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Study Objectives: This post hoc analysis evaluated the time 
to response that can be expected with sodium oxybate (SXB) 
for treatment of excessive daytime sleepiness (EDS) and 
cataplexy in patients with narcolepsy.
Methods: Data were from a 4-week, double-blind, randomized, 
placebo-controlled trial (GHB-2; N = 136) of oral SXB 3 g, 6 g, 
and 9 g nightly, and its 12-month open-label extension (GHB-
3). Two response defi nitions were utilized: ≥ 20% improvement 
in Epworth Sleepiness Scale (ESS) score (EDS responders), 
and ≥ 50% reduction in weekly cataplexy attacks (cataplexy 
responders). These thresholds were previously determined to 
be clinically relevant based on analysis of the relationship of 
Clinical Global Impression of Change with ESS and number 
of cataplexy attacks. Kaplan-Meier curves and median times 
to fi rst response, based on above criteria, and to maximum 
response were estimated.
Results: Among 86 patients randomized to SXB in GHB-2 
and continued into GHB-3, 77.6% and 90.7% were EDS and 

cataplexy responders, respectively. The median (95% CI) 
times to fi rst response were 37 (31–50) days for EDS and 25 
(17–29) days for cataplexy, and median times to maximum 
response were 106 (85–164) days for EDS and 213 (94–279) 
days for cataplexy. GHB-3 results among 31 patients initially 
randomized to placebo were consistent with those treated with 
SXB throughout, but with longer times to maximum response.
Conclusions: Response onset, assessed as clinically 
meaningful improvements in EDS and cataplexy, was observed 
in most patients within 2 months; a longer period is needed to 
achieve maximum response. Clinicians should recognize that 
time to initial and maximum response may take weeks to months.
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Despite recent advances in the understanding of the chronic 
neurological disorder known as narcolepsy, it remains a 

condition that often has a long delay between symptom onset, 
symptom recognition and, most importantly, clinical diagnosis 
and treatment.1 This delay likely results, at least in part, from 
the reported low awareness among physicians and the gen-
eral population of narcolepsy symptoms and their associated 
impact.1,2

Accumulating evidence supports an autoimmune response 
for the loss of hypocretin-producing neurons in the brain that 
is the underlying pathophysiology of narcolepsy.3 Symptom-
atically, the disease is characterized by the pentad of exces-
sive daytime sleepiness (EDS), cataplexy, hypnagogic or 
hypnopompic hallucinations, sleep paralysis, and disturbed 
nocturnal sleep. Since narcolepsy has no known cure, patient 
management is driven by the symptomatic response.

Symptom presentation among narcolepsy patients is vari-
able, since not all symptoms may be present, and when present, 
may differ in severity and may be described in different ways. 
Among the pentad, EDS and cataplexy are the two symptoms 
that are most frequently recognized.2 By defi nition, EDS is 
present in all narcolepsy patients, and although the presence 
of cataplexy provides confi rmation of a narcolepsy diagnosis, 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Sodium oxybate is approved 
for the treatment of excessive daytime sleepiness and cataplexy in 
patients with narcolepsy. Since it is important to allow suffi cient time 
to observe a clinically relevant response before changing a treatment 
strategy, this analysis determined the time to response with sodium oxy-
bate for improvement in excessive daytime sleepiness and cataplexy.
Study Impact: Clinically meaningful improvements in excessive day-
time sleepiness and cataplexy were seen within 2 months in most 
patients, and maximum response required a longer period. Clinicians 
should recognize that the time course to initial and maximum response 
to sodium oxybate may take weeks to months.

SCIENTIFIC INVESTIGATIONS

it is only present in up to 70% of patients but is considered 
the most pathognomonic of all the symptoms.4 Thus, these two 
symptoms represent the main symptoms patients want treated 
and are the targets of currently approved narcolepsy therapies.5

Sodium oxybate (SXB) is the only medication approved for 
the treatment of both EDS and cataplexy in narcolepsy,6 and 
clinical trials have demonstrated that SXB results in signifi -
cant improvement for both of these symptoms relative to pla-
cebo.7–10 Patient management with SXB relies on titration to 
effi cacy and tolerability, and as with any of the recommended 
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narcolepsy therapies in clinical practice, there may be variabil-
ity in the observed response both in terms of the degree of 
clinical improvement as well as the time needed to achieve a 
clinical response. Knowing the time frame in which, on aver-
age, a response can be expected may be helpful to set expecta-
tions for patients as well as clinicians. Therefore, the objective 
of this analysis was to determine the time to response with 
SXB for the treatment of EDS and cataplexy in patients with 
narcolepsy. These analyses were based on data from previous 
SXB clinical studies.11,12

METHODS

This is a post hoc analysis using data from a previously pub-
lished randomized, placebo-controlled, double-blind, parallel-
group trial (GHB-2; N = 136)11 and its open-label extension 
(GHB-3; N = 118).12 In the open-label extension, patients who 
enrolled were treated for at least an additional 12 months with 
active drug regardless of their randomization group in the par-
ent study. Both studies were performed in accordance with the 
Declaration of Helsinki, and all patients provided written in-
formed consent prior to participation (ClinicalTrials.gov iden-
tifier NCT00049803).

In GHB-2, fixed doses of oral SXB 3 g, 6 g, and 9 g nightly 
were evaluated versus placebo over a 4-week treatment dura-
tion. For the open-label extension, patients were initiated on 
SXB 6 g nightly after a 3- to 5-day washout from GHB-2, with 
subsequent titration of SXB, based on efficacy and tolerability, 
up to 7.5 g and 9 g nightly or down to 4.5 g and 3 g nightly. 
In both the double-blind and open-label periods, concomitant 
treatment with stable doses of stimulants was permitted.

Clinical response information including the number of cata-
plexy attacks were recorded by patients in a daily diary. Day-
time sleepiness was evaluated using the Epworth Sleepiness 
Scale (ESS), a patient-reported measure of EDS,13 at study vis-
its. Results in the current analysis are based on evaluations of 
the patients and their diaries at discrete time points during the 
study. These time points were at the end of GHB-2, every 2 
weeks during the first month of GHB-3 followed by every 2 
months up to month 18, and then every 3 months until month 24.

The percent of patients who were responders and the time 
to therapeutic response was determined using two responder 

definitions, one for EDS based on observed ESS scores, and 
one for cataplexy based on cataplexy attacks derived from 
the patient diaries for the week prior to the evaluation time 
point. An EDS responder was defined as a patient who re-
ported ≥ 20% reduction from baseline in score on the ESS, 
and a cataplexy responder was a patient with ≥ 50% reduction 
from baseline in weekly cataplexy attacks. These definitions 
were determined to be clinically relevant based on an analy-
sis of data pooled from two randomized, placebo-controlled, 
double-blind, multicenter 4-week and 8-week trials of SXB for 
the treatment of narcolepsy with cataplexy.14 These data were 
used to examine the relationship of Clinical Global Impres-
sion of Change responses of “very much improved” or “much 
improved” with both the ESS and the number of cataplexy at-
tacks. In that analysis, receiver operating characteristic curve 
analysis identified these responder cutoff values as providing 
the optimal balance between sensitivity (true responders) and 
specificity (false positives).14

Using the responder definitions, Kaplan-Meier survival 
curves were generated for first response (i.e., ≥ 20% improve-
ment in ESS or ≥ 50% reduction in weekly cataplexy attacks) 
and the maximum response, which was the greatest improve-
ment achieved by each patient for each outcome. Patients 
were censored if the event of interest did not occur, whether 
through discontinuation or lack of response. From the Kaplan-
Meier analysis, median times to first response and maximum 
response were estimated along with their 95% confidence in-
tervals (95% CI). These analyses encompass the GHB-2 and 
GHB-3 time periods for patients randomized to SXB in GHB-
2, and the GHB-3 time period for patients randomized to pla-
cebo in GHB-2 and who subsequently initiated SXB in GHB-3.

RESULTS

A total of 136 patients enrolled in GHB-2; patients were pri-
marily female (60.3%), Caucasian (89.2%), with a mean ± stan-
dard deviation age of 43.1 ± 15.0 years, and their demographic 
and clinical characteristics were balanced between treatment 
groups (Table 1). Of these patients, 120 completed GHB-2 (10 
discontinuations were due to adverse events), and 118 patients 
enrolled in the GHB-3 open-label extension and 81 completed 
the 12-month extension; 11 of the 37 discontinuations were 

Table 1—Baseline demographic and clinical characteristics of the patients in GHB-2.
Variable Placebo (n = 34) SXB (n = 102)

Age, years, mean ± SD 40.8 ± 14.3 43.8 ± 15.1
Gender, n (%)

Male 12 (35.3) 45 (44.1)
Female 22 (64.7) 57 (55.9)

Race, n (%)
Caucasian 29 (85.3) 95 (93.1)
African American 4 (11.8) 5 (4.9)
Other 1 (2.9) 2 (2.0)

ESS score, mean ± SD (n) 18.5 ± 3.1 (34) 17.0 ± 3.8 (101)
Cataplexy attacks per week, mean ± SD (n) 34.3 ± 46.6 (34) 34.0 ± 39.8 (101)

SXB, sodium oxybate; SD, standard deviation; ESS, Epworth Sleepiness Scale.
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due to adverse events as previously described.12 For the cur-
rent analysis, data were available from 117 patients, of whom 
31 were originally randomized to placebo in GHB-2 and 86 
were randomized to SXB. Overall, 74.0% of patients met the 
ESS response criteria, and 91.5% met the response criteria for 
cataplexy.

Based on the ESS response criterion, 77.6% of the patients 
who were randomized to treatment with SXB in GHB-2 and 
continued treatment with SXB in GHB-3 were considered ESS 
responders, and 90.7% were cataplexy responders (Figure 1). 
Among the patients initially randomized to placebo in GHB-2 
and who were subsequently initiated on SXB in GHB-3, 64.5% 
met the criterion for ESS responders and 93.5% for cataplexy 
responders (Figure 1).

As per the Kaplan-Meier analysis, patients treated with 
SXB in both GHB-2 and GHB-3 achieved first ESS response 
with a median (95% CI) of 37 (31–50) days (Figure 2A) and 
achieved maximum ESS response with a median (95% CI) of 
106 (85–164) days (Figure 2B). Among these same patients, 
the estimated median (95% CI) times were 25 (17–29) days 
(Figure 3A) to first cataplexy response and 213 (94–279) days 
to achieve maximum cataplexy response (Figure 3B).

Patients who were randomized to placebo in GHB-2 and 
received SXB only in the open-label extension achieved first 
ESS response with a median (95% CI) time of 60 (30–305) 
days (Figure 4A). Maximum ESS response in these patients 
was achieved with a median (95% CI) of 178 (109–307) days 
(Figure 4B). Similarly, the initial 50% reduction in weekly cat-
aplexy attacks was achieved with a median (95% CI) of 17 (15–
29) days (Figure 5A), and maximum response was achieved 
with a median (95% CI) of 173 (57–246) days (Figure 5B). 
These times to response among the patients initially random-
ized to placebo in GHB-2 were generally consistent with those 
treated with SXB throughout GHB-2 and GHB-3.

DISCUSSION

This study extends the available information on treatment 
benefits of SXB by providing an analysis for extrapolating 
clinical trial results to a potential practical application in the 
clinical setting that may help enhance narcolepsy treatment 
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Figure 1—Proportion of patients achieving responder 
status. 

Data for patients treated with sodium oxybate in Study GHB-2 reflect 
both the GHB-2 and GHB-3 study periods; data for patients treated with 
placebo in GHB-2 reflect only open-label treatment with SXB in GHB-
3. EDS responders were defined as ≥ 20% reduction in score on the 
ESS, and cataplexy responders were defined as a patient who achieved 
≥ 50% reduction in weekly cataplexy attacks. EDS, excessive daytime 
sleepiness; ESS, Epworth Sleepiness Scale, SXB, sodium oxybate.
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Figure 2—Kaplan-Meier analysis of ESS response in patients treated with sodium oxybate across GHB-2 and GHB-3. 

(A) Time to first response, defined as ≥ 20% reduction in ESS score. (B) Time to maximum response, defined as the greatest reduction in ESS score 
achieved by the patient. Values shown are the median time to response and the 95% confidence interval; censored patients are those for whom the event 
of interest did not occur through either discontinuation or lack of response. ESS, Epworth Sleepiness Scale.
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decisions. It was previously reported in the double-blind phase 
of the 4-week clinical trial that reduction in the frequency of 
cataplexy attacks was observed within the first 2 weeks after 
initiating treatment with SXB.11 However, those results were 
for a numerical improvement in the degree of symptoms at 
specific time points rather than the time to a clinically mean-
ingful benefit, since what constitutes such a benefit had not 
been previously defined. Data from the current analysis sug-
gest the time frame for which patients treated with SXB may 

be expected to initially achieve clinically meaningful improve-
ments, both for EDS and cataplexy, as well as the time frame 
in which patients are likely to achieve maximum treatment 
benefits for these two outcomes.

The results show that onset of a clinically meaningful ther-
apeutic response, assessed as ≥ 20% reduction in ESS score 
or ≥ 50% reduction in weekly cataplexy attacks, was observed 
in high proportions of patients, with the majority of patients 
within 2 months. For the cataplexy outcome, the results appear 
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Figure 3—Kaplan-Meier analysis of cataplexy response in patients treated with sodium oxybate across GHB-2 and GHB-3. 

(A) Time to first response, defined as ≥ 50% reduction in weekly cataplexy attacks. (B) Time to maximum response, defined as the greatest reduction in 
weekly cataplexy attacks achieved by the patient. Values shown are the median time to response and the 95% confidence interval; censored patients are 
those for whom the event of interest did not occur through either discontinuation or lack of response.
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Figure 4—Kaplan-Meier analysis of ESS response in GHB-3 among patients treated with placebo in GHB-2. 

(A) Time to first response, defined as ≥ 20% reduction in ESS score. (B) Time to maximum response, defined as the greatest reduction in ESS score 
achieved by the patient. Values shown are the median time to response and the 95% confidence interval; censored patients are those for whom the event 
of interest did not occur through either discontinuation or lack of response. ESS, Epworth Sleepiness Scale.
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Figure 5—Kaplan-Meier analysis of cataplexy response in GHB-3 among patients treated with placebo in GHB-2. 

(A) Time to first response, defined as ≥ 50% reduction in weekly cataplexy attacks. (B) Time to maximum response, defined as the greatest reduction in 
weekly cataplexy attacks achieved by the patient. Values shown are the median time to response and the 95% confidence interval; censored patients are 
those for whom the event of interest did not occur through either discontinuation or lack of response.

consistent with the clinical trial data in which a converse anal-
ysis showed that at least an approximately 50% reduction from 
baseline in weekly cataplexy attacks was the median change 
after 2 weeks of treatment with SXB 6 g and 9 g.11 It is interest-
ing to note that parallel to a greater response rate for cataplexy, 
relative to EDS, the time to a cataplexy response was shorter. 
The question arises as to the reason for these results, and it can 
be queried whether it is due to the fact that patients notice a 
change in cataplexy, which is a very specific event, more read-
ily than for EDS, which is more of a general perception of over-
all state. It might therefore be interesting to look at EDS rated 
by a significant other of each patient to determine if they might 
observe more readily the difference in EDS. Alternatively, it is 
possible there may be differential sensitivity between the two 
scales used to measure these events, or that there is a differen-
tial mechanism mediating the pharmacologic activity of SXB 
on these two diverse clinical endpoints.

Of note, SXB is titrated to therapeutic effect in clinical prac-
tice, with a starting dose of 4.5 g per night administered in two 
equal, divided doses (2.25 g at bedtime and 2.25 g taken 2.5 to 
4 h later), and increased by 1.5 g per night at weekly intervals 
to the effective dose range of 6 g to 9 g per night.6 The need to 
allow appropriate time to observe a therapeutic response with 
SXB has previously been recognized in practical treatment 
recommendations as being of a duration of 2 to 3 months.15,16 
This time frame was primarily based on the observations in 
the long-term extension that maximum ESS response was 
obtained after 2 months of treatment.12 The initial response 
times reported here are generally consistent with both the rec-
ommendations and the data reported in the clinical trial, and 
further suggest that while a 1- to 2-month period is adequate 
for evaluating patients for a clinically relevant response, the 
time course to achieve maximum response may require a 

longer period of observation. This requirement for weeks to 
months to observe a full therapeutic effect has been thought to 
be consistent with the restorative effects of SXB on sleep in a 
manner similar to that whereby such a duration is necessary to 
recover from sleep debt.16 While the mechanism of action has 
not been fully delineated, the unique paradox, compared with 
stimulants, between pharmacokinetic and pharmacodynamic 
effects is important to consider. SXB has a time to maximum 
plasma concentration of 0.5 to 1.25 hours and an elimination 
half-life of 0.5 to 1 hour,6 indicating that drug exposure is typi-
cally 4 hours per dose; yet the daytime impact on EDS and 
cataplexy are apparent. In addition, upon withdrawal of SXB 
there is a substantial delay in return of cataplexy and presum-
ably EDS rather than a rebound effect. It was also observed 
that responses in patients initially randomized to placebo were 
consistent with results of patients treated with SXB throughout 
the study.

This study has several limitations, including that it was a 
post hoc analysis of data from studies that included open-label 
treatment in a long-term extension; retention in long-term ex-
tensions is generally based on patient self-selection, with those 
patients remaining in the study generally those in whom the 
treatment is both tolerable and effective. Additionally, most of 
the patients in these clinical trials were on concomitant therapy 
with stable doses of stimulants. Another limitation that should 
be considered when extrapolating the results to clinical prac-
tice is that even though cataplexy attacks were calculated as 
a weekly rate based on patient diaries, the first evaluation for 
changes in EDS occurred at the 30-day study visit and at dis-
crete time points corresponding to study visits thereafter. In 
this regard, it should also be noted that both the weekly cata-
plexy attacks and the EDS, based on ESS scores, are patient-
reported measures rather than objective clinical assessments. 
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Nevertheless, these results suggest that it is important to main-
tain an adequate period for patient observation that is at least as 
long as that suggested by the median response times reported 
in this study, it is possible that clinically meaningful effects 
may occur earlier, and that the median time for initial response 
would have been shorter if earlier and more frequent assess-
ments were performed. Lastly, although the change in weekly 
cataplexy attacks was evaluated as a clinically meaningful out-
come, changes in cataplexy severity were not evaluated.

In summary, treatment with SXB resulted in onset of clini-
cally meaningful therapeutic responses for reductions in EDS 
and cataplexy in most patients within 2 months, with maxi-
mum response achieved in most patients after a longer period. 
Clinicians should recognize that although a clinically relevant 
response may be expected in the majority of patients, the time 
course to initial and maximum response may take weeks to 
months. Additional data from clinical practice may more 
clearly characterize the time to onset and magnitude of thera-
peutic response that may be expected in patients treated with 
SXB.

ABBREVIATIONS

CI, confidence interval
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
SD, standard deviation
SXB, sodium oxybate
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