SXB + other anticataplectics [0.58]) versus participants who were taking other anticataplectics 
(3.50) or were anticataplectic naive (5.83). Median weekly cataplexy attacks decreased during weeks 1–2 of OLOTTP in 
all groups. Increased cataplexy frequency was observed in participants tapering/discontinuing other anticataplectics dur-
ing weeks 3–10 and was more prominent in participants taking other anticataplectics alone compared with those taking 
SXB plus other anticataplectics. Cataplexy frequency decreased throughout initiation/optimization in anticataplectic-naive 
participants. Median number of cataplexy-free days/week at the end of SDP (study week 14) was similar in all groups (6.0, 
6.1, 6.0, and 6.2 in groups A, B, C, and D, respectively). During OLOTTP and SDP, TEAEs of worsening cataplexy were 
reported in 0%, 47.8%, 16.7%, and 2.2% of participants in groups A, B, C, and D, respectively; most TEAEs of worsening 
cataplexy were reported during tapering/discontinuation of other anticataplectics.
Conclusions  LXB monotherapy was effective in reducing cataplexy and increasing cataplexy-free days. These results illus-
trate the feasibility of switching from SXB to LXB while tapering/discontinuing other anticataplectics.
Trial Registration  A Study of the Efficacy and Safety of JZP-258 in Subjects With Narcolepsy With Cataplexy; https://​clini​
caltr​ials.​gov/​ct2/​show/​NCT03​030599; clinicaltrials.gov identifier: NCT03030599.

Plain Language Summary
People with narcolepsy are often sleepy during the day. They may also have sudden muscle weakness (known as cataplexy). 
Lower-sodium oxybate (LXB) is a narcolepsy medicine that is similar to sodium oxybate (SXB) but has 92% less sodium. 
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A recent study found that treatment with LXB was better at reducing how often people with narcolepsy had sleepiness and 
cataplexy than no medicine at all (NCT03030599). This paper is about the first 12 weeks of that study, when all the people 
taking part in the study first tried LXB to check that they were being given the right amount. In people who only took LXB, 
cataplexy happened less often over time. Some people were already taking other medicines to treat their cataplexy (such 
as antidepressants), so they were asked to slowly stop those medicines while taking LXB. In those people, cataplexy hap-
pened more often at first as they stopped taking antidepressants and then less often later on. The increase in cataplexy when 
antidepressants were stopped was smaller in people who switched from SXB to LXB. This study shows that many people 
getting treatment for narcolepsy can switch to LXB without their cataplexy becoming worse.

Key Points 

Lower-sodium oxybate (LXB) is approved in the United 
States for the treatment of cataplexy or excessive day-
time sleepiness in patients 7 years of age and older with 
narcolepsy, and for idiopathic hypersomnia in adults.

This study enrolled participants who were taking sodium 
oxybate (SXB) with or without other anticataplectic 
agents (primarily antidepressants) and participants who 
were cataplexy-treatment naive; taper and withdrawal of 
other anticataplectics occurred during the study.

Participants either transitioned from SXB to LXB at a 
gram-to-gram dose equivalent or initiated LXB treat-
ment.

LXB monotherapy reduced cataplexy frequency and 
increased cataplexy-free days, and the safety profile of 
LXB was consistent with that previously observed for 
SXB.

1  Introduction

Narcolepsy is a rare, potentially disabling, long-term disor-
der of central hypersomnolence characterized by a pentad of 
symptoms: excessive daytime sleepiness (EDS), cataplexy, 
disrupted nighttime sleep, sleep-related hallucinations (hyp-
nagogic and hypnopompic), and sleep paralysis [1, 2]. All 
people with narcolepsy experience EDS, the most frequent 
and debilitating symptom [1, 3]. The majority of patients 
with narcolepsy type 1 also experience cataplexy, a sud-
den, brief (< 2 minutes) loss of muscle tone with preserved 
consciousness, typically precipitated by strong emotions 
[1, 2, 4]. Narcolepsy with cataplexy can have a significant 
negative impact on quality of life, contributing to difficulties 
in academic and professional domains [3]. Anticipation of 
cataplexy can lead to avoidance of activities and can limit 
social interactions [1].

Antidepressants are frequently prescribed off-label for 
the treatment of cataplexy, although there is limited rigor-
ous evidence regarding their efficacy and safety [2, 5–9]. 
However, despite lower antidepressant doses for cataplexy 
than are typically prescribed for the treatment of depression, 
tolerance to the anticataplectic effects and rebound cataplexy 
(an increase in the frequency and/or severity of attacks) upon 
abrupt discontinuation have been reported [4]. Furthermore, 
protracted, debilitating rebound cataplexy (status cataplecti-
cus) has been reported even with gradual taper and discon-
tinuation of antidepressant treatment [4, 10].

Sodium oxybate (SXB; Xyrem®) is indicated in the 
United States (US) for the treatment of cataplexy or EDS 
in patients 7 years of age and older with narcolepsy and in 
Europe for the treatment of narcolepsy with cataplexy in 
adult patients, adolescents, and children from the age of 7 
years [11, 12]. Calcium, magnesium, potassium, and sodium 
oxybates (also referred to as lower-sodium oxybate [LXB]; 
Xywav®) is an oxybate medication with the same active moi-
ety as SXB and a unique composition of cations, resulting 
in 92% less sodium [13, 14]. LXB was developed to provide 
oxybate treatment without the potential risks associated with 
long-term high sodium exposure, such as effects on blood 
pressure and increased risk of cardiovascular-related comor-
bidities and mortality [15]. LXB is approved in the US for 
the treatment of cataplexy or EDS in patients 7 years of age 
and older with narcolepsy, and for idiopathic hypersomnia 
in adults [13].

A randomized withdrawal study design was implemented 
to evaluate the efficacy and safety of LXB in individuals with 
narcolepsy with cataplexy. An important aspect of the study 
design was the inclusion of an initial 12-week, open-label, 
optimized treatment and titration period (OLOTTP), during 
which initiation and individualized dose titration/optimization 
of LXB occurred simultaneously with tapering/discontinuation 
of anticataplectic medications other than oxybate. This allowed 
enrollment of patients initially treated with antidepressant 
anticataplectics, which is common in current clinical practice. 
Participants included patients transitioning from SXB to LXB, 
patients tapering and discontinuing other anticataplectics, and 
patients who were not receiving any treatment for cataplexy. The 
primary outcomes of the study (ClinicalTrials.gov identifier: 
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NCT03030599) support the efficacy and safety of LXB, and 
have been previously reported [16].

The analyses reported here were conducted to examine 
cataplexy frequency during transition to, or initiation of, 
LXB treatment and anticataplectic tapering/discontinuation 
in this study. Assessments included cataplexy frequency, as 
well as the number of cataplexy-free days per week dur-
ing initiation and dose optimization/titration of LXB while 
tapering/discontinuing other anticataplectics (if present). 
Additional analyses examined the timing and number of 
LXB dose adjustments and safety of LXB during OLOTTP.

2 � Methods

2.1 � Study Design and Participants

Study design and results of primary and key secondary end-
points have been reported in detail previously [16] and are 
summarized here. Eligible participants were adults 18–70 
years of age with narcolepsy with cataplexy and a history 
of at least 14 cataplexy attacks in a typical 2-week period 
prior to receiving narcolepsy treatment. Participants cur-
rently taking medication(s) for narcolepsy were eligible 
if the medication regimen was stable for at least 2 months 
prior to study entry. Participants taking SXB at study entry 
were required to have documented prior improvement in 
cataplexy and EDS with SXB treatment. Participants taking 
wake-promoting agents or stimulants at study entry were to 
remain on the same dose and regimen throughout the dura-
tion of the study. Participants were taking either SXB but 
not other anticataplectics (SXB only; group A); SXB and 
other anticataplectics (SXB + other anticataplectics; group 
B); anticataplectics other than SXB (other anticataplectics; 
group C); or were cataplexy-treatment naive (anticataplectic 
naive; group D). Anticataplectics other than SXB included 
antidepressants and pitolisant.

The main study consisted of a screening period; a 
12-week OLOTTP; a 2-week stable-dose period (SDP); 

a 2-week double-blind randomized withdrawal period 
(DBRWP); and a 2-week safety follow-up (for those 
who did not proceed to an optional open-label extension 
study; Fig. 1). Participants initiated LXB treatment dur-
ing OLOTTP (week 1), with individualized dose titration 
as needed to optimize efficacy and tolerability. Participants 
taking SXB at study entry (groups A and B) were initiated 
on LXB at a gram-to-gram dose equivalent to their nightly 
dose of SXB and remained on that dose of LXB for the first 
2 weeks of OLOTTP. If needed, dose optimization occurred 
during the following 8 weeks at a rate of up to 1.5 g/night 
per week (maximum dose: 9 g/night, split across two doses; 
Table 1) [13]. Participants naive to SXB (groups C and 
D) initiated LXB at a dose of 4.5 g/night (split across two 
doses), after which titration to an optimal dose occurred 
over a minimum of 2 weeks. Dose adjustments proceeded 
at the same rate as groups A and B: up to 1.5 g/night (total, 
split across two doses) at weekly intervals (maximum dose: 
9 g/night, split across two doses). Participants taking other 
anticataplectics at study entry, with or without SXB (groups 
B and C), continued taking their other anticataplectics at 
a stable dose for the first 2 weeks of OLOTTP. Tapering 
and discontinuation of prior antidepressant/anticataplectic 
medications began at week 3, with discontinuation by week 
10 or earlier; the rate of tapering within that period was 
at investigator discretion. Additional time for tapering and 
withdrawal of prior antidepressant/anticataplectic medica-
tions was permitted, if needed, through week 12. Targeting 
antidepressant/anticataplectic discontinuation by the end 
of week 10 allowed for LXB monotherapy at the individu-
ally optimized dose during the final 2 weeks of OLOTTP, 
prior to completion of formal efficacy assessments during 
SDP. During the SDP that followed, participants took their 
individually optimized dose of LXB, established during 
OLOTTP, for 2 weeks. At the end of SDP, participants were 
randomized 1:1 to continue LXB treatment or receive pla-
cebo during the 2-week DBRWP. 

The study was approved by institutional review boards or 
ethics committees at all sites and was performed in accord-
ance with the International Conference on Harmonisation 

Treatment at study entry:
SXB only (Group A)
SXB + other anticataplectics (Group B)
Other anticataplectics (Group C)
Anticataplectic naive (Group D)
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≤30 days 12 weeks 2 weeks 24 weeks 2 weeks

OLOTTP SDP OLE
(optional)

SFU
LXB

Placebo

DBRWP
2 weeks

Taper
anticataplectic(s):

weeks 3 to 10

Fig. 1   Study design. DBRWP double-blind randomized withdrawal period, LXB lower-sodium oxybate, OLE open-label extension, OLOTTP 
open-label optimized treatment and titration period, SDP stable-dose period, SFU safety follow-up, SXB sodium oxybate
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Guideline for Good Clinical Practice and the Declaration 
of Helsinki. All participants provided written informed 
consent.

2.2 � Assessments of Cataplexy Frequency and Safety

Participants completed daily cataplexy frequency diaries to 
record the number of cataplexy attacks they had each day, 
from the beginning of OLOTTP (week 1, after initiation 
of LXB) through to the end of DBRWP. Participants were 
informed in the cataplexy diary that cataplexy attacks “1) 
can cause you to actually fall down or you would have fallen 
if you did not support yourself, or 2) make part of your body 
feel weak.” Participants who did not complete the cataplexy 
diary on at least 10 out of the 14 days in SDP were discon-
tinued from the study.

Treatment-emergent adverse events (TEAEs), defined as 
any adverse events that started or worsened in severity on or 
after the first dose of open-label study drug in OLOTTP up 
to the last dose of study drug during any study period (main 
study or open-label extension) + 30 days, were recorded 
throughout the duration of the study.

2.3 � Analyses

The safety population included all participants who took at 
least one dose of study medication. The efficacy population 
consisted of all randomized participants who took at least 
one dose of double-blind study medication and completed 
at least one set of post-randomization efficacy assessments.

Unless otherwise noted, cataplexy analyses reported in 
this publication are based on the efficacy population. Cata-
plexy analyses included median weekly cataplexy frequency 
during OLOTTP and SDP, based on treatment at study entry 

(pre-planned analysis), and cataplexy-free days per week 
during OLOTTP, SDP, and DBRWP, based on treatment at 
study entry (post-hoc analysis). Weekly cataplexy attacks 
were calculated/imputed as (total number of cataplexy 
attacks within a week)/(number of days with non-missing 
data within that week) × 7 days. Cataplexy-free days per 
week were calculated as (number of days with 0 cataplexy 
attacks)/(number of days with diary data) × 7 days.

Analyses of optimization of LXB dosing and tapering/
discontinuation of other anticataplectics were descriptive. 
Summaries of dose adjustments of other anticataplectics and 
final LXB dose compared with SXB dose at study entry 
were based on data from participants in the safety popu-
lation who entered the study taking other anticataplectics 
or SXB, respectively. Analyses of LXB dose optimization 
(total nightly dose, time to reach a stable total nightly dose, 
and number of dose adjustments) were based on the efficacy 
population.

Cataplexy data were not normally distributed; therefore, 
median weekly cataplexy frequency was reported, rather 
than mean, and linear regression fitting of median data was 
used to estimate trends in cataplexy frequency changes. A 
non-parametric method, the Mann-Whitney test, was imple-
mented to compare the differences among groups. Location 
shift, an estimate of the median difference between LXB 
and placebo, together with the 95% confidence interval were 
calculated with the use of the Hodges-Lehmann approach. 
Likewise, analysis of cataplexy-free days was performed 
with the use of a Mann-Whitney test, and location shift and 
the 95% confidence interval were calculated with the use of 
the Hodges-Lehmann approach. No adjustments for multi-
ple comparisons were made; as such, nominal p values are 
reported.

Table 1   Dosing of LXB and other anticataplectics during OLOTTP

LXB lower-sodium oxybate, N/A not applicable, OLOTTP open-label optimized treatment and titration period, SXB sodium oxybate
a Additional time for tapering and withdrawal of prior anticataplectics was permitted if needed

Group Treatment at study entry Treatment during 
OLOTTP

OLOTTP

Weeks 1–2 Weeks 3–10 Weeks 11–12

A SXB only LXB Same dose as for prior 
SXB

Titrate as needed Steady optimal dose; adjust 
dose only if necessary

B SXB + other anticata-
plectics

LXB Same dose as for prior 
SXB

Titrate as needed Steady optimal dose; adjust 
dose only if necessary

Other anticataplectic Same dose as before Taper and withdraw N/Aa

C Other anticataplectics LXB 4.5 g/night (split across 2 
doses), titrated as needed

Titrate as needed Steady optimal dose; adjust 
dose only if necessary

Other anticataplectic Same dose as before Taper and withdraw N/Aa

D Anticataplectic naive LXB 4.5 g/night (split across 2 
doses), titrated as needed

Titrate as needed Steady optimal dose; adjust 
dose only if necessary
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TEAEs occurring during OLOTTP and SDP were sum-
marized by treatment at study entry (post-hoc analysis; 
safety population).

3 � Results

3.1 � Participant Disposition, Demographics, 
and Baseline Characteristics

A total of 201 participants were enrolled and treated (safety 
population; 52, 23, 36, and 90 participants in groups A, 
B, C, and D, respectively); among them, 45 (86.5%), 14 
(60.9%), 26 (72.2%), and 70 (77.8%) completed OLOTTP. 
A total of 134 participants took one or more doses of dou-
ble-blind study drug during DBRWP and had one or more 
post-randomization efficacy assessments (efficacy popula-
tion; 41 [78.8%], 14 [60.9%], 21 [58.3%], and 58 [64.4%] 
in groups A, B, C, and D, respectively). Participant dispo-
sition and discontinuations during OLOTTP and prior to 
taking randomized drug in DBRWP are presented in Online 
Resource 1 (see electronic supplementary material [ESM]). 
In the efficacy population, 69 participants were randomized 
to continue taking LXB in DBRWP and 65 were randomized 
to placebo.

Demographic and baseline characteristics of the safety 
population were described previously [16]. Demographic 
and baseline characteristics by treatment at study entry are 
presented in Table 2.

3.2 � Cataplexy Frequency

The percentage of participants experiencing low levels of 
cataplexy (0–4 attacks) at baseline (i.e., during week 1 of 
OLOTTP) was greater in those taking SXB at study entry 
(groups A and B; 69% and 78%, respectively) compared with 
groups C and D (43% and 45%, respectively; Fig. 2 [safety 
population]). Some participants had higher frequencies of 
cataplexy attacks (in groups A, B, C, and D, respectively: 
8%, 4%, 17%, and 17% who experienced 5–9 attacks; 10%, 
0%, 14%, and 16% who experienced 10–14 attacks; and 14%, 
17%, 26%, and 22% who experienced ≥ 15 attacks).

A few participants experienced very high weekly frequen-
cies (≥ 55) of cataplexy attacks during week 1; among them, 
one was in group B with 85 attacks, one was in group C with 
159.6 attacks (imputed based on the patient having recorded 
50, 30, 18, 12, and 4 cataplexy attacks on 5 days of the 7-day 
period), and one was in group D with 239 attacks. The par-
ticipant with 85 cataplexy attacks recorded during week 1 
was a 39-year-old male who was taking SXB and another 
anticataplectic at study entry (clomipramine 75 mg QD, 
which was discontinued by study day 66). The participant 

with 159.6 cataplexy attacks recorded during week 1 was 
an 18-year-old female who was taking a non-SXB anticata-
plectic (venlafaxine 75 mg QD) at study entry, which was 
discontinued by study day 40. The participant with 239 cata-
plexy attacks recorded during week 1 was a 51-year-old male 
who was treatment naive at study entry.

Median weekly cataplexy attack frequency during all 
weeks of OLOTTP and SDP, by treatment at study entry 
(efficacy population), is presented in Fig. 3. Median weekly 
cataplexy attack frequency at the start of OLOTTP was 
lower in participants taking SXB at study entry (groups A 
and B combined; median [minimum, maximum]: 1.4 [0, 85]) 
compared with participants not taking SXB at study entry 
(groups C and D combined; median [minimum, maximum]: 
5.6 [0, 239]), with a location shift of −2.0 (p < 0.01). In 
group A, median weekly cataplexy attacks decreased over 
the OLOTTP and SDP (slope [standard error, SE]: −0.09 
[0.04]; p = 0.04). In group B, median weekly cataplexy 
attacks increased from the start of tapering and discontinu-
ation of other anticataplectics in OLOTTP and stabilized 
by the end of SDP (slope [SE]: 0.11 [0.04]; p = 0.02). In 
group C (other anticataplectics), median weekly cataplexy 
attacks decreased as LXB was titrated, then increased during 
taper and discontinuation of prior treatments and stabilized 
during SDP (slope [SE]: 0.06 [0.07]; p = 0.45), with no 
overall change in weekly cataplexy attacks observed. In the 
anticataplectic-naive group (group D), median weekly cata-
plexy attacks decreased from the first week of titration and 
throughout the course of OLOTTP and SDP (slope [SE]: 
− 0.27 [0.05]; p = 0.0001). Most participants tapering/
discontinuing other antidepressant/anticataplectic medica-
tions (groups B and C) demonstrated worsening of cata-
plexy associated with taper and discontinuation. Variability 
in weekly cataplexy attacks during OLOTTP was greatest 
during cross-titration in participants who had been taking 
anticataplectics other than SXB at study entry.

Over the duration of OLOTTP and SDP (weeks 1–14), 
notably high cataplexy frequency (≥ 100 weekly cataplexy 
attacks) was observed in four participants. Weekly attack 
frequencies were examined in these individuals to assess 
the evolution of high cataplexy rates over time. Two of these 
participants were taking SXB plus other anticataplectics at 
entry (group B); one was taking other anticataplectics at 
entry (group C); and one was treatment naive (group D). 
One of the participants in group B experienced increased 
cataplexy frequency during weeks 5–11, with a peak of 
189 cataplexy attacks during week 7. The other participant 
in group B withdrew from the study during week 8, when 
165.2 cataplexy attacks (imputed) were recorded. The par-
ticipant in group C was the same participant mentioned ear-
lier, with 159.6 cataplexy attacks (imputed) during week 1; 
for this participant, weekly cataplexy attacks decreased to 
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Table 2   Baseline characteristics, by treatment at study entry (safety population)

Characteristics Group A Group B Group C Group D
SXB only (n = 52) SXB + other 

anticataplectics 
(n = 23)

Other anticata-
plectics (n = 36)

Anticataplectic 
naive (n = 90)

Age (years)
 Mean (SD) 39.4 (13.0) 39.0 (12.5) 35.7 (12.2) 36.0 (11.6)
 Median (minimum, maximum) 41.0 (18, 68) 38.0 (19, 65) 34.0 (18, 62) 34.5 (18, 70)

Sex, n (%)
 Female 27 (51.9) 11 (47.8) 23 (63.9) 61 (67.8)
 Male 25 (48.1) 12 (52.2) 13 (36.1) 29 (32.2)

Body mass index (kg/m2)
 Mean (SD) 28.5 (6.5)a 29.8 (5.3) 29.0 (5.4) 28.5 (6.3)
 Median (minimum, maximum) 26.8 (20.0, 42.8)a 28.8 (20.7, 47.1) 28.0 (20.5, 43.6) 26.8 (18.7, 47.9)

Race, n (%)
 White 48 (92.3) 18 (78.3) 35 (97.2) 76 (84.4)
 Black or African American 1 (1.9) 1 (4.3) 0 9 (10.0)
 Asian 2 (3.8) 0 0 1 (1.1)
 American Indian or Alaska Native 0 0 0 0
 Native Hawaiian or other Pacific Islander 0 0 0 0
 Multiple 0 1 (4.3) 0 1 (1.1)
 Missing 1 (1.9) 3 (13.0) 1 (2.8) 3 (3.3)

Region, n (%)
 Europe 27 (51.9) 18 (78.3) 28 (77.8) 49 (54.4)
 North America 25 (48.1) 5 (21.7) 8 (22.2) 41 (45.6)

Past narcolepsy symptoms prior to any narcolepsy treatment,  
n (%)b

 Disrupted nighttime sleep 30 (57.7) 18 (78.3) 23 (63.9) 56 (62.2)
 Hypnagogic and/or hypnopompic hallucinations 29 (55.8) 14 (60.9) 22 (61.1) 55 (61.1)
 Sleep paralysis 28 (53.8) 15 (65.2) 19 (52.8) 58 (64.4)

Cardiovascular/cardiometabolic comorbidities: system organ 
class, n (%)

 Cardiac disorders 1 (1.9) 0 1 (2.8) 3 (3.3)
  Atrial fibrillation 1 (1.9) 0 0 0
  Bundle branch block right 0 0 0 1 (1.1)
  Mitral valve incompetence 0 0 1 (2.8) 0
  Palpitations 0 0 0 1 (1.1)
  Sinus tachycardia 0 0 0 1 (1.1)
  Supraventricular extrasystoles 0 0 1 (2.8) 0
  Tricuspid valve incompetence 0 0 1 (2.8) 0
  Ventricular extrasystoles 0 0 1 (2.8) 0

 Metabolism and nutrition disorders
  Obesity 2 (3.8) 1 (4.3) 5 (13.9) 6 (6.7)
  Hypercholesterolemia 3 (5.8) 2 (8.7) 1 (2.8) 3 (3.3)
  Diabetes mellitus 4 (7.7) 1 (4.3) 1 (2.8) 0
  Hyperlipidemia 4 (7.7) 0 1 (2.8) 1 (1.1)
  Type 2 diabetes mellitus 0 2 (8.7) 1 (2.8) 3 (3.3)
  Vitamin D deficiency 2 (3.8) 1 (4.3) 1 (2.8) 0
  Dyslipidemia 0 2 (8.7) 0 0
  Glucose tolerance impaired 2 (3.8) 0 0 0
  Hypertriglyceridemia 0 1 (4.3) 0 1 (1.1)
  Gluten sensitivity 0 0 0 1 (1.1)
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Table 2   (continued)

Characteristics Group A Group B Group C Group D
SXB only (n = 52) SXB + other 

anticataplectics 
(n = 23)

Other anticata-
plectics (n = 36)

Anticataplectic 
naive (n = 90)

  Gout 1 (1.9) 0 0 0
  Hyperglycemia 0 0 0 1 (1.1)
  Insulin resistance syndrome 1 (1.9) 0 0 0

 Vascular disorders
  Hypertension 11 (21.2) 8 (34.8) 5 (13.9) 11 (12.2)
  Deep vein thrombosis 0 0 0 1 (1.1)
  Raynaud’s phenomenon 1 (1.9) 0 0 0

Anticataplectic/antidepressant treatment other than SXB, n (%)c

 SSRI
  Fluoxetine 0 1 (4.3) 6 (16.7) 0
  Escitalopram 0 2 (8.7) 3 (8.3) 0
  Paroxetine 0 0 1 (2.8) 0
  Sertraline 0 0 1 (2.8) 0

 SNRI
  Venlafaxine 0 8 (34.8) 12 (33.3) 0
  Reboxetine 0 0 1 (2.8) 0

 SSNRI
  Duloxetine 0 3 (13.0) 0 0

 Tricyclic/tetracyclic
  Clomipramine 0 5 (21.7) 7 (19.4) 0
  Protriptyline 0 1 (4.3) 0 0
  Mirtazapine 0 0 1 (2.8) 0

 Atypical
  Agomelatine 0 1 (4.3) 0 0

 Other
  Baclofen 0 0 0 0
  Pitolisant 0 4 (17.4) 2 (5.6) 0

SD standard deviation, SNRI selective norepinephrine reuptake inhibitor, SSNRI selective serotonin and norepinephrine reuptake inhibitor, SSRI 
selective serotonin reuptake inhibitor, SXB sodium oxybate
a n = 50
b Participants could have been included in more than one category
c Participants could have taken more than one anticataplectic/antidepressant treatment
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16.3 during week 3, then increased to 210 during week 5 
and 186.7 during week 6 before declining to 0 during week 
12. The participant in group D was the same participant 
mentioned earlier with 239 cataplexy attacks during week 1. 
This participant experienced a rapid decline in the number of 
weekly cataplexy attacks following initiation of LXB treat-
ment (4.5 g/night) at study entry, to 106 during week 2 and 
81 during week 3. The dosage of LXB for this participant 
was adjusted to 5.5 g/night on day 8 (week 2), 6.5 g/night 
on day 22 (week 4), and 7.5 g/night on day 43 (week 7); a 
dose increase beyond 7.5 g/night was not attempted during 
the study period.

3.3 � Cataplexy‑Free Days Per Week

Results of cataplexy-free days per week analysis during 
OLOTTP, SDP, and DBRWP (efficacy population) are 
presented in Fig. 4. During OLOTTP week 1, the median 
number of cataplexy-free days per week was higher in par-
ticipants who were taking SXB at study entry (groups A 
[5.8] and B [6.4]) compared with participants who were not 
taking SXB at study entry (groups C [4.0] and D [3.5]). Dur-
ing weeks 3–12 of OLOTTP, cataplexy-free days per week 
varied among the groups but stabilized in all groups toward 
the end of OLOTTP, then remained so during SDP. Linear 

regression showed that cataplexy-free days per week in pre-
viously anticataplectic-naive participants increased over 
the course of week 1 to week 14 (slope [SE]: 0.17 [0.02]; 
p < 0.0001), but an increase was not observed in the other 
groups (p > 0.05). At the end of SDP, cataplexy-free days 
were high in all groups (median: 6.0, 6.1, 6.0, and 6.2 in 
groups A, B, C, and D, respectively).

During DBRWP, in participants randomized to pla-
cebo, median cataplexy-free days per week declined (3.5 
and 3.5 in DBRWP weeks 1 and 2, respectively, vs 6.0 in 
SDP week 2). In participants randomized to continue LXB 
treatment, median cataplexy-free days per week were sta-
ble (5.0 and 5.6 in DBRWP weeks 1 and 2, respectively, vs 
6.0 in SDP week 2). The number of cataplexy-free days per 
week was greater in participants randomized to continue 
LXB treatment compared with participants randomized to 
placebo during both DBRWP week 1 (Mann-Whitney U: 
− 3.03; p < 0.01) and DBRWP week 2 (Mann-Whitney U: 
− 4.05; p < 0.001; Fig. 4).
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3.4 � Tapering/Discontinuation of Other 
Anticataplectics and Optimization of LXB 
Dosing

A total of 59 participants (29.4%; 23 in group B and 36 
in group C) entered the study taking other anticataplectics 
(primarily antidepressants), namely venlafaxine (34.8% 
and 33.3% in groups B and C, respectively), clomipramine 
(21.7% and 19.4% in groups B and C, respectively), fluox-
etine (4.3% and 16.7% in groups B and C, respectively), or 
other antidepressants (30.3% and 19.5% in groups B and 
C, respectively); in addition, 17.4% in group B and 5.6% 
in group C were taking pitolisant. As reported previously 
[16], of the 59 participants in groups B and C, all but three 
remaining in the study at week 10 of OLOTTP completed 
tapering/discontinuation of antidepressant/anticataplectic 
medications; of these three participants, two discontinued 
the study because of this protocol deviation and one con-
tinued tapering during weeks 11–12. In groups B and C, 
the median (minimum, maximum) time to taper/discontinue 
antidepressant/anticataplectic medications was 42.5 (22, 64) 
and 23.0 (4, 74) days, respectively.

In the efficacy population, 55 participants entered the 
study taking SXB, either alone (group A, n = 41) or in 
combination with another anticataplectic (group B, n = 14). 
Among them, the median (minimum, maximum) dose was 
8.0 (4.5, 9.0) g/night. Most (50/55; 90.9%) reached a sta-
ble total nightly dose within one titration step (i.e., ± 1.5 g/
night) of their dose at study entry. Of the 55 participants, 2 

(3.6%) decreased dose by ≤ 1.5 g/night, 37 (67.3%) had no 
change, 11 (20.0%) increased dose by ≤ 1.5 g/night, 2 (3.6%) 
increased by 2 g/night, 2 (3.6%) increased by 3 g/night, and 
1 (1.8%) increased by 4.25 g/night. Eighteen of the 55 were 
at the maximum recommended total nightly dose of 9 g/
night at study entry. Eight participants (6 in group A and 2 
in group B) were taking the minimum recommended effec-
tive dose of SXB (6 g/night) at study entry, and five of those 
eight titrated to a higher dose of LXB.

Total nightly dose of LXB during SDP, time to reach a 
stable total nightly dose of LXB, and number of dose adjust-
ments to reach a stable total nightly dose are summarized 
in Table 3 (efficacy population). Overall, the median (mini-
mum, maximum) total nightly stable dose during SDP was 
7.5 (3.0, 9.0) g/night, the median (minimum, maximum) 
time to reach a stable dose of LXB was 29 (1, 84) days, and 
the median (minimum, maximum) number of dose adjust-
ments required to reach a stable total nightly dose was 2 (0, 
8). In participants who entered the study taking SXB as well 
as other anticataplectics (group B), the average total nightly 
dose of LXB during SDP was higher compared with groups 
A, C, and D (median dose [g/night]: 9.0 vs 7.5, 7.5, and 7.0, 
respectively). Both time to reach a stable dose and number of 
dose adjustments were lower in participants taking SXB at 
study entry (groups A and B) compared with those who were 
not (groups C and D; Table 3). However, there was consider-
able variability in time to reach a stable total nightly dose.

Fig. 4   Median cataplexy-free 
days per week during OLOTTP 
and SDP, by treatment at study 
entry, and during DBRWP, by 
randomized treatment (efficacy 
population). Slope is from week 
1 to week 14. Linear regression 
fitting of median data was used 
to estimate trends in cataplexy 
frequency changes; p-values 
associated with slopes are 
based on t tests. p-values are 
nominal. DBRWP double-blind 
randomized withdrawal period, 
LXB lower-sodium oxybate, 
OLOTTP open-label optimized 
treatment and titration period, 
SDP stable-dose period, SE 
standard error, SXB sodium 
oxybate 0
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3.5 � Safety

TEAEs during OLOTTP and SDP in the overall safety popu-
lation and by treatment at study entry are summarized in 
Table 4. Overall safety has been reported in detail elsewhere 
[16] and is summarized in this publication. TEAEs relevant 
to cataplexy are the focus of these safety results.

During OLOTTP and SDP, no TEAEs of worsening cata-
plexy were reported in participants who transitioned from 
SXB only to LXB (group A). Worsening cataplexy was 
reported as a TEAE in 11 (47.8%) and 6 (16.7%) participants 
in groups B and C, in which tapering/discontinuing of other 
anticataplectics occurred, and in 2 (2.2%) participants in 
group D. Most TEAEs of worsening cataplexy were reported 
during tapering/discontinuation of other anticataplectics.

TEAEs leading to discontinuations during OLOTTP and 
SDP included worsening cataplexy and depressed mood or 
depression. Discontinuation due to worsening cataplexy 
occurred in seven participants (3.5%), all of whom were in 
groups B and C (i.e., participants who tapered and withdrew 
other anticataplectics). Discontinuation due to depressed 
mood or depression occurred in four participants (2.0%); 
one was in group C and three were in group D (i.e., partici-
pants not taking SXB at study entry). Discontinuation due 
to headache was reported by two participants (1.0%; one 
in group A and one in group D), and discontinuation due 
to irritability was reported by two participants (1.0%; both 

in group D). All other TEAEs leading to discontinuation 
occurred in a single participant each.

The proportion of participants who experienced any 
TEAE was lowest in the group taking SXB only at study 
entry (group A; 57.7%), followed by group D (80.0%), group 
C (83.3%), and group B (87.0%). Headache, nausea, and 
dizziness were more frequently observed in groups C and D 
compared with groups A and B.

4 � Discussion

In the open-label optimized treatment and titration period 
of this placebo-controlled, double-blind, randomized with-
drawal trial in adult participants with narcolepsy with cata-
plexy [16], LXB monotherapy reduced cataplexy frequency 
and increased cataplexy-free days, a measure of symptom 
control similar to ones used in other neurologic disease 
states including migraine (headache-free days) [17] and epi-
lepsy (seizure-free days) [18]. The overall TEAE profile of 
LXB was consistent with that previously observed for SXB. 
These results demonstrate that cataplexy was reduced and/
or controlled by the end of SDP in all participants, and the 
number of cataplexy-free days per week increased in parallel 
with decreases in cataplexy frequency.

Changes in cataplexy frequency observed during 
OLOTTP differed by cataplexy treatment at study entry. 
In group A (SXB only), weekly cataplexy attacks were 
low initially and declined slightly during titration of LXB 

Table 3   Average total nightly dose of LXB during SDP, time to reach stable total nightly dose, and number of LXB dose adjustments in partici-
pants who achieved a stable dose of LXB, by treatment at study entry (efficacy population)

LXB lower-sodium oxybate, SD standard deviation, SDP stable-dose period, SXB sodium oxybate

Group A Group B Group C Group D Total (N = 134)
SXB only (n = 41) SXB + other anticata-

plectics (n = 14)
Other anticataplec-
tics (n = 21)

Anticataplectic 
naive (n = 58)

Average total nightly dose of LXB (g/night)
 Mean 7.6 8.3 7.4 6.9 7.3
 SD 1.4 1.1 1.3 1.5 1.4
 Median 7.5 9.0 7.5 7.0 7.5
 Minimum, maximum 4.5, 9.0 6.0, 9.0 4.5, 9.0 3.0, 9.0 3.0, 9.0

Time to reach stable total nightly dose (days)
 Mean 14.5 15.7 45.5 39.0 30.1
 SD 21.37 24.59 18.57 20.86 24.56
 Median 1.0 1.0 50.0 36.5 29.0
 Minimum, maximum 1, 84 1, 64 5, 73 1, 81 1, 84

Number of dose adjustments to reach stable total nightly dose
 Mean 1.0 0.8 3.5 2.6 2.1
 SD 1.99 1.48 1.47 1.35 1.87
 Median 0.0 0.0 3.0 3.0 2.0
 Minimum, maximum 0, 8 0, 5 1, 7 0, 6 0, 8
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treatment, whereas in group D (anticataplectic naive), cat-
aplexy attacks were higher initially and decreased during 
titration of LXB treatment. In participants who entered the 
study taking other anticataplectics, tapering and discontinu-
ation appeared to be associated with worsening cataplexy, 
observed as an increased number of cataplexy attacks dur-
ing tapering/discontinuation; a similar phenomenon has 
been observed in other studies [4, 10]. This increase in 
weekly cataplexy attacks during tapering and discontinu-
ation of other anticataplectics was more pronounced in 
participants in group C (other anticataplectics) compared 
with group B (SXB + other anticataplectics). In group C, 

weekly cataplexy attacks decreased during the latter part of 
OLOTTP (weeks 10–12), after taper and discontinuation of 
other anticataplectics was complete.

Participants entering the study taking SXB were able to 
optimize their treatment with LXB during OLOTTP. Titra-
tion to an efficacious and safe dose of LXB was more rapid, 
with fewer adjustments, in these participants compared with 
participants who were not taking SXB at study entry. Most 
(90.9%) had either no change in dose or reached a stable 
nightly dose within one dosing adjustment; the median num-
ber of dose adjustments was zero in both group A (SXB 
only) and group B (SXB + other anticataplectics). Some 

Table 4   TEAEs during OLOTTP and SDP, by treatment at study entry (safety population)

Data presented as n (%)
a TEAEs of cataplexy were reported when cataplexy worsened compared with the study baseline visit
OLOTTP open-label optimized treatment and titration period, SDP stable-dose period, SXB sodium oxybate, TEAE treatment-emergent adverse 
event

Group A Group B Group C Group D Total (N = 201)
SXB only (n = 52) SXB + other anticata-

plectics (n = 23)
Other anticata-
plectics (n = 36)

Anticataplectic 
naive (n = 90)

Participants with ≥ 1 TEAE 30 (57.7) 20 (87.0) 30 (83.3) 72 (80.0) 152 (75.6)
TEAEs leading to discontinuation 2 (3.8) 5 (21.7) 6 (16.7) 8 (8.9) 21 (10.4)
 Cataplexy 0 4 (17.4) 3 (8.3) 0 7 (3.5)
 Nausea 0 0 1 (2.8) 2 (2.2) 3 (1.5)
 Anxiety 0 0 0 2 (2.2) 2 (1.0)
 Depressed mood 0 0 1 (2.8) 1 (1.1) 2 (1.0)
 Depression 0 0 0 2 (2.2) 2 (1.0)
 Headache 1 (1.9) 0 0 1 (1.1) 2 (1.0)
 Irritability 0 0 0 2 (2.2) 2 (1.0)
 Abnormal sleep-related event 0 0 1 (2.8) 0 1 (0.5)
 Bile duct stone 0 0 0 1 (1.1) 1 (0.5)
 Cognitive disorder 1 (1.9) 0 0 0 1 (0.5)
 Decreased appetite 0 0 0 1 (1.1) 1 (0.5)
 Fatigue 0 0 1 (2.8) 0 1 (0.5)
 Pain in extremity 0 0 0 1 (1.1) 1 (0.5)
 Sleep talking 0 0 1 (2.8) 0 1 (0.5)
 Sleep-related eating disorder 0 1 (4.3) 0 0 1 (0.5)
 Somnolence 0 0 0 1 (1.1) 1 (0.5)
 Viral cardiomyopathy 0 0 1 (2.8) 0 1 (0.5)
 Vomiting 0 0 0 1 (1.1) 1 (0.5)

TEAEs in ≥ 5% of total participants
 Headache 8 (15.4) 3 (13.0) 7 (19.4) 24 (26.7) 42 (20.9)
 Nausea 2 (3.8) 1 (4.3) 7 (19.4) 16 (17.8) 26 (12.9)
 Dizziness 1 (1.9) 1 (4.3) 6 (16.7) 13 (14.4) 21 (10.4)
 Cataplexya 0 11 (47.8) 6 (16.7) 2 (2.2) 19 (9.5)
 Decreased appetite 0 1 (4.3) 2 (5.6) 12 (13.3) 15 (7.5)
 Influenza 5 (9.6) 3 (13.0) 3 (8.3) 3 (3.3) 14 (7.0)
 Nasopharyngitis 2 (3.8) 1 (4.3) 4 (11.1) 6 (6.7) 13 (6.5)
 Diarrhea 4 (7.7) 0 0 7 (7.8) 11 (5.5)
 Vomiting 1 (1.9) 0 4 (11.1) 5 (5.6) 10 (5.0)
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participants entered the study at the maximum dose of SXB 
(9 g/night) and could not further increase their dose, which 
limited the number of dose adjustments among this subset of 
participants. Additionally, participants taking SXB at study 
entry were required to have documented prior improve-
ment in cataplexy and EDS with SXB treatment, indicating 
that they had already achieved an efficacious dose of SXB 
prior to study entry. Participants not previously taking SXB 
achieved a tolerable and efficacious dose of LXB after a 
median of three dose adjustments.

A majority of participants completed OLOTTP. The rate 
of study completion and incidence of TEAEs of cataplexy 
appeared to be related to treatment at study entry. Comple-
tion rates were lower in the groups required to taper and 
discontinue other prior anticataplectics compared with the 
groups that were not being treated with antidepressant/anti-
cataplectic medications at study entry. A greater proportion 
of participants in the groups who tapered/discontinued prior 
anticataplectics reported TEAEs overall, as well as TEAEs 
of cataplexy, during OLOTTP and SDP. All seven of the 
participants who discontinued the study due to cataplexy 
were in group B or group C.

The overall safety profile of LXB during OLOTTP and 
SDP was consistent with that previously observed for SXB 
[11], and no new safety concerns were identified for LXB. 
As expected, a greater proportion of participants naive to 
SXB at entry reported TEAEs of headache, nausea, and diz-
ziness following initiation of LXB treatment, compared with 
participants taking SXB at study entry who transitioned to 
LXB. A similar pattern of early TEAEs following initiation 
of SXB treatment, followed by decreased frequency of those 
TEAEs within several weeks, has been observed in other 
studies in adults with narcolepsy [19].

Antidepressants are often used off-label for the treatment 
of cataplexy [2, 5–9]. However, limited evidence is avail-
able from controlled clinical trials regarding the efficacy 
or safety of antidepressant use and tapering in people with 
narcolepsy, including the potential for rebound cataplexy [2, 
4, 10]. Antidepressants are associated with impairment of 
sexual function [20], as well as other tolerability and safety 
concerns, including changes in blood pressure, weight gain, 
cardiac arrhythmia, and drug–drug interactions [21–23]; 
furthermore, an antidepressant discontinuation syndrome 
may occur when therapy is withdrawn, possibly resulting 
in nausea, light-headedness, chills, and aches, as well as 
paresthesia and insomnia [24]. Although some such events 
(e.g., nausea and dizziness) occurred in the present study, 
they occurred more commonly in groups C and D and, thus, 
appear to be more associated with oxybate initiation and 
titration.

The randomized withdrawal design employed in this 
study afforded several benefits. The study population 
included participants with narcolepsy with cataplexy treated 

with medication regimens reflective of current clinical 
practice, compared with a traditional study design in which 
tapering/discontinuation of prior medications occurs prior 
to study entry. With the inclusion of participants taking 
prior cataplexy treatment, the effects of initiation/optimi-
zation of LXB and simultaneous antidepressant tapering/
discontinuation on cataplexy frequency could be assessed. 
Additionally, the randomized withdrawal period was suf-
ficiently brief (2 weeks) to observe a statistically significant 
difference between treatment arms, while minimizing the 
duration of placebo exposure, as demonstrated in two prior 
oxybate studies [25, 26].

A potential limitation of this study is that participants 
entering the study taking SXB were required to have shown 
a positive response to SXB prior to the study, as is typical 
for randomized withdrawal trials. Such participants would 
be expected to respond similarly to LXB in terms of efficacy 
and tolerability, whereas the response of other participants 
to first oxybate exposure with LXB would be less certain. 
It is also possible that worsening cataplexy in participants 
tapering other anticataplectics during OLOTTP may have 
continued into SDP and DBRWP (i.e., cataplexy control may 
not have entirely stabilized in all participants), or that some 
participants may have benefitted from a combination of LXB 
and low doses of anticataplectics to best manage cataplexy. 
However, reduction in cataplexy frequency with open-label 
LXB treatment during OLOTTP and SDP was observed 
in groups B and C, even in the context of anticataplectic 
withdrawal. As the randomized treatment groups were strati-
fied by treatment at study entry, any effects related to prior 
treatment would be expected to affect the LXB and placebo 
groups equally. Additional limitations of this study include 
study discontinuations. Almost one-quarter of participants 
(22.9%) discontinued before completing OLOTTP, with 
percentages in the baseline treatment groups ranging from 
13.5% (group A) to 39.1% (group B). The most frequently 
reported reason for discontinuation was due to TEAEs 
(39.1% of discontinuations), followed by protocol devia-
tion (17.4% of discontinuations) and withdrawal by partici-
pant (13.0% of discontinuations). As limited information is 
available regarding the circumstances of discontinuations 
reported as being due to reasons other than TEAEs, it is pos-
sible that TEAEs were contributing factors. An additional 
limitation is that it may have been difficult for participants 
to report an exact number of cataplexy attacks per day in 
their cataplexy diaries, particularly participants with high 
frequencies of cataplexy attacks. Partial cataplexy may have 
been counted as cataplexy attacks by some participants but 
not all.

Lastly, rigorous evaluation of blood pressure changes 
was not performed in this study, which would have provided 
important insights into additional effects of switching from 
a high sodium-containing medication (SXB) to LXB, given 
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the significant sodium reduction in the latter. Narcolepsy 
is associated with increased prevalence of cardiovascular 
and cardiometabolic comorbidities, including hypertension, 
hyperlipidemia, obesity, and diabetes, and increased risk of 
cardiovascular events [27–32]. In addition, increased risk 
of cardiovascular consequences following long-term treat-
ment with high sodium-containing medications (for a variety 
of conditions) has been described in the literature [33, 34]. 
At study entry, mean systolic blood pressure values were 
higher, and cardiovascular/cardiometabolic comorbidities 
associated with narcolepsy (most notably hypertension) were 
reported more frequently, in participants taking SXB (groups 
A and B) than in participants not taking SXB (groups C 
and D) [16]. It is not known whether these differences were 
related to SXB treatment. However, the US Food and Drug 
Administration (FDA) recently noted that the differences in 
chronic sodium intake with LXB relative to SXB “at the 
recommended doses will be clinically meaningful in reduc-
ing cardiovascular morbidity in a substantial proportion of 
patients for whom the drug is indicated” for the treatment 
of narcolepsy [35]. Future studies of LXB involving longi-
tudinal assessment of blood pressure under well-controlled 
conditions, including ambulatory blood pressure monitoring, 
are needed to provide more definitive data on blood pres-
sure and cardiovascular outcomes. Likewise, the impact of 
lower dietary sodium intake on overall cardiovascular risk 
or general health was not assessed, and aspects of the study 
design, including duration, sample size, and lack of con-
trolled dietary sodium intake, preclude rigorous evaluation 
of these issues.

5 � Conclusions

LXB monotherapy was effective in reducing cataplexy and 
increasing cataplexy-free days. The results illustrate the fea-
sibility of switching from SXB to LXB, as well as the taper-
ing and discontinuation of antidepressants/anticataplectics, 
and may guide expectations regarding possible changes in 
cataplexy frequency with initiation of LXB treatment, switch 
from SXB to LXB, dose adjustments when initiating LXB 
treatment, and discontinuation of antidepressant/anticata-
plectic medications.
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