CURBENT MEDICAL. RESEARCH AND OPINION®

VOL. 22, NO. 1, 2006, 152-167
@ 2006 LIBRAFPHARM LIMITED

- ORIGINAL ARTICLE

0300-7995
coii10.1185/030079906X80378

Al rights reserved: reproduction in whale or part not permitted

Pharmacodynamic effects on
alertness of single doses of
armodafinil in healthy subjects

during a nocturnal period of
acute sleep loss*

David F. Dinges?®, Sanjay Arora®, Mona Darwish® and
Gwendolyn E. Niebler®
2 University of Pennsylvania School of Medicine, Philadeilphia, PA, USA
® Cephalon, Inc., Frazer, PA, USA '

Objective: To assess the pharmacodynamics of
armaodafinil compared with modafinil and placebo
on measures of aleriness in healthy volunteers
undergoing sleep loss.

Research design and methods: in a double-
blind, active- and placebo-controlled, paratlei-
group study, 107 healthy male voiunteers (aged
1840 years) were randomized 10 receive a
single oral dose of armodafinil (100, 150, 200,
or 300 mg), modafinil {200mg), or placebo
administered at 19:25h.

Main oufcome meastres: The primary outcome
was the Maintenance of Wakefelness Test (MWT),
administered every 2 hours from 22:00-08:00h.
Secondary outcomes included the Psychomaotor
Vigilance Task (PVT} and the Karolinska Steepiness
Scaie. Blood samples for pharmacokinetic analysis
were collected hourly. Adverse events were
evaluated throughout the 2-day laboratory stay
and by telephone on day 9.

Resuffs: All four doses of armodafinil, and the
dose of 200mg modafinil, improved wakefulness
as measured by increased MWT latencies
{treatment effect, p < 0.0001} and reduced PVT
lapses of attention {treatment effect, 5 < 0.0001),

The magnitude and duration of these effects at
the later time points appeared to be dase and
concentration dependent. Armodafinil at 200mg
resulted in comparable Cm a later {m, and

* higher plasma concentrations 614 hours post-

drug administration thar: with 200 mg modafinit.
Fallowing armodafinil, longer MWT latencies
and fewer PVT lapses 6 to = 14 hours post-
drug administration were observed compared
with modafinil. Armodafinié doses were well
tolerated, with the most common adverse events
including abdominal pain, nausea, and headache.
There were reports of tachycardia/palpitations.
Decreased mean sieep efficiency and'increased
mean blaod pressure were also observed.
Conciusion: Armadafinil improved alertness at
all doses studied. Relative to modafinil 200mg,
armodafinil 200 mg showed a comparable peak
plasma concentration with higher concentrations
6—14 hours post-drug, and improved wakefuiness
and sustained attention for a longer lime post-
dose. Both drugs were weil tolerated; however,
fusrther research on the efficacy, safety, and
tolerability of armodafinil in patients with disorders
of excessive sleepiness (ES) is required.

* Presented at the First Congress of the World Association of Sleep Medicine, 15-18 October 2005, Berlin, Germany
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introduction

Excessive sleepiness (ES) is a common manifestation
of a number of sleep disorders, including narcolepsy,
obstructive sleep apnea/hypopnea syndrome (OSA/
HS), and shift work sleep disorder (SWSD)'. Therapy
for hypersomnolence begins, when possible, with
treatment of underlying conditions that contribute to
its development (e.g. nasal continuous positive airway
pressure [nCPAP] for OSA/HS). In addition, ES that
is persistent and severe may pose a safety risk and may
require the use of pharmacologic therapies such as the
wake-promoting agent modafinil, which is approved
for the treatment of ES associated with narcolepsy,
OSA/HS, and SWSD?. Modafinil has been reported to
improve wakefulness as measured by sleep latency tests
in patients with narcolepsy™, in patients with residual
ES following nCPAP treatment for OSA/HS", and in
patients with SWSD®. Additionally, improvements in
sustained attention measured with the Psychomotor
Vigilance Task (PVT) have been reported in OSA/
HS and SWSD populations following treatment with
modafinil®.

The benefits of modafinil for ES are not maintained
throughout the entire waking period in some patients,
which may result in the need for dose escalation and
split-dosing®". In two randomized, double-blind
studies conducted in patients with ES associated with
narcolepsy, improvements in wakefulness as assessed
using the Maintenance of Wakefulness Test (MWT)
were sustained longer with split modafinil doses
of 400 and 600 mg (administration at 07:00h and
12:00 h) than with administration of once-daily doses
of 200 and 400 mg (07:00h)"". However, once-daily
dosing is often more convenient for patients and may
improve adherence to therapy. With this in mind, we
examined the pharmacodynamic profile of armodafinil,
the levorotatory R-enantiomer of modafinil, which
is a racemic compound containing equal amounts
R-modafinil and S-modafinil. Pharmacokinetic studies
have shown that R-modafinil has a half-life of 10-14
hours compared with 3-4 hours for S-modafinil™*.
In addition, the elimination of S-modafinil has been
reported to be three times faster than R-modafinil”.
As a result of the differences in half-life and rate of
clearance, the chronic use of modafinil results in
significant differences in circulating levels of the two
enantiomers. Thus, the proportion of R-modafinil can
be as much as three times greater than the circulating
levels of S-modafinil'®". Therefore, the majority of the
effects observed from racemic modafinil administration
are theoretically attributable to R-modatinil. We
therefore hypothesized that efficacious armodafinil
concentrations might be maintained throughout
the waking day with once-daily dosing. The present
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study was designed to assess the pharmacokinetic and
pharmacodynamic effect of single doses of armodafinil
on MWT and PVT, objective measures of alertness in
healthy adults undergoing a model of acute sleep loss.

Patients and methods

Subijects

Male volunteers between 18 and 40 years of age who
were able to maintain stable sleep/wake schedules
{defined as sleep between 23:00 and 07:00h = 1h,
for a total of 8 hours in bed per night) beginning 1
week before study drug administration were eligible.
All volunteers were in good health as determined by a
medical and psychiatric history, medical examination,
electrocardiogram, and faboratory assessments. In
addition, volunteers were required to comply with ail
study restrictions, including abstinence from nicotine,
caffeine, and alcohol during the in-clinic phase of the
study (described below). Volunteers who smoked = 10
cigarettes per day or consumed > 3 alcoholic drinks
per day were excluded. Additional exclusion criteria
consisted of the following: average caffeine consumption
of > 600mg daily during the 2 weeks before study
enrollment; a sleep disorder (e.g. narcolepsy, OSA/
HS, periodic leg movement syndrome) established by
history and physical examination at screening; history
of working irregular hours, shift work or night-shift
work during the month prior to randomization; an
Epworth Sleepiness Scale' score > 10 at screening;
travel across > 1 time zone during the 2 weeks before
randomization; and use of any prescribed systemic or
topical medication within 2 weeks (or sedating over-
the-counter medication within 1 week) of study drug
administration.

Study design and dosing

This randomized, double-blind, active- (modafinil)
and placebo-controlled, parallel-group study of single
oral doses of armodafinil in healthy male volunteers
undergoing acute sleep loss was conducted at two
research centers located in France and the United
Kingdom. The study protocol was approved by the
Institutional Review Board at each participating site,
and all participants provided written informed consent
before undergoing study-screening procedures. The
study was conducted in full accordance with the Good
Clinical Practice: Consolidated Guideline approved by
the International Conference on Harmonization" and
national and local laws and regulations.

Prospective participants underwent screening pro-
cedures and assessments at least 1 week prior to
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randomization. Sleep patterns prior to the study were
monitored in those meeting all selection criteria, using
wrist actigraph and a daily sleep diary for 7 days prior
to study drug administration. Subjects were admitted
to the study clinic on the afternoon before dosing
{(day -1). For 2 days, participants were confined to
the clinic and were provided meals which consisted
of a standardized diet devoid of caffeine and alcohol.
They were permitted to lie down only for protocel-
specified sleep periods, the first of which occurred
between 23:00 hours on day -1 to 07:00h on day
1. Participants remained awake throughout day 1.
They were randomized to single doses of armodafinil
at either 100, 150, 200, or 300mg (CEP-10953,
Cephalon, Inc., Frazer, PA); a single dose of modafinil
at 200 mg {Provigil, Cephalon, Inc., Frazer, PA); or
placebo according to a randomization code provided
by Cephalon, Inc. The randomization number and the
name of the study drug were provided to the study
centers in a sealed envelope. The study drug was
packaged individually for each subject, with the subject
identification number indicated. Subjects received six
capsules (armodafinil 50 mg or matching placebo) and
two tablets (modafinil 100 mg or matching placebo}.
To maintain blinding, those randomized to armodafinil
also received two placebo tablets and those randomized
to modafinil also received six placebo capsules.
Medications were dispensed by a pharmacist at each
study center.

Study medication was administered at 19:25h
immediately followed by a standardized meal on day 1
(after 12:25 h of wakefulness). Subjects were monitored
by qualified personnel at the study centers to ensure
they remained awake throughout the night from 19:25h
on day 1 to 11:00h on day 2 (i.e. for hours 13 through
28 of sustained wakefulness). Pharmacodynamic
responses were assessed throughout this period. An
8-hour period of recovery sleep was permitted on day
2 from 11:00-19:00h. Final assessments and end-of-
study procedures were performed between 20:55 and
21:30h, after which subjects were discharged from
the clinic. Seven days after discharge, participants
were contacted by telephone to determine if they had
experienced adverse events since the time of their
discharge from the clinic.

Sampling for pharmacokinetic analysis

Venous blood samples were collected hourly for
14 consecutive hours. Samples were collected
immediately before study drug administration at
19:25h on day 1, then at 19:55 and 20:25h, and at
1-hour intervals thereafter (i.e. from 20:25-09:25h).
Samples were centrifuged within 1 hour after
collection, with the resulting plasma shipped and
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stored at —20°C until analyzed (Covance Laboratories,

“Madison, WI). Plasma samples were assayed for

R-modafinil and (RS)-modafinil using validated non-
chiral high-performance liquid chromatography with
ultraviolet detection. Mean intra-assay precision and
accuracy were within <+ 15% (< 20% at the lower
limit of quantitation) of the acceptance criteria.
Predicted drug concentrations were calculated from
the equation of the regression line determined by
using a weighting factor of (1 / concentration). The
quantification ranges of the standard curves were
0.020 to 50.0pg/ml. The following pharmacokinetic
parameters were determined: maximum observed
plasma drug concentration (C,__} by inspection
(without interpolation); time of maximum observed
drug concentration (¢ _) by inspection; and area under
the plasma drug concentration versus time curve from
0-14 hours post-drug administration (AUC__ ).

Assessments

The MWT"* was the primary outcome used to
objectively assess the pharmacodynamic effect of
study medications on the ability to sustain wakefulness
during the nocturnal sleep-loss period. For this test,
subjects were instructed to sit in a darkened room
in a semi-reclined position and try to remain awake.
Six 20-minute MWTs were conducted — one every 2
hours — between 22:00h on day 1 and 08:00h on day
2 {during the nocturnal period without sleep). Time
to unequivocal sleep latency (i.e. minutes to three
consecutive epochs of stage 1 or one epoch of stage 2,
3, 4, or rapid eye movement sleep) was the primary
MWT outcome. If no sleep occurred within the testing
period, sleep latency was recorded as 20 minutes. Once
sleep occurred, subjects were awakened. Time to first
10 seconds of sleep was also scored. Polysomnography
recordings to determine MW were scored at a central
site using criteria as described by Rechtschaffen and
Kales®.

The Psychomotor Vigilance Task (PVT)** was used
to assess the pharmacodynamic effect of study medica-
tions on sustained attention performance during the
nocturnal sleep-loss period. This included a standard
10-minute PVT performed at each of seven 2-hour
intervals beginning at 21:10h on day 1 to 09:10h on
day 2. During each 10-minute PVT session, visual
stimuli appeared at randomly variable intervals of 2000
to 10000 milliseconds. The number of performance
lapses (i.e. reaction times = 500ms) and median
reaction time were the PVT variables analyzed. The
Karolinska Sleepiness Scale (KSS)” was used to assess
subject-estimated sleepiness hourly from 19:50h
on day 1 to 10:50h on day 2. Subjects rated their
sleepiness on a nine-point scale from 1 (very alert) to
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9 (extremely sleepy-fighting sleep). QOther assessments
included the Cognitive Drug Research test battery, the
results of which will be reported elsewhere. '

Safety and tolerability during the study were evaluated
by monitoring adverse events. Vital signs were monitored
at screening and on days 1 and 1 prior to study drug
administration and on day 2 until approximately 14
hours after study drug administration. The effect on
sleep efficiency was determined by polysomnography,
which was recorded during the nocturnal sleep period
the night before drug administration to ensure subjects
received an adequate night's sleep and during the
diurnal sleep period on day 2 following the night of
sleep deprivation. Sleep efficiency was defined as total
sleep time (h) / total time in bed (h) x 100. Scoring
of polysomnographic findings was based on criteria
described by Rechtschaffen and Kales”.

Statistical analysis

The pharmacodynamic effect of study medication
on sleep and attention was analyzed with descriptive
statistics. In addition, analyses of MWT (average of six
tests performed every 2h from 22:00-08:00h), PVT
{average of six tests performed every 2h from 23:10-
09:10h), and KSS (average of 16 ratings made once
every hour from 19:50-10:50h) were conducted using
analysis of variance (ANOVA) with treatment and

study site as factors, and with pajr-wise comparisons
made using an appropriate contrast. In addition, a test
for linear trend from ANOVA with treatment and
center as factors was performed on the placebo and
armodafinil groups (using a contrast of ~0.67, .22, 0,
0.22, and 0.67 for placebo and armodafinil 100, 150,
200, and 300mg, respectively). The pair-wise change
from baseline in vital signs (active drug vs. placebo]
was compared using nonparametric tests of Wilcoxon
rank sum. All tests of armodafinil were two-sided and
performed at the 0.05 significance level.

Results

Following screening, 107 healthy male volunteers were
randomized to study drug and completed the study
{armodafinil 100mg, n=18; armodafinil 150mg,
n = 18: armodafinil 200mg, n=17; armodafinil
300mg, n = 18; modafinit 200mg, n = 18; or placebo,
n = 18). All groups were comparable with respect
to age, weight, body mass index, and baseline sleep
efficiency (Table 1). Average body mass index for each
group was within the normal range (18.5-24.9 kg/m").
Average polysomnographic sleep efficiency at baseline

- for each group (85.8%-89.3%) was consistent with

healthy nocturnal sleepers. None of the subjects
discontinued study medication for any reason.

Table 1. Baseline characteristics of subject volunteers randomized to the six interventions”

Armodafinil Placebo Modafinil
300 mg 200 mg 150 mg 100mg =19 200 e
=18 (n=17)  (n=18)  (n=18) (n=18)
Age (¥) 28+50 275:63 287+68 26852 279x52  259%58
Weight (kg) 17403 786127 756=108 761:86 768x120 757x103
BMI (kg/m?) 530+24 245127 23.6+31  234x22 246x34 23.6223
Bascline SE (%)! 893+67 882464 83860 872493 858+73 863:6]

BMI = body mass index, SE = sleep efficiency
*Mean £ SD

tBaseline night time sleep efficiency from polysomnography ([tatal sleep time (h) + total time ir: bed (h)} x 100}

Table 2. Pharmacokinetic parameters of armodafinil and modafinil following administration of single doses in healthy
young men

Armodafinil (R-modafinil)

Modafinil {RS-modafinil)

300 mg 200 mg 150 mg 100 mg 200 me

(n=18) (n=17) (n=18) (n = 18) (n=18)
Cnex (/mL)* 6372088  404+069  299+£041 1972025 435+0094
e ()T 5 (3-12) 6 (2-8) 6.5 (3-11) 5.5 (0.5-11) 2 (0.5-6)
AUCous (ngh/mL)*  66.2+85 424272 299+ 4.6 20.1 3.5 350+ 6.7

AUCo1s = area under the plasma drug concentration versus time curve from 0-14 hours pest-drug administration; Cmas = maximunm
observed plasma drug concentration by inspection without interpolation; fmw = time of maximum observed drug concentration by
inspection

*Mean = SD

tMedian (range)
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Pharmacokinetics

Systemic exposure was linear over the studied dose
range of armodafinil (100-300mg), as reflected in
the increases in C _ and AUC, , as shown in Table 2.
Plasma concentrations for the single 200mg dose of
armodafinil and the single 200mg dose of modafinil
up to 14 hours after drug administration are shown in
Figure 1. The concentration—time profiles for modafinil
200 mg and armodafinil 200tmg were different despite
comparable C_  values. The ¢ for armodafinil
occurred approximately 3 to 4 hours later, and the
decline from peak concentration was slower, resulting in
a higher plasma concentration, as determined by AUC,
for the armodafinil 200 mg group when compared with
the 200 mg modafinil group (Figure 1).

Maintenance of Wakefulness Test

All doses of armodafinil and 200mg modafinil
significantly improved wakefulness, as assessed by
mean MWT unequivocal sleep latency, compared
with placebo (overall treatment comparison for the
average MWT across all six tests, F= 13.94 [5, 100],
P <0.0001; Table 3). MWT latency to the first 10
seconds of sleep also showed significant drug effects
{p < 0.0001).

When comparing the effects of 200mg armodafinil
with those of 200 mg modafinil, MWT sleep latencies
were numerically longer in the armodafinil 200 mg
group than in the modafinil 200 mg group, starting
approximately 6 hours after drug administration. These
profile differences are displayed in Figure ZA.

Secondary assessments

All doses of armodafinil and 200 mg modafinil signif-
icantly improved sustained attention performance
on the PVT relative to placebo, with fewer lapses of

- Armadafinil 200 mg {n =17)
o Medafinil 200 mg (h=18)

Mean plasma concentration (ug/mbL)

01 2 3 4 5 6 7 8 9 1011 12 13 14

Time after dose administration (h)

Figure 1. Concentration-time profiles in healthy young
adult volunteers following a single dose of armodafinil
200mg and a single dose of 200mg modafinil ar 19:25 h
{time 0). Concentrations were significantly different
at all time points except at 3 and 4 hours post-drug
administration {all time points, p < 0.05). The 14th hour
after dose was 09:25 h on day 2

attention and shorter median reaction time during
the period of acute sleep loss (overall treatment effect
for comparing the average across all six tests post-
administration, F = 9.05 {5, 99], p < 0.0001 for PVT
lapses; F=7.92 (5, 99], p < 0.0001 for PVT median
reaction tirne; Table 3).

Comparison of the effects of 200mg armodafinil
with 200mg modafinil revealed numerically fewer
PVT lapses of attention in the armodafinil 200 mg
group than those observed in the modafinil 200mg
group beginning approximately 8 hours after drug
administration. These profile differences are displayed
in Figure 2B. ‘

There was no statistically significant treatment
effect for armodafinil or 200 mg modafinil on subject-
estimated sleepiness on the KSS throughout the
night.

Table 3. Effects of armodafinil and modafinil on MWT, PVT, and KSS outcomes, as assessed by analysis of variance of
average daily values* for placebo, modafinil, and the four doses of armodafinil

Armodafinil Placebo Modafinil
300mg 200mg 150 mg 100 mg {n=18) 200 me
(n = 18) (n=17) (n=18) (n=18) (n=18)
MWT sleep latency (min}t 185+ 2.1% 18,5 + 2.00 168 +2.93 161+3.68 10.5+498 16.4 + 3.25
MWT latency to 10s sleep (min)t 16.1 = 4.41 15.6 +3.02 15.0+3.51 14.3 £4.35 85 +4.54 15.1 £ 4.09
PVT lapse frequencyt 09+ 1.17 1.4+ 1.54 14+1.71 2.9+399 88+ 844 3.0£333
PVT median RT (ms)t 232+ 26 240 + 19 238 = 24 252 £32 293 + 56 253+ 34
KSS sleepiness# 3.7+ 133 3.7+1.33 42+ 132 38110 4.6+1.07 3.8+1.32

*Mean & SD. MWT data were averaged over the six tests completed every 2 hours from 22:00-08:00 hours. PVT data were averaged over the
six tests completed every 2 hours from 23:10-09:10 hours. K83 data were averaged over the 16 ratings made hourly from 19:50-10:50 hours.
P-vzlues for overall treatment comparison from an analysis of variance (ANGWVA) with treatment and center as factors

TANOVA, p < 0.0001
$ANOVA, p = 0.067

MWT = Maintenance of Wakefulness Test; PVT = Psychomotor Vigilance Task; KSS = Karolinska Sleepiness Scale; RT = Reaction Time
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Safety and tolerability

The most {requently occurring adverse events in the
armodafinil groups were abdominal pain and nausea,
each of which occurred in nine (13%) of subjects.
Injection site pain (i.e. pain or discomfort on insertion
of the intravenous cannula for blood collection) also
was reported in nine (13%) of subjects; however, it
was not considered treatment refated. Adverse events
occurring in > 5% of subjects in the armodafinil arm
are shown in Table 4. The incidences of headache
and nausea increased with the higher doses of
armodafinil, '

In the 200 mg modafinil group, headache, dyspepsia,
flatulence, nervousness, and sleep disorder each
occurred in one subject (6%). In the placebo group,
injectjon site pain was the most common adverse event
{(n = 3; 17%); abdominal pain, asthenia, gastrointestinal
disorder, dizziness, somnolence, and urinary frequency
each occurred in one subject (6%).

Insomnia occurred in 7% of subjects in the
armodafinil group but in none of the subjects
in the 200mg modafinil group or the placebo
group. Dizziness occurred in 7% of subjects in the
armodafinil groups, none of the subjects in the 200mg
modafinil group, and 6% of the subjects in the placebo
group. :

Most adverse events reported for any group
were mild in severity. Serious adverse events were
reported in two subjects during the study: one subject
receiving armodafinil 150 mg reported tachycardia and
ventricular extrasystoles, and one subject who received
placebo reported asymptomatic bigeminy. All adverse
events resolved without residual effect. No subjects
discontinued from the study prematurely due to
adverse events.

An increase from baseline to day 2 in mean systolic_
blood pressure was noted in the armodafinil 300 mg
group (p=0.041, Wilcoxon test). Increases from
baseline in mean diastolic blood pressure and heart rate
were also noted with increasing doses of armodafinil
compared with placebo; however, these effects were
not statistically significant (all p > 0.05). Table 5
provides the mean * SD and change from baseline for
sitting systolic and diastolic blood pressure and sitting
heart rate.

* As determined by nocturnal polysomnography, mean
sleep efficiency at baseline was similar in all groups
(85.8%-89.3%). On day 2, decreases in daytime sleep
efficiency were observed with the higher doses of
armodafinil as indicated by a statistically significant
effect for treatment condition (F=3.18 [5, 101},
p = 0.01). Mean + SD daytime sleep efficiencies after
receiving study medication were 80.2% + 14.37% in
the placebo group compared with 59.6% + 21.40%,
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Figure 2. The alertness-promoting effects across the night of a
single dose of armodafinil 200mg compared with a single dose
of 200mg modafinil ar 19:25h. (A) Mean = SEM for sleep
onset latency from the MWT ar 22:00, 00:00, 02:00, 04:00,
06:00, and 08:00h. Longer latencies indicate greater alertness.
Although sleep latencies decreased across the night in both
conditions (F = 46.08 [1, 171], p < 0.0001), the change in
ability to sustain wakefulness was smaller in the armodafinil
200mg group thar in the modafinil group (F=5.50 1, 171},
p = 0.02), indicating that armodafinil improved the ability to
sustain wakefulness for a longer time throughout the night. (B)
Mean + SEM for lapses of attention (reaction time 2 500ms)
during each 10-minute PVT ar 21:10, 23:10, 01:10, 03:10,
05:10, 07:10, and 09:10h. Fewer lapses indicate a greater
ability 1 sustain attention. Although PV'T lapses of attention
incredsed across the night in both conditions (T = 26.53
[1, 208], p < 0.0001), the change in ability to sustain
attention was smaller in the armodafinil 200mg group than in
the modafinil group (F = 5.06 [1, 208], p = 0.026), indicating
that armodafinil improved the ability to sustain atention for a
longer time throughout the night

69.4% + 20.44%, 69.1% + 24.65%, 76.1% + 15.16%,
and 79.6% = 13.92% in the armodafinil 300mg,
200mg, 150mg, and 100 mg groups, and the modafinil
200mg group, respectively.
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Table 4. Number (%) of subjects with adverse events occurring in > 5% of subjects receiving armodafinil

Armodafinil Placebo Meodafinil
300mg 200mg 150mg 100 mg (n=18) 200mg
m=18) (=17} (n=18) (n=18) (n=18)

Abdominal pain 21D 4 (24} 1(6) 2(11) 1 {6} U
Dizziness 1 (6) 2 (12) 1(6) 1 (6) 1(6) 0
Headache 347 1(8) 1(6) 1(6) 0 1(6)
Injection site pain 1(6) 3{(18) 2(1D 3(17) 3 (17} 0]
Insomnia 21y 1(6) 1(6) 1 (6} 0 ¢
Nausea 4 (22) 3(18} 2(11) 0 0 0
Palpitation 1 (6) 2(12) 0O 2(11) 0 D
Tachycardia I (6) 0 2(11) 1(6) 0 0
Urinary frequency 1 (6) 3(18) 1(6) 0 1(6) 0

Table 5. Effects of armodafinil and modafinil on sitting blood pressure and heart vate before (baseling) and after drug
administration and change* '

Armodafinil Placebo Modafinil
300 mg 200mg 150 mg 100 mg (n=18) 200mg
(n = 18) (n=17) (n = 18) (n = 18) (n=18)
Systolic BP (mmHg)
Baseline (B) 1189+ 105 117.6+6.9 1201+109 1163 +x88 11512107 1198=x12.2
Day 2 (D2) 126.2+11.8 1212128 1200+108 1184102 117495 120.8 +9.8
Change (B - D2) 7.3 +£9.21 3.6+137 -0.1 +8.0 2.1+11.8 23+63 09+6.7
Dhastolic BP (mmHg)
Baseline (B) 70.7 £9.0 69.9+78 67.9+76 69.6 + 8.1 68.8 9.0 71.5+809
Day 2 (D2) 75.2+9.1 745476 71.2 181 709+7.2 70161 731+ 104
Change (B - D2) 45+93 46+6.7 33+68 1.4+7.0 13+£76 1.6+08
Heart rate (BPM}
Baseline (B) 622190 67.9+06 61973 6l.6+11.7 60.8+93 63.8+76
Day 2 (D2) 77.1 143 80.6+£16.1 748 £ 15.9 729145 68.9+87 736+ 14.9
Change (B - D2) 149+ 103 127+ 13.7 12.8+12.7 11.3+114 82x79 9.8 +16.0

B — D2 = baseline to day 2; BP = blood pressure; BPM = beats per minute; D2 = day 2

*All values are mean + SD
tp=0.041

Discussion

The MWT"™® and PVT** are validated objective
measures used to evaluate an individual’s ability to
sustain wakefulness and to sustain attention (i.e.
vigilance and reaction time), respectively. The KSS*
is a validated subjective test that is used to measure
subject-estimated sleepiness. These assessments have
been widely used in studies of modafinil in clinical
populations to assess alertness and performance® ™,
This is the first study to show that, in a model of
acute sleep loss in healthy subjects, armodafinil, the
enantiomer of modafinil with the longer half-life, had
significant effects on MWT and PVT. These effects
were observed throughout the sleep deprivation
period for up to 13.5 hours post-administration.
These observations are consistent with reported
effects of modafinil; for example, modafinil 200 mg
significantly improved alertness, as determined by
MWT, and vigilance and reaction time, as determined
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by PVT, in 19 healthy volunteers during a period of
four consecutive simulated night shifts”. Similar to the
present study, subject-estimated sleepiness was not
consistently different between modafinil and placebo®.

In the present study, placebo was associated with
the highest level of subject-estimated sleepiness as
determined by the KSS. However, the effects of
armodafinil and modafinil on subjective sleepiness
did not achieve statistical significance. In contrast,
both objective measures of alertness — the MWT (i.e.
time to unequivocal sleep latency and time to first
10 seconds of sleep) and the PVT (i.e. number of
lapses and median reaction time) — showed significant
changes across doses of armodafinil (100-300mg), as
well as after 200 mg modafinil, relative to placebo. The
magnitude and duration of armodatinil's effects on
objective alertness and attention appeared to be dose
and concentration dependent.

Direct comparison of armodafinil 200mg to
modafinil 200 mg showed longer wake-promoting and
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attention-sustaining effects for armodafinil, beginning
approximately 6-8 hours post-administration.
These differences appear to reflect the different
pharmacokinetic profiles of the compounds, particularly
the maintenance of higher plasma concentrations
for a longer period of time after dosing with armodafinil
versus modafinil. Although the drugs also differed
in the time to reach peak plasma concentrations
when administered with food (¢, 5-6h for armedalinil
and 2h for modafinil), this difference did not
appear to influence the onset of wake-promoting
effects; significant effects relative to placebo
were observed at the earliest time point for both
compounds.

Armodafinil was generally well tolerated by
the healthy volunteers participating in this study.
Headache and nausea were the most frequently
occurring treatment-related adverse events following
the administration of armodafinil, both of which
appeared to be dose related. Insomnia was reported in
five subjects (7%) who received armodafinil. Because
of the small number of subjects in this study, the dose-
response relationship for insomnia with armodafinil
is unclear. Also, it is difficult to ascertain whether
the effects observed with armodafinil on sleep and
cardiovascular measures are clinically relevant.

Polysomnography findings indicated that there was
an inverse relationship among armodafinil doses and
daytime sleep efficiency in this population of healthy
sleep-deprived volunteers. These adverse effects
appear to have been the result of the maintenance of
armodafinil plasma concentrations into the diurnal
recovery sleep period in this study from 11:00-19:00h
on day 2. The effects of armodafinil on measures of
cardiovascular function (i.e. blood pressure and heart
rate) were also dose dependent. The 300mg dose of
armodafinil was associated with statistically significant
increases in systolic blood pressure. Large randomized,
placebo-controlled studies of armodafinil in patients
with disorders of ES are required to establish
the efficacy, tolerability, and safety profile of
armodafinil.

Conclusion

Armodafinil improved alertness at all doses studied.
Relative to modafinil 200mg, armodafinil 200mg
showed a comparable peak plasma concentration
with higher concentrations 6-14 hours post-drug, and
improved wakefulness and sustained attention perform-
ance for longer periods post-dose. Both drugs were well
tolerated. Further research with armodafinil in patients
with disorders of ES is required.
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Abstract

A Armodafinil is the R-enantiomer of modafinil, a
wake-p 1‘017{10_ti11g agen_t, that primarily affects arcas To 1mprove wakefulness in. adult paﬂents WIEh excessive” i
of the br:dm mwﬂved. 11} Contronglwal.(e[iulne‘ss, ‘sleepiness assaciated with obstructive sleep apnoeafhypopnoea

A Once-daily armodafinil was effective in improv- syridromie (despite treatrent of the underlymg condltron) :
ing wakefulness in adult patients with excessive narcolepsy: or shift work sleep. disorder -
sleepiness associated with obstructive sleep |/
apnoea/hypopnoea syndrome (OSA) [despite
treatment of the underlying condition], narco-
lepsy or shift work sleep disorder (SWSD) in four
farge (n > 195), double-blind, multinational trials
of 12 weeks™ duration.

4 Compared with placebo, mean sleep latency (co-
primary endpoint) was significantly improved with
armodafinil 150 or 250 mg once daily in patients
with OSA or narcolepsy, and with armodafinil
150 mg once daily in patients with SWSD, as as-
sessed by the Multiple Sleep Latency Test (MSLT)
or the Maintenance of Wakefulness Test (MWT).

A Furthermore, a significantly higher proportion
of armodafinil than placebo recipients achieveda | R
response (at least a minimal improvement) on the | Median ime to peak plasma Shes s
Clinical Global Impressions of Change (CGI-C) ti S e
scale at study end in these four trials (coprimary ;
endpoint). [ conceniration-time curve from -

A Once-daily armodafinil was generally well toler- :grrn;fﬁx (1‘235‘{)4,20;-1 O (1:5?1/rrnn%}]
ated in adult patients with excessive sleepiness | .. g) 119
associated with OSA (despite treatment of the
underlying condition), narcolepsy or SWSD.

Affects areas of the brain involved in controlfing wakefulness
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