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Objective: To further explore the effects of sodium oxybate
(SXB) administration on nocturnal sleep in narcolepsy patients
during a double-blind, placebo-controlled, parallel group study
conducted with 228 adult patients with narcolepsy/cataplexy in
the United States, Canada, and Europe.

Method: Patients were withdrawn from antidepressants and
sedative/hypnotics, and then randomized to receive 4.5, 6, or
9 g SXB or placebo nightly for 8 weeks. Patients receiving 6
and 9 g/night doses were titrated to their final dose in weekly
1.5 g increments, while patients receiving placebo were ran-
domized to undergo a similar mock dose titration. The use of
stimulant therapy continued unchanged. Changes in sleep
architecture were measured using centrally scored nocturnal
polysomnograms. Daily diaries were used to record changes
in narcolepsy symptoms and adverse events.

Results: Following 8 weeks of SXB treatment, study patients
demonstrated significant dose-related increases in the duration of
stage 3 and 4 sleep, reaching a median increase of 52.5 minutes
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in patients receiving 9 g nightly. Compared to placebo-treated pa-
tients, delta power was significantly increased in all dose groups.
Stage 1 sleep and the frequency of nocturnal awakenings were
each significantly decreased at the 6 and 9 g/night doses. The
changes in nocturnal sleep coincided with significant decreases
in the severity and frequency of narcolepsy symptoms.
Conclusions: The nightly administration of SXB to narcolepsy
patients significantly impacts measures of slow wave sleep,
wake after sleep onset, awakenings, total sleep time, and
stage 1 sleep in a dose-related manner. The frequency and
severity of narcolepsy symptoms decreased with treatment.
Keywords: Narcolepsy, polysomnography, sodium oxybate,
sleep architecture, delta power
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he efficacy of nightly administered sodium oxybate (SXB)
for the treatment of cataplexy and excessive daytime
sleepiness (EDS) in patients with narcolepsy has been well
established.'” While the mechanism whereby SXB dimin-
ishes the diurnal symptoms of narcolepsy is unknown, it has
been observed that SXB also has pharmacodynamic effects on
nocturnal sleep, which is frequently disrupted in patients with
narcolepsy.® Of particular interest, SXB has been shown to con-
sistently increase the duration of stage 3 and 4 (slow wave or
delta) sleep.”!°
An initial 10-week pilot study in 21 patients with narcolepsy
tested the hypothesis that nightly SXB administration produces
dose-related changes in sleep architecture. After withdraw-
ing patients from antidepressants and sedative-hypnotics, the
administration of SXB decreased nightly awakenings and in-
creased the duration of sleep stages 3 and 4. In addition, delta
power was significantly increased at all doses tested. The dura-
tion of REM sleep increased initially, and then decreased mod-
estly over the duration of the 10-week trial."' As the patients in
this preliminary study were titrated from 4.5 to 9 g nightly, it
was not possible to determine whether the effects of SXB were
dependent upon the dose used, the 10-week duration of therapy,
or a combination of both.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The efficacy of sodium oxy-
bate (SXB) for the treatment of cataplexy and excessive daytime sleepi-
ness in patients with narcolepsy has been previously demonstrated in
randomized controlled trials and may be due, in part, to SXB-related
improvement in disrupted nocturnal sleep. The present study is the first,
large, randomized, controlled, parallel group trial in patients with narco-
lepsy examining the impact of nightly administration of SXB on sleep
architecture and narcolepsy symptoms.

Study Impact: The nocturnal administration of SXB to narcolepsy re-
sults in significant dose-related changes in sleep architecture resulting
in decreased sleep disruption and increased slow wave sleep. These
findings are consistent with improvement in measures of sleep continuity
and suggest SXB may promote some amelioration of the sleep fragmen-
tation that is common in narcolepsy.

The following double-blind, placebo-controlled, parallel
group study, designed to assess the efficacy of SXB for the treat-
ment of excessive daytime sleepiness in narcolepsy, permitted
further examination of the effects of nightly SXB administration
on sleep architecture. Specifically, changes in nocturnal poly-
somnography (PSG) parameters were measured, providing ad-
ditional information on the effects of SXB on nocturnal sleep.
Other measures of efficacy have been published elsewhere.!->!2



METHODS

Subjects

Patients included in the trial were > 16 years of age and
met the following criteria: diagnosis of narcolepsy based on
an overnight PSG and multiple sleep latency test (MSLT)",
and current symptoms of narcolepsy, including excessive day-
time sleepiness, cataplexy, and recurrent sleep attacks for >
3 months (all patients met current ICSD-2 criteria for narco-
lepsy with cataplexy). Additional criteria included: willingness
to forgo operating a car or heavy machinery if indicated by
the investigator; and willingness to complete the entire trial
as described in the protocol by signing an informed consent.
Women of child-bearing potential agreed to use a medically
accepted method of birth control, unless surgically sterile or 2
years post-menopausal.

The following criteria were used to exclude patients from
the trial: use of SXB or investigational drug therapy within 30
days of trial entry; sleep apnea or any other cause of daytime
sleepiness; use of hypnotics, anxiolytics, or any other sedating
medications; any unstable disease that might place the patient
at risk during the study or might compromise the study objec-
tives; history of a substance abuse disorder; serum creatinine
> 2.0 mg/dL, liver function tests more than twice the normal
upper limit, serum bilirubin > 1.5 times the normal upper limit,
or an ECG demonstrating clinically significant arrhythmias;
history of myocardial infarction within 6 months; an occupa-
tion requiring changing shifts or routine night shifts; or history
of seizure disorder, head trauma, or invasive intracranial sur-
gery. Patients were also excluded from the study if the initial
PSG study revealed the presence of moderate to severe sleep
apnea syndrome, defined as an apnea index of > 10/h, or apnea/
hypopnea index > 15/h, or any sleep disorder except narcolepsy.

Dosing and Administration of Study Drug

Trial medication consisted of a concentrated oral solution
containing 500 mg/mL SXB; placebo consisted of a sodium
citrate solution that was equimolar to the study drug with re-
spect to sodium. Previous taste tests confirmed the placebo is
indistinguishable from SXB solution (Jazz Pharmaceuticals,
Inc., data on file). Study drug or placebo was administered in 2
equally divided doses each night. Patients participating in the
trial were instructed to take the second dose of SXB 2.5to 4 h
following the first dose, when dosing the medication at home.
However, during the in-lab PSG nights, the total PSG-recording
duration was set at exactly 8 h and the 8-h night was split into
2 consecutive 4-h periods. SXB was dosed at the beginning of
each 4-h period.

Overall, 78% of patients were taking CNS stimulants for the
treatment of EDS; the dosage of these medications was held
constant throughout the trial. A post hoc analysis revealed the
use of stimulant medications was uniformly distributed across
placebo and active drug groups (range 74.6% to 83.6%) (Jazz
Pharmaceuticals, Inc., data on file). Patients were cautioned
against the use of alcoholic beverages and potentially sedating
medications such as opiate analgesics or skeletal muscle relax-
ants at any time during the trial and were required to discuss the
use of all medicines with a study investigator.

Sodium Oxybate and Nocturnal Sleep Disruption

Study Design

The study design, including visit number and frequency, is il-
lustrated in Figure 1. Following clinic Visit 1, patients recorded
narcolepsy symptoms and adverse events associated with current
narcolepsy treatments in daily diaries during a 14-day lead-in peri-
od. Following clinic Visit 2, patients were gradually tapered from
antidepressants or any other medication used for the treatment of
cataplexy during a 21-day withdrawal period. This was followed
by a washout period lasting 5 days or 5 times the half-life of the
discontinued drug, whichever was longer, but not exceeding 18
days. Withdrawal from fluoxetine was initiated at clinic Visit 1
due to its very long half-life. If withdrawal from an antidepressant
was not required, patients entered a mock 5-day washout period.

Following the washout period, patients entered a 14-day base-
line period and received placebo in single-blind fashion. During
this phase of the trial, patients were acclimated to the use of daily
diaries, and baseline assessments of narcolepsy symptoms were
recorded. The 14-day baseline period was extended to 21 days
if, in the opinion of the investigator, the frequency of cataplexy
attacks had not stabilized. To remain eligible for the double-blind
phase of the trial, each patient was required to record a minimum
average of § cataplexy attacks per week during the baseline pe-
riod. Patients were kept unaware of this requirement. To be clas-
sified as cataplexy for this trial, the event must have had sudden
onset, been localized to a specific muscle group(s) or part of the
body in a bilateral manner, and occurred while the patient was
lucid (i.e., not experiencing a sleep attack or microsleep).

The dose-titration phase (Visit 5) was conducted in random-
ized, double-blind fashion as follows:

Week 1: One-fourth of the study patients received placebo,
while three-fourths received 4.5 g SXB nightly.

Week 2: One-third of patients receiving SXB remained at the
4.5 g/night dose, while two-thirds increased their dose to 6 g
nightly; two-thirds of placebo patients increased the volume of
their placebo dose by an equivalent amount to match the 6 g/
night dose.

Week 3: One-half of patients taking SXB at the 6 g/night dose
remained at this dose, while the remaining half increased their
dose to 7.5 g nightly; one-half of the placebo patients taking the
mock 6 g/night dose continued taking the same volume, while
the remaining half increased their volume of their placebo dose
to match the 7.5 g/night dose.

Week 4: All patients taking the 7.5 g/night SXB dose in-
creased their dose to 9 g nightly, while the placebo patients tak-
ing the mock 7.5 g/night dose increased the volume of their
dose by an equivalent amount.

Each subject returned to the clinic at Visit 6 when study
measures for efficacy were conducted and safety assessments
were made. Patients then continued at their assigned dose for
the remaining 28 days of the study before returning for the final
efficacy and safety assessments at Visit 7. PSG and MWT were
performed at Visits 2, 5, 6, and 7; and awakenings, defined as
the average number of awakenings during the night per week
based on diary data from the 2 weeks immediately preceding
the visit, were recorded.

Polysomnographic Recordings
The PSG data were obtained as described elsewhere!' using
previously described techniques.'* Briefly, data from electro-
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Baseline cataplexy frequency was recorded during the 2-week lead-in phase. Antidepressant medications used for the treatment of cataplexy were withdrawn
over a 21-day period following Visit 2 with the exception of fluoxetine, which was withdrawn beginning at Visit 1. The washout period lasted 5 days or 5 times
the half-life of the withdrawn medication, whichever was longer, but did not exceed 18 days. Following randomization, patients were started on placebo
in single-blind fashion and recorded baseline cataplexy occurrences over a 14-day period; however, this was extended to 21 days if the investigator felt
cataplexy had not yet stabilized. Patients then received study medication or placebo and were titrated to their final dose, as shown. Polysomnography, the
maintenance of wakefulness test, and assessment of narcolepsy symptoms were performed at Visits 2, 5, 6, and 7.

encephalographic (EEG) and other parameters, including eye
movements (EOG), submentalis muscle tone (chin-EMQG),
electrocardiogram (ECG), and right and left anterior tibialis
muscle activity (leg-EMG) as well as nasal air flow, thoracic
and abdominal effort, and oxygen saturation, were digitally re-
corded and manually scored by trained registered polysomnog-
raphers in a blind manner using a validated software program.

The following variables were measured during each half of
the night, corresponding with the first and second doses of SXB,
and were subsequently added together for the entire night: sleep
latency; total sleep time (TST); wake after sleep onset (WASO);
duration of stages 1, 2, 3 and 4, and REM sleep; sleep stage
shifts per hour; and nocturnal awakenings. REM density was
defined as the percent of 2-sec REM epochs containing one or
more rapid eye movements; REM sleep latency was examined
for the first half of the night only; delta power was defined as
the accumulated EEG signal power for all frequencies between
and including 0.5 Hz and 4 Hz.

Data Analysis

All computations were performed using the Statistical Analy-
sis System (SAS; SAS Institute Inc., Cary, NC) and were per-
formed on an intent-to-treat basis using patients who received
trial drug and completed at least one post-treatment evaluation
visit. All analyses were based on the change from baseline to
endpoint. Baseline was defined as the PSG measures at Visit 5.
Endpoint was defined as the PSG measures at Visit 7, or in the
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absence of Visit 7 data, Visit 6. The test for a normal distribu-
tion of data was performed using the Wilks-Shapiro test, and
homogeneity of the variability was examined graphically. If the
data were found to be normal and homogeneous in distribution,
an analysis of variance (ANOVA) model was used to analyze the
data. Factors in the ANOVA model included treatment group,
trial site, and the interaction between treatment and trial site. If
the interaction was not found to be statistically significant (p >
0.10) the term was dropped from the model. If a significant in-
teraction effect was found, the nature of the interactions and the
impact on the study conclusion was assessed. If a significant dif-
ference between treatment groups was found, each of the treat-
ment groups was compared to placebo using the Dunnett test.
If the data were not normally distributed, nonparametric tests
were used. The Kruskal-Wallis test was used to assess the dif-
ferences between treatment groups in the change from baseline.
The Wilcoxon signed rank test was used to assess the change
from baseline within treatment groups, and the Mann-Whitney
test was used for pairwise comparisons of active treatment ver-
sus placebo. Interpretation and generalization of the study re-
sults in this multi-center study were assessed by examining the
treatment by trial site interactions. In the data analysis involving
ANOVA models, treatment by trial site interaction was tested
and if the interaction was significant, the impact on the study
results was evaluated. This interaction was modeled as a fixed
effect, although modeling as a random effect may further in-
crease the ability to generalize these results. The dose-response



relationship in the PSG measures was assessed by testing the
slope of simple linear regression model of individual PSG mea-
sure and dose, using data from the 3 active treatment groups.
Statistical significance was accepted if the adjusted p-value was
< 0.05. The significance of the mean change from baseline for
each treatment group was determined using a paired #-test.

Ethics

This trial was conducted at 42 sites between November 2000
and March 2004 in the United States, Canada, United King-
dom, Germany, France, Switzerland, Netherlands, and the
Czech Republic, and was approved by the institutional review
board/ethics committee of each participating trial center. Writ-
ten informed consent was obtained from each patient prior to
initiation of the study. This study was conducted in accordance
with the ethical principles delineated in the Helsinki Declara-
tion of 1975, as revised in 1997.

RESULTS

Of 401 patients who signed informed consent and entered
the screening phase, 353 were enrolled, 285 were randomized
to treatment, 246 received at least one dose of study drug, and
228 entered the double-blind phase of the trial. The intent-to-
treat (ITT) population included these 228 patients who received
at least one dose of study drug and had baseline PSG efficacy
data and week 4 (Visit 6) and/or week 8 (Visit 7) PSG data. Of
the patients randomized to treatment (285), 78% were taking
stimulants, 14.7% (42/285) were taking tricyclic antidepres-
sants (TCAs), and 14% (40/285) were taking serotonin selec-
tive reuptake inhibitors (SSRIs).

Of the ITT population, 149 (65.4%) were female and 79
(34.6%) were male. The average age was 40.5 years (range 16—
75); the average height was 168.1 cm (range 139.7-202.0); the
average weight was 85.7 kg (range 46.3—170.6). A total of 196 pa-
tients were Caucasian, 25 were of African descent, 2 were Asian,
2 were Hispanic, and 2 were of other ethnic origins. An analysis
across all treatment groups indicated that patients were evenly dis-
tributed with respect to the above demographic parameters. The
study was completed by 206 patients and polysomnographic data
were available at weeks 4 and 8 for 191 and 193 patients, respec-
tively. The duration of REM sleep and NREM sleep were found to
be normally distributed and were analyzed with ANOVA models.
For the other variables, nonparametric methods were used.

Effect of Sodium Oxybate on Nocturnal
Polysomnography Variables

Sleep Latency and Total Sleep Time

Sleep latency was not significantly different among the treat-
ment groups after the initial dose or after the 2nd dose (data not
shown). TST was increased after 8 weeks of treatment, reach-
ing significance at the 9 g/night dose (Table 2), but no change
was seen at 4 weeks (Table 1). At 8 weeks, there was a signifi-
cant relationship between dose and increased TST (p =0.0127)

Awakenings and Wake after Sleep Onset
The number of nocturnal awakenings was significantly de-
creased in all dose groups at 4 weeks (Table 1) and in the 6 g/
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night and 9 g/night groups at 8 weeks (Table 2). There was a
significant relationship between increased dose and decreased
number of awakenings at 8 weeks (p = 0.0444). WASO was sig-
nificantly decreased in the 9 g/night group at 8 weeks (Table 2).
There was a significant dose relationship for the decrease in
WASO at 8 weeks as well (p = 0.0075). Sleep stage shifts per
hour was not different between the treatment groups at either
time point.

Stage 1 and 2 Sleep

The duration of Stage 1 sleep was significantly decreased in
all SXB treatment groups at 4 weeks (Table 1) and in the 6 g/
night and 9 g/night groups at 8§ weeks of treatment (Table 2).
There was a significant dose relationship for the decrease in
stage 1 sleep (p = 0.0355). The duration of stage 2 sleep was
not significantly different among the treatment groups at either
4 or 8 weeks.

Stage 3 and 4 Sleep

The duration of stage 3 and 4 sleep was significantly increased
for the 6 g/night and 9 g/night groups at 4 weeks (Table 1) and
for all 3 SXB treatment groups at 8 weeks (Table 2). As shown
in Tables 1 and 2, substantial increases occurred during both
halves of the night. This increase in stage 3 and 4 sleep was
significantly dose-related at both 4 weeks (p < 0.0001) and 8
weeks (p <0.0001).

Delta Power

Median delta power was significantly increased in all SXB
treatment groups at both 4 weeks (Table 1) and 8 weeks
(Table 2). These increases were proportionately greater dur-
ing the second half of the night (Tables 1 and 2). A significant
dose relationship was not observed (p = 0.1353 at 4 weeks and
p =0.1323 at 8 weeks) due to high variability.

REM Sleep Latency and Duration

Sodium oxybate administration had no appreciable effect on
REM sleep. The duration of REM sleep was significantly de-
creased in the 9 g/night group at 4 weeks (Table 1) and 8 weeks
(Table 2).

Effect of Sodium Oxybate on the Symptoms of
Narcolepsy

Data reported elsewhere*® indicate that the nightly admin-
istration of 4.5, 6, and 9 g/night doses of SXB resulted in sig-
nificant decreases in median weekly cataplexy attacks. Patients
also experienced significant improvements in both subjective
and objective measures of excessive daytime sleepiness (Ep-
worth Sleepiness Scale; 40-min maintenance of wakefulness
test) and quality of life,'? as well as significant improvements
in the clinical investigator-rated evaluation of disease severity.

Safety

Twenty-one patients discontinued the trial due to an adverse
event, with most occurring in the 9 g/night dose group; 15
unique events occurred overall with a frequency significantly
greater than placebo. Nausea, headache, dizziness, nasophar-
yngitis, and enuresis occurred with an overall incidence greater
than 5%. Of these, only nausea and dizziness reached a level of
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Table 1—Changes in polysomnographic parameters following 4 weeks of treatment*! (change from baseline; median)

Placebo SXB4.5g SXB6g SXB9g

N=48 N=59 N=49 N=35
Total Sleep Time (min)
1st Half 1.50 1.75 -0.25 -1.50
2nd Half 0.00 0.00 9.25 9.00
TOTAL 1.75 1.00 9.25 7.00
— NS NS NS
Total NREM Sleep (min)
1st Half 9.25 6.75 0.50 8.50
2nd Half -0.50 10.00 15.50 38.50
TOTAL 4.25 16.25 13.00 41.50
— NS NS p=0.001
Total REM Sleep (min)
1st Half -5.25 0.25 -3.50 -9.50
2nd Half -1.75 1.00 -5.50 -19.00
TOTAL -8.50 -0.50 -8.00 -22.00
— NS NS p=0.010
REM Sleep Latency (min)
-0.75 -3.25 -9.00 1.00
— NS NS NS
Stage 1 Sleep (min)
1st Half -1.50 6.75 -6.00 -9.00
2nd Half 0.00 -7.50 -13.00 -12.50
TOTAL -0.50 -11.75 -17.00 -22.50
— p=0.002 p=0.002 p<0.001
Stage 2 Sleep (min)
1st Half 0.00 9.00 -1.00 3.00
2nd Half 1.50 11.75 7.00 6.00
TOTAL -0.25 11.00 4.25 11.00

— NS NS NS

Placebo SXB4.59g SXB6g SXB9g

N=48 N=59 N=49 N=35
Stage 3 and 4 Sleep (min)
1st Half 0.00 1.00 9.75 27.50
2nd Half 0.00 0.50 5.75 34.00
TOTAL 0.00 3.25 19.25 71.00
— NS p=0.002 p<0.001
Wake After Sleep Onset (min)
1st Half -2.50 -3.75 -2.50 -0.50
2nd Half 1.25 2.25 -8.50 -8.00
TOTAL -3.75 -0.25 -13.75 -7.50
— NS NS NS
Sleep Stage Shifts Per Hour
1st Half 0.07 -1.32 1.59 -4.08
2nd Half -3.13 -1.67 -2.64 -1.05
AVERAGE -0.59 -0.55 -0.20 -1.86
— NS NS NS
Delta Power (microvolts*2/Hz)
1st Half -3720.20  5320.09  14868.03 26498.77
2nd Half 1142.55 7889.88 17058.46 28035.86
AVERAGE -782.46  4842.03 1481220 29629.76
— p=0.026 p<0.001 p<0.001
Nocturnal Awakenings
1st Half 0.00 -3.50 -3.00 -4.00
2nd Half -1.50 -6.00 -6.00 -9.00
TOTAL -1.00 -7.50 -10.50 -15.00
— p=0011 p=0.011 p=0.015

*Statistical significance was established compared to placebo. NS = not significant. fExpressed as medians following transformation of non-normal data.

statistical significance compared with placebo. These appeared
to be dose related and occurred in 34/186 (18.3%) and 31/186
(16.7%) of the SXB-treated subjects. There were no deaths.

Six serious adverse events were reported during the study.
Three of these occurred in patients receiving placebo. Of the
remaining 3 events, an episode of pneumonitis was reported
in one patient receiving 6 g of SXB and was reported to be un-
related to drug. Another patient receiving 9 g of SXB suffered
a fractured ankle following an accidental fall during the night.
In this case, the relationship to study medication was reported
as unknown. The third patient receiving 4.5 g of SXB demon-
strated abnormal amino alanine transferase (ALT) and aspartate
amino transferase (AST) at the conclusion of the trial, which re-
turned to normal approximately 8 months later. This event was
reported to be possibly due to study medication. These events
are described in greater detail in another report.’

DISCUSSION

One of the earliest reports describing the use of sodium oxy-
bate (also known as y-hydroxybutyrate sodium; GHB sodium)
for the treatment of narcolepsy indicated that doses of 50 mg/kg
(approximately 3.75-6.25 g nightly) significantly increased the
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duration of nocturnal slow wave sleep at the expense of stage 1
sleep and generally improved the continuity of nocturnal sleep.®
These changes in nocturnal sleep coincided with patient reports
of improvements in the quality of sleep, diminished daytime
drowsiness and decreased cataplexy.'’

Subsequent investigations into the use of SXB have yielded
similar results on nocturnal sleep in patients with narcolep-
sy. 11617 Collectively, these studies demonstrate that the night-
ly administration of SXB decreases nocturnal awakenings and
increases slow wave sleep in a dose-dependent fashion, as well
as imparting effects on REM sleep. These studies also demon-
strate that the changes in nighttime sleep are accompanied by
improvements in other clinical manifestations of narcolepsy, in-
cluding cataplexy, subjective and objective measures of exces-
sive daytime sleepiness, hypnagogic hallucinations, and sleep
paralysis.

The present study is the largest controlled study to compare
multiple doses of SXB to placebo performed to date, permitting
a more thorough evaluation of impact on nighttime sleep and
narcolepsy symptoms following the nightly administration of
SXB in patients with narcolepsy. As predicted by a previous
open-label pilot study," the nocturnal administration of SXB
produced significant dose-related increases in both slow wave
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Table 2—Changes in polysomnographic parameters following 8 weeks of treatment*! (change from baseline; median)

Placebo SXB4.5g SXB6g SXB9g

N=50 N=59 N=49 N=35
Total Sleep Time (min)
1st Half 0.50 -0.50 2.00 3.00
2nd Half -1.75 5.00 450 10.50
TOTAL 0.25 0.00 13.00 18.00
— NS NS p=0.049
Total NREM Sleep (min)
1st Half -2.75 -1.50 4.00 15.50
2nd Half 1.75 15.00 17.00 40.50
TOTAL 2.00 10.00 24.00 51.50
— NS p=0.010 p<0.001
Total REM Sleep (min)
1st Half -0.75 -1.00 -3.50 -5.50
2nd Half 2.00 -5.00 -4.50 -17.00
TOTAL -1.00 -6.00 -7.00 -22.00
— NS NS p=0.026

REM Sleep Latency (min)
0.00 -1.00 -1.50 6.00

— p=0521 p=0203 p=0.547
Stage 1 Sleep (min)
1st Half 2.75 -3.00 -5.00 -7.50
2nd Half 1.25 -1.50 -9.50 -14.00
TOTAL 225 -9.50 -13.50 -22.50
— p=0.086 p<0.001 p<0.001
Stage 2 Sleep (min)
1st Half 1.50 -1.00 -5.00 -4.50
2nd Half 0.25 12.00 13.50 24.00
TOTAL 3.50 9.50 13.00 31.50
— NS NS NS

Placebo SXB4.5g SXB6g SXB9g

N=50 N=59 N=49 N=35
Stage 3 and 4 Sleep (min)
1st Half -0.25 1.00 10.00 20.50
2nd Half 0.00 0.50 4.50 26.50
TOTAL 0.00 3.00 21.00 52.50
— p=0.015 p<0.001 p<0.001
Wake After Sleep Onset (min)
1st Half -0.50 0.25 -0.25 -1.00
2nd Half -2.00 -1.50 -2.75 -9.50
TOTAL 2.00 -5.75 -3.75 -22.00
— NS NS  p=0.052
Sleep Stage Shifts Per Hour
1st Half -1.82 -1.51 -1.18 -1.91
2nd Half -0.88 -0.45 -0.85 0.00
AVERAGE -1.03 -1.36 -1 -0.68
— NS NS NS

Delta Power (microvolts*2/Hz)

1st Half 8542 841311 1462492 25164.43

2nd Half -3538.83 7725.27  19726.61 32951.43

AVERAGE -1102.98 7166.20 14736.32 28796.65
— p=0.006 p<0.001 p<0.001

Nocturnal Awakenings

1st Half -1.50 -2.00 -3.00 -3.00

2nd Half -0.00 -3.00 -5.00 -9.00

TOTAL -0.50 -5.00 -8.00  -12.00

— NS p=0.005 p=0.009

*Statistical significance was established compared to placebo. NS = not significant. TExpressed as medians following transformation of non-normal data.

sleep and total sleep time. Robust increases in stage 3 and 4
sleep and delta power occurred in association with correspond-
ing decreases in stage 1 sleep, REM sleep, and number of noc-
turnal awakenings, while stage 2 sleep remained unaffected.
These findings are consistent with previously published SXB
studies. 01617

Whether the observed impact of SXB on stages 3 and 4
sleep and on delta power represents a true sleep effect, delta-
wave effects similar to those seen with CNS anesthetic agents,
or an epiphenomenon unrelated to either sleep or anesthesia
is unknown. With the data available, it is difficult to evaluate
this question as it is currently not possible to investigate this
issue meaningfully through characterization of EEG spectral
features alone. One may hypothesize that an altered pattern
of increased delta power activity may suggest a pharmaco-
logical effect that is not representative of sleep. Yet, such a
conclusion may be inaccurate as this variant pattern of EEG
activity may reflect an alteration of some aspects of sleep but
not others, or an impact on all aspects of sleep, but weighted
in a fashion distinct from normal physiological sleep. Taken
together, the observed impacts of SXB on sleep, coupled with
the observed improvements in daytime symptoms, are consis-
tent with the hypothesis that sodium oxybate enhances SWS

processes. Further work to better characterize the nature of the
increased delta activity may be of interest.

Similar to the initial pilot study,' changes in sleep architecture
following the nightly administration of SXB in the present study
coincided with significant improvements in narcolepsy symp-
toms, including significant dose-related reductions in median
number of weekly cataplexy attacks; a significant dose-related
improvement in EDS, as measured with the Epworth Sleepiness
Scale, the maintenance of wakefulness test, and incidence of in-
advertent naps; and significant dose-related improvements in the
CGl-c. These results are reported elsewhere.’ Although some of
the changes in sleep architecture reported here are significant only
at the highest dose, the relationship between sleep architecture and
subjective outcomes remains unclear and warrants further study.

A shortcoming of the initial pilot study was the lack of a
control for the dose and duration of SXB therapy." An open-
label 12-month extension study of SXB in the treatment of nar-
colepsy demonstrated sustained improvement in cataplexy and
EDS.? The present study was not designed to detect differences
in sleep architecture variables at different time points with
steady doses of SXB. These matters may merit further study.
Although the greatest percentage of changes occurred within
the initial 4-week treatment period, some parameters of sleep
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were further impacted during the subsequent 4 weeks of stable-
dose treatment including total sleep time, total NREM sleep,
SWS, and number of awakenings. The further changes from
week 4 to week 8 may suggest a time-on-drug effect for these
parameters, but this cannot be clarified with these data.

CONCLUSION

The nocturnal administration of SXB to narcolepsy patients
in two equally divided doses results in significant dose-related
changes in sleep architecture, including an increase in slow
wave sleep and TST and a decrease in stage 1 sleep, wake after
sleep onset, and number of awakenings. These findings are con-
sistent with improvement in measures of sleep continuity and
suggest SXB may promote some amelioration of the sleep frag-
mentation that is common in narcolepsy. At SXB doses of 4.5 g,
6 g, and 9 g/night, dose-related improvements in cataplexy and
overall change in severity of patient’s disease state and at doses
of 6 g and 9 g/night, decreases in excessive daytime sleepiness
were noted as previously reported.**
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