Excessive sleepiness associated with narcolepsy
lasts throughout the waking day. The authors
conducted two randomized, double-blind studies
to compare the efficacy of modafinil once-daily
versus split doses in maintaining wakefulness
throughout the day. Fifty-six patients received
modafinil. The split-dose regimens were signifi-
cantly more effective than the 200-mg once-daily
regimen for sustaining wakefulness in the late
afternoonfevening. All modafinil dosing regimens
were well tolerated. In patients who experience ex-
cessive sleepiness in the late afternoonfevening,
despite satisfactory treatment earlier in the day, a
split dose of modafinil may promote wakefulness
throughout the waking day.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2005; 17:405-412)
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he wake-promoting agent modafinil is an effective

and well-tolerated treatment for the improvement
of wakefulness in patients experiencing excessive sleep-
iness associated with narcolepsy."** Although the pre-
cise mechanism of action of modafinil has not been es-
tablished, findings from preclinical studies suggest that
modafinil may promote wakefulness through its selec-
tive action on areas of the brain responsible for main-
taining normal wakefulness.**®

In two 9-week, large-scale, double-blind, placebo-
controlled clinical trials, once-daily administration of
modafinil at doses of 200 mg and 400 mg has been
shown to significantly enhance wakefulness through
mid-afternoon.'? The relatively long elimination half-
life of modafinil (12 to 14 hour)” further supports a once-
daily dosing regimen.

Despite these clinical and pharmacokinetic observa-
tions, some patients with narcolepsy who have satisfac-
tory responses to modafinil in the early part of the day
may experience sleepiness in the late afternoon or eve-
ning. Significant improvement in wakefulness has been
demonstrated with split-dose regimens of modafinil in
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three previously conducted studies,®® but comparative
efficacy versus once-daily regimens was not established.
We recently completed two similar randomized, double-
blind, parallel studies comparing the relative effects of
various modafinil doses and dose regimens on wake-
fulness throughout the entire waking day in patients
with narcolepsy experiencing residual late-afternoon/
evening sleepiness following satisfactory responses ear-
lier in the day. Here, we present a combined analysis of
data from these two studies.

METHOD

Study Design

Data were pooled from two studies (one at one center,
the other at three centers), using similar 3-week random-
ized, double-blind, parallel study designs. The institu-
tional review boards at respective centers approved the
protocol and all patients gave informed consent. Follow-
ing a 1-week screening period, patients who met the in-
clusion criteria were randomized to 1 of 4 modafinil
dose regimens for 3 weeks: 200 mg once daily (0700
hour), 400 mg once daily (0700 hour), 400 mg split dose
(200 mg, 0700 hour; 200 mg, 1200 hour), and 600 mg split
dose (400 mg, 0700 hour; 200 mg, 1200 hour). Morning
doses (0700 hour) were given with breakfast, whereas
midday doses (1200 hour) were given with lunch. For
patients receiving 400 mg once daily, 400 mg split dose,
and 600 mg split dose, modafinil was initiated at a dose
of 200 mg and titrated upward (Table 1). Each study
treatment period was preceded by a 1- or 2-week, single-
blind, placebo washout period during which patients
received matching placebo in the morning (0700 hour)
and at noon. Patients visited their respective centers af-
ter completing the washout period (baseline) and at the
end of 3 weeks of double-blind treatment.

Patients

Fifty-five patients aged 18 to 70 years and one patient
aged 14 years with a current diagnosis of narcolepsy as
defined by the American Sleep Disorders Association'’
entered the study. All patients had historical nocturnal
polysomnography and Multiple Sleep Latency Test
(MSLT) data (i.e., within 5 years of screening), a positive
therapeutic response to modafinil but residual late-
afternoon or evening sleepiness, and a Clinical Global
Impression of Severity (CGI-S)'! rating of =4 (at least
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moderately ill) with respect to late-afternoon/evening
sleepiness at the screening visit. A more detailed de-
scription of patient selection criteria has been published
previously.'? Most patients (N=46; 82%) were taking
modafinil 400 mg/day; seven patients (13%), 200 mg/
day; two patients (4%), 300 mg/day; and 1 patient (2%),
600 mg/day at screening.

ASSESSMENTS

Efficacy

Efficacy was assessed using an extended Maintenance
of Wakefulness Test (MWT),! the Clinical Global Im-
pression of Change (CGI-C),"" and the Epworth Sleepi-
ness Scale (ESS).!* The methodology associated with use
of these assessments has been described previously.'?
The MWT is an objective assessment of sleepiness that
measures the ability of the patient to remain awake. The
MWT has been modified various times in previous tri-
als. In the current trials, individual test sessions were 30
minutes in duration and the testing period was ex-
tended throughout the day, including sessions con-
ducted in the morning (0900 hour and 1100 hour), af-
ternoon (1300 hour and 1500 hour), and evening (1700
hour and 1900 hour). The CGI can be used to assess the
response to treatment by measuring the patient’s initial
level of severity of clinical condition at baseline, or
change relative to baseline, and helps physicians to un-
derstand the relevance of the clinical effects of increased
wakefulness. The ESS is a validated patient question-
naire that measures the extent to which excessive sleep-
iness (ES) interferes with patients’ daily lives. For this
assessment, the patient answers questions regarding the
likelihood of falling asleep while performing eight com-
mon, nonstimulating activities. A brief physical exami-
nation and vital sign measurements were conducted af-
ter the 1500 hour session.

Safety

Adverse events and their severity (mild, moderate, or se-
vere) and relationship to study medication were recorded
throughout the study. Standard clinical laboratory tests,
a complete physical examination, and a 12-lead electro-
cardiogram (ECG) were performed at screening and final
visit.

Statistical Analysis

An analysis of covariance (ANCOVA) model using
rank-transformed data,'® with treatment as a factor and
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baseline value as a covariate, was performed for com-
parisons between treatment groups for each continuous
variable (i.e., mean change from baseline in the MWT
sleep latency time for the six sessions from 0900 hour to
1900 hour; mean change from baseline in morning, af-
ternoon, and evening sessions of the MWT; and mean
change from baseline in ESS total score). Within-group
comparisons between baseline and endpoint values
were made using a paired t test on rank-transformed
data. The proportion of patients remaining awake for
the first 20 minutes of each MWT session was calculated,
and between-group comparisons were performed using
logistic regression analysis with treatment as a factor
and baseline value as a covariate. Results of the CGI-C
were analyzed using a proportional odds model with
treatment as a factor and baseline value as a covariate.
All statistical tests were two-sided and performed at the
5% level of significance. All patients who received the
study drug were included in the safety analysis.

RESULTS

Patients

Of the 56 patients randomized to treatment, 11 received
modafinil 200 mg once daily, 23 received modafinil 400
mg once daily, 10 received the modafinil 400-mg split-
dose regimen, and 12 received the modafinil 600-mg
split-dose regimen. The demographic and baseline char-
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acteristics of the patients in the four treatment groups
were comparable (Table 2). Patients’ ages ranged from
14 to 71 years (mean ~43 years). The majority (N =52;
93%) of the study patients were white, and slightly more
than one-half were males (N =29; 52%). Most patients
(77%; N =43) were markedly, severely, or extremely ill.
All 56 patients completed the 3-week double-blind
study period.

Efficacy Assessments

All modafinil doses and dosing regimens significantly
improved patients’ ability to sustain wakefulness based
on the total daily mean MWT sleep latency times at
week 3 compared with baseline (p<<0.01) (Figure 1).
Dose response effects were seen (p<<0.05). With respect
to late afternoon /evening sleepiness (1700 to 1900 hour),
each of the two split-dose regimens of modafinil pro-
duced significantly greater mean improvements from
baseline in MWT sleep latency (p<<0.05) than the 200-
mg once-daily regimen (Figure 2, Panel A).

At baseline, only 11% (6 of 56) of all patients were
able to remain awake for the first 20 minutes of the
MWT sessions in the evening (Table 3). After 3 weeks of
modafinil treatment, the percentage of patients across
the 4 treatment groups who were able to sustain wake-
fulness for the first 20 minutes of the MWT evening ses-
sions was significantly increased to 38% (21 of 56,
p<0.05). A significantly higher proportion of patients
receiving the modafinil 600-mg split-dose or the 400-mg

TABLE 1. Dosing Plan for Each Treatment Regimen

Treatment Regimen Titration Phase

Dosing Schedule*
1200 h

0700 h

200 mg once daily N/A
400 mg once daily First 3-7 days
Remaining 18 or
14 days, respectively
400 mg split dose First 7 days
Remaining 14 days
600 mg split dose First 3 days
Next 4 days

Remaining 14 days

*Modafinil administered in 100-mg tablets

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 400 mg
(4 tablets)

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 200 mg
+ placebo (2 tablets)

Modafinil 400 mg
(4 tablets)

Placebo (2 tablets)
Placebo (2 tablets)
Placebo (2 tablets)
Placebo (2 tablets)
Modafinil 200 mg (2 tablets)
Placebo (2 tablets)
Modafinil 200 mg

+ placebo (2 tablets)
Modafinil 200 mg (2 tablets)

J Neuropsychiatry Clin Neurosci 17:3, Summer 2005

http://neuro.psychiatryonline.org 407



MODAFINIL IN SUSTAINING WAKEFULNESS IN NARCOLEPSY

split-dose regimens were able to sustain wakefulness for
at least 20 minutes during both MWT sessions in the
evening, compared with those receiving the 200-mg
once-daily dose regimen (p<<0.05) (Figure 2, Panel B).

At placebo-baseline, none of the study patients were
able to sustain wakefulness for the first 20 minutes of
the MWT sessions in the morning or afternoon. After 3
weeks of treatment, the modafinil 600-mg split-dose
group had the highest proportion of patients able to sus-
tain wakefulness for the first 20 minutes of the MWT
sessions in the morning and afternoon, followed by the
modafinil 400-mg split-dose, 400-mg once-daily, and
200-mg once-daily groups (Table 3).

After 3 weeks of treatment, all modafinil dosing regi-
mens improved wakefulness, as demonstrated by re-
ductions in mean ESS total scores from baseline. Signifi-
cant improvement from baseline in mean ESS scores was
observed in patients receiving the modafinil 200-mg
(p<<0.05) and 400-mg (p<<0.0001) once-daily and 600-mg
(p<<0.05) split-dose regimens.

All four modafinil dosing regimens improved the
overall clinical condition (CGI-C) after 3 weeks of treat-
ment, relative to baseline (Figure 3). With respect to late-
afternoon/evening sleepiness, the proportion of patients
rated as “much improved” or “very much improved”
was highest among those receiving the modafinil 600-
mg and 400-mg split-dose regimens: 92% and 80%, re-
spectively, compared with 70% of patients in the 400-mg
once-daily group and 27% of patients in the 200-mg

once-daily group. The proportion of patients rated as
being at least “improved” was significantly higher in the
modafinil 600-mg split-dose (100%), 400-mg split-dose
(90%) and the 400-mg once-daily (91%) groups than in
the 200-mg once-daily group (55%, p<<0.01).

Safety Assessments

All modafinil dosing regimens were well tolerated. A
total of 10 patients reported adverse events: seven re-
ceiving modafinil 400 mg once daily and one each re-
ceiving modafinil 200 mg once daily, modafinil 400 mg
split dose, and 600 mg split dose. All adverse events
were mild or moderate in severity. No serious adverse
events were reported, and no patients discontinued the
study because of adverse events. One patient receiving
400 mg once daily did experience adverse events (mild-
to-moderate agitation, irritability, nervousness, anxiety,
gastrointestinal distress, and insomnia) that led to tem-
porary discontinuation of modafinil; however, the pa-
tient continued with the established protocol. The most
common adverse events assessed by the investigator(s)
as being possibly or probably related to treatment were
gastrointestinal events (nausea and dyspepsia), which
occurred in a total of three patients (5%) who received
once-daily regimens of modafinil 200 mg or 400 mg.
Other adverse events potentially related to modafinil
were headache (N=1) and emotional lability (N=1),
which occurred with the 400-mg once-daily regimen,
and anxiety (N=1), which occurred with the 200-mg

TABLE 2. Demographics and Baseline Characteristics of Study Patients
Modafinil Modafinil Modafinil Modafinil
200 mg Once Daily 400 mg Once Daily 400 mg Split Dose 600 mg Split Dose

Characteristic (N=11) (N=23) (N=10) (N=12)
Age, years

Mean, range 43 (28-61) 43 (18-71) 39 (19-60) 45 (14-60)"
Gender, n (%)

Male 3 (27%) 14 (61%) 5 (50%) 7 (58%)

Female 8 (73%) 9 (39%) 5 (50%) 5 (42%)
Race

African American 1(9.1%) 1 (4.3%) 1 (10.0%) 0 (0.0%)

Caucasian 10 (90.9%) 21 (91.3%) 9 (90.0%) 12 (100%)

Other 0 (0.0%) 1 (4.3%) 0 (0.0%) 0 (0.0%)
Disease Severity (CGI-S)," n (%)

Moderately ill 5 (45%) 4 (17%) 4 (40%) 0 (0.0%)

Markedly ill 4 (36%) 14 (61%) 5 (50%) 6 (50%)

Severely ill 1 (9%) 4 (17%) 0 (0.0%) 5 (42%)
Among the most extremely ill 1 (9%) 1 (4%) 1 (10%) 1 (8%)

Modafinil dose (at screening), mg/d
Mean (range) 345 (200-400)

Once-daily dose (0700 hour); split dose (0700 and 1200 hour)

‘Includes 1 protocol violation (ie, 1 patient who was <18 years old)

378 (200-400) 333 (200-400) 417 (400-600)

*Only patients with a Clinical Global Impression of Severity (CGI-S) rating of moderately ill or worse with respect to late afternoon/evening

sleepiness were eligible for the study.
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once-daily regimen (overall incidence of 2% for each ad-
verse event). Results of laboratory tests, physical ex-
aminations, vital sign measurements, and ECG record-
ings indicated no clinically significant treatment-related
abnormalities.

DISCUSSION

The investigations included in this analysis were the
first to directly compare the efficacy of once-daily and
split-dose regimens of modafinil in improving wakeful-
ness throughout the entire waking day in patients with
narcolepsy who experienced a positive response to mo-
dafinil early in the day but had subsequent late-day
sleepiness. The findings of the MWT showed that 600
mg of modafinil administered as a split dose and 400
mg administered either once daily or as a split dose were
significantly more effective in maintaining wakefulness
throughout the day than 200 mg once daily in this popu-
lation. Significant improvements in clinical condition
(CGI) with respect to evening sleepiness further dem-
onstrated that the higher once-daily dose and split-dose
regimens were significantly better than the 200-mg once-
daily dose in facilitating wakefulness throughout the
day. All four dosage regimens of modafinil (200 mg
once-daily, 400 mg once-daily, 400 mg split-dose, and

FIGURE 1. Mean (SEM) Sleep Latency Times for the First Six
Sessions of the Maintenance of Wakefulness Testing
(MWT) (0900 hour to 1900 hour) at Baseline and After
3 Weeks of Modafinil Treatment, According to Dosing
Regimen
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600 mg split-dose) significantly improved daytime
wakefulness and overall clinical condition compared
with baseline. Modafinil was generally well tolerated,
with no apparent differences in the frequency or severity
of adverse events among dosing regimens and no treat-
ment discontinuations because of adverse events.

Although once-daily and split-dose modafinil regi-
mens have not been directly compared in previous clini-
cal trials, the efficacy of different modafinil doses and
dosing regimens has been previously evaluated. These
findings suggest that 400 mg once daily is superior to
200 mg once daily in maintaining wakefulness through-
out the day. In contrast, in two large-scale clinical trials,
no statistical difference in efficacy was found between
200-mg and 400-mg modafinil once-daily doses.'” How-
ever, the latter studies included a different study popu-
lation, were not designed to assess late-day wakeful-
ness, and employed distinct testing procedures. The
previous trials included modafinil-naive patients,'?
whereas the present study included patients who were
stabilized on higher mean doses of modafinil (approxi-
mately 368 mg/day). In these previous trials, modafinil
was administered approximately 1 hour prior to the first
MWT session, and MWT assessments were discontin-
ued in the early afternoon. As modafinil serum levels
peak 2 to 4 hours after administration, the testing sched-
ule used in the present study protocol offered a greater
opportunity to discriminate between the effects of the
200-mg and 400-mg doses over a longer time period. By
using an extended MWT protocol, we were able to cap-
ture differences in response between the tested doses
and dose regimens in the evening (1700-1900 hour). Fi-
nally, the studies included in this analysis employed 30-
minute rather than 20-minute MWT sessions, thus min-
imizing the potential for a ceiling effect.'

In the present study, we found significant improve-
ment in late-afternoon and evening sleepiness with both
the 400-mg and 600-mg split-dose regimens of modafi-
nil. Broughton et al. demonstrated dose-related differ-
ences in efficacy between a 200-mg split-dose and a 400-
mg split-dose regimen.® In their study, which used a
40-minute MWT session, the 400-mg split dose signifi-
cantly improved MWT sleep latency at all testing times
(i.e., 0930, 1130, 1330, and 1530 hour), whereas the 200-
mg split dose significantly improved sleep latency only
at the two testing sessions following the midday dose
(i.e., 1330 and 1530 hour). Split-dose regimens of mo-
dafinil have also been evaluated in two crossover tri-
als,*” but dose-response differences were not assessed.
Patients receiving split-dose modafinil dosing regimens
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in these trials®’ (300 mg/day and 300 mg-500 mg, re-
spectively) demonstrated significant improvement in
wakefulness, as assessed by MWT, the ESS, and patient
diaries, without adverse effects on nighttime sleep. Simi-
lar to our findings, Billiard et al.” reported that modafinil
300 mg as a split dose reduced excessive daytime sleep-
iness, measured by sleep latency on MWT, in the morn-
ing (1000 hour) through the early evening (1800 hour).

The results of the present study may have important
implications for optimal dosing of modafinil, but several

limitations should be considered. Although significant
improvements from baseline were demonstrated in ob-
jective measures of wakefulness and overall clinical con-
dition for all dosage regimens of modafinil, the small
sample size for each treatment group (N=23) may have
limited the detection of treatment differences. Thus,
these findings need to be confirmed in controlled trials
using larger sample sizes. In addition, the studies in-
cluded only narcolepsy patients with documented clini-
cal response to modafinil. Because a complex set of ge-

FIGURE 2. Panel A: Mean (SEM) Change From Baseline in
Maintenance of Wakefulness Test (MWT) Sleep
Latency Times for the Morning (0900 to 1100 hour),
Afternoon (1300 to 1500 hour), and Evening (1700 to

FIGURE 2. Panel B: Percentage of Patients Remaining Awake for
the First 20 Minutes of Both Maintenance of
Wakefulness Test (MWT) Sessions in the Morning,
Afternoon, and Evening for Each Modafinil Treatment
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TABLE 3.
Baseline and After Treatment

Study Patients Sustaining Wakefulness for First 20 Minutes of MWT Sessions in the Morning, Afternoon, and Evening at

Modafinil Modafinil Modafinil Modafinil
200 mg Once Daily 400 mg Once Daily 400 mg Split Dose 600 mg Split Dose

MWT Session (N=11) (N=23) (N=10) (N=12)
Morning, n (%)

Baseline 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Posttreatment 1 (9%) 7 (30%) 3 (30%) 4 (33%)
Afternoon, n (%)

Baseline 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Posttreatment 2 (18%) 9 (39%) 3 (30%) 7 (58%)
Evening, n (%)

Baseline 0 (0%) 5 (22%) 1 (10%) 0 (0%)

Posttreatment 1 9%) 7 (30%) 6 (60%) 7 (58%)
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netic, immunological, and environmental factors may
influence a patient’s responsiveness to modafinil,'” the
magnitude of the clinical response observed in our
study may be exaggerated vis-a-vis the narcolepsy
patient population at large. Moreover, as the study
included only patients experiencing late-afternoon/
evening sleepiness despite satisfactory earlier daytime
responses to modafinil, the observed time-of-day effects

FIGURE 3. Percentages of Patients Whose Clinical Conditions
Improved After 3 Weeks of Modafinil Treatment, As
Measured With the CGI-C Scale
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may not be reproducible in all narcolepsy patients.
Nonetheless, the demonstrated advantages of various
dose and dose regimens of modafinil for prolonging
wakefulness throughout the day may apply to patients
exhibiting a treatment response pattern similar to that
of the patients in the study sample. Finally, the present
studies did not include nocturnal polysomnography or
subjective estimates of sleep and sleep quality to eval-
uate the potential effects of the modafinil dosing regi-
mens on sleep. Therefore, we cannot verify from these
studies that the dosing regimens did not interfere with
nocturnal sleep. Other studies, however, have reported
that 200-mg and 400-mg once-daily doses'? and 200-mg
and 400-mg split doses® of modafinil did not effect ob-
jectively recorded sleep.

Given the emergence of late-day sleepiness in some
narcolepsy patients treated with the approved once-
daily dose of modafinil, it is apparent that the phar-
macokinetics of this agent do not always correlate with
its pharmacodynamic effects. In such patients, a twice-
daily dose regimen may be more appropriate than the
traditional once-daily dose regimen. This pooled anal-
ysis revealed that addition of a 200-mg midday dose of
modafinil to either 200-mg or 400-mg morning doses is
well tolerated and effectively sustained wakefulness
throughout the entire waking day in narcolepsy patients
who experienced late-afternoon or evening sleepiness
with once-daily dose regimens of modafinil.

This study was supported by Cephalon, Inc.
Dr. Schwartz is a consultant to Cephalon Inc., and Dr.
Feldman is part of the Cephalon Inc. Speakers Bureau.
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