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ABSTRACT. Objective. Modafinil, which is structur-
ally and pharmacologically different from other agents
that are used for the treatment of children with attention-
deficit/hyperactivity disorder (ADHD), selectively acti-
vates the cortex and has low potential for abuse. Initial
studies of the use of modafinil to treat ADHD showed
significant improvements in the core symptoms of the
disorder, namely inattention, hyperactivity, and impul-
sivity. This study evaluated a new formulation of
modafinil (modafinil film-coated tablets) in children
and adolescents with ADHD.

Methods. This 9-week, multicenter, randomized,
double-blind, placebo-controlled, flexible-dose study
evaluated the film-coated tablet formulation of modafinil,
which was titrated to an optimal dose on the basis of
efficacy and tolerability (range: 170-425 mg once daily).
Efficacy was assessed by clinicians who completed the
Attention-Deficit/Hyperactivity Disorder Rating Scale-IV
(ADHD-RS-IV) based on interviews with teachers
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(School Version) and parents (Home Version) and the
Clinical Global Impression of Improvement scale. Safety
evaluation was based on assessments of adverse event
reports, laboratory tests, vital signs, and body weight.

Results. A total of 248 subjects were randomly as-
signed in a 2:1 ratio, and 246 were treated with modafinil
(n = 164) or placebo (1 = 82). Treatment groups were
comparable with respect to demographics and baseline
characteristics. Intention-to-treat analysis (ITT) showed
that compared with placebo, treatment with modafinil
significantly improved the core symptoms of ADHD as
shown by greater reductions in the ADHD-RS-IV School
Version total scores from baseline to final visit (mean
change [SD]: —15.0 [11.8] vs —7.3 [9.7]) (effect size: 0.69;
95% confidence interval: 0.57-0.82). Significant improve-
ments were observed with modafinil treatment on the
ADHD-RS-IV School Version at week 1, with improve-
ments maintained throughout the study. Similar differ-
ences in symptom improvements were observed on the
ADHD-RS-IV Home Version between modafinil-treated
and placebo-treated patients. Treatment with modafinil
also significantly reduced subscale scores for inattention
and hyperactivity-impulsivity on both School and Home
Versions compared with placebo. At the final visit, 48%
of modafinil-treated patients were rated as “much” or
“very much” improved in overall clinical condition
compared with 17% of placebo-treated patients (Clinical
Global Impression of Improvement). Most adverse
events were mild to moderate in severity, and the major-
ity resolved during treatment. The most commonly re-
ported adverse events in the modafinil group were in-
somnia (29%), headache (20%), and decreased appetite
(16%). Three percent of modafinil-treated patients and
4% of placebo-treated patients discontinued treatment
because of adverse events.

Conclusions. Modafinil film-coated tablets signifi-
cantly improved ADHD symptoms at school and home as
evaluated by clinicians, teachers, and parents. Treatment
with once-daily modafinil was generally well tolerated,
with few discontinuations as a result of adverse events.
Pediatrics 2005;116:e777—e784. URL: www.pediatrics.org/
cgi/doi/10.1542/peds.2005-0617; modafinil, modafinil film-
coated tablets, ADHD, efficacy, tolerability, clinical trial.

ABBREVIATIONS. ADHD, attention-deficit/hyperactivity disorder;
DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition; CGI-S, Clinical Global Impression of Severity of Illness;
ADHD-RS-IV,  Attention-Deficit/Hyperactivity Disorder Rating
Scale-IV; SBP, systolic blood pressure; DBP, diastolic blood pressure;
CGI, Clinical Global Impression of Improvement; CPRS-R:S, Con-
ners’ Parent Rating Scale-Revised, Short Form; SSRS, Social Skills
Rating System; CHQ, Child Health Questionnaire.
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ttention-deficit/hyperactivity disorder (ADHD)

is considered the most common neurobehav-

ioral disorder of childhood and is estimated
to affect 5% to 10% of school-aged children.!2
Children with ADHD are at a higher risk for other
psychiatric disorders, including disruptive behavior,
mood, and anxiety disorders.>® Because of the ad-
verse impact of ADHD on patients and caregivers,
the disorder has been recognized as a public health
concern.”

Although several pharmacotherapies for ADHD
reduce symptoms, not all patients respond ade-
quately, and the emergence of adverse events may
limit their use in some patients.810 The Schedule II
status of the central nervous system stimulants
may also raise concerns regarding safety and longer
term use.!’ Modafinil, which is structurally and
pharmacologically different from other agents that
are approved to treat ADHD, may improve symp-
toms of ADHD via the same mechanism by which
it improves wakefulness. Preclinically, modafinil
selectively activates the cortex without causing
widespread central nervous system stimulation.!?-14
Modafinil does not seem to activate areas of the brain
that mediate reward and abuse and has a low poten-
tial for abuse.'®

Treatment of children with ADHD with modafinil
resulted in significant improvements in symptoms of
the disorder in initial studies.!®~'® Pharmacokinetic
and pharmacodynamic modeling and clinical trial
simulations were used to supplement the results
from double-blind, dose-ranging studies of modafi-
nil in children and adolescents to select dosages of
340 to 425 mg/day.'”2° A concentrated form of
modafinil was developed to produce a small tablet
that would ease administration of these doses in the
pediatric population.

This 9-week, randomized, double-blind, placebo-
controlled, flexible-dosage trial evaluated the effi-
cacy and the tolerability of this new formulation of
modafinil for the treatment of children and adoles-
cents with ADHD. On the basis of the results of the
initial studies, we hypothesized that modafinil
would be superior to placebo for the treatment of
ADHD.

METHODS

Patients

Patients were 6 to 17 years of age and had a diagnosis of ADHD
on the basis of criteria in the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV)?! for ADHD at screen-
ing, as manifested by a psychiatric/clinical evaluation and the
Diagnostic Interview Schedule for Children, Fourth Edition, with
a Clinical Global Impression Severity of Illness (CGI-S) rating of 4
or higher (“moderately ill” or worse).?? In addition, patients were
attending full-time school (ie, they were not being home-
schooled); had a teacher-/investigator-rated Attention-Deficit/
Hyperactivity Disorder Rating Scale-IV (ADHD-RS-1V) School
Version total and/or subscale score at least 1.5 SDs above normal
values for age and gender,”® were between the 5th and 95th
percentile for weight and height on the basis of National Center
for Health Statistics guidelines, had an IQ of at least 80 as esti-
mated by the Wechsler Intelligence Scale for Children-Third Edi-
tion,2* and had a score of at least 80 on the Wechsler Individual
Achievement Test-Second Edition—Abbreviated.?®

Patients were excluded when they had a history or current
diagnosis of pervasive developmental disorder, schizophrenia, or

77 DAFINIL I HILDR D ADOLESCE
e778  MODATINILIN G S inroscied from péchain cs aef

atrics.aappul

other psychotic disorders (DSM-IV Axis I); evidence of suicide
risk; current psychiatric comorbidity that required pharmacother-
apy; or other active clinically significant disease. To avoid poten-
tial ethical concerns, patients whose ADHD was well controlled
and who were satisfied with current ADHD therapy (with low
levels of side effects) were also excluded, as were those who had
failed to respond to 2 or more adequate courses (dose and dura-
tion) of stimulant therapy for ADHD. Other exclusion criteria
included a clinically significant drug sensitivity to stimulants, a
history of alcohol or substance abuse as defined by DSM-IV cri-
teria,?! consumption of >250 mg/day caffeine, absolute neutro-
phil count <1 X 10°/L, hypertension (systolic blood pressure
[SBP] of =122 mm Hg or diastolic blood pressure [DBP] of =78
mm Hg for patients aged 6-9 years; SBP of =126 mm Hg or DBP
of =82 mm Hg for patients aged 10—-12 years; SBP of =136 mm Hg
or DBP of =86 mm Hg for patients aged 13-17 years), hypotension
(sitting SBP <50 mm Hg for patients younger than 12 years or <80
mm Hg for patients 12 years and older), and resting heart rate
outside the range of 60 to 115 beats per minute. Concomitant use
of prescription or nonprescription agents with psychotropic prop-
erties, including ADHD treatments and dietary supplements, was
prohibited within 1 week of the baseline visit (within 2 weeks for
monoamine oxidase inhibitors and selective serotonin reuptake
inhibitors) and during the study.

The Institutional Review Board of each participating center
reviewed and approved the study protocol. Written informed
consent was obtained from the patient’s parent or legal guardian
before the study began, with assent obtained from the patient
before enrollment, and all patients were free to withdraw from the
study at any time. This study was conducted in accordance with
the Declaration of Helsinki and the International Conference on
Harmonisation’s Good Clinical Practice Guidelines.

Study Design and Treatment

This randomized, double-blind, placebo-controlled, flexible-
dose study was conducted at 24 sites in the United States from
November 11, 2003, to June 11, 2004. A screening visit was con-
ducted within 28 days of baseline testing to determine eligibility.
Patients who satisfied all entry criteria and discontinued previous
medication for ADHD over a 1- to 4-week washout period were
randomly assigned 2:1 within each center to receive 9 weeks of
treatment with modafinil film-coated tablets or matching placebo
tablets once daily in the morning. The randomization code was
generated by Cephalon, Inc (West Chester, PA) and implemented
by a central agency (Phoenix Data Systems, Valley Forge, PA).

The dose of modafinil or placebo was individually titrated on
the basis of tolerability and efficacy using the following schedule:
85 mg (1 tablet) on days 1 and 2, 170 mg (2 tablets) on days 3 to 7,
255 mg (3 tablets) on days 8 to 14, 340 mg (4 tablets) on days 15 to
21, and 425 mg (5 tablets) on day 22. Titration was stopped when
any of the following conditions was met: poor tolerability, no
additional expected incremental improvement in efficacy, pa-
tient’s request, or achievement of a Clinical Global Impression of
Improvement (CGIL-I) rating of 1. The minimum and maximum
daily dosages allowed during the study were 170 mg and 425 mg,
respectively. Clinic visits were scheduled at baseline and weeks 1,
2, 3,5, 7, and 9. Patients who completed at least 4 weeks of
treatment and did not discontinue from the study because of an
adverse event were eligible to participate in a 1-year, open-label
extension study.

Efficacy Assessments

Efficacy was evaluated using the School and Home Versions of
the ADHD-RS-IV, which assess the 18 symptoms in the DSM-IV
diagnostic criteria for ADHD.?! Each item on the scale is scored
from 0 to 3 (0 = never or rarely, 1 = sometimes, 2 = often, 3 = very
often). The primary efficacy assessment was the change from
baseline to final visit in total score on the ADHD-RS-IV School
Version.?® The subscale scores for inattention and hyperactivity-
impulsivity for the ADHD-RS-IV School Version and the total,
inattention, and hyperactivity-impulsivity scores on the Home
Version were also evaluated.??

Investigators completed the ADHD-RS-IV School Version,
which was based on a semistructured interview with the patient’s
primary teacher before each visit at ~1:00 pm (£1 hour). Investi-
gators completed the ADHD-RS-IV Home Version at each visit,
which was based on an interview with the patient’s parent (and

WITH ADHD
%atlonsorg y guest on June 4, 2013


http://pediatrics.aappublications.org/

the child, when appropriate) to assess perceptions of behavior
during the evening hours (between 6:00 and 8:00 rm) and on
weekends. When a patient withdrew from the study before the
completion of the 9-week treatment phase, the last assessment
completed was used as the final visit in the primary efficacy
analysis.

Additional efficacy assessments included the CGI-1,?2 Conners’
Parent Rating Scale-Revised, Short Form (CPRS-R:S),?¢ Social
Skills Rating System (SSRS),?” and Child Health Questionnaire
(CHQ).?® ADHD-RS-IV School and Home Version scores were
assessed at baseline and weeks 1, 2, 3, 5, 7, and 9; the CGI-I at
weeks 1, 2, 3, 5, 7, and 9; the CPRS-R:S and SSRS at baseline and
weeks 3, 7, and 9; and the CHQ at baseline and week 9. All
investigators (or qualified clinicians) received Internet-based
training (ePharmaLearning, Conshohocken, PA) on the adminis-
tration of these scales in an attempt to reduce variability in ratings
across sites. Although all investigators completed this training
course, they were not required to substantiate interrater reliability
criteria before patients were evaluated. The same investigator was
assigned to the same patient(s) whenever possible over the course
of the study.

The CGI-S was used to evaluate the severity of the overall
clinical condition associated with ADHD at baseline. At each visit,
the investigator determined the change in the patient’s overall
clinical condition relative to baseline after discussion with the
parent of the child’s home behavior in the past week. All other
parent-rated assessments were made within 24 hours of the sched-
uled visit, with each item rated according to the patient’s behavior
in the past week or since the last assessment.

Tolerability Assessments

Tolerability was evaluated by adverse events that were re-
ported spontaneously by parents and patients at baseline and all
study visits (weeks 1, 2, 3, 5, 7, and 9). Patients and parents were
also instructed to report any adverse events at any time between
study visits. The severity of each adverse event was rated as mild
(no limitation of usual activities), moderate (some limitation of
usual activities), or severe (inability to carry out usual activities).
Vital signs and body weight were measured at baseline and weeks
1,2,3,5,7, and 9. Twelve-lead electrocardiograms and physical
examinations were conducted at screening and week 9. Hematol-
ogy testing was performed at baseline and weeks 1, 2, 3, 5, 7, and
9, and serum chemistry and urinalysis were performed at baseline
and week 9.

Statistical Analyses

With the use of a 2-tailed t test at the .05 level of significance,
~150 patients (100 modafinil, 50 placebo) were needed to provide
at least 90% power to detect a between-group difference of 6.03
units in the mean change from baseline in the primary efficacy
assessment (ADHD-RS-IV School Version total score). This sample
size was based on the assumption of variability in this assessment
similar to that observed in a preliminary study of modafinil in
ADHD (SD: 10.69).2° To allow for study dropouts, a total enroll-
ment of 180 patients was originally estimated to be required for
this study. To ensure adequate patient exposure and to meet
enrollment goals of this study, we undertook aggressive screening
efforts. This resulted in an unexpected increase in the number of
eligible patients who were available for participation in the study
at screening. Although the protocol-specified enrollment was 180,
eligible patients who were already in the screening phase of the
study at the time when planned enrollment was reached were able
to enroll also, thus increasing the number enrolled to 246. This
primary efficacy analysis included patients who received at least 1
dose of study drug and had at least 1 postbaseline primary effi-
cacy assessment. The safety analysis included patients who re-
ceived at least 1 dose of study drug.

All statistical tests were 2-tailed, with a significance level of .05.
Demographic and baseline characteristics were compared using
an analysis of variance model with treatment and center as factors
for continuous variables, Pearson’s x? test (or Fisher’s exact test
when cell sizes were <5) for nominal variables, or the Cochran-
Mantel-Haenszel test adjusted for center for ordinal variables.
Treatment group comparisons of all efficacy assessments, except
CGI-I, were made using an analysis of covariance model, with
treatment and center as factors and the corresponding baseline
value as a covariate. CGI-I ratings were analyzed using the Coch-
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ran-Mantel-Haenszel test adjusted for center. Treatment respond-
ers were defined as patients rated as much improved or very
much improved on the CGI-I. Effect sizes were calculated for
change in ADHD-RS-IV scores on the basis of the standardized
mean difference as described by Hedges and Olkin.?° To assess
changes in body weight, we converted individual body weights to
standardized z scores, which represent the number of SDs above
or below the mean of the age- and gender-specific general pedi-
atric and adolescent population.3!-32

RESULTS
Patients and Dosing

A total of 248 patients were randomly assigned
into the study; 164 received modafinil film-coated
tablets and 82 received placebo (2 patients who
were randomly assigned to placebo were not treated;
Fig 1). Fifty-two percent of patients completed the
study. Discontinuation rates were higher in the pla-
cebo group (61%) than in the modafinil group (41%).

Demographics and baseline characteristics were
similar between the 2 treatment groups (Table 1). At
baseline, the overall mean age was 10.3 years, mean
weight was 42.9 kg, and the majority (71%) of pa-
tients were male. Most (59%) patients had a com-
bined ADHD subtype and were moderately or mark-
edly ill (85%) as assessed by the CGI-S. In the
modafinil group, the mean stable daily dose was
368.5 mg and the median was 425 mg.

Efficacy

Modafinil improved symptoms of ADHD as dem-
onstrated by significant reductions in mean total
scores on the ADHD-RS-IV School Version com-
pared with placebo at the final visit (mean change
[SD] from baseline: modafinil: —15.0 [11.8]; placebo:
=73 [9.7]; P < .0001; Table 2, Fig 2). The effect size
for ADHD-RS-IV School Version total score was 0.69
(95% CI: 0.57-0.82) at the final visit. Significant im-
provements were observed with modafinil treatment
at week 1 (P = .020), with improvements maintained
throughout the study (Fig 2). Statistically significant
differences between treatment groups were also
found on the ADHD-RS-IV School Version subscales;
the modafinil-treated group had significantly greater
reductions than those who received placebo in mean
inattention (—8.8 [7.4] vs —5.0 [5.8]) and hyperactiv-
ity-impulsivity (—6.3 [6.4] vs —2.3 [5.6]) subscale
scores at the final visit (P < .0001, for both; Table 2).

Results for the ratings on the ADHD-RS-IV Home
Version were consistent with those for the ratings on
the ADHD-RS-IV School Version (Table 2, Fig 3).
Patients who were treated with modafinil demon-
strated a significantly greater change from baseline
in mean total score compared with placebo-treated
patients at week 2 (P = .003) and all subsequent visits
(final visit: modafinil: —14.3 [12.7]; placebo: —7.0
[10.1]; P < .0001; Fig 3). Effect size for the Home
Version total score was 0.61 (95% CI: 0.48-0.73) at
the final visit. Statistically significant between-group
differences were also observed for the change in
mean subscale scores for inattention (modafinil: —7.9
[7.1]; placebo: —3.8 [5.8]; P < .0001) and hyperactiv-
ity-impulsivity (modafinil: —6.4 [6.9]; placebo: —3.3
[5.6]; P = .001) at the final visit (Table 2).
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Fig 1. Patient disposition. *Two patients
who were randomly assigned to the pla-

Screened

(n=372)
S 1 but not
(n=124)
»| Entry criteria not met (n = 91)
Consent withdrawn (n = 13)
Lost to follow-up (n = 9)
r Other (n=11)
Randomized
(n=248)

e N

cebo group did not receive study drug.
Discontinued (n = 67)
Lack of efficacy (n= 34)
Lost to follow-up (n = 6)
Consent withdrawn (n = 5)
Adverse event (n = 5)
Other (n=17)

Modafinil Placebo

(n=164) (n=84)"
Discontinued (n = 51)
Lack of efficacy (n = 37)
Consent withdrawn {(n = 4)

[ —® Adverse event (n=3)

Lost to follow-up (n= 1)
Other (n = 6)

r h 4

Safety analysis set (n = 164)
Efficacy analysis set (n=163)
Completed study (n = 97)

Safety analysis set (n = 82)
Efficacy analysis set (n = 81)
Completed study (n = 33)

TABLE 1. Baseline Demographic and Clinical Characteristics
Characteristic* Modafinil Placebo
(n = 164) (n = 82)
Age, y
Mean (range) 10.4 (6-17) 10.1 (6-17)
Weight, kg

Mean (range)
Gender, n (%)

43.6 (20.2-85.4) 41.4 (18.6-82.1)

Male 113 (69) 61 (74)
Female 51 (31) 21 (26)
CGI-S score, 1 (%)
Moderately ill 72 (44) 43 (52)
Markedly ill 66 (40) 27 (33)
Severely ill 25 (15) 12 (15)
Among the most extremely ill 1(<1) 0
Current ADHD subtype, n (%)
Inattentive 61 (37) 33 (40)
Hyperactive/impulsive 6(4) 1(1)
Combined 97 (59) 48 (59)
Previous ADHD treatment, n (%)t
Methylphenidate/methylphenidate hydrochloride 56 (34) 27 (33)
Dexamphetamine sulfate 45 (27) 19 (23)
Atomoxetine hydrochloride 24 (15) 11 (13)
Other 10 (6) 2(2)
No previous ADHD treatment, 1 (%) 88 (54) 45 (55)
Most frequently co-administered agents in >10% of patients, n (%)t3
Non-opioid analgesics/anti-inflammatories 54 (33) 22 (27)
Respiratory agents 34 (21) 15 (18)
Anesthetics 24 (15) 17 (21)
Antihistamines 24 (15) 10 (12)
Other 62 (38) 33 (40)
ADHD-RS-1V total score, mean (SD)
School Version 35.8(9.2) 35.5(8.9)
Home Version 37.7 (9.6) 36.9 (9.1)

* No statistically significant between-group differences were observed for any characteristic at baseline.

t Patients could have received >1 agent.
T Omitting vitamins/supplements.

Modafinil significantly improved patients’ overall
clinical condition as assessed by the CGI-I compared
with placebo (Fig 4). A significantly greater propor-
tion of patients who were treated with modafinil
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than with placebo were classified as responders
starting at week 2 (P = .003), with the benefit of
modafinil sustained throughout the study. At the
final visit, 48% of patients who were treated with
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TABLE 2. Efficacy Outcomes Summary
Variable Modafinil (n = 163) Placebo (n = 81) A 95% CI P
Value*
Baseline Final Visit ~ Change Baseline Final Visit ~ Change aue
ADHD-RS-IV School
Version
Total score 357(9.3) 207(139) —15.0(11.8) 35.3(8.8) 28.0(127) —-73(9.7) —7.7 —10.8to—49 <.0001
Inattention 21.1(4.5) 12.3(7.5) —-88(74) 212(41) 162(6.7) —50(58) —-38 —57to—-21 <.0001
Hyperactivity-impulsivity  14.6 (8.0) 84 (7.9)  —63(64) 141(78) 11.7(80) -23(56) —40 —53to—23 <.0001
ADHD-RS-IV Home Version
Total score 378(9.5) 23.6(145) —143(127) 36.8(9.1) 29.8(121) —-7.0(10.1) —73 —99to—3.6 <.0001
Inattention 21.8 (4.4) 13.9(7.7) =79(7.1) 21.6(43) 178(6.6) —3.8(58) —41 —57to—-21 <.0001
Hyperactivity-impulsivity 161 (7.6) 9.7 (81)  —64(6.9) 152(74) 119(78) -33(56) -31 —45t0—12 .001

Clindicates confidence interval; A, difference in change for modafinil versus placebo. Values represent means (SD); 95% CI of change from

baseline for modafinil versus placebo.

* P value represents difference between modafinil and placebo in mean change from baseline to the final visit.

modafinil and 17% of placebo-treated patients were
classified as responders (P < .0001).

On the CPRS-R:S domains of oppositional behav-
ior, cognitive problems/inattention, hyperactivity,
and ADHD index, patients who were treated with
modafinil showed significantly greater improve-
ment than patients who received placebo (all P =
.004; Fig 5). At the final visit, modafinil also signifi-
cantly improved some but not all aspects of the SSRS
compared with placebo, including assertion, exter-
nalizing, hyperactivity, and problem behaviors total
score (all P = .022), and the CHQ, including behav-
ior, mental health, family activities, and psychosocial
summary scores (all P = .031).

Tolerability

Modafinil was generally well tolerated. The most
common adverse events in the modafinil group
were insomnia, headache, and decreased appetite
(Table 3). No patients discontinued from the study as
a result of these adverse events. For the 48 (29%)
patients who reported insomnia while receiving
modafinil, 1 event was considered severe. When in-
somnia was reported, it occurred within 14 days of
starting modafinil treatment in most patients (33 of
48, or 69%). In a majority (28 of 48, or 58%) of these
patients, insomnia resolved while they continued ac-
tive treatment. Twenty-six (16%) patients who re-

40

—- Modafinil
35

~r— Placebo

30

25

20

Mean (SEM) ADHD-RS-IV total score,
school version

Time, wk

Fig 2. Teacher-/investigator-rated ADHD-RS-IV School Version:
mean (standard error of mean) total score by visit. *Significant
difference between modafinil film-coated tablets and placebo in
mean change from baseline; P = .020 at week 1, .0005 at week 2,
.001 at week 3, .042 at week 7, .016 at week 9, and <.0001 at the
final visit.
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ceived modafinil reported decreased appetite; all
events were considered mild or moderate in severity.
In 16 (62%) of the 26 patients, decreased appetite was
reported in the first 1 to 2 weeks of treatment. In a
majority (19 of 26, or 73%) of the cases, appetite
suppression resolved while they continued active
treatment.

Almost all treatment-related adverse events were
mild to moderate in severity. Three events were con-
sidered severe: insomnia and erythema multiforme,
each in 1 patient who received modafinil, and head-
ache in 1 patient who received placebo. Serious ad-
verse events were reported for 2 patients in the
modafinil group. Five days after discontinuing study
medication, a 7-year-old boy received a diagnosis of
Stevens-Johnson syndrome. Although the patient
had an underlying viral syndrome, the investigator
considered the event to be possibly related to study
drug. An 8-year-old boy received a diagnosis of du-
odenitis, peptic ulcer, and hypertonia, all of which
were reported by the investigator to be unrelated to
study drug. Discontinuations as a result of adverse
events were similar between treatment groups, oc-
curring in 5 (3%) modafinil-treated patients and 3
(4%) patients in the placebo group. In addition to the
2 patients who discontinued modafinil as a result of
serious adverse events (described above), 1 patient
discontinued as a result of each of the following:
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Fig 3. Parent-/investigator-rated ADHD-RS-IV Home Version:
mean (standard error of mean) total score by visit. *Significant
difference between modafinil film-coated tablets and placebo in
mean change from baseline; P = .003 at week 2, .001 at week 3, .008
at week 5, .012 at week 7, .009 at week 9, and <.0001 at the final
visit.
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Fig 4. Percentage of responders on the CGI-I scale. *Significant
difference between modafinil film-coated tablets and placebo;

P = .003 at week 2, .007 at week 3, .027 at week 5, .015 at week 7,
.037 at week 9, and <.0001 at the final visit.

somnolence, dystonia, and tachycardia. One patient
in the placebo group discontinued as a result of
nervousness and emotional lability and 1 each as a
result of hostility and hyperkinesia.

There were no clinically significant changes in
mean heart rate, blood pressure (Table 4), or 12-lead
electrocardiogram results. Weight changes were
small but in opposite directions for the placebo
group (a mean increase of 0.8 kg; a z score change,
mean of 0.05) and the modafinil group (a mean de-
crease of 0.8 kg; a z score change, mean of —0.17),
and the between-group difference was statistically
significant (P < .0001, for both weight change and z
score change). However, no patient in either treat-
ment group showed a clinically meaningful change
in body weight when individual weights were cor-
rected for age- and gender-specific means for the
general pediatric and adolescent population. There
were no clinically meaningful changes from baseline
in mean laboratory evaluations.
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Fig 5. CPRS-R:S: mean (standard error of mean) changes from
baseline to the final visit. *Significant difference between modafi-
nil film-coated tablets and placebo in mean change from baseline;
P = .004 (95% confidence interval [CI]: —=7.1 to —1.3) for opposi-
tional behavior, <.0001 (95% CI: —8.6 to —3.1) for cognitive prob-
lems/inattention, <.0001 (95% CI: —10.4 to —3.9) for hyperactiv-
ity, and .0001 (95% CI: —8.3 to —2.6) for ADHD index.
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TABLE 3. Adverse Events Reported in at Least 5% of Patients
in Either Treatment Group
Adverse Event Modafinil Placebo
(n = 164) (n = 82)
Insomnia* 48 (29) 3(4)
Headache 32 (20) 12 (15)
Decreased appetite* 26 (16) 3(4)
Infection 19 (12) 12 (15)
Rhinitis 16 (10) 9 (11)
Pharyngitis 14 9) 5(6)
Cough increased 13 (8) 7 (9)
Abdominal pain 12 (7) 9(11)
Rash 10 (6) 3(4)
Vomiting 10 (6) 7(9)
Accidental injury 8 (5) 5(6)
Nervousness 7 (4) 5(6)
Fever 8 (5) 2(2)
Pain 8 (5) 1(1)
Asthenia 6 (4) 4(5)
Somnolence 4(2) 4(5)

Values represent number (%) of patients.
* P < .05 for modafinil versus placebo.

DISCUSSION

In this 9-week, double-blind study, treatment with
modafinil film—coated tablets significantly improved
the symptoms of ADHD compared with placebo on
the ADHD-RS-IV School and Home Versions. Pa-
tients who received modafinil demonstrated signifi-
cant improvements over placebo on total and sub-
scale scores of both versions of the ADHD-RS-1V as
rated by investigators on the basis of interviews with
teachers and parents. The effect size for the primary
assessment was 0.69, which is considered moderate
to large in magnitude. These data indicate that once-
daily modafinil was effective on the core symptoms
of ADHD, namely inattention, hyperactivity, and im-
pulsivity, both at school and at home. Patients” over-
all clinical condition, as assessed by the CGI-I, also
significantly improved with modafinil treatment.
These significant treatment effects were consistently
observed within 1 to 2 weeks of initiating treatment
and were maintained with continued therapy.

Parental assessments on all domains of the
CPRS-R:S (ADHD, hyperactivity, cognitive problems/
inattention, and oppositional behavior) showed signif-
icant improvements in ADHD symptoms and negative
behaviors as a result of modafinil treatment. In addi-
tion, patients who received modafinil had significant
improvements in some aspects of the SSRS (assertion,
externalizing, hyperactivity, and problem behaviors to-
tal score) and the CHQ (behavior, mental health, family
activities, and psychosocial summary scores) compared
with those who received placebo.

Modafinil was generally well tolerated in this pa-
tient population. Adverse events were generally
mild to moderate in severity, and discontinuations as
a result of adverse events were similar for the
modafinil and placebo groups. Among the most
common adverse events, insomnia and decreased
appetite were reported significantly more often in
patients who received modafinil than in those who
received placebo. Insomnia was mild or moderate in
nearly all cases and did not result in discontinuation
from the study. There were no statistically significant
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TABLE 4. Vital Signs
Variable Modafinil Placebo P Value
(n = 164) (n = 82)
Baseline Final Visit Baseline Final Visit

Heart rate, bpm 82.0 (11.1) 82.8 (11.6) 83.1(11.1) 84.9 (11.3) 228

SBP, mm Hg 106.4 (10.3) 105.5 (10.5) 105.3 (10.1) 104.3 (11.2) 763

DBP, mm Hg 64.4 (7.8) 64.0 (8.1) 63.8(7.4) 64.4 (8.4) .349
bpm indicates beats per minute. Values represent means (SD).
differences or clinically meaningful changes in heart ACKNOWLEDGMENTS

rate or blood pressure with modafinil treatment com-
pared with placebo. Patients who were treated with
modafinil had modest but statistically significant
weight loss compared with those who received pla-
cebo. The magnitude of change was relatively small
when individual patients” weights were compared
with age- and gender-specific norms.

These results need to be viewed in light of some
methodologic limitations. Patients whose ADHD did
not respond to 2 or more previous ADHD medica-
tions were not included in the study, which may
have excluded some treatment-resistant patients. Pa-
tients who were well treated with stimulants were
not included in the study, which may have excluded
some patients who also would have responded well
to modafinil. Patients had the option to switch to
open-label treatment after week 4 but before the end
of the study. Although this provision was included
to protect symptomatic patients from receiving pla-
cebo for a prolonged period, it may have contributed
to an increase in discontinuations, particularly in the
placebo group. This increase in discontinuations may
have led to lowering of the mean total score on the
ADHD-RS-IV (School Version) in the placebo group
at week 5 by not counting patients who discontinued
as a result of lack of efficacy at week 5, resulting in
lack of a statistical difference versus the modafinil
group. Because the study was only 9 weeks long, it is
unknown whether the initial benefits will be sus-
tained over longer periods of time. Additional stud-
ies are needed to determine the longer term efficacy
and safety of modafinil in children and adolescents
with ADHD.

Despite these considerations, this 9-week, double-
blind, controlled study of patients who were ran-
domly assigned to treatment with modafinil or pla-
cebo provides evidence that modafinil film—coated
tablets that are administered once daily improve the
full spectrum of symptoms of ADHD, including in-
attention, impulsivity, and hyperactivity, in children
and adolescents. Benefits of modafinil were evident
at school and at home. Significant improvements in
ADHD symptoms occurred by the first week of treat-
ment and were maintained throughout the 9-week
study. Modafinil was generally well tolerated, with a
low rate of discontinuations as a result of adverse
events. The efficacy and safety profile of modafinil
film—coated tablets, as well as its low potential for
abuse, may offer clinicians and parents a new phar-
macologic treatment option for children and adoles-
cents with ADHD.
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