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Background
PROVIGIL® (modafinil) Tablets is approved for the treatment of adult patients with
excessive sleepiness associated with narcolepsy, obstructive sleep apnea/hypopnea
syndrome (OSAHS), and shift work sleep disorder (SWSD). A supplemental New Drug
Application is under review by the United States (US) Food and Drug Administration
(FDA) for the use of modafinil for the treatment of children and adolescents with
attention-deficit/hyperactivity disorder (ADHD). A Pediatric Written Request (later
amended) (PWR) to evaluate the use of PROVIGIL therapy in pediatric patients
(children and adolescents ages 6 through 16 years) with excessive sleepiness
associated with narcolepsy was sent by the FDA on 17 June 2004. Modafinil has been
evaluated in more than 4000 subjects/patients (adults and children) in clinical studies.
Of these, a total of 934 adults with narcolepsy (n=369), OSAHS (n=292), and SWSD
(n=273) received modafinil in double-blind, placebo-controlled studies, and 933 children
and adolescents with ADHD have received modafinil in clinical studies.
The
effectiveness and safety of modafinil to improve wakefulness in adults with excessive
sleepiness associated with narcolepsy, OSAHS, and SWSD was demonstrated in 6
placebo-controlled clinical studies in the US. Modafinil was effective in reducing
excessive sleepiness associated with narcolepsy or OSAHS (at dosages of 200 and
400 mg/day), and SWSD (at dosages of 200 mg).
The Phase 3 clinical program included 1 adequate and well-controlled study (study
3027) of 6 weeks duration to evaluate the efficacy and safety of PROVIGIL (100, 200,
and 400 mg/day) in pediatric patients with excessive sleepiness associated with
narcolepsy. In this study, efficacy was assessed, in comparison to placebo treatment,
using a physiological measure of excessive sleepiness (ie, Multiple Sleep Latency Test
[MSLT]), clinician ratings of global improvement (ie, Clinical Global Impression of
Change [CGI-C]), and a subjective rating of excessive sleepiness (ie, Pediatric Daytime
Sleepiness Scale [PDSS]. In addition, the dose-response relationship of PROVIGIL and
(b) (4)
an assessment of population pharmacokinetics was performed.
No separate pharmacokinetic studies were conducted
as there was prior information on pharmacokinetics in similar age groups (ADHD
patients)
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The following pediatric decision tree explains the rationale for the clinical studies:

√

An overview of the studies included in this submission is provided in Table 1.
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Regulatory Questions
I will focus on three key regulatory questions:
1. Did the sponsor make a good faith effort to characterize the dose-response
relationship and identify a no-effect dose for modafinil?
2. Did the sponsor adequately characterize pharmacokinetics of modafinil?
3. Is there any exposure-safety relationship that could improve benefit/risk profile of
modafinil?
Other questions of interest:
1.
2. Are there any differences in effectiveness in younger (less than 12 years of age)
vs older (greater than 12 years of age) patients?
3. Did patients who showed psychiatric, skin related adverse events have higher
exposures relative to others who did not?
(b) (4)

Question 1: Did the sponsor make a good faith effort to characterize the dose-response
relationship and identify a no-effect dose for modafinil?
The Pediatric Written Request for modafinil required that The studies “must” also
define an interpretable dose-response relationship, including the identification of
a no-effect dose.”
The choice of dose was based on matching exposure in pediatrics with that in adults.
The pharmacokinetic information obtained in ADHD development plan was used to
derive dose that would match exposure in pediatrics observed after a dose of 200 mg in
adults. The information on modafinil exposure in pediatrics and adults after 200 mg oral
dose is shown in table below:
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As can be seen in Table1 above, exposures after 200 mg oral dose in pediatrics are
higher than that in adults. Since PK are linear, (doses from 200 to 800 mg in adults
have been shown to show dose-proportional increases in Cmax and AUC), one would
expect that a dose of 100 mg would result in an AUC of 50 µg•h/mL. Although no
formal dose-proportionality study has been conducted in pediatric patients, the dose of
modafinil was not shown to be a significant covariate in the population pharmacokinetic
modeling. Doses of 200 and 400 mg would result in pediatrics AUCs much higher than
studied in adults.
Registration trials in adults clearly showed that there is no difference in the
effectiveness between 200 and 400 mg doses as reflected in the PROVIGIL label
approved for adults.
Table 1. Average Baseline Sleep Latency and Change from Baseline at Final Visit
(MWT and MSLT in minutes)
Disorder

Measure

PROVIGIL 200 mg *
Baseline

Narcolepsy I

MWT

5.8

PROVIGIL 400 mg *

Placebo

Change
Change
Change
Baseline
Baseline
from baseline
from baseline
from baseline
2.3

6.6

2.3

5.8

-0.7

Narcolepsy II

MWT

6.1

2.2

5.9

2.0

6.0

-0.7

OSAHS

MWT

13.1

1.6

13.6

1.5

13.8

-1.1

SWSD

MSLT

2.1

1.7

-

-

2.0

0.3

*Significantly different than placebo for all trials (p<0.01 for all trials but SWSD, which was p<0.05)
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Retrospectively, it appears that the choice of doses in the upper range were
unnecessary. The choice of lower dose is still also a matter of concern since the
exposures (AUC) are not really hugely that different between adults (79 µg•h/mL) and
pediatrics (50 µg•h/mL). Ideally, the sponsor should have studied a dose of 25 mg
which would have resulted in exposures of about 12.5 µg•h/mL. It is not clear if the
Agency commented on the selection of the doses at the protocol stage.
The next question that would be of interest would be “Can we use the exposureresponse instead of the dose-response relationship, in pediatrics, to extrapolate
to lower doses and comment on what would be a ‘no-effect’ dose?
Unlikely. The sponsor performed exposure (AUC at steady state)-response (Multiple
Sleep Latency Test; MSLT) analysis to comment on the benefit at lower doses than
studied. The plot of mean MSLT scores at endpoint vs AUC at steady state is shown
below. The observed change from baseline MSLT and the best fit regression line are
shown in figure below:
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Sponsor’s Comments:
“The above figure illustrates that the exposures achieved with the 100-mg dose are
already on the flat portion of the exposure-response curve, with all dose levels showing
a significant difference compared to placebo. The model also suggests that modafinil
doses less than 100 mg may not be sufficient to achieve adequate efficacy. The model
predicts that AUC that produces 50% effect is 16.9 µg•h/mL. However, due to the lack
of data in the ascending portion of the Emax curve, there is some uncertainty regarding
this parameter. The steady-state exposure required to achieve 95% of the maximal
response for a 7.34-minute baseline value on the MSLT, is 36.4 µg·h/mL”.
Reviewer’s Comments: Clearly as seen in the graph there is no data on change in
MSLT between 0 and 20 µg●h/mL. This can lead to wrong conclusions on the
estimated dose that would result in at least 50% clinical benefit. Extrapolations beyond
and below studied exposures is discouraged from effectiveness point of view. In
conclusion, the data as analyzed by the sponsor does not effectively address the issue
of no-effect exposure/dose level.
Based on the review of the analysis conducted by the sponsor, the sponsor did not
meet the requirements of “The studies “must” also define an interpretable doseresponse relationship, including the identification of a no-effect dose.” Clearly
there is lack of information on no-effect dose.
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Question 2: Did the sponsor adequately characterize pharmacokinetics of modafinil in
pediatrics (6-16 year old children and adolescents)?
Yes, the sponsor did adequately characterize the pharmacokinetics of modafinil in
pediatrics (6-16 year old children and adolescents). The pharmacokinetics of modafinil
in ADHD patients has already been reviewed by FDA.
The summary of the pharmacokinetic parameters is shown in table below. Body weight
was a significant covariate for clearance and volume of distribution. However, no body
weight based adjustments are being proposed here.
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The sponsor utilized the rich data from studies conducted in ADHD pediatric patients to
supplement the sparse data collected from current study. Briefly, in ADHD pediatric
patients the following are the important details to note:

Dose Ranges Studied
As can be seen from the tables below doses from 85-425 mg/day were studied.
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Age Ranges Studied:
The following histograms show the distribution of patients across the various studies
included in the analysis. As can be seen in this graph below there are sufficient number
of patients in each age group. Also one should note that in PK modeling, Age is
included as a continuous variable.
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APPEARS THIS WAY ON ORIGINAL

Gender
As can be seen from tables below data from 399 males and 153 females was included
in the PK analysis in ADHD patients.
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The distribution of children in Study 3027 (Narcolepsy Pediatric Patients) across age
and weight ranges is shown in figure below. Please do note that the distribution is
being shown only for 97 patients who were included in the PK evaluation. In the PK
evaluation dataset, 53 male and 44 female subjects were included.
There was a good distribution of patients across age ranges.
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(2) Is there any difference in PK between ADHD patients and narcolepsy patients?
No. In pediatric patients with narcolepsy, sparse blood samples (3-4 per subject at
various time points during the entire trial in narcolepsy patients) were obtained.
Sponsor applied the model developed in patients with ADHD and showed that the
concentrations were predictable based on the model developed earlier (i.e., in ADHD
Study). The model was previously reviewed by FDA (NDA: 202717; SE1-018:
Reviewer: Dr Christine Garnett) and was found to be acceptable. The graph showing
the relationship between observed and predicted concentrations of modafinil in patients
with narcolepsy is shown here:

The above graph shows the relationship between measured modafinil concentrations in
narcolepsy patients and those predicted using the model developed in ADHD patients.
On the basis of these results, the pharmacokinetic profile of modafinil in pediatric
patients does not differ as a result of underlying disease condition (i.e., ADHD versus
narcolepsy). Therefore, the pharmacokinetic data obtained in pediatric patients with
ADHD and reported in this summary are reflective of those in pediatric patients with
narcolepsy.
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4. Is there any exposure-safety relationship that could improve benefit/risk profile of
modafinil?
Sponsor’s Comments:
Exploratory analyses of the occurrence of insomnia and decreased appetite adverse
events were performed, including summarizations of the various exposure measures,
stratified by the occurrence or lack of occurrence of the adverse events. In addition,
contingency tables of the occurrence of the adverse events by discrete levels of the
exposure measures and covariates were generated. Graphical displays were used to
determine if a relationship between occurrence of adverse events and exposure exists.
The frequency of occurrence for both insomnia and decreased appetite was very low.
Therefore, due to the low frequency of adverse events, no formal modeling efforts were
applied for the exposure-safety analysis and only descriptive summaries are presented.
Three patients receiving modafinil and two patients receiving placebo experienced mild
decreased appetite. Overall, the incidence of decreased appetite was low (active drug
2.4% and placebo 4.8%). Only two of these patients (one each at the 200 and 400 mg
dose levels) had PK data available. The AUCSS and Cmax values for patients with
decreased appetite were well within the range of values for patients who did not
experience decreased appetite in the corresponding dose groups. Overall, in these
limited data, there was no evidence of a relationship between AUCSS or Cmax and
occurrence of decreased appetite.
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Distribution of AUCSS and Cmax, Stratified by Decreased Appetite for the
Safety Analysis
Six patients receiving modafinil and one patient receiving placebo experienced insomnia.
Overall, the incidence of insomnia was also low (4.9% on active drug and 2.4% on
placebo). Five patients experiencing insomnia had PK data available. Of the seven
patients who experienced insomnia, severity was mild in six of the patients. Of the five
patients with insomnia and available PK data, the one patient who experienced
moderate insomnia exhibited the highest AUCSS and predicted Cmax. At each dose
level, the mean AUCSS and Cmax values were higher in the patients with insomnia
relative to those patients without insomnia, but were well within the range of values for
the corresponding dose groups not experiencing insomnia. Overall, there was no
evidence of a relationship between AUCSS or Cmax and the occurrence of insomnia in
these limited data.
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Distribution of AUCSS and Cmax, Stratified by Insomnia for the Safety Analysis

Reviewer’s Comments
There is clearly lack of evidence to rule out that the safety events are related to
modafinil exposure.
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1.

(b) (4)

The following figure shows the time course of MSLT after placebo, 100, 200 and 400
mg modafinil till 6 hours. There is no data which would show if the drug effects are back
(b) (4)
to the pre-dose level after a dose on week 6.

Mean Time course of MSLT at baseline and various treatment arms (Placebo, 100, 200
and 400 mg) in the study.
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2.

Are there any differences in effectiveness in younger (less than 12 years of age)
vs older (greater than 12 years of age) patients?
The following figure shows the time course of MSLT at various doses in patients less
than 12 years of age (LT 12) and greater than 12 years of age (GT 12). It does not
appear that the effectiveness is different in patients who are less than 12 years in
comparison to greater than 12 years group.

Mean time course of MSLT at baseline and various treatment arms (Placebo, 100, 200
and 400 mg) in patients whose age is greater than 12 years.
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Mean time course of MSLT at baseline and various treatment arms (Placebo, 100, 200
and 400 mg) in patients whose age is less than 12 years.
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