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Study Objectives: To evaluate 6-month efficacy and safety of low-sodium oxybate in people with idiopathic hypersomnia during an open-label extension period
(OLE) of a phase 3 clinical trial.
Methods: Efficacy measures included the Epworth Sleepiness Scale (ESS), Idiopathic Hypersomnia Severity Scale (IHSS), Patient Global Impression of Change
(PGIc), Functional Outcomes of Sleep Questionnaire, short version (FOSQ-10), and Work Productivity and Activity Impairment Questionnaire: Specific Health
Problem (WPAI:SHP). Treatment-emergent adverse events were collected throughout the OLE.
Results: The OLE population included 106 participants. Most were female (71%) and White (83%), and the mean (SD) age was 41.0 (13.8) years. ESS scores
decreased (improved) during the OLE (mean [SD], study baseline: 16.3 [2.8]; OLE week 2: 6.7 [4.7]; OLE end: 5.3 [3.7]), and IHSS total scores trended toward a
decrease (study baseline: 32.6 [7.3]; OLE week 2: 16.2 [8.9]; OLE end: 14.8 [8.6]. Median (minimum, maximum) paired differences from OLE week 2 to OLE end
were ESS,21.0 (220, 7; nominal P = .012); IHSS,21.0 (231, 19; nominal P = .086). The proportion of participants reporting PGIc ratings of “very much
improved” increased from 36.7% at OLE week 2 to 53.8% at the OLE end. The FOSQ-10 and WPAI:SHP scores remained stable during OLE. The incidence of
newly reported treatment-emergent adverse events decreased over the duration of the OLE.
Conclusions: Efficacy and safety of low-sodium oxybate were maintained or improved during the 6-month OLE, supporting long-term treatment with low-sodium
oxybate in adults with idiopathic hypersomnia.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Idiopathic hypersomnia is a debilitating sleep disorder associated with symptoms such as excessive daytime
sleepiness, sleep inertia, and cognitive impairment that can lead to impaired quality of life. Low-sodium oxybate, which is approved in the United States for
the treatment of adults with idiopathic hypersomnia, showed efficacy and safety in a phase 3 trial, but long-term efficacy and safety are not known.
Study Impact: In a 6-month, open-label extension of the phase 3 trial, efficacy and safety of low-sodium oxybate treatment were maintained, or improved,
after the main study. Efficacy measures were consistent across subgroup analyses of participants with varying demographics and baseline medications.

INTRODUCTION

Idiopathic hypersomnia is a debilitating, chronic, neurologic sleep
disorder1,2 characterized by excessive daytime sleepiness (EDS),
sleep inertia, cognitive impairment, long and unrefreshing naps,
and prolonged nighttime sleep in many patients.1,3 Most indivi-
duals with idiopathic hypersomnia report difficulty with function-
ing and work due to their idiopathic hypersomnia symptoms,3–5

and report overall lower quality of life compared with healthy
controls.6 Low-sodium oxybate (LXB; calcium, magnesium,
potassium, and sodium oxybates; Xywav, Jazz Pharmaceuticals,
Palo Alto, CA) is an oxybate medication with the same active
moiety as high-sodium oxybate (SXB) and 92% less sodium.7–10

LXB is approved in the United States for the treatment of idio-
pathic hypersomnia in adults11 and for the treatment of cataplexy
or EDS in patients 7 years of age and older with narcolepsy.

Journal of Clinical Sleep Medicine, Vol. 19, No. 10 1811 October 1, 2023

https://doi.org/10.5664/jcsm.10698

https://clinicaltrials.gov/study/NCT03533114
https://www.clinicaltrialsregister.eu/ctr-search/trial/2018-001311-79/results
https://doi.org/10.5664/jcsm.10698


LXB is currently the only treatment for idiopathic hypersomnia
approved by the US Food and Drug Administration.12

The efficacy and safety of LXB in patients with idiopathic
hypersomnia were established in a phase 3 trial, and the primary
results have been published.13 LXB treatment resulted in clini-
cally meaningful improvement in EDS, overall idiopathic hyper-
somnia symptoms, and sleep inertia, and reduced the impact of
idiopathic hypersomnia symptoms on quality of life and function-
ing.13 Efficacy on the primary endpoint (change in Epworth
Sleepiness Scale [ESS] from the end of a stable-dose period
[SDP] to the end of a double-blind randomized withdrawal period
[DBRWP]) was similar across subgroups of participants stratified
by sex, baseline idiopathic hypersomnia treatment, LXB dosing
regimen, and idiopathic hypersomnia phenotype (with and with-
out long sleep time).13 The safety profile of LXB for the treat-
ment of idiopathic hypersomnia was consistent with that reported
for LXB in the treatment of narcolepsy.13 This clinical trial was
the first study to include the Idiopathic Hypersomnia Severity
Scale (IHSS), a recent validated measure that assesses the fre-
quency, severity, and consequences of idiopathic hypersomnia
symptoms, as well as the response to treatment.14 In this study,
IHSS total scores declined (improved) with open-label LXB
treatment, then worsened significantly in participants random-
ized to placebo compared with LXB during the DBRWP.13

The aim of these analyses was to evaluate the 6-month effi-
cacy of LXB during an open-label extension period (OLE) of the
LXB study,13 including efficacy on measures of EDS, overall
idiopathic hypersomnia symptoms, patient-reported change in
symptom severity, quality of life, and functioning. In addition to
efficacy in the overall population, efficacy in subgroups of parti-
cipants defined by sex, age, baseline treatment, and LXB dosing
regimen was examined for some outcomes. Finally, the long-
term safety of LXB was evaluated (treatment-emergent adverse
events [TEAEs] during the OLE).

METHODS

Study design and participants
This was a phase 3, double-blind, placebo-controlled, random-
ized withdrawal study13 that consisted of a screening period

(≤ 30 days), an open-label titration and optimization period
(OLT; 10–14 weeks), SDP (2 weeks), DBRWP (2 weeks), an
OLE (24 weeks), and a safety follow-up period (2 weeks)
(Figure 1).13 This study was performed in line with the Interna-
tional Conference on Harmonization Guideline for Good Clini-
cal Practice and the principles of the Declaration of Helsinki.
Informed consent was obtained from all individual participants
included in the study.

Eligible participants were 18–75years of age with a primary
diagnosis of idiopathic hypersomnia (International Classification
of Sleep Disorders, second edition or International Classification
of Sleep Disorders, third edition criteria) and average nocturnal
total sleep time≥ 7 hours.3,15 Participants could be takingmedica-
tions for the treatment of idiopathic hypersomnia symptoms,
including alerting agents (stimulants or wake-promoting agents),
SXB, or both, or could be treatment naive. Participants taking
alerting agents were on a stable dose for≥ 2months and agreed to
remain on the same dose throughout the study. Participants not
taking SXB had to have an ESS score ≥ 11 at screening and base-
line, and participants taking SXB at study entry had to have had
prior clinical improvement in EDS with SXB per the investiga-
tor’s clinical judgment. Key exclusion criteria were hypersomnia
due to another medical, behavioral, sleep, or psychiatric disorder
and evidence of untreated or inadequately treated sleep-
disordered breathing, known or suspected respiratory difficulty,
or any condition that might compromise breathing.

Study procedures
Participants who entered the study taking SXB (n = 6) were transi-
tioned to LXB with the same regimen and dose, gram-for-gram.
Participants who were oxybate naive could initiate LXB on a
once-nightly or twice-nightly dosing regimen at the investigator’s
discretion; all participants could also titrate to a thrice-nightly regi-
men. The maximum nightly starting dose for participants who
were oxybate naive at study entry was 3g (for once-nightly regi-
mens) or 4.5 g (split into 2 nightly doses). Doses and regimens
could be optimized as needed during the OLT, to a maximum dose
of 6 g (once nightly) or 9 g (split into 2 nightly doses). Participants
maintained that optimized stable dose for 2weeks during the SDP.
During the DBRWP, participants were randomly assigned to be
withdrawn to placebo or maintain their LXB treatment.

Figure 1—Timeline of the entire study.
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Participants who completed the DBRWP entered an OLE, in
which all participants took open-label LXB. Participants started
the OLE at a dose of LXB no higher than the dose they were
taking at the end of the SDP (a lower starting dose was allowed
at the discretion of the investigator). If titration was required
during the OLE, it proceeded at a rate of ≤ 1.5 g per night per
week, not to exceed a maximum total dose of 9 g/night. Partici-
pants were permitted to initiate, discontinue, or change doses of
concomitant alerting agents as needed during the OLE. Sched-
uled clinic visits occurred at OLE week (W) 2, W6, W14, and
end of the OLE (OLEW24 or early termination).

OLE assessments and outcomes
The ESS, IHSS, and Patient Global Impression of Change
(PGIc) were administered at OLE W2, W6, W14, and end of
the OLE. The ESS contains 8 items; and the range of possible
scores is 0–24, with higher scores indicating greater EDS.16

The IHSS comprises 14 items; and the total score range is 0–50,
with higher scores indicating more severe or frequent symp-
toms.14 The individual component scores consisted of the fol-
lowing: day/performance component (7 items), with a total
score range of 0–27; night/inertia component (5 items), with a
total score range of 0–16; and napping component (2 items),
with a total score range of 0–7. PGIc ratings during the OLE
were relative to baseline (OLT day 1).

The Functional Outcomes of Sleep Questionnaire, short ver-
sion (FOSQ-10),17 and Work Productivity and Activity Impair-
ment Questionnaire: Specific Health Problem (WPAI:SHP)18

were administered at OLE W6, W14, and end of the OLE (but
not at OLE W2). The FOSQ-10 total score range is 5–20, with
lower scores indicating increased impact of sleepiness on the
ability to conduct daily activities (ie, poorer functional status).
The WPAI:SHP for idiopathic hypersomnia consists of 4 com-
ponents: percentage of work time missed due to idiopathic
hypersomnia (absenteeism), percentage of impairment while
working due to idiopathic hypersomnia (presenteeism), per-
centage of overall work impairment due to idiopathic hyper-
somnia (absenteeism plus presenteeism), and percentage of
activity impairment due to idiopathic hypersomnia. Items relat-
ing to work productivity were completed only by employed
participants; the item relating to activity impairment was com-
pleted by all participants. On all WPAI:SHP items, higher per-
centages indicate increased impairment. Adverse events were
collected continuously throughout the study.

Statistical analyses
The intention-to-treat (ITT) population, which comprised all
participants who were randomly assigned, was modified to
include only those who took at least 1 dose of study medication
during the DBRWP, and who had at least 1 set of postrandomi-
zation assessments for ESS or IHSS or PGIc (ie, mITT popula-
tion). For the efficacy analyses during the OLE, participants
taking SXB at study entry were excluded (n = 6 entered the
study; n = 5 entered the OLE). The safety analysis population
included all participants who received at least 1 dose of study
drug. The OLE population included all participants who en-
rolled in the OLE. In the analyses of LXB dosing changes

between the DBRWP and the OLE, the LXB dose during the
SDP was used for participants randomized to placebo; for parti-
cipants randomized to LXB, the LXB dose during the DBRWP
was equivalent to the dose during the SDP.

For analysis of ESS and IHSS total scores, paired differences
were obtained by subtracting scores at OLE W2 from scores at
end of the OLE for each participant to assess whether scores
were equal at the 2 time points. Analysis of covariance was
used for normal distributions, whereas a Wilcoxon signed-rank
test was used for nonnormal distributions. For analysis of PGIc,
a McNemar test was used to assess percent change of “very
much improved” between OLE W2 and end of the OLE in
paired participants. ESS, IHSS, and PGIc scores were analyzed
in subgroups by sex, age (above/below median, ≤ 39 or > 39 y),
baseline treatment (alerting agents only or treatment naive), and
LXB dosing regimen (once nightly or twice nightly). For these
subgroup analyses of ESS and IHSS scores, least square (LS)
means, standard errors (SEs), LS mean differences, 95% confi-
dence intervals, and P values were obtained from a mixed
model including change in ESS or IHSS total score from OLT
day 1 as the response variable; covariates included baseline
value, sex, age group, visit time, and baseline treatment. For
PGIc, all subgroup analyses were conducted using Fisher’s
exact test. IHSS components scores throughout the study were
summarized with descriptive statistics. Six IHSS items are
scored using a 3-point Likert scale, and 8 items are scored on a
4-point Likert scale.14 To assess IHSS improvement upon
return to LXB treatment from placebo, the proportions of parti-
cipants in the placebo group who reported a rare occurrence or
low severity of symptoms (ie, scoring a “0” or “1”) on each
IHSS item were compared from end of the DBRWP to OLE
W2 and end of the OLE (from participants who had available
scores at all 3 time points) using a McNemar test. P values are
nominal; no adjustments for multiplicity were performed.
Safety data were summarized with descriptive statistics.

RESULTS

Participants
Of 154 participants who entered the study and took LXB (safety
population), 106 participants completed the DBRWP and
entered the OLE (OLE safety population). Of the 106 partici-
pants who entered OLE, 11 participants did not complete the
OLE (reasons were lack of efficacy, n = 1; protocol deviation,
n = 1; TEAE, n = 3; withdrawal by participant, n = 5; lost to
follow-up, n = 1).13 The modified ITT population in the OLE
comprised 101 participants, after excluding 5 who took SXB at
study entry. Baseline characteristics of the OLE safety popula-
tion were similar to those of the entire study safety population
(Table 1); most were female (71%) and White (83%), with a
mean (SD) age of 41.0 (13.8) years.

LXB dosing and concomitant alerting agents
during OLE
At the end of the SDP, at OLE initiation, and at end of the OLE,
the overall mean (SD) LXB dose (g/night) was 6.7 (1.7), 6.5
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(1.7), and 6.7 (1.6), respectively. Between the DBRWP and
start of the OLE, 87.7% of participants (93/106) maintained the
LXB dose (and all maintained the regimen) that had been estab-
lished during the OLT. Thirteen of 106 participants (12.3%)
reduced their LXB dose from the DBRWP to OLE initiation
(mean [SD] change: 20.2 [0.7] g/night). The majority of parti-
cipants maintained their LXB dose (74/106; 69.8%) or nightly
regimen (93.4%) from start of the OLE to end of the OLE.
From OLE initiation to end of the OLE, 6 of 106 participants
(5.7%) reduced, and 26 of 106 (24.5%) increased, their LXB
dose (mean [SD] change: 0.3 [0.9] g/night). Of the 106 partici-
pants who entered the OLE, 22 (20.8%), 83 (78.3%), and 1
(0.9%) were taking LXB once, twice, or thrice nightly, respec-
tively. Seven (6.6%) participants changed their dosing regimen
during the OLE. Two participants changed from once nightly to
twice nightly. Three participants changed from twice to once
nightly, and 2 changed from twice to thrice nightly (with 1 par-
ticipant later reverting back to twice nightly). During the OLE,
63 (59.4%) participants took alerting agents at least some of the
time (including some who took > 1 alerting agent or had dose
and regimen variability throughout the OLE).

Excessive daytime sleepiness
During the OLE, mean ESS scores slightly decreased, reflecting
the improvement observed during the OLT and SDP in the
main study (Figure 2A). Mean (SD) ESS scores at OLE W2,
W6, W14, and end of the OLE were 6.7 (4.7), 6.0 (4.3), 6.1
(3.9), and 5.3 (3.7), respectively. Mean (SD) changes in ESS

scores from study baseline to OLE W2, W6, W14, and end of
the OLE were29.7 (4.8),210.3 (4.7),210.3 (4.3), and211.0
(4.2), respectively. The mean (SD) paired difference for ESS
change from OLE W2 to end of the OLE (n = 90) was 21.2
(4.1), and the median (minimum, maximum) paired difference
was21.0 (220, 7; P = .012). In participants who had taken pla-
cebo during the DBRWP, mean ESS scores increased during the
DBRWP, then returned to the level seen during the SDP13,19 by
OLE W2. Changes in ESS scores from study baseline to end of
the OLE were similar in subgroups defined by sex, age, baseline
treatment, and LXB dosing regimen (all comparisons, P > .05).

Overall idiopathic hypersomnia symptoms
Following the improvements that were observed during the
main study,13 mean IHSS total scores were maintained and fur-
ther trended toward a decrease during the OLE (Figure 2B).
Mean (SD) IHSS total scores at OLEW2, W6, W14, and end of
the OLE were 16.2 (8.9), 15.2 (8.4), 15.7 (8.4), and 14.8 (8.6),
respectively. Mean (SD) changes in IHSS total scores from
study baseline to OLEW2, W6, W14, and end of the OLE were
216.3 (9.3),217.1 (9.6),217.0 (9.1), and217.8 (9.6), respec-
tively. The mean (SD) paired difference for IHSS total score
change from OLE W2 to end of the OLE (n = 87) was 21.3
(6.6), and the median (minimum, maximum) paired difference
was 21.0 (231, 19; P = .086). In participants who had taken
placebo during the DBRWP, mean IHSS total scores increased
in the DBRWP, then returned to a similar level as was seen dur-
ing the SDP13,19 by OLE W2. Changes in IHSS total scores

Table 1—Baseline demographics and disease characteristics.

Characteristic

Safety Populationa OLE Safety Populationb

(n = 154) (n = 106)

Age, mean (SD), y 40.3 (13.7) 41.0 (13.8)

Female, n (%) 105 (68) 75 (71)

Body mass index, mean (SD), kg/m2 27.4 (7.4) 27.7 (8.2)

Race, n (%)

White 129 (84) 88 (83)

Black or African-American 9 (6) 6 (6)

Otherc 16 (10) 12 (11)

Treatment at study entry, n (%)

Alerting agentd 82 (53) 60 (57)

Treatment naive 66 (43) 41 (39)

SXB 2 (1) 2 (2)

SXB + alerting agentd 4 (3) 3 (3)

Idiopathic hypersomnia diagnosis, n (%)

With long sleep 31 (20) 21 (19.8)

Without long sleep 123 (80) 85 (80.2)

Baseline ESS score, mean (SD) 16.1 (3.6) 15.8 (3.7)

Baseline IHSS total score, mean (SD) 32.1 (8.0) 31.6 (8.2)

aIncludes all participants who took at least 1 dose of study drug. bIncludes all participants who received at least 1 dose of study drug during OLE. cIncludes
declined to state. dAlerting agents include stimulants and wake-promoting agents. ESS = Epworth Sleepiness Scale, IHSS = Idiopathic Hypersomnia Severity
Scale, OLE = open-label extension period, SXB = high-sodium oxybate.
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from study baseline to end of the OLE were similar in sub-
groups defined by sex, age, baseline treatment, and LXB dosing
regimen (all comparisons, P > .05). For each of the 3 IHSS
components, the mean scores remained low during the OLE
(Figure 3A–C). Among participants who had taken placebo
during the DBRWP with available scores at OLE W2 (n = 47),
mean (SD) IHSS component scores decreased slightly from end
of the DBRWP to OLE W2: day/performance (18.9 [6.6] to
10.6 [6.5]; mean [SD] change: 28.5 [6.3]), night/inertia (9.8

[3.5] to 6.1 [3.2]; mean [SD] change: 23.7 [3.7]), and napping
(4.1 [1.7] to 2.4 [1.9]; mean [SD] change:21.6 [1.8]).

Change in symptoms in placebo group from the
DBRWP to OLE W2
For participants who took placebo during the DBRWP, mean
(SD) ESS scores at end of the DBRWP, OLEW2, and end of the
OLE were 13.3 (4.1), 6.7 (4.5), and 5.5 (3.8), respectively, and
mean (SD) IHSS scores were 28.7 (9.2), 16.6 (9.1), and 14.8

Figure 2—ESS (A) and IHSS (B) scores throughout the study.
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Figure 3—IHSS component scores throughout the study: day/performance (A), night/inertia (B), and napping (C).
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(8.5), respectively. For those participants who took placebo with
available scores at OLEW2 and end of the OLE (n = 44), the pro-
portion with the least impairment (ie, those who responded with
“1” or “0”) on each IHSS item notably increased from end of the
DBRWP to OLE W2 (Figure 4). These increases were observed
for all 14 individual IHSS items upon return to LXB treatment for
2weeks. Relativelyminor changes occurred fromOLEW2 to end
of the OLE.

Participant-reported change in symptom severity
The percentage of participants who rated their symptoms as
improved (minimally, much, or very much improved) on the
PGIc remained stable throughout the OLE, following the
increased percentage (from 54.6% to 99.1%, respectively)
observed from OLTW1 to end of the SDP (Figure 5). PGIc rat-
ings generally improved or remained stable during the OLE in
all subgroups (Figure S1 in the supplemental material). The
proportions of participants who indicated improvement to any
extent (ie, minimally, much, or very much improved) were dif-
ferent between some subgroups at the end of the OLE. A greater
proportion of participants taking alerting agents at study entry
indicated improvement compared with those who were

treatment naive (53/53 [100%] and 34/38 [89.5%], respectively;
P < .05). The same was true for participants taking LXB twice
nightly compared with once nightly (73/73 [100%] and 13/17
[76.5], respectively; P < .001). There were no differences at any
time point between subgroups defined by sex and age.

Functioning and quality of life
Mean (SD) FOSQ-10 scores remained stable throughout the
OLE (OLE W6: 16.8 [2.7]; OLE W14: 16.9 [2.7]; end of the
OLE: 17.2 [2.8]), consistent with the improved scores that were
attained at the end of the SDP (17.1 [2.6]), and similar to a pre-
viously reported mean (SD) value from normal individuals who
do not experience sleepiness-related impairment (17.8 [3.1]17;
Figure 6A). On the WPAI:SHP, the improvements in absentee-
ism, presenteeism, overall work productivity, and overall activ-
ity impairment that had been observed at the end of the SDP
were maintained during the OLE (Figure 6B).

Safety
During the OLE, 21.7% (23/106) of participants reported only
mild TEAEs; 25.5% (27/106) of participants reported TEAEs
of, at most, moderate severity; and no participants reported severe

Figure 4—Increase in proportion of participants with the least impairment on each individual IHSS item from DBRWP to OLE
W2 and end of OLE (placebo group).
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TEAEs. Seventeen (28.8%) and 10 (17.5%) participants in the
placebo group (n = 59) and LXB group (n = 57) during the
DBRWP, respectively, reported at least 1 TEAE from end of the
DBRWP to OLEW2, including decreased libido, nasopharyngitis,
night sweats, and vomiting (each reported by 2 [1.7%]). Of 106
participants in the OLE, 50 (47.2%) reported at least 1 TEAE
that began in the OLE. The incidence of those TEAEs decreased
over the duration of the OLE (Table 2). TEAEs reported by ≥ 2
participants during at least one 4-week period included nasophar-
yngitis (7 [6.6%]); night sweats, upper respiratory tract infection,
and vomiting (each reported by 5 [4.7%]); anxiety and hyperten-
sion (each reported by 4 [3.8%]); muscle spasms (3 [2.8%]);
and enuresis and decreased libido (each reported by 2 [1.9%])
(Table 2). During the OLE, 48 (45.3%) participants reported a
kind of TEAE that they had not personally reported during the
main study, and 29 (27.4%) participants reported a TEAE that
was not reported by any participant during the main study (Table
S1 in the supplemental material). Four serious TEAEs occurred
during the OLE. One participant experienced pain syndrome due
to nephrolithiasis, nephrolithiasis with planned hospitalization
due to lasering nephrolithiasis, and pyelonephritis, all of mild to
moderate severity, and not considered related to LXB treatment.
The other participant experienced noncardiac chest pain that was
of mild severity and also considered unrelated to LXB treatment.
No hypertension TEAEs were considered related to LXB, based
on the investigators’ assessments.

DISCUSSION

The efficacy and safety of LXB in people with idiopathic hyper-
somnia were established in a phase 3, placebo-controlled,

double-blind, randomized withdrawal clinical trial, and the pri-
mary results have been published.13 Data from the 6-month
OLE, reported here, demonstrated maintenance or continued
improvement of LXB efficacy across multiple symptom and
functional assessments, including the ESS, IHSS, PGIc, FOSQ-
10, and WPAI:SHP. Importantly, there was no evidence that
the beneficial effects of LXB waned with continued treatment
over at least 6months; rather, the effects generally appeared to
be maintained over that period. Of the individuals who enrolled
in the main study, a majority (68.8%) continued on to the OLE;
during the OLE, most (89.6%) OLE participants continued to
completion. These results support the long-term durability of
LXB efficacy. The safety profile of LXB remained stable; the
incidence of TEAEs decreased throughout the OLE, and no
concerning new or unexpected safety signals were observed.

In response to continued open-label LXB treatment in the
OLE, ESS scores further decreased from the levels seen during
the main study, suggesting additional improvement in EDS.
The decreases in IHSS total scores that occurred during the
main study trended downward throughout the OLE. The study
provided an opportunity for a more detailed analysis of the 3
individual IHSS component scores (daytime functioning, long
sleep duration and sleep inertia, and napping),20 which may
provide a more comprehensive clinical picture in addition to the
total IHSS score, thus better informing treatment decisions.
Sleep inertia, in particular, is more commonly associated with
idiopathic hypersomnia than it is with narcolepsy or other
hypersomnolence disorders, and it is often more severe in
patients with idiopathic hypersomnia.1,2,14 Unlike the ESS, the
IHSS has the unique ability to assess changes in this debilitating
symptom, among others including long sleep duration and

Figure 5—Change in PGIc ratings from baseline to OLT W1 and end of the SDP and during the OLE.
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Figure 6—FOSQ-10 (A), WPAI:SHP absenteeism (B), presenteeism (C), overall work productivity (D), and activity (E) scores
throughout the study.
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EDS.14 LXB efficacy was observed similarly in each of the 3
IHSS components (ie, daytime/performance, night/inertia, and
napping) throughout the entire study, indicating the broad
impact of LXB treatment across a variety of idiopathic hyper-
somnia symptoms. This finding may provide confidence to
both patients and health care providers, as well as anticipatory
guidance on what to expect regarding symptoms with LXB
treatment. In addition to supporting LXB as a treatment option,
these findings further support the IHSS as an important research
tool. The proportion of participants who rated their symptoms
as being “very much improved” on the PGIc steadily increased
during the OLE. Importantly, these 3 measures (ESS, IHSS,
and PGIc) showed similar efficacy when analyzed in participant
subgroups divided by sex, age, baseline treatment, or LXB dos-
ing regimen. These analyses, combined with similar subgroup
efficacy analyses during the DBRWP (in participants who
remained on LXB),13 demonstrate consistent efficacy despite
variability in these parameters in people with idiopathic hyper-
somnia treated with LXB.

Improvements in daily functioning (FOSQ-10) and work
productivity and overall activity levels (WPAI:SHP) in the
main study were observed throughout the OLE. These findings
have important implications for people with idiopathic hyper-
somnia, as significant impairments have been reported in their
ability to perform daily activities and in their overall quality of
life.6,21 Work absenteeism decreased from baseline to the end
of the OLE (7.2–5.0%, respectively),13 but was still higher than
what is observed in the general population (1.3% total lost
worktime due to illness or injury [hours absent as a percentage
of hours usually worked] among the total employed US popula-
tion in 2021).22 Nonetheless, the decline in absenteeism rates
observed with LXB treatment during the main study, staying
relatively stable throughout the OLE, is reassuring.

To evaluate how quickly LXB efficacy could return in partici-
pants who reinitiated their treatment after withdrawing to placebo
for 2weeks in the DBRWP, their ESS and IHSS scores were

compared from the DBRWP to OLE W2, as well as at end of the
OLE. In these participants, ESS and IHSS total scores returned to
levels similar to those seen prior to LXB withdrawal, within just
2weeks after reinitiating LXB treatment, then were largely stable.
This timely return in symptom reduction was reflected similarly
across each of the 3 IHSS components (ie, daytime/performance,
night/inertia, and napping). Even at the individual IHSS item level,
the proportion of participants who indicated the least impairment
(ie, the 2 best responses) on each item increased within 2weeks.
Collectively, these more granular analyses reinforce that starting
LXB treatment again (after withdrawal) is associated with a rapid
reinstatement of efficacy, which is likely to be reassuring to both
patients and health care providers. These findings also demonstrate
the sensitivity of the IHSS instrument to detect changes with treat-
ment, even at the single-item level, on a rapid time scale.

A paucity of available data exists on treatments for idiopathic
hypersomnia, especially over longer durations.23 Although several
short-term studies have demonstrated benefits of modafinil over
treatment periods ranging from 5days to 3weeks, none of them
included a longer duration, OLE phase.24–27 Retrospective chart
reviews have suggested a long-term benefit of mazindol, modafi-
nil, and pitolisant in idiopathic hypersomnia.5,28,29 A retrospective
chart review of 41 people with idiopathic hypersomnia treated
with SXB for a mean of 15.8months showed maintenance of ben-
efit and a lack of treatment tolerance with long-term treatment.30

The present findings provide new information on the long-term
benefits of LXB for people with idiopathic hypersomnia. Impor-
tantly, LXB can be taken concomitantly with stimulants or wake-
promoting agents, as evidenced by approximately half of the
participants in the present study. In fact, all (100%) participants
who were taking stimulants or wake-promoting agents at study
entry indicated improvement in their symptoms at the end of the
OLE, suggesting a possible advantage of LXB over prior treat-
ments. The majority of participants maintained their LXB dose
and regimen, which they had previously established during the
OLT, from the end of the DBRWP to the end of the OLE. The

Table 2—Newly occurring TEAEs by month during OLE (safety population).

TEAEs

Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 7 Total

(n = 106) (n = 102) (n = 101) (n = 97) (n = 97) (n = 97) (n = 62) (n = 106)

Any TEAE 30 (28.3) 18 (17.6) 17 (16.8) 10 (10.3) 12 (12.4) 12 (12.4) 3 (4.8) 50 (47.2)

TEAEs in ≥ 2 participants during at least one 4-week period

Nasopharyngitis 2 (1.9) 1 (1.0) 0 1 (1.0) 1 (1.0) 2 (2.1) 0 7 (6.6)

Night sweats 2 (1.9) 0 2 (2.0) 0 1 (1.0) 0 0 5 (4.7)

Upper respiratory tract infection 2 (1.9) 0 1 (1.0) 0 0 1 (1.0) 1 (1.6) 5 (4.7)

Vomiting 2 (1.9) 1 (1.0) 1 (1.0) 0 1 (1.0) 0 0 5 (4.7)

Anxiety 1 (0.9) 3 (2.9) 0 0 0 0 0 4 (3.8)

Hypertension 1 (0.9) 0 2 (2.0) 0 0 1 (1.0) 0 4 (3.8)

Muscle spasms 0 2 (2.0) 1 (1.0) 0 0 0 0 3 (2.8)

Enuresis 2 (1.9) 0 0 0 0 0 0 2 (1.9)

Libido decreased 2 (1.9) 0 0 0 0 0 0 2 (1.9)

Data are presented as n (%). TEAEs could have occurred in the main study, but only new monthly incidences of TEAEs during the OLE are reported in this
table. OLE = open-label extension period, TEAE = treatment-emergent adverse event.
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dosing/regimen stability suggests that the open-label treatment
and titration period in the main study was of a sufficient duration
(10–14 weeks) to achieve an optimal dose/regimen. Further, it is
consistent with satisfactory long-term efficacy and tolerability.

During the OLE, the most common newly reported TEAEs
(reported by ≥ 2 participants in any month, and not starting in
the main study) were nasopharyngitis (n = 6), upper respiratory
tract infection (n = 5), hypertension (n = 4), vomiting (n = 4),
anxiety (n = 3), diarrhea (n = 3), and sinusitis (n = 3). This is
generally consistent with TEAEs observed earlier in the trial,13

in long-term clinical trials of oxybate in adult and pediatric par-
ticipants with narcolepsy,7,31,32 and in a postauthorization
safety study of SXB in narcolepsy.11,33 The incidence of newly
occurring TEAEs decreased over the duration of the OLE, from
28.3% in month 1 to 4.8% in month 7. This is similar to the rate
of new TEAEs in the extension phase of the study of LXB in
narcolepsy, where the incidence of TEAEs (headache, naso-
pharyngitis, dizziness, upper respiratory tract infection, and
influenza) was highest in OLE month 2 and declined thereaf-
ter.34 Importantly, no severe TEAEs were reported, and only 2
participants experienced serious TEAEs.

Importantly, participants did not show clinically significant or
new safety signals indicative of LXB withdrawal signs or symp-
toms. Furthermore, no participants in this study showed signs of
LXB abuse after careful monitoring for specific signs of abuse. This
is consistent with the low incidence of suspected abuse identified in
individuals prescribed SXB (ie, there were 31 cases of suspected
abuse of SXB identified among 17,037 patients through the Risk
Evaluation andMitigation Strategy Program from 2016 to 2017).35

One strength of this analysis is the inclusion of endpoints (in
particular, the IHSS) that assessed multiple aspects of idio-
pathic hypersomnia symptoms and the functional consequences
of the disorder. Previous randomized controlled studies of other
idiopathic hypersomnia treatments have focused solely on day-
time sleepiness, clinician-rated symptom severity, and/or func-
tional impairment (driving performance).24–27 In addition, the
design of this study makes the present findings relevant to real-
world clinical practice. In addition to dose titration during the
OLT period, LXB dose titration was permitted during the OLE
for individualization of dosing to maximize efficacy and safety,
and concurrent treatment with alerting agents was permitted,
which is consistent with what is commonly observed in clinical
practice.36 Limitations include that LXB treatment in the period
reported here was open-label and the OLE population was
enriched for response to and tolerance of LXB, as participants
who previously experienced lack of efficacy or intolerable
TEAEs may have discontinued earlier. Three of the 11 partici-
pants who discontinued during the OLE did so due to TEAEs,
and 5 of the participants voluntarily withdrew for reasons other
than TEAEs. In addition, to meet the study inclusion criteria,
individuals taking SXB were required to have documented clin-
ical benefit of SXB treatment (this included 5 of the 106 OLE
participants of the safety population). However, such partici-
pants were excluded from the OLE efficacy analyses.

In conclusion, the efficacy and safety of LXB remained stable
or improved over 6months during the OLE, supporting long-
term LXB treatment in adults with idiopathic hypersomnia.

Multiple idiopathic hypersomnia symptoms showed improve-
ments that were consistent across the participant population.
These findings support the broad utility of LXB as a treatment
for idiopathic hypersomnia and provide a more comprehensive
picture of the impact of long-term LXB treatment in people with
idiopathic hypersomnia.

ABBREVIATIONS

DBRWP, double-blind randomized withdrawal period
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
FOSQ-10, Functional Outcomes of Sleep Questionnaire, short

version
IHSS, Idiopathic Hypersomnia Severity Scale
ITT, intent-to-treat
LXB, low-sodium oxybate
OLE, open-label extension
OLT, open-label titration and optimization period
PGIc, Patient Global Impression of Change
SDP, stable-dose period
SXB, high-sodium oxybate
TEAE, treatment-emergent adverse event
W, week
WPAI:SHP, Work Productivity and Activity Impairment

Questionnaire: Specific Health Problem
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