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Pharmacotherapy of Excessive Sleepiness: 
Focus on Armodafi nil
Michael Russo
Departments of Medicine/Neurology, Tripler Army Medical Center, Honolulu, HI, USA; John A. Burns 
School of Medicine, University of Hawaii at Manoa, Honolulu, HI, USA; F. Edward Heber School of 
Medicine, Uniformed Services University of the Health Services, Bethesda, MD, USA.

Abstract: Excessive sleepiness (ES) is responsible for signifi cant morbidity and mortality due to its association with 
cardiovascular disease, cognitive impairment, and occupational and transport accidents. ES is also detrimental to patients’ 
quality of life, as it affects work and academic performance, social interactions, and personal relationships. Armodafi nil is 
the R-enantiomer of the established wakefulness-promoting agent modafi nil, which is a racemic mixture of both the R- and 
S-enantiomers. R-modafi nil has a longer half-life and is present at higher circulating concentrations than the S-enantiomer 
following chronic administration of modafi nil and may therefore be the enantiomer predominantly responsible for the 
benefi cial effects of the racemic compound. Armodafi nil has been approved by the Food and Drug Administration for the 
improvement of ES associated with narcolepsy, shift-work disorder, and obstructive sleep apnea following a program of 
randomized, placebo-controlled clinical trials. This comprehensive medication review discusses the pharmacologic profi le 
of armodafi nil and the current evidence regarding its effi cacy, safety, and tolerability; appraises patient-reported outcomes 
data; and suggests additional indications in which armodafi nil may be of use.
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Introduction
Excessive sleepiness (ES) is drowsiness that occurs at inappropriate times and may happen for myriad 
reasons including insuffi cient sleep (due to insomnia or poor sleep habits), interrupted sleep (as 
experienced by patients with obstructive sleep apnea [OSA]), neurologic disorders (e.g. narcolepsy, 
dementing illnesses, or stroke), sleep-timing issues (e.g. the circadian rhythm disorders shift-work 
disorder [SWD] and jet lag), and side effects from pharmacologic agents (such as some antidepressants 
and pain medications).

A dramatic example of ES associated with OSA occurred in February 2008 when a regional jet 
overfl ew its destination on a regularly scheduled mid-morning fl ight between the Pacifi c islands of 
Oahu and Hawaii. Go! fl ight 1002 left Honolulu airport at 0916 hours without incident. When the Hilo 
air-traffi c controller radioed the aircraft with landing instructions only 24 minutes later, neither the 
23-year-old fi rst offi cer nor the 53-year-old captain responded. Go! fl ight 1002 fl ew past the Kona airport 
and continued over the Pacifi c Ocean for 18 minutes for a distance of approximately 26 miles before 
the pilots fi nally awoke and responded. The captain reported that he often intentionally napped during 
fl ights and was subsequently found to have OSA.1

ES is associated with signifi cant morbidity and mortality, independent of accompanying conditions. 
For example, ES has been linked with a greater risk of developing cardiovascular disease and death from 
cardiovascular disease2; a recent study has reported that this is not as a result of coronary artery calcifi -
cation.3 There is some evidence, however, that ES is implicated in hypertension, which could be involved 
in the pathology of heart disease in these patients.4 For example, ES may promote hypertension in patients 
with OSA, as patients with OSA and ES who are treated effectively for these conditions experience 
reductions in blood pressure, while those with OSA in the absence of ES do not experience reductions 
in blood pressure.5–8 One possible mechanism for ES-related hypertension may be increased circulating 
catecholamines resulting from a chronically increased sympathetic drive brought about by attempting 
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to remain awake, as suggested by studies of the 
infl uence of posture in preserving alertness.9,10

ES and hypoxia both play a role in the cognitive 
impairment experienced by patients with OSA; 
however, a study comparing cognitive impairment 
in patients with chronic obstructive pulmonary 
disease (who experience hypoxia but not ES) and 
patients with OSA and ES (who experience both 
hypoxia and ES) showed that patients with OSA 
had poorer attention and vigilance, suggesting that 
the cognitive defi cits in OSA may be due to ES.11

Cognitive impairment and falling asleep as a 
result of ES are thought to be responsible for a 
large proportion of the motor vehicle crashes that 
occur in patients with OSA.12–16 In addition, 
cognitive impairment as a result of ES in the 
absence of falling asleep has been shown to impair 
the fl ight performance of sleep-deprived military 
pilots17,18 and to impair driving performance.19 
Furthermore, ES as a result of sleep deprivation, 
circadian rhythm misalignment, or OSA has been 
cited as a causative factor in a number of air and 
train crashes.1,20–22 Having both ES and snoring 
doubles an individual’s risk of experiencing an 
occupational accident compared with those who 
have either of these conditions in isolation.23

In addition to its detrimental effects on patient 
health, ES may impinge on activities of daily 
living. A study by Sforza and colleagues24 reported 
that ES contributed more signifi cantly to impair-
ment in all domains of the Medical Outcomes 
Study Short-Form (36-item) Health Survey (SF-36) 
than sleep-disordered breathing. ES may also lead 
to unemployment, relationship issues, reduced 
social interaction, and poor performance at work, 
school, or college.25 For example, Mulgrew and 
colleagues26 demonstrated that patients with ES 
experience signifi cant limitations at work in terms 
of time management (p � 0.001), mental–
interpersonal relationships (p � 0.001), and work 
output (p � 0.001).

There are two main objective measures of ES 
employed by sleep clinicians: the Multiple Sleep 
Latency Test (MSLT) and the Maintenance of 
Wakefulness Test (MWT). The MSLT consists of 
four or fi ve 20-minute nap opportunities spaced 
2 hours apart and measures the duration from the 
start of the nap period to the fi rst signs of sleep in 
the patient.27 The MWT also consists of multiple 
20- to 40-minute potential nap opportunities spaced 
over the course of a day and is performed in a dark-
ened room in a semi-reclining position.28 While the 

MSLT assesses the patient’s ability to fall asleep, 
the MWT conversely assesses their ability to stay 
awake. Sleep latency is judged to be the period from 
the beginning of  the test to the fi rst of three consec-
utive epochs of stage 1 sleep or one epoch of any 
other sleep stage. Conventionally, the onset of sleep 
during laboratory-based evaluations of  ES is assessed 
using an electroencephalogram, left and right eye 
electro-oculograms, a mental/submental electro-
myogram, and an electrocardiogram.28

ES can also be assessed subjectively using the 
Epworth Sleepiness Scale (ESS), the Karolinska 
Sleepiness Scale (KSS), and the Stanford Sleepiness 
Scale (SSS).29–31 The ESS is the most commonly 
used scale as it is a simple self-report test that can 
be fi nished in as little as 2 minutes. The patient 
completes a set of questions regarding their per-
ceived ES in a series of situations such as sitting and 
reading or talking with friends. Total scores range 
from 0 to 24, with a score of �10 being indicative 
of ES.31 As the ESS allows a patient to recall ES that 
has occurred over a number of preceding weeks, it 
is perceived to give a more accurate diagnosis than 
the KSS and SSS, which only allow assessment of 
ES at a single point in time.32

Armodafinil is the R-enantiomer of the 
established wakefulness-promoting agent 
modafi nil, which is a racemic mixture of the R- and 
S-enantiomers.33 The half-life of R-modafi nil is 
three times longer than that of S-modafinil 
(14 hours versus 3–4 hours, respectively).34–36 
Patients receiving chronic treatment with racemic 
modafi nil have threefold higher circulating levels 
of R-modafi nil than of S-modafi nil.34,35 The pro-
longed circulation of R-modafi nil may mean that 
the majority of effects attributed to modafi nil are 
due to R-modafi nil; this hypothesis resulted in 
further investigation of R-modafi nil (armodafi nil) 
in patients with a variety of disorders.37–39 Further 
to this, armodafi nil was approved by the Food and 
Drug Administration in June 2007 for the 
improvement of wakefulness in patients with ES 
as a result of OSA, narcolepsy, and SWD.33

Pharmacology
The chemical names for armodafinil are 
2-[(R)-(diphenylmethyl)sulfinyl]acetamide and 
2-(R-benzhydryl-sulfi nyl)acetamide.33 The chemical 
structure of armodafi nil is shown in Figure 1. At 
the time of publication, armodafi nil is not yet 
marketed in the USA; however tablets containing 
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armodafi nil 50, 150, or 250 mg have been approved 
by the FDA. Patients with narcolepsy or OSA are 
usually prescribed armodafi nil 150–250 mg each 
morning, while patients with SWD take armodafi nil 
150 mg 1 hour before the start of their shift.

Pharmacodynamics
As armodafi nil is an enantiomer of modafi nil, much 
of the following information has been extrapolated 
from data concerning modafinil. The exact 
mechanism of action of armodafi nil is unknown, 
although modafi nil has some effect on dopaminer-
gic, noradrenergic, and serotonergic receptors.40–42 
However, these effects are not well characterized 
and although ex vivo assays have shown that 
armodafi nil binds to the dopamine transporter and 
inhibits dopamine reuptake, resulting in increased 
extracellular dopamine levels in some animal brain 
regions, armodafi nil is not a direct nor an indirect 
dopamine receptor agonist.33 Modafi nil is known 
to promote activation of the central nervous system 
via the hypothalamus, prefrontal cortex, and the 
anterior cingulate cortex.43,44 Hypocretin (also 
referred to as orexin) is a neuropeptide that is 
thought to prevent inappropriate changes in 
consciousness.45,46 Hypocretin-producing neurons 
are located within the hypothalamus and project 

into different brain regions. It is theorized that 
modafi nil activates these neurons to release dopa-
mine and norepinephrine to promote wakefulness 
and may also inhibit reuptake of these neuro-
chemicals.47,48 However, research in a hypocretin-
null mouse model has indicated that the presence 
of hypocretin is not required for modafi nil to have 
wakefulness-promoting effects.49 There are further 
clues to the mechanism of action of armodafi nil 
through research conducted with modafi nil. For 
example, haloperidol and α-methyl-p-tyrosine 
antagonize the effects of amphetamines but do not 
block the effects of modafinil, indicating that 
armodafi nil has a different mechanism of action to 
these drugs.50 In addition, recent work in rats has 
indicated that modafi nil promotes arousal by increas-
ing electrical coupling at gap junctions.51,52 The 
metabolites of armodafi nil—modafi nil sulfone 
and R-modafi nil acid—do not contribute to its 
wakefulness-promoting effects.33 It appears that 
additional work is required before the mechanism 
of action of modafi nil and armodafi nil is com-
pletely elucidated.

Pharmacokinetics
The pharmacokinetics of armodafi nil have been 
characterized in a pooled analysis of three separate 
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Figure 1. Structure of armodafi nil.
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randomized studies. In total, 119 healthy subjects 
received single or multiple doses of armodafi nil 
50 to 400 mg once daily for up to 14 days.53 In 
addition, the pharmacokinetics of armodafi nil and 
modafi nil have been compared directly in a single-
dose study of healthy male volunteers undergoing 
acute sleep loss.54 During this 2-day laboratory 
assessment, male volunteers aged 18–40 years with 
stable sleep/wake schedules were randomized to 
receive 100 mg (n = 18), 150 mg (n = 18), 200 mg 
(n = 17), or 300 mg (n = 18) of armodafi nil, 200 mg 
of modafi nil (n = 18), or placebo (n = 18) in the 
evening and were then prevented from sleeping 
until 1100 hours the next day. MWT assessments, 
blood samples, and psychomotor vigilance tasks were 
performed during the night. The pharmacokinetic 
parameters of armodafi nil and modafi nil given to 
healthy individuals in the postprandial state are 
shown in Table 1.

Systemic exposure to armodafinil was 
proportional to its concentration at administration 
and no changes in kinetics were observed when 
this agent was administered at doses ranging from 
50 to 400 mg over a 12-week period.53 With chronic 
administration of armodafi nil, steady state was 
reached within 7 days.53 On Day 7 and Day 14 of 
chronic administration, systemic exposure to 
armodafinil was 1.8 and 1.7 times higher, 
respectively, than achieved with single doses.53 
After single or multiple doses of armodafi nil, the 
pharmacokinetics of its metabolite R-modafi nil 
acid paralleled those of the parent compound but 
at approximately tenfold lower concentrations. The 
time (tmax) to attain peak plasma concentration 
(Cmax) and the apparent terminal half-life 
of R-modafinil acid were similar to that of 
armodafi nil.53 Concentrations of modafi nil sulfone 
were approximately 33% and 56% of that of the 
parent drug after single-dose and multiple-dose 

administration, respectively. The terminal half-life 
of modafi nil sulfone was considerably longer on 
Day 14 than that of armodafi nil (39 hours versus 
17 hours, respectively).53

The tmax of armodafi nil 200 mg was 3–4 hours 
later than that for modafi nil 200 mg and the decline 
from Cmax was slower for the R-enantiomer.54 These 
differences between armodafi nil and modafi nil are 
due to the presence of the short-lived S-enantiomer 
in the racemic compound, which means that the 
Cmax for modafi nil would need to be substantially 
higher than that of armodafi nil in order to maintain 
comparable late-day exposure.54

Absorption
Oral armodafinil is readily absorbed, with 
Cmax being achieved in approximately 2 hours, 
although, as shown in Table 1, this may be 
delayed by 2–4 hours if armodafi nil is taken with 
food.53,54 Food has no effect on the overall bioavail-
ability of armodafi nil when compared with the 
fasting state. The absolute oral bioavailability of 
armodafi nil has not been determined due to its 
aqueous insolubility, which precludes intravenous 
administration.33

Distribution
Armodafi nil has an apparent volume distribution 
of approximately 42 L after single doses and 47 L 
after 14 days’ administration.53 As these values are 
approximately equal to the estimated total water 
content of the human body, the volume distribution 
of armodafi nil indicates that this wakefulness-
promoting agent is widely distributed outside the 
vasculature but does not have a high affi nity for 
tissues.53 It is unlikely that armodafi nil interacts 
with highly protein-bound drugs, although it does 
bind moderately with albumin.33

Table 1. Pharmacokinetic parameters of armodafi nil and modafi nil following administration of single doses with 
food in healthy young men (reproduced with permission from Dinges et al. 2006).54

Armodafi nil

Parameter
300 mg 
(n = 18)

200 mg 
(n = 17)

150 mg 
(n = 18)

100 mg 
(n = 18)

Modafi nil 200 mg 
(n = 18)

Mean Cmax ± SD (μg/mL) 6.37 ± 0.88 4.04 ± 0.69 2.99 ± 0.41 1.97 ± 0.25 4.35 ± 0.94
Median tmax [range] (h) 5 [3–12] 6 [2–8] 6.5 [3–11] 5.5 [0.5–11] 2 [0.5–6]
Mean AUC0–14 ± SD (μg⋅h/mL) 66.2 ± 8.5 42.4 ± 7.2 29.9 ± 4.6 20.1 ± 3.5 35.0 ± 6.7
AUC0–14, area under the plasma concentration versus time curve from 0–14 hours postdrug administration; Cmax, maximum observed 
plasma drug concentration by inspection without interpolation; SD, standard deviation; tmax, time taken to reach Cmax.
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Metabolism
Armodafi nil undergoes hydrolytic deamidation, 
S-oxidation, and aromatic ring hydroxylation, with 
subsequent glucuronide conjugation of the 
hydroxylated products. As amide hydrolysis is a 
noncytochrome P450 (CYP)-related pathway, the 
pharmacokinetic profi le of armodafi nil is unlikely 
to be affected by medications that are metabolized 
by or interact with the CYP enzymes.33 However, 
the pharmacokinetic profi le of armodafi nil may 
mean that this wakefulness-promoting agent affects 
medications that are metabolized by or interact 
with the CYP1A2, CYP219, or CYP3A4/5 
enzymes.

Elimination
Modafinil data indicate that elimination of 
armodafinil may occur predominantly through 
metabolism in the liver, with �10% of the parent 
compound excreted in the urine.33 After oral 
administration, armodafi nil exhibits an apparent 
monoexponential decline from its peak plasma 
concentration with an apparent terminal half-life 
of approximately 15 hours.53 By contrast, the 
presence of the short-lived S-enantiomer in the 
racemic compound results in a biphasic decline in 
modafinil plasma concentrations.35,36 The oral 
clearance of armodafi nil is reported to be 39 mL/
min after a single dose and 33 mL/min after 
repeated administration for 14 days.33,53 Oral clear-
ance of modafinil was reported to be reduced 
(∼20%) in two studies of elderly patients (mean age 
63 years and 82 years). This fi nding may be in part 
due to the effects of aging but may also be attributed 
to the number of concomitant medications taken by 
elderly patients. As these results indicate that 
clearance of modafi nil is reduced in the elderly, it is 
likely that this will also be the case with armodafi nil.33 
The pharmacokinetics of armodafi nil were not sig-
nifi cantly altered in patients with chronic renal 
failure; however, in the presence of hepatic impair-
ment, modafi nil clearance was decreased by about 
60% and steady-state concentrations were doubled. 
Therefore, until the pharmacokinetics of armodafi nil 
are better characterized in this regard, armodafi nil 
should be used at reduced doses in patients with 
severe hepatic impairment.33

Drug–drug interaction profi le
The drug–drug interaction profi le of armodafi nil 
has been reported recently in a study of healthy 

subjects that based its selection of specifi c probe 
substrates on the known in vivo and in vitro drug 
profi le of modafi nil.55 CYP enzymes are membrane-
bound proteins that catalyze the metabolism of 
multiple substrates. For example, CYP3A4 metab-
olizes, among other substrates, benzodiazepines 
and immunosuppressants, while CYP2C19 metab-
olizes proton pump inhibitors and antiepileptic 
drugs.56 Modafi nil has been shown to have the 
potential to induce CYP1A2, CYP3A4, and 
CYP2B6, to suppress CYP2C9, and to inhibit 
CYP2C19.57,58 In common with modafinil, 
armodafi nil moderately induced CYP3A4 activity 
in the intestine and liver, as shown by reductions 
in systemic exposure to oral and intravenous 
midazolam (by 32% and 17%, respectively) and 
increased systemic exposure to 1′-hydroxymid-
azolam following prolonged administration of 
armodafi nil. Armodafi nil also moderately inhibited 
CYP2C19 activity, as indicated by decreased 
area under the concentration versus time curve 
and Cmax values for the principal metabolite 
of omeprazole – 5′-hydroxyomeprazole – and 
increases in the median ratio of omeprazole:
5′-hydroxyomeprazole after administration of 
armodafi nil. Unlike modafi nil, armodafi nil was 
shown not to affect CYP1A2 activity, as it had 
little effect on the tmax and total oral clearance of 
caffeine and did not change systemic exposure to 
caffeine in healthy subjects.55

Data from studies of modafi nil indicate that 
steroidal contraceptives may have reduced effec-
tiveness when used with this wakefulness-promot-
ing agent and for 1 month after its discontinuation. 
Patients should thus be advised to use alternative 
or additional methods of contraception when taking 
armodafinil.59 Similarly, blood levels of the 
immunosuppressant drug ciclosporin may be 
reduced when used with armodafi nil. Monitoring 
of circulating ciclosporin concentrations and 
appropriate dose adjustment for ciclosporin should 
therefore be considered when these drugs are used 
concomitantly.33

Summary of pharmacologic fi ndings
Armodafi nil is the R-enantiomer of modafi nil. Both 
armodafinil and modafinil are wakefulness-
promoting agents with an unknown mechanism of 
action, although it is thought that modafi nil may 
produce its effects via the hypocretin system 
through dopamine- and/or norepinephrine-related 
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pathways, or by increasing electrical coupling 
at gap junctions.47,48,51,52

Armodafi nil achieves its Cmax within approxi-
mately 2 hours in the fasted state and 4–6 hours 
in the postprandial state.53,54 The tmax of armodafi nil 
is 3–4 hours later than that of modafi nil, meaning 
that it may have prolonged wakefulness-promoting 
effects later in the day than modafi nil.54

Armodafi nil appears to be widely distributed 
in the body, does not have a high affi nity for tis-
sues, and is unlikely to interact with highly 
protein-bound drugs.33,53 Armodafi nil is metabo-
lized by amide hydrolysis, a CYP450-independent 
pathway, and is therefore unlikely to be affected 
by medication that interacts with CYP enzymes.33 
Armodafi nil has been shown to induce CYP3A4 
activity and moderately inhibit CYP2C19.55 This 
wakefulness-promoting agent is thought to be 
eliminated predominantly by the liver and 
demonstrates a monoexponential decline from its 
Cmax with a terminal half-life of approximately 
15 hours.33,53

Effi cacy
Preclinical
Armodafinil 100 mg/kg was found to have 
equivalent wakefulness-promoting effects to 
D-amphetamine 1 mg/kg when injected intraperi-
toneally into rats.60 Armodafi nil 100 mg/kg and 
D-amphetamine 1 mg/kg both increased latency to 
the onset of consolidated sleep in rats. However, 
intraperitoneal injection of D-amphetamine 1 mg/
kg resulted in rebound hypersomnolence, as indi-
cated by decreases in brief awakenings from sleep 
and increases in both nonrapid eye movement sleep 
(NREMS) as a percentage of total sleep time and 
NREMS bout duration. These changes are 
characteristic of sleep deprivation and were not 
experienced by the rats administered armodafi nil 
100 mg/kg or 300 mg/kg in this study.60 Furthermore, 
while D-amphetamine increased body temperature 
and the intensity of locomotor activity during wake 
periods, armodafi nil 100 mg/kg did not signifi cantly 
affect physiologic or behavioral parameters com-
pared with a sterile methylcellulose vehicle placebo 
in the animals assessed.60

Armodafinil administered at a high dose 
(300 mg/kg) had greater wakefulness-promoting 
effects than D-amphetamine and did not increase 
locomotor activity; however, this higher dose of 
armodafi nil did result in a statistically signifi cant 

decrease in body temperature (p � 0.001) compared 
with the methylcellulose vehicle.60 Administration 
of armodafi nil at a low dose (30 mg/kg) resulted 
in significantly increased locomotor activity 
(p = 0.002) and significantly increased body 
temperature (p = 0.006) compared with the vehicle 
solution.60

Clinical
The effi cacy of armodafi nil in combating ES has 
been assessed in one single-dose study in healthy 
subjects and in four 12-week randomized, placebo-
controlled clinical trials—one study in patients 
with SWD, one study in patients with narcolepsy, 
and two studies in patients with residual ES asso-
ciated with OSA.37–39,61–63 A summary of the results 
of these clinical trials is given in Tables 2 and 3. 
In addition, there are two ongoing open-label trials 
of armodafi nil: one in trial-naïve patients (with 
narcolepsy, OSA, or SWD) and one extension 
study in patients who completed any of the 
randomized trials and were able to participate for 
12 months or longer.

Healthy subjects
In a single-dose study of healthy males, subjects 
were required to stay awake between 0700 hours 
on Day 1 and 1100 hours on Day 2.54 Armodafi nil 
100 mg, 150 mg, 200 mg, and 300 mg, or modafi nil 
200 mg were given to subjects at 1925 hours; 
subjects were then assessed using six 20-minute 
MWT assessments conducted every 2 hours 
between 2200 hours on Day 1 and 0800 hours on 
Day 2. Armodafi nil and modafi nil signifi cantly 
improved wakefulness compared with placebo 
(mean wake time for the doses listed above was 
16.1 minutes, 16.8 minutes, 18.5 minutes, 
18.5 minutes, and 16.4 minutes, respectively, 
versus 10.5 minutes for placebo; p � 0.0001).54 
Armodafinil and modafinil also significantly 
improved sustained attention performance (mea-
sured using the Psychomotor Vigilance Test) 
compared with placebo in healthy subjects, with 
fewer lapses of attention and shorter median reac-
tion times during the period of enforced sleep loss 
(p � 0.0001 for both drugs).

Although armodafi nil and modafi nil required 
5–6 hours and 2 hours, respectively, to reach tmax, 
both agents demonstrated signifi cant wakefulness-
promoting effects compared with placebo at 
the earliest recorded timepoint (2200 hours, 
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i .e,  approximately 2.5 hours after drug 
administration). However, when the effects of 
armodafi nil 200 mg and modafi nil 200 mg were 
compared, MWT sleep latencies were numerically 
longer and lapses in attention were numerically 
fewer for subjects receiving armodafi nil. The dif-
ferences between the compounds were evident 
from 6 hours after administration, with the greater 
effects of armodafi nil lasting for up to 13.5 hours. 
On Day 2 of the study (during recovery sleep fol-
lowing sleep loss), decreases in sleep effi ciency 
were observed in subjects who had received the 
higher doses of armodafi nil (p � 0.01 versus pre-
treatment values).54

Narcolepsy
Hypocretins are neuropeptides that are thought to 
prevent inappropriate fl uctuations between states 
of consciousness. Abnormalities in the hypocretin 
system—particularly loss of the neurons that pro-
duce hypocretins in the hypothalamus—are a 
defi ning feature of narcolepsy with cataplexy (sud-
den loss of muscle tone).64,65 Narcolepsy is univer-
sally characterized by ES; however, cataplexy is 
found in only 60%–70% of patients with narco-
lepsy.66,67 The prevalence of narcolepsy with cata-
plexy is estimated to be 0.02%–0.05%, while the 
incidence of this disorder is thought to be 0.74 per 
100 000 person-years.68

There is currently no cure for narcolepsy, instead 
treatment focuses on addressing the symptoms of 
ES and cataplexy. A 12-week, randomized, double-
blind, placebo-controlled trial of armodafinil 
150 mg or 250 mg once daily in the treatment of 
ES associated with narcolepsy was conducted in 47 
centers located across the USA, Canada, France, 
Australia, Germany, and Russia.37 Patients with or 
without cataplexy were permitted to enroll in the 
study provided that they were on a stable dose of 
anticataplectic medicine and were not taking 
sodium oxybate; patients were excluded if they 
were receiving melatonin or sedatives such as 
barbiturates, benzodiazepines, and zolpidem. 
Patients were randomized to receive armodafi nil 
150 mg (n = 64), 250 mg (n = 67), or placebo 
(n = 63). The primary endpoint of this study was 
change in mean sleep latency, assessed using the 
MWT between 0900 and 1500 hours, and the 
proportion of patients demonstrating improvements 
on the Clinical Global Impression of Change scale 
(CGI-C). Study medication was taken by patients Ta
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approximately 30 minutes before breakfast. Labo-
ratory assessment of each patient was carried out 
at baseline and at Weeks 4, 8, and 12.

At the fi nal visit (Week 12 of the study or the last 
scheduled clinic visit before discontinuation) 
treatment differences in sleep latency between 0900 
and 1500 hours relative to placebo were 3.2, 4.5, 
and 3.8 minutes for the 150 mg and 250 mg groups 
and for both treatment groups combined, respec-
tively (p � 0.001 for all comparisons). Sleep latency 
relative to placebo was also improved when mea-
sured later in the day. Between 1500 and 1900 hours, 
treatment differences relative to placebo were 2.7, 
2.8, and 2.8 minutes in the 150 mg, 250 mg, and 
armodafi nil combined groups, respectively (p � 0.05 
for the combined group and the 150 mg group versus 
placebo). At the fi nal visit, the proportion of patients 
who were judged by the study investigators to have 
experienced at least minimal improvement in their 
CGI-C ratings was signifi cantly higher in all active-
treatment groups compared with placebo (p � 0.001). 
In patients receiving armodafi nil, attention (p � 0.05 
for the 150 mg group and the combined group) and 
episodic secondary memory (p � 0.05 for all groups) 
were also signifi cantly improved at the fi nal visit 
compared with those receiving placebo. Night-time 
sleep was not affected in patients administered 
armodafi nil.37

Obstructive sleep apnea
OSA is a sleep disorder characterized by episodes 
of partial or complete collapse of the airway and 
is associated with increased morbidity and 
mortality.69 The most common symptom of OSA 
is ES. Approximately 2% and 4% of men and 
women, respectively, in the USA have OSA with 
ES.70 Current evidence indicates that up to 93% of 
women and 82% of men with moderate to severe 
OSA remain undiagnosed.71 OSA is most commonly 

treated using a continuous positive airway pressure 
(CPAP) device, which maintains an open airway 
during sleep. Dental devices and surgery are also 
indicated for the treatment of patients with OSA.72 
ES persists in 22% and 52% of patients with OSA 
assessed using the ESS or MSLT, respectively, even 
after treatment with CPAP.73

Armodafi nil 150 mg or 250 mg once daily is 
indicated as an adjunctive pharmacotherapy to 
CPAP or other forms of treatment for OSA in order 
to reduce ES, although it is important that patients 
are counseled to remain compliant with their 
primary treatment modality. Roth and colleagues39 
have studied the effi cacy of armodafi nil for ES 
associated with OSA in a 12-week, double-blind, 
randomized, placebo-controlled trial conducted in 
37 centers across the USA and Canada. Patients 
aged 18–65 years with moderate OSA and residual 
ES despite �4 weeks of adequate CPAP treatment 
were randomized to take armodafinil 150 mg 
(n = 133), 250 mg (n = 131), or placebo (n = 131) 
once daily before 0800 hours, approximately 
30 minutes before breakfast. The primary endpoints 
of this study were the change from baseline to 
Week 12 (or discontinuation) in mean sleep latency 
across the fi rst four 30-minute MWT assessments 
performed each day (at 0900, 1100, 1300, and 
1500 hours) and the rate of at least minimal improve-
ment in the CGI-C. At the fi nal visit, patients admin-
istered armodafi nil (150 mg, 250 mg, and both 
treatment groups combined) demonstrated signifi -
cant increases from baseline in sleep latency across 
the fi rst four MWT assessments performed each day 
compared with the placebo group (p � 0.001). 
Signifi cant changes were seen as early as Week 4, 
when patients in the armodafi nil 150 mg and the 
combined groups experienced statistically signifi -
cant mean changes from baseline in sleep latency 
across the last three MWT assessments of each day 
(at 1500, 1700, and 1900 hours) compared with 

Table 3. Clinical Global Impression of Change in patients given armodafi nil for a variety of conditions (percentage 
of patients who improved at fi nal visit).

Disorder Armodafi nil 150 mg* Armodafi nil 250 mg* Placebo
OSA39 71 74 37
OSA62 71 – 53
Narcolepsy37 69 73 33
*Signifi cantly different compared with placebo for all trials (p � 0.05).
OSA, obstructive sleep apnea; SWD, shift-work disorder.
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placebo (p = 0.01 and p � 0.01, respectively). MWT 
results are shown in Figures 2A and 2B. At all 
timepoints, the proportion of patients with at least 
minimal improvement on the CGI-C was signifi -
cantly greater in the armodafi nil-treated group than 
in the placebo group (p � 0.001) (Figure 3).39

Hirshkowitz and colleagues62 also performed a 
12-week, randomized, double-blind, placebo-
controlled, parallel-group study of patients with at 
least moderate OSA and residual ES despite ade-
quate CPAP treatment. This study took place in 
36 centers across the USA, Australia, Russia, 
Germany, and France and randomized 131 patients 
to the armodafi nil 150 mg arm and 132 patients 
to the placebo arm. The primary endpoints of this 
study were improvements from baseline in sleep 
latency at the fi rst four MWT tests (0900, 1100, 
1300, and 1500 hours) and improvements in clinical 
condition assessed using the CGI-C. Armodafi nil 
signifi cantly improved wakefulness compared with 
placebo at all assessment visits. At the fi nal visit, 
sleep latency across the fi rst four MWT assessments 
performed was signifi cantly higher in the armodafi nil 
group compared with placebo (+2.3 minutes versus 
placebo −1.3 minutes; p = 0.0003). At the fi nal visit, 
sleep latency in the last three MWT assessments 
(performed at 1500, 1700, and 1900 hours) was also 
signifi cantly increased in the armodafi nil-treated 
patients compared with placebo (+1.8 minutes 
versus −0.5 minutes, respectively; p = 0.0435). At 
the fi nal visit, the proportion of patients with at 
least minimal improvement in their clinical condi-
tion was signifi cantly higher in the armodafi nil 
group compared with the placebo group (71% 
versus 53%; p = 0.0069). In addition, episodic 
secondary memory was signifi cantly improved 
at the fi nal visit in patients taking armodafi nil 
(p = 0.0102 versus placebo).62

Pooled analyses of the results of these two 
studies63 demonstrated that at the fi nal visit, sleep 
latency was increased by 2.0 minutes with 
armodafi nil versus a decrease of 1.5 minutes for 
placebo (p � 0.0001). Furthermore, patients treated 
with armodafi nil had improved wakefulness later 
in the day (at the last three MWT assessments at 
1500, 1700, and 1900 hours) compared with 
placebo (+1.1 minutes versus −0.3 minutes, 
respectively; p � 0.05). The quality of secondary 
episodic memory was also signifi cantly improved 
with armodafinil (p � 0.05 versus placebo). 
Armodafi nil treatment did not adversely affect 
night-time sleep in either of the 12-week studies 

as assessed by polysomnography. Although CPAP 
use did decline during the study (−0.3 hours 
versus −0.1 hours for armodafi nil and placebo, 
respectively; p � 0.0001), this was not accompanied 
by an increase in the number of apneas or 
hypopneas (breathing interruptions) experienced 
by the study participants.63

Shift-work disorder
The circadian rhythm disorder SWD is caused by 
enforcing an artifi cial pattern of sleep and wake 
that is misaligned with the body’s internal circadian 
rhythm; the most obvious example of this is the 
nightshift, which requires workers to stay awake 
at night and sleep during the day. Not all shift 
workers develop SWD; those who do experience 
insomnia when attempting to sleep and ES during 
work hours.74 Currently, the true prevalence of 
SWD is yet to be elucidated. The chronic strain of 
shift work in addition to sleep debt and circadian 
misalignment is thought to be responsible for the 
increased risk of cardiovascular disease seen in 
patients with SWD and their increased risk of 
peptic ulcers and mood disorders, such as 
irritability and depression.74,75 Furthermore, 
patients with SWD are more likely to miss work 
and social activities than symptom-free daytime 
workers.75

To date, the single study of armodafi nil in this 
indication has been reported in two abstracts. The 
study assessed armodafi nil 150 mg in the treatment 
of ES associated with SWD in a 12-week, double-
blind, placebo-controlled, randomized study of 
216 permanent- or rotating-shift workers.38,61 
Study participants took armodafi nil or placebo only 
on the nights when they worked a night shift or 
when they were assessed in a simulated night shift 
in the laboratory (at Weeks 4, 8, and 12). The 
primary endpoints of this study were sleep latency 
and clinical condition assessed using the MSLT 
and Clinical Global Impression of Improvement 
(CGI-I), respectively. At the fi nal visit, patients 
administered armodafi nil experienced signifi cant 
increases in sleep latency compared with the 
placebo group (3.1 minutes versus 0.4 minutes, 
respectively; p � 0.0001). Furthermore, CGI-I 
ratings were improved in a signifi cantly greater 
proportion of patients in the armodafi nil group than 
in the placebo group (75% versus 59%, respectively; 
p = 0.001). Armodafi nil also signifi cantly improved 
attention and episodic secondary memory relative 
to placebo (p � 0.05) and patients taking 
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armodafi nil in this trial reported that the study 
medication did not affect their ability to sleep dur-
ing the daytime.38,61

Summary of effi cacy data
In a preclinical study in rats, armodafinil had 
equivalent wakefulness-promoting effects to 
D-amphetamine, without leading to symptoms 

characteristic of sleep deprivation.60 Both modafi nil 
and armodafi nil have been reported to demonstrate 
signifi cant wakefulness-promoting effects com-
pared with placebo in sleep-deprived healthy 
subjects; however, armodafi nil also demonstrated 
numerically longer increases in sleep latency and 
numerically fewer lapses in attention compared with 
modafi nil in this study. The effects of armodafi nil 
lasted for up to 13.5 hours in healthy subjects.54
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Figure 2. Sleep latency as assessed using the Maintenance of Wakefulness Test. (A) Mean change from baseline in sleep latency averaged 
across the fi rst four tests (0900, 1100, 1300, and 1500). (B) Mean change from baseline in sleep latency averaged across the last three 
tests (1500, 1700, and 1900). SEM, standard error of the mean. *p � 0.05 versus placebo; **p = 0.01 versus placebo; ***p � 0.001 versus 
placebo. Reprinted from Clinical Therapeutics, Vol 28, Roth et al. Effects of armodafi nil in the treatment of residual excessive sleepiness 
associated with obstructive sleep apnea/hypopnea syndrome, Page No. 689–706, Copyright (2006), with permission from Elsevier.39
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Armodafi nil signifi cantly increased sleep latency 
compared with placebo in patients with narcolepsy, 
SWD, and treatment-resistant ES associated with 
OSA and also signifi cantly improved patients’ 
clinical condition, as assessed using the CGI-C or 
CGI-I. In addition, armodafi nil increased attention 
and secondary episodic memory compared with 
placebo in patients with narcolepsy or SWD 
and improved secondary episodic memory in 
patients with ES associated with OSA.37–39,61–63

Safety and Tolerability
Armodafinil is generally well tolerated, with 
headache being the most common adverse event 
associated with use of this medication. In a 
single-dose pharmacokinetics study in healthy 
subjects, abdominal pain and nausea were reported 
in 13% of subjects administered armodafi nil and 
the incidences of headache and nausea increased 
in the higher dose (200 mg and 300 mg) groups.54 

Pooled safety data from 14-day pharmacokinetics 
studies of armodafi nil indicated that armodafi nil 
400 mg daily appeared to be an intolerable dose 
and therefore this regimen was discontinued after 
7 days.

Headache, nausea, dizziness, and decreased 
appetite were the most commonly reported adverse 
events in a 12-week randomized trial of armodafi nil 
in patients with narcolepsy.37 These events were 
usually mild to moderate in severity and occurred 
with greatest frequency during the fi rst 2 weeks of 
the study. In the study of patients with narcolepsy, 
one serious adverse event of severe acute urticaria 
and angioedema was reported in the armodafi nil 
150 mg group; however, owing to the patient’s 
history, this event was judged by the study 
investigator to be unlikely to be related to treatment 
with armodafi nil. In addition, analysis of armodafi nil 
combined data showed a small but statistically 
significant increase in blood pressure relative 
to placebo (0.4 mmHg versus −2.6 mmHg, 
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Figure 3. Proportions of patients who were rated as clinically improved on the Clinical Global Impression of Change (CGI-C). p � 0.001 
versus placebo for all comparisons of proportions of patients who were at least minimally improved. Reprinted from Clinical Therapeutics, 
Vol 28, Roth et al. Effects of armodafi nil in the treatment of residual excessive sleepiness associated with obstructive sleep apnea/hypopnea 
syndrome, Page No. 689–706, Copyright (2006), with permission from Elsevier.39
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respectively; p = 0.0294).37 Headache, nausea, 
nasopharyngitis, and anxiety were the most 
common adverse events in a 12-week study of 
armodafi nil in patients with SWD.38

In a 12-week study of armodafi nil in patients 
with ES despite CPAP treatment for OSA, the most 
frequent adverse event was headache, which was 
reported in 17.6% (46/262) of patients versus 8.5% 
(11/130) of patients who received placebo.39 Most 
adverse events were of mild to moderate severity. 
Liver function tests showed that mean changes from 
baseline in γ-glutamyl transpeptidase and alkaline 
phosphatase concentrations were statistically 
signifi cantly higher in armodafi nil-treated patients 
versus placebo (p � 0.01 and p � 0.001, respectively) 
but these changes were not considered to be 
clinically meaningful. When compared with 
placebo, armodafi nil-treated patients experienced 
small increases from baseline in morning dia-
stolic blood pressure (armodafi nil +0.6 mmHg 
versus placebo −1.4 mmHg; p � 0.05) and evening 
heart rate (armodafi nil +1.2 bpm versus placebo 
−1.2 bpm; p � 0.05). A study by Hirshkowitz and 
co-workers62 in the same indication (residual ES 
associated with OSA) again reported that headache 
was the most common adverse event associated 
with armodafi nil treatment, followed by nausea, 
diarrhea, dizziness, and anxiety (�5% of patients). 
Adverse events were generally mild to moderate in 
severity and no clinically meaningful changes in 
laboratory measures, vital signs, or results of 
physical examinations were reported.62 The safety 
and tolerability data reported in a pooled analysis63 
of the studies by Hirshkowitz and colleagues62 and 
Roth and colleagues39 are shown in Table 4. These 
data indicate that, in addition to the aforementioned 
headache, nausea, dizziness, and anxiety, insomnia 
is experienced by �5% of patients receiving 
armodafinil (6% versus 1% for patients given 

placebo). As reported in clinical trials of modafi nil, 
insomnia may indicate that the medication was 
taken too close to bedtime, or in too high a dose. In 
the event that a patient experiences insomnia with 
armodafi nil, dose reduction is recommended.33

Armodafi nil is contraindicated in patients with 
known hypersensitivity to modafi nil and armodafi nil 
or its inactive ingredients. Serious rash, including 
Stevens–Johnson syndrome, has been reported in 
patients receiving modafi nil. While no serious skin 
rashes have been reported in clinical trials of 
armodafi nil, a similar risk of serious rash with 
armodafi nil cannot be ruled out.

Controlled trial data for armodafi nil have shown 
that psychiatric events, such as anxiety, agitation, 
nervousness, and irritability, led to treatment 
discontinuation more frequently than in patients 
given placebo (1.2% versus 0.3%, respectively).33 
In addition, a number of psychiatric adverse events, 
including mania, delusions, and hallucinations, 
have been reported for modafi nil in postmarketing 
surveillance data. The possibility that the same 
psychiatric events may occur cannot be ruled out 
for armodafi nil.

Abuse potential with modafi nil is low and thus 
may also be low with armodafi nil.76 Conversely, 
other treatments for ES, such as amphetamines or 
sodium oxybate, have a high abuse potential or a 
high likelihood of misuse.77 For these reasons, 
armodafi nil is a Schedule IV medication while 
amphetamines and sodium oxybate are Schedule II 
and III medications, respectively.

Summary of safety and tolerability
Armodafi nil was generally well tolerated in clinical 
trials; headache, nausea, dizziness, decreased 
appetite, anxiety, and insomnia of mild to moderate 
severity were the most commonly reported adverse 

Table 4. Adverse events occurring in �5% of patients in a pooled analysis of armodafi nil as an adjunctive 
therapy to continuous positive airway pressure for excessive sleepiness associated with obstructive sleep apnea 
(adapted from Roth et al.)63

No. of patients (%)
Adverse event Armodafi nil (n = 391) Placebo (n = 260)
Headache 65 (17) 20 (8)
Nausea 22 (6) 10 (4)
Insomnia 22 (6) 3 (1)
Dizziness 19 (5) 4 (2)
Anxiety 20 (5) 2 (�1)
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events.33,63 Statistically significant changes in 
blood pressure and liver function tests have been 
observed in armodafi nil-treated patients, but were 
judged not to be clinically meaningful.33

Although serious rash and psychiatric adverse 
events have not been reported for patients given 
armodafi nil, these events have been observed in 
modafinil-treated patients; therefore, use of 
armodafi nil is contraindicated in patients who are 
likely to be susceptible to such events.33 Abuse 
potential with armodafi nil is likely to be of a 
similar low level to that of modafi nil and both 
agents are therefore Schedule IV medications.33

Patient-Focused Perspectives
Patient-reported outcomes
Patient-reported outcomes have been assessed in 
studies of armodafinil for ES associated with 
narcolepsy, OSA, and SWD in the form of diary 
data and subjective measures of sleepiness, such 
as the ESS and KSS.

Patients administered armodafinil in a trial 
assessing the effi cacy of this wakefulness-promoting 
agent in the treatment of ES associated with 
narcolepsy were given electronic diaries and were 
also questioned using the ESS.37 Patients 
administered armodafinil 150 mg or 250 mg 
recorded that they experienced 33% and 44% 
reductions in the number of unintended daily sleep 
episodes, respectively; patients given placebo 
experienced a 10% reduction in such sleep episodes 
(p � 0.0001). In addition, daily naps were reduced 
by 41%, 44%, and 22% for patients who received 
armodafi nil 150 mg, 250 mg, or placebo, respec-
tively (p = 0.0039 for overall treatment effect). 
Moreover, at the final visit, 21% and 28% of 
patients in the armodafi nil 150 mg and 250 mg 
groups had an ESS score �10 (indicative of normal 
alertness) compared with 7% of patients in the 
placebo group (p = 0.0312 and p = 0.0023, 
respectively). Global fatigue—assessed using the 
Brief Fatigue Inventory—was also signifi cantly 
improved in all treatment groups versus placebo 
at the fi nal visit (p � 0.01 for all groups).

Diary data, ESS scores, and Brief Fatigue 
Inventory scores from patients enrolled in the two 
12-week studies of armodafi nil for residual ES 
associated with OSA reported that armodafi nil 
reduced both fatigue and ES.39,62,63 The occurrence 
of unintended sleep episodes and daily naps was 
signifi cantly reduced in the armodafi nil-treated 

patients versus placebo39,62 (Figures 4A and 4B) 
and reductions in subjective ES were signifi cantly 
greater in the armodafinil groups at all visits 
(Weeks 4, 8, and 12) compared with placebo 
(p � 0.01).39,62 Furthermore, at the fi nal visit, 
armodafi nil signifi cantly reduced global fatigue 
and worst fatigue in the last 24 hours compared 
with placebo (p � 0.05).39,63 Average fatigue scores 
were signifi cantly reduced following treatment 
with armodafi nil 150 mg or 250 mg compared with 
placebo (p � 0.01).63

Electronic diaries and the KSS were used in a 
trial of armodafi nil in the treatment of ES associated 
with SWD,38 in which the wakefulness-promoting 
agent signifi cantly reduced the maximum level of 
ES experienced during night-shift work compared 
with placebo (1.1 versus 2.0 points, respectively; 
p � 0.0001). Compared with placebo, armodafi nil 
also significantly attenuated ES during the 
commute home (1.2 for placebo versus 0.6 points 
for armodafinil; p = 0.0027). Subjective ES 
measured using the KSS was reduced with 
armodafi nil relative to placebo (p � 0.005).38

Quality of life
Data concerning the effects of armodafi nil on 
patient quality of life are sparse and further studies 
are warranted. Based on available studies, quality 
of life would be improved by the reported 
reductions in fatigue and increases in episodic 
secondary memory in the trials of armodafi nil 
in patients with residual ES associated with 
OSA.39,62,63

Rates of discontinuation in armodafi nil 
studies
In the study by Roth and colleagues39 of armodafi nil 
in patients with residual ES associated with OSA 
despite adherence to CPAP treatment, 15% 
(40/264) of patients randomized to armodafi nil 
discontinued treatment compared with 8% 
(11/131) of patients administered placebo. The 
difference in the rates of discontinuation between 
the two study groups did not reach statistical 
signifi cance. A study of armodafi nil in the same 
indication reported similar results with 15% 
(20/131) of patients in the active-treatment group 
discontinuing treatment compared with 11% 
(14/132) of patients given placebo.62 Noncompli-
ance was the reason for discontinuation in 
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Figure 4. Percentage change from baseline in: (A) unintended sleep episodes and (B) the mean number of daily naps in patients with 
excessive sleepiness associated with obstructive sleep apnea administered armodafi nil or placebo.39,62 **p � 0.01; ***p � 0.001.

3 patients who received armodafi nil.62 Overall, 
7.5% (10/133) and 11.5% (15/131) of patients 
who received armodafi nil 150 mg and 250 mg, 
respectively, discontinued treatment due to 
adverse events versus 3.8% (5/131) of patients 
given placebo in a study of patients with SWD.38 
In a study of armodafinil in patients with 
narcolepsy, 25% and 16% of patients randomized 
to receive armodafinil 150 mg or 250 mg, 
respectively, withdrew from the study compared 
with 14% of patients in the placebo group. 
Adverse events and withdrawal of consent were 

the most common reasons for discontinuation in 
this study.37

Adherence and uptake
The benefi ts of modafi nil do not always persist 
beyond a few hours, meaning that some patients 
may require dose escalation or split dosing. The 
wakefulness-promoting effects of armodafi nil last 
longer than those of modafi nil (as indicated by its 
longer tmax and presence at higher concentrations 
later in the day), which may facilitate once-daily 
dosing in patients receiving armodafi nil, a feature 
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that is convenient for patients and which may aid 
with compliance.54 As shown in the “Rates of 
discontinuation in armodafi nil studies” section, 
discontinuation rates in clinical trials of armodafi nil 
have been low; however, until armodafi nil becomes 
commercially available and postmarketing 
surveillance data can be gathered, any benefi ts of 
armodafi nil in terms of patient compliance remain 
theoretical.

Summary of patient-focused 
perspectives
Armodafi nil demonstrated signifi cant reductions in 
subjectively measured ES in clinical trials of 
patients with ES associated with narcolepsy, SWD, 
or OSA.37–39,62,63 In addition, patients with ES 
associated with narcolepsy or OSA treated with 
armodafinil experienced significant reductions 
in the number of unintended daily sleep episodes 
and daily naps compared with patients given 
placebo.37,39,62,63 Fatigue scores were also 
signifi cantly reduced by armodafi nil in patients with 
ES associated with OSA.39,63 ES experienced 
during night-shift work and the consequent 
commute home was also signifi cantly reduced in 
patients with SWD given armodafi nil versus those 
given placebo.38

These improvements in patient-reported 
outcomes alongside the increased attention and 
secondary episodic memory conferred by 
armodafinil37,38,62,63 are expected to improve 
patients’ quality of life; however, data in this 
respect are sparse and further studies are required. 
Discontinuation rates were comparable for patients 
given armodafi nil or placebo in randomized clinical 
trials. Moreover, the prolonged wakefulness-
promoting effects of armodafi nil late in the day 
and once-daily dosing may improve convenience 
and increase patient compliance.

Conclusion and Place in Therapy
Armodafi nil has demonstrated its effi cacy as a 
wakefulness-promoting agent by increasing sleep 
latency and improving clinical condition in patients 
with ES associated with narcolepsy, SWD, and 
OSA. Furthermore, the effects of armodafi nil may 
persist longer than those of modafi nil, which could 
help patients stave off ES for longer. The possibility 
of once-daily dosing with armodafi nil may also aid 
in patient compliance (although modafi nil can also 

be given once daily in most patients). Armodafi nil 
also improves attention and episodic secondary 
memory in patients with ES associated with OSA 
and reduces fatigue across the spectrum of patients 
assessed and is consequently likely to improve their 
activities of daily living and quality of life. 
Armodafi nil was also well tolerated in these trials 
and most adverse events were mild to moderate in 
severity.

All of the trials conducted with armodafi nil to 
date have been of 12 weeks’ duration and longer 
studies would assist in characterizing the long-term 
effi cacy of armodafi nil in patients with ES due to 
a variety of conditions. The results of the ongoing 
open-label trials are eagerly awaited for this reason. 
Furthermore, evaluations of armodafinil are 
planned for other indications, including bipolar 
depression, cognition deficits associated with 
schizophrenia, ES in Parkinson’s disease, and 
fatigue in patients treated for cancer.59

The author has observed that modafi nil is an 
effective countermeasure to ES in his own trau-
matic brain injury population and armodafi nil may 
also be of use in this indication.78 In addition, 
armodafi nil has been shown to attenuate sleep 
deprivation in healthy subjects54 and may therefore 
be of assistance to healthy individuals in extreme 
circumstances, for example in military applications 
where a high level of vigilance is required for 
extended periods. Modafi nil is approved by the 
U.S. Air Force for use by pilots during fl ights of 
long duration79 and repeated doses of modafi nil 
given prophylactically have been shown to 
improve alertness and performance in a simulator 
test of sleep-deprived army helicopter pilots.80

Using quantitative electroencephalography, one 
may measure brainwave frequencies, amplitudes, 
and densities. Delta brainwave activity (1–3 Hz) 
is a representative sleep characteristic, while alpha 
brainwave activity (8–12 Hz) in the posterior brain 
regions is a representative awake characteristic. 
Delta brainwave activity is increased and alpha 
brainwave activity is reduced in sleep-deprived 
individuals,81 and repeated doses of modafi nil 100 mg 
have been shown to postpone the onset of these 
brainwave patterns for up to 42 hours and 46 hours, 
respectively, in healthy military aviators.81 Train 
and truck drivers are also often required to work 
long and/or consecutive shifts carrying out tasks 
that may be repetitive or monotonous.82–84 
Armodafi nil may therefore be useful in promoting 
wakefulness in commercial/military aviators and 
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drivers who are required to remain awake for long 
periods of time and further investigation into such 
matters is warranted.

In summary, armodafi nil is the potent R-isomer 
of modafi nil, with a longer duration of effectiveness 
than the racemic compound but with a similar 
tolerability and safety profile. It is currently 
approved as a wakefulness-promoting agent in 
patients with ES associated with OSA, narcolepsy, 
and SWD and has been shown to improve 
patient-reported outcomes in individuals with these 
conditions. Future potential applications may 
include ES associated with traumatic brain injury, 
chronic fatigue syndromes, hypersomnias, and 
other circadian rhythm disorders. Armodafi nil is 
likely to further reduce the disability associated 
with ES and improve quality of life beyond the 
level of improvement conferred by modafi nil in 
patients who are chronically drowsy.

Disclosures
The views expressed in this manuscript are those 
of the author and do not refl ect the offi cial policy 
or position of the Department of the Army, Depart-
ment of Defense, or the U.S. Government.

The author would like to thank Jane Bryant of 
Anthemis Consulting Ltd for her editorial support, 
the Henry M. Jackson Foundation for their admin-
istrative support, and Cephalon Inc. for their fi nan-
cial support to the Henry M. Jackson Foundation. 
Colonel Russo was not compensated and retained 
full editorial control over the content of the paper.

References
 1. National Transportation Safety Board. Incident Report SEA08IA080. 

Washington, DC: National Transport Safety Board; 2008. Available at: 
http://www.ntsb.gov/ntsb/GenPDF.asp?id=SEA08IA080&rpt=fa. 
Accessed January 29, 2009.

 2. Newman AB, Spiekerman CF, Enright P, et al. Daytime sleepiness 
predicts mortality and cardiovascular disease in older adults. The 
Cardiovascular Health Study Research Group. J Am Geriatr Soc. 
2000;48:115–23.

 3. King CR, Knutson KL, Rathouz PJ, Sidney S, Liu K, Lauderdale DS. 
Short sleep duration and incident coronary artery calcifi cation. JAMA. 
2008;300:2859–66.

 4. Kapur VK, Resnick HE, Gottlieb DJ, for the Sleep Health Heart Study 
Group. Sleep disordered breathing and hypertension: does self-reported 
sleepiness modify the association? Sleep. 2008;31:1127–32.

 5. Becker HF, Jerrentrup A, Ploch T, et al. Effect of nasal continuous 
positive airway pressure treatment on blood pressure in patients with 
obstructive sleep apnea. Circulation. 2003;107:68–73.

 6. Pepperell JC, Ramdassingh-Dow S, Crosthwaite N, et al. Ambulatory 
blood pressure after therapeutic and subtherapeutic nasal continuous 
positive airway pressure for obstructive sleep apnoea: a randomised 
parallel trial. Lancet. 2002;359:204–10.

 7. Robinson GV, Smith DM, Langford BA, Davies RJ, Stradling JR. 
Continuous positive airway pressure does not reduce blood pressure in 
nonsleepy hypertensive OSA patients. Eur Respir J. 2006;27:1229–35.

 8. Thurnheer R. Obstructive sleep apnea and cardiovascular disease—time 
to act! Swiss Med Wkly. 2007;137:217–22.

 9. Cole RJ. Postural barorefl ex stimuli may affect EEG arousal and sleep 
in humans. J Appl Physiol. 1989;67:2369–75.

10. Caldwell JA, Prazinko B, Caldwell JL. Body posture affects electro-
encephalographic activity and psychomotor vigilance task performance 
in sleep-deprived subjects. Clin Neurophysiol. 2003;114:23–31.

11. Roehrs T, Merrion M, Pedrosi B, Stepanski E, Zorick F, Roth T. 
Neuropsychological function in obstructive sleep apnea syndrome 
(OSAS) compared to chronic obstructive pulmonary disease (COPD). 
Sleep. 1995;18:382–8.

12. Findley L, Unverzagt M, Guchu R, Fabrizio M, Buckner J, Suratt P. 
Vigilance and automobile accidents in patients with sleep apnea or 
narcolepsy. Chest. 1995;108:619–24.

13. Horstmann S, Hess CW, Bassetti C, Gugger M, Mathis J. 
Sleepiness-related accidents in sleep apnea patients. Sleep. 2000;23:
383–9.

14. Kingshott RN, Cowan JO, Jones DR, et al. The role of sleep-disordered 
breathing, daytime sleepiness, and impaired performance in motor 
vehicle crashes—a case control study. Sleep Breath. 2004;8:61–72.

15. Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara J. The association 
between sleep apnea and the risk of traffi c accidents. Cooperative Group 
Burgos–Santander. N Engl J Med. 1999;340:847–51.

16. Young T, Blustein J, Finn L, Palta M. Sleep-disordered breathing and 
motor vehicle accidents in a population-based sample of employed 
adults. Sleep. 1997;20:608–13.

17. Russo M, Sing H, Santiago S, et al. Visual neglect: occurrence and 
patterns in pilots in a simulated overnight fl ight. Aviat Space Environ 
Med. 2004;75:323–32.

18. Russo MB, Kendall AP, Johnson DE, et al. Visual perception, 
psychomotor performance, and complex motor performance during an 
overnight air refueling simulated fl ight. Aviat Space Environ Med. 
2005;76(suppl 7):C92–C103.

19. Russo M, Thomas M, Thorne D, et al. Oculomotor impairment during 
chronic partial sleep deprivation. Clin Neurophysiol. 2003;114:
723–36.

20. Mohler SR. Pilot fatigue manageable, but remains insidious threat. 
Human Factors and Aviation Medicine. 1998;45:1–5. Available 
at: http://www.flightsafety.org/hf/hf_jan-feb98.pdf. Accessed 
January 5, 2009.

21. National Transportation Safety Board. Safety Recommendation; 2002. 
Washington, DC: National Transportation Safety Board. Available at: 
http://www.ntsb.gov/recs/letters/2001/r01_26_27.pdf. Accessed 
January 5, 2009.

22. Panton S, Norup PW, Videbaek R. Case report: obstructive sleep apnea—an 
air safety risk. Aviat Space Environ Med. 1997;68:1139–43.

23. Lindberg E, Carter N, Gislason T, Janson C. Role of snoring and day-
time sleepiness in occupational accidents. Am J Respir Crit Care Med. 
2001;164:2031–5.

24. Sforza E, Janssens JP, Rochat T, Ibanez V. Determinants of altered 
quality of life in patients with sleep-related breathing disorders. Eur 
Respir J. 2003;21:682–7.

25. American Academy of Sleep Medicine. International Classifi cation of 
Sleep Disorders, 2nd edition: Diagnostic and Coding Manual. Westchester, 
IL, USA: American Academy of Sleep Medicine; 2005.

26. Mulgrew AT, Ryan CF, Fleetham JA, et al. The impact of obstructive 
sleep apnea and daytime sleepiness on work limitation. Sleep Med. 
2007;9:42–53.

27. Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, 
Keenan S. Guidelines for the Multiple Sleep Latency Test (MSLT): 
a standard measure of sleepiness. Sleep. 1986;9:519–24.

28. Littner MR, Kushida C, Wise M, et al. Practice parameters for clinical 
use of the multiple sleep latency test and the maintenance of wakeful-
ness test. Sleep. 2005;28:113–21.



431

Comprehensive review of armodafi nil

Clinical Medicine: Therapeutics 2009:1

29. Akerstedt T, Gillberg M. Subjective and objective sleepiness in the 
active individual. Int J Neurosci. 1990;52:29–37.

30. Hoddes E, Zarcone V, Smythe H, Phillips R, Dement WC. Quantifi cation 
of sleepiness: a new approach. Psychophysiology. 1973;10:431–6.

31. Johns MW. A new method for measuring daytime sleepiness: the 
Epworth Sleepiness Scale. Sleep. 1991;14:540–5.

32. Bittencourt LRA, Silva RS, Santos RF, Pires ML, Mello MT. [Excessive 
daytime sleepiness]. Rev Bras Psiquiatr. 2005;27(suppl 1):S16–S21 
[in Portuguese].

33. Food and Drug Administration. FDA-approved Labeling Text for NDA 
21-875/NUVIGIL™ (armodafinil) Tablets; 2007. Available at: 
http://www.fda.gov/cder/foi/label/2007/021875lbl.pdf. Accessed 
December 19, 2008.

34. Robertson P Jr, Hellriegel ET. Clinical pharmacokinetic profi le of 
modafi nil. Clin Pharmacokinet. 2003;42:123–37.

35. Wong YN, King SP, Simcoe D, et al. Open-label, single-dose 
pharmacokinetic study of modafi nil tablets: infl uence of age and gender 
in normal subjects. J Clin Pharmacol. 1999;39:281–8.

36. Wong YN, Simcoe D, Hartman LN, et al. A double-blind, placebo-
controlled, ascending-dose evaluation of the pharmacokinetics and 
tolerability of modafi nil tablets in healthy male volunteers. J Clin 
Pharmacol. 1999;39:30–40.

37. Harsh JR, Hayduk R, Rosenberg R, et al. The effi cacy and safety of 
armodafi nil as treatment for adults with excessive sleepiness associated 
with narcolepsy. Curr Med Res Opin. 2006;22:761–74.

38. Roth T, Czeisler CA, Walsh JK, et al. Randomized, double-blind, 
placebo-controlled study of armodafi nil for the treatment of excessive 
sleepiness associated with chronic shift work sleep disorder. Neuro-
psychopharmacology. 2005;30:S140 [Abstract No. 161].

39. Roth T, White D, Schmidt-Nowara W, et al. Effects of armodafi nil in 
the treatment of residual excessive sleepiness associated with obstruc-
tive sleep apnea/hypopnea syndrome: a 12-week, multicenter, double-
blind, randomized, placebo-controlled study in nCPAP-adherent adults. 
Clin Ther. 2006;28:689–706.

40. Ferraro L, Fuxe K, Tanganelli S, Tomasini MC, Rambert FA, 
Antonelli T. Differential enhancement of dialysate serotonin levels 
in distinct brain regions of the rat by modafi nil: possible rele-
vance for wakefulness and depression. J Neurosci Res. 2002;68:
107–12.

41. Mitchell HA, Bogenpohl JW, Liles LC, et al. Behavioral responses of 
dopamine beta-hydroxylase knockout mice to modafi nil suggest a dual 
noradrenergic-dopaminergic mechanism of action. Pharmacol Biochem 
Behav. 2008;91:217–22.

42. Qu WM, Huang ZL, Xu XH, Matsumoto N, Urade Y. Dopaminergic 
D1 and D2 receptors are essential for the arousal effect of modafi nil. 
J Neurosci. 2008;28:8462–9.

43. Lin JS, Hou Y, Jouvet M. Potential brain neuronal targets for 
amphetamine-, methylphenidate-, and modafi nil-induced wakefulness, 
evidenced by c-fos immunohistochemistry in the cat. Proc Natl Acad 
Sci U S A. 1996;93:14128–33.

44. Scammell TE, Estabrooke IV, McCarthy MT, et al. Hypothalmic arousal 
regions are activated during modafi nil-induced wakefulness. J Neuro-
sci. 2000;20:8620–8.

45. Hagan JJ, Leslie RA, Patel S, et al. Orexin A activates locus coeruleus 
cell fi ring and increases arousal in rats. Proc Natl Acad Sci U S A. 
1999;96:10911–6.

46. Piper DC, Upton N, Smith MI, Hunter AJ. The novel brain peptide, 
orexin-A, modulates the sleep-wake cycle of rats. Eur J Neurosci. 
2000;12:726–30.

47. de Saint Hilaire Z, Orosco M, Rouch C, Blanc G, Nicolaidis S. Varia-
tions in extracellular monoamines in the prefrontal cortex and medial 
hypothalamus after modafi nil administration: a microdialysis study in 
rats. Neuroreport. 2001;12:3533–7.

48. Murillo-Rodríguez E, Haro R, Palomero-Rivero M, Millán-Aldaco D, 
Drucker-Colín R. Modafi nil enhances extracellular levels of dopamine 
in the nucleus acumbens and increases wakefulness in rats. Behav Brain 
Res. 2007;176:353–7.

49. Willie JT, Renthal W, Chemelli RM, et al. Modafi nil more effectively 
induces wakefulness in orexin-null mice than in wild-type littermates. 
Neuroscience. 2005;130:983–95.

50. Simon P, Hémet C, Ramassamy C, Costentin J. Non-amphetaminic 
mechanism of stimulant locomotor effect of modafi nil in mice. Eur 
Neuropsychopharmacol. 1995;5:509–14.

51. Beck P, Odle A, Wallace-Huitt T, Skinner RD, Garcia-Rill E. Modafi nil 
increases arousal determined by P13 potential amplitude: an effect 
blocked by gap junction agonists. Sleep. 2008;31:1647–54.

52. Urbano FJ, Leznik E, Llinás RR. Modafi nil enhances thalamocortical 
activity by increasing neuronal electrotonic coupling. Proc Natl Acad 
Sci U S A. 2007;104:12554–9.

53. Darwish M, Kirby M, Hellriegel ET, Yang R, Robertson P. Pharmacokinetic 
profi le of armodafi nil in healthy subjects: pooled analysis of data from 
three randomized studies. Clin Drug Invest. 2009;29:87–100.

54. Dinges DF, Arora S, Darwish M, Niebler GE. Pharmacodynamic effects 
on alertness of single doses of armodafi nil in healthy subjects during 
a nocturnal period of acute sleep loss. Curr Med Res Opin. 2006;
22:159–67.

55. Darwish M, Kirby M, Robertson P Jr, Hellriegel ET. Interaction profi le 
of armodafi nil with medications metabolized by cytochrome P450 
enzymes 1A2, 3A4 and 2C19 in healthy subjects. Clin Pharmacokinet. 
2008;47:61–74.

56. Flockhart DA. Cytochrome P450 drug interaction table; 2007. Indiana 
University-Purdue University Indianapolis. http://medicine.iupui.
edu/fl ockhart/table.htm. Accessed March 20, 2009.

57 Moachon G, Kanmacher I, Clenet M, Matinier D. Pharmacokinetic 
profi le of modafi nil. Drugs Today. 1996;32:327–37.

58. Robertson P Jr, DeCory HH, Madan A, Parkinson A. In vitro inhibition 
and induction of human hepatic cytochrome P450 enzymes by 
modafi nil. Drug Metab Dispos. 2000;28:664–71.

59. Lankford A. Armodafi nil: a new treatment for excessive sleepiness. 
Expert Opin Investig Drugs. 2008;17:565–73.

60. Wisor JP, Dement WC, Aimone L, Williams M, Bozyczko-Coyne D. 
Armodafi nil, the R-enantiomer of modafi nil: wake-promoting effects 
and pharmacokinetic profi le in the rat. Pharmacol Biochem Behav. 
2006;85:492–9.

61. Drake C, Walsh J, Roth T. Armodafi nil improves sleep latency in patients 
with shift work sleep disorder. Sleep. 2006;29(suppl):A64.

62. Hirshkowitz M, Black JE, Wesnes K, Niebler G, Arora S, Roth T. 
Adjunct armodafi nil improves wakefulness and memory in obstructive 
sleep apnea/hypopnea syndrome. Respir Med. 2007;101:616–27.

63. Roth T, Rippon GA, Arora S. Armodafi nil improves wakefulness and 
long-term episodic memory in nCPAP-adherent patients with excessive 
sleepiness associated with obstructive sleep apnea. Sleep Breath. 
2008;12:53–62.

64. Billiard M, Bassetti C, Dauvilliers Y, et al. EFNS guidelines on 
management of narcolepsy. Eur J Neurol. 2006;13:1035–48.

65. Dauvilliers Y, Arnulf I, Mignot E. Narcolepsy with cataplexy. Lancet. 
2007;369:499–511.

66. Abad VC, Guilleminault C. Emerging drugs for narcolepsy. Exp Opin 
Emerg Drugs. 2004;9:281–91.

67. Robinson DM, Keating GM. Sodium oxybate: a review of its use in 
the management of narcolepsy. CNS Drugs. 2007;21:337–54.

68. Longstreth WT Jr, Koepsell TD, Ton TG, Hendrickson AF, van Belle G. 
The epidemiology of narcolepsy. Sleep. 2007;30:13–26.

69. Hirshkowitz M. The clinical consequences of obstructive sleep apnea 
and associated excessive sleepiness. J Fam Pract. 2008;57(suppl 8):
S9–S16.

70. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occur-
rence of sleep-disordered breathing among middle-aged adults. N Engl 
J Med. 1993;328:1230–5.

71. Young T, Evans L, Finn L, Palta M. Estimation of the clinically 
diagnosed proportion of sleep apnea syndrome in middle-aged men 
and women. Sleep. 1997;20:705–6.

72. Ballard RD. Management of patients with obstructive sleep apnea. 
J Fam Pract. 2008;57(suppl 8):S524–S530.



432

Russo

Clinical Medicine: Therapeutics 2009:1

73. Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours 
of CPAP use and achieving normal levels of sleepiness and daily func-
tioning. Sleep. 2007;30:711–9.

74. Schwartz JRL, Roth T. Shift work sleep disorder: burden of illness and 
approaches to management. Drugs. 2006;66:2357–70.

75. Drake CL, Roehrs T, Richardson G, Walsh JK, Roth T. Shift work sleep 
disorder: prevalence and consequences beyond that of symptomatic 
day workers. Sleep. 2004;27:1453–62.

76. Jasinski DR, Kovacevi-Ristanovi R. Evaluation of the abuse liability 
of modafi nil and other drugs for excessive daytime sleepiness associated 
with narcolepsy. Clin Neuropharmacol. 2000;23:149–56.

77. Keam S, Walker MC. Therapies for narcolepsy with or without cataplexy: 
evidence-based review. Curr Opin Neurol. 2007;20:699–703.

78. Watson NF, Dikmen S, Machamer J, Doherty M, Temkin N. Hypersomnia 
following traumatic brain injury. J Clin Sleep Med. 2007;3:363–8.

79. Caldwell JA, Caldwell JL. Fatigue in military aviation: an overview of 
U.S. military-approved pharmacological countermeasures. Aviat Space 
Environ Med. 2005;76(suppl 7):C39–C51.

80. Caldwell JA Jr, Caldwell JL, Smythe NK 3rd, Hall KK. A double-blind, 
placebo controlled investigation of the effi cacy of modafi nil for sustain-
ing the alertness and performance of aviators: a helicopter simulator 
study. Psychopharmacology (Berl). 2000;150:272–82.

81. Cardillo C, Russo M, LeDuc P, Torch W. Quantitative EEG Changes 
Under Continuous Wakefulness and With Fatigue Countermeasures: 
Implications for Sustaining Aviator Performance. In: Schmorrow D, 
Reeves L, eds. Foundations of Augmented Cognition. 3rd ed. Berlin: 
Springer-Verlag; 2007:13–22.

82. Cabon P, Coblentz A, Mollard R, Fouillot JP. Human vigilance in railway 
and long-haul fl ight operation. Ergonomics. 1993;36:1019–33.

83. Gundel A, Drescher J, Maas H, Samel A, Vejroda M. Sleepiness of civil 
airline pilots during two consecutive night fl ights of extended duration. 
Biol Psychol. 1995;40:131–41.

84. Spencer MB, Stone BM, Rogers AS, Nicholson AN. Circadian rhyth-
micity and sleep of aircrew during polar schedules. Aviat Space Environ 
Med. 1991;62:3–13.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


