RESULTS
A total of 273 patients were randomized, with 271 receiving treatment.

The following chart displays patient flow (adapted from Dr. Rappaport,
page 48).

Modafinil 400 Modafinil 200 Placebo

Patients randomized ' 90 90 93
Patients treated 89 89 93
Patients in Efficacy

Analysis 86 83 88
Completers 84 (93%) 77 (86%) 82 (88%)

Patients were not included in the efficacy analysis, as noted above,
because they did not have at least 1 on-treatment assessment consisting
of both measures (MWT & CGI-C). In this study, most of the dropouts were
in the 200 mg/day group.

Groups were comparable at baseline on demographics and disease
parameters. In particular, patients enrolled in this trial were on average
41-42 years old with a mean duration of symptoms of about 22-25 years
(with a mean time since diagnosis of 7-8 years).

Groups were also relatively comparable at baseline with regard to prior
medication use and disease severity, although there was a slight
maldistribution on the CGI-S between the Modafinil 400 and 200 mg
groups. Specifically, there were fewer slightly ill patients in the 400
compared to the 200 mg groups (13% vs 22%, respectively), and more
markedly ill patients in the 400 compared to the 200 mg groups (35% vs
23%; see Dr. Rappaport's review, page 51-52).

APPEARS THIS WAY ON ORIGINAL
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Primary Outcomes
Sleep Latency (MWT)

The following table displays the results:

Baseline Endpoint P-value
{
Placebo (N=88) 6.0 5.4
M 200 mg/d (N=95) 6.1 8.3 <0.001
M 400 mg/d (N=86) 5.9 7.9 <0.001

APPEARS THIS WAY ON ORIGINAL
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There was a marked change in the distribution of change scores, as
outlined in the following taple:

Modafinil 4900 Modafinil 200 Placebo
(N=86) (N=83) (N=88)
»
Very much improved ' 6% 8% 0% “
Much Improved 28% 25% 14% |
Minimally Improved 27% 24% 24%
No change 30% 33% 48%
Minimally Worse 6% 8% 10%
Much Worse 3% 1% 5%
Very Much Worse 0% 0% 0%
P-value 0.02 0.01

The proportion of patients who improved from baseline at endpoint for
each dose group was 60%, 58%, and 38%, for Modafinij 400, Modafinil 200,
and Placebo, respectively. These differences yielded p-values for each
dose comparison to placebo of <0.01. The differences between each dose
and placebo in the Proportion of patients improved from baseline yielded
P-values less than 0.05 at all time points (weeks 3, 6, and 9).

Secondary Measures
A number of secondary outcomes were assessed.

MWT
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MSLT

i .

Between treatment differences between each drug and placebo were
significant at endpoint.

Polysomnography

There were NoO consijstent significant differences between either drug
group and placebo On any parameters,

14
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Although the Sponsor reports changes in favor of drug, no statistical
analyses were reported. (

A total of 2305 subjects have been treated with Modafinil for whom CRFs
are available to the Sponsor. These subjects were enrolled either in
Cephalon Sponsored Phase 1, 2, or 3 studies (controlied ang uncontrolled),
or in foreign, non-Cephalon Sponsored studies.
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foreign €xperience. First, he notes that the Sponsor is not certain that g
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0 and 1/185 (0.5%) of placebo patients, respectively. No other single
adverse event was responsible for more than 0.5% of patients
discontinuing treatment with modafinil in these studies, although 3% of
patients reported discontinuing treatment due to ADRs involving the
Nervous System, with ADRs of the Body as a Whole accounting for
discontinuation of 1.4% of patients, Digestive System ADRs accounting for
discontinuation of 1.1% of patients, and Respiratory System ADRs
accounting for discontinuation of 0.8% of patients.

Dr. Rappaport reproduce's the sponsor's summary table of discontinuations
due to ADRs (reprinted in his review as Table 36, page 78) in the US as
well as foreign databases, excluding Cephalon sponsored Phase 3
uncontrolled experience. Unfortunately, the comparative dropout rates
(drug vs placebo) due to specific events in the foreign controlled trials
cannot be examined, because it appears that the sponsor has combined
controlled and uncontrolled data in the same table. Nonetheless, as
presented here, no single ADR accounts for more than 0.6% of dropouts in
the foreign narcolepsy patients (N=533), or 2.1% (insomnia) in the foreign
non-narcolepsy patients (N=1171). In all of these foreign studies, the
Nervous System was the body system in which the greatest number of
events leading to discontinuation occurred (6.4% of patients in the
foreign, non-narcolepsy patients).

SERIOUS ADVERSE EVENTS

In Cephalon sponsored Phase 3 controlled trials, 9/369 (2.4%) of modafinil
treated patients experienced a serious adverse event, compared to 5/185
(2.7%) of placebo treated patients. Of the 9 modafinil treated patients,
the sponsor considered 6 patients to have experienced a serious adverse
event that was possibly, probably, or presumably definitely related to
treatment (see Dr. Rappaport’'s Table 33, page 72).

Dr. Rappaport has reviewed all narrative summaries of all ADRs resulting
in discontinuations as well as those for all serious ADRs, regardless of
the investigators’ causality assessments. In his view, only 3 events (in 2
patients) were both clinically significant and likely related to treatment:;
they occurred in patients in Cephalon sponsored Phase 1,2 studies.

17
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One was a 22 year old man who éxperienced an acute Psychotic episode
after one week of treatment with 600 mg/day (after initiating treatment
with 200 mg/day on Day 1 and 400 mg/day on Day 2). The episode resolved
3 days after treatment discontinuation.

The others were tachycardia (from 77-98 at baseline to 133-147) 8 hours
after a single 800 mg dose, and hypertension (125/89 at baseline [supine]
to 143/103) also after the single dose, in a 21 year old man,

I.

Event Modafinijl ¢ (N=369) Placebo ¢ (N=185)
Headache 50% 40%

Nausea 13% 4%

Rhinitis 11% 8%

Diarrhea 8% 4%

Nervousness 8% 6%

Pharyngitis 6% 3%

Dry Mouth 5% 1%

Anorexia 5% 1%

Dizziness 5% 4% D -
Depression 4% 3%

Anxiety 4% 1%

Lung Disorder 4% 2%

Cataplexy 3% 2%

Insomnia 3% 1%

Paresthesia 3% 1%

LFT Elevation 3% 2%

Amblyopia 2% : 1%

Chest Pain 2% 1%

Vision Abnormal 2% 0%

Dyspnea 2% 1%

18 )
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Modafinil Placebo
Hypotension 2% 1%
Hypertension 2% 0%
Neck Pain 2% 1%
Chills 2% 0%
Vomiting 2% 1%
Dyskinesia 2% 0% .
Hypertonia % 0%

experience, although the total number of patients reporting ADRs was
generally greater in the Cephalon sponsored studies (with exceptions; for
example, in the foreign, non-narcolepsy patients, a total of 11%..reported
insomnia, presumably, though, including uncontrolled experience-see Dr.
Rappaport’s Table 38, page 82). '

_— Most of any dose response seen in ADRs was seen at doses greater than
( 400 mg/day.

LABORATORY VALUES

The sponsor reported the results of laboratory tests only for the Cephalon
sponsored studies.

Clinical Chemistry -

In the Phase 3 controlled trials, there were no important differences
between drug and placebo (not broken down by dose) in the incidence of
abnormally increased LFTs (ALT, AST, GGT, bilirubin >3X ULN), or any other
routine chemistry test (see Dr. Rappaport's Table 40, page 88). There was
a dose dependent increase in any elevation of GGT in these studies
(placebo-5%, 200 mg/day-4%, 400 mg/day-10%), although, as noted by Dr.
Rappaport, a number of these patients had abnormal screening or baseline
levels, other causes for the elevations, and/or decreases with continued
treatment. In the Phase 1 »2 studies, the only finding of interest was the
C incidence of elevated Bicarbonate in Modafinil treated subjects (5/66 or

19
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8%) compared to 0/20 placebo patients.

In the open label experience, 2.4% of patients had at least one abnormal
GGT.

Hematology
There were no important hematologic abnormalities.

t
Other Safety concerns
No other significant safety concerns have been noted. Study 302 examined
the effects of drug withdrawal. Although there appeared to be a slight
increase in daytime sleepiness in patients who withdrew from either 400
mg or 200 mg/day compared to placebo, there was no between treatment
difference in other ADRs of importance (see Dr. Rappaport's review, page

94).

PHARMACOLOGY

only one of which has been found to be acceptable. Specifically, the study
in rats was acce table , because the doses
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teratogenic effects (200 mg/kg).

A peri- and post-natal study was performed in 1995 according to ICH
guidelines, and is acceptable, but a fina| report has not yet been submitted
to the Agency. Based on a desk copy of the report received on 11/6/97,
which did not contain plasma level data, Dr. Fitzgerald has concluded that
no adverse effects occurred at doses up to 200 mg/kg.

In sum, Dr, Fitzgerald copcludes that the NDA can be considered
approvable, with the Sponsor's commitment to submit the results of an
acceptable alternative carcinogenicity assay, and appropriate
reproduction and teratology studies. | agree.

CHEMISTRY

A letter outlining minor deficiencies was sent to'the Sponsor on 5/12/97,
to which they responded. Dr. Heimann reviewed the response (review
dated 12/2/97) and finds the responses acceptable. However, there are

BIOPHARMACEUTICS

Dr. Yuan has severaj comments. Of interest is her finding that levels of
the metabolite modafinil acid (presumed to be inactive) were markedly
increased in patients with renal impairment (N=10, mean Cler=16.6)
Compared to normals (N=12) after a single 200 mg dose. Specifically,
while parent levels were unchanged, modafinil acid AUC increased by 8
fold and Cmax by 3 fold.

Additionally, patients with *“severe” cirrhosis (N=9) had a doubling of
half-life and Cmax after 8 days of 200 mg (Days 1 and 8, 200 mg single
dose; Days 2-7, 100 mg BID) compared to normals (N=6).

21
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SCHEDULING

The sponsor has requested that modafinil pe placed in Schedule IV of the
Controlled Substances Act. HFD-170 has reviewed the abuse ang

assume from the submission. For this reason, the Sponsor should be asked
to give a complete and accurate accounting of the exact number of
patients who have received drug, as well as accurate dose/duration data
for this cohort.

. In addition, the Sponsor has not given sufficiently detailed dose/duration

22
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data for the database that includes the Cephalon sponsored Phase 3
uncontrolied studies (the entire safety database). As has been noted, for
example, we cannot know from the sponsor’'s presentation how many
patients received doses close to 400 mg/day for at least 6 months.

The fact that much of the foreign data was gained with twice a day dosing
is problematic. It is not immediately obvious that a daily dose of 400 mg,
given as 200 ‘mg twice a day, provides relevant data to support the safety
of a 400 mg/day dose, given as a single dose (the dosing regimen shown to
be effective).

For these reasons (Iack_ of additional benefit of a 400 mg/day dose,
inadequate description of the exposure at the higher dose, potential
inability of the foreign data to support the safety of this dose), |
recommend that the product be labelled for use as a single 200 mg daily
dose. If the sponsor can adequately describe sufficient safety experience
at a single dose of 400 mg, a statement to the effect that such a dose is
reasonably well tolerated may be permitted in labeling, but it may not be
recommended as a dose that is likely to be more useful than the 200
mg/day dose.

Additionally, as Dr. Rappaport points out in his review (page 87), the

sponsor has not submitted laboratory data for the foreign studies; they
must do so.

Finally, the Pharmacology and Biopharmaceutics comments should be
transmitted to the sponsor.

RECOMMENDATIONS

The sponsor should be sent an Approvable letter with attached draft
labeling.

‘ Russell Katz, M.D.
¢
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Cc:
NDA 20-717
HFD-120

HFD-1 20/Katz/Leber/Rappaport/MaIandrucco/Fitzgerald

APPEARS THIS WAY ON ORIGINAL
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REVIEW AND EVALUATION OF CLINICAL DATA
71

NDA 2¢. 7
Sponsor; Cephalon, Ing.
Drug: Provigil (modafinil) Tablets
Proposed indication: Narcolepsy
Material Submitted: Information amendment
Date received: 9/29/97

1. This is a brief Summary of the Post-marketing safety assessment of
AE’s which would commonly be reported in association with stimulant use, abuse or
overdose. This section also includes a line listing of all AE’s by system for modafinil,

nNarrative summaries of all ninety AE’s and an estimate of the number of treatment days.

Pressure”, “dilateq pupils”, “euphoria”, ang “insomnia.” Interpretation of these
Scores is impossible as no further information is provided.

Additionally, _ reports that no agitation, increase in body temperature,
hallucinations, convulsions or deaths were reported in any of the six cases of higher
daily doses of modafinil, 500 or 600 mg/day; and that no case of ‘withdrawal
Syndrome” has been reported since the drug has been on the market.

The line listing notes a total of ninety reported AE's. Of these, only nine are considered
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e e UGN S LA L e s - - - .- . . . .

The “Number of Treatment's Days” table is uninterpretable as the Population is not
defined, and the formula used not provided.

The following conclusions were drawn by the sponsor from the results of their efficacy
assessments of the open label, extension trials:

Placebo patients showed relatively little change in any parameter during the double
blind phase, but were greatly improved during the open label phase;

Most patients improved with long term treatment at 200 to 400 mg daily doses as
indicated by a 14% discontinuation rate due to lack of efficacy in Study 301 and a 9%
discontinuation rate due to lack of efficacy in Study 302;

reported improvement in feeling about life,, overalj quality of life, and standardized
Physical Health and Mental Health SF-36 factors:

Attachment 3 provides a description of the effects that smart drug and anorectic
Properties of modafinil will have on abuse potential. The sponsor has concluded that,
“There is minimal evidence to suggest that modafinil might be a nootropic agent.” There
has been no evidence supporting it's abuse found by the drug’s manufacturer in France,
or by Interpol, since it's introduction in 1994,

administration in rodents...and in poly-substance abusing human research
subjects...However, in long-term clinical trials modafinil failed to demonstrate evidence
of clinically meaningful, dose-related, or predictable effects on weight or on appetite in
human narcolepsy subjects.”
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blind manner. The doses were chosen based on the results of Phase A, the dose ranging
Segment of the protocol. Each treatment was administered as one dose on the morning of
~ the first day of each treatment session, followed by two days without any drug.

Number of Subjects

Male n (%) Total n (%)
Entered 25  (100) 12 (100) 37 (100) "
Discontinued* 1 (4 0 (0 1 (3
Completed all treatments | 24 (96) 12 (100) 36 (97)
Evaluable for safety 25 (100) 12 (100) 37  (100)
24 (9p) 12 (100)

Female n (%)

Evaluable for abuse liability

o e

different from that of the male subjects. Therefore, the statistical analysis model for
the female subjects was different from that for the male subjects.

& o Based on their analyses, the Sponsor has concluded the following:

“Modafinil at the therapeutically relevant doses of 200 mg, 400 mg, and 800 mg,
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Conclusions:
1. Limited useful information is available in this Post-marketing review from France. The
data and methods of analysis are poorly defined. There do not appear to be any new AE’s
of clinical significance. Nor does there appear to be an increased incidence of any
clinically significant AE.

2. Long term efficacy is difficult to assess based on these open label extension studiés. »
However, there does appear to be a maintenance of efficacy over the time period.

Anesthetic, Critical Care and Addiction Drug Products.

Recommendations:

No action is indicated at this time.

“~-. _Bob A. Rappaport, M.D.
Medical Reviewer

November 18, 1997

cc: orig. NDA
HFD-120 file

HFD-120
Leber
Katz
Rappaport
T Malandrucco
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NDA 20.717
ADDENDUM 1 1/20/97

Sponsor: Cephalon, Inc.

Drug: Provigil (modafinil) Tablets
Proposed indication: Narcolepsy

Materia] Submitted: Original NDA

Date received: 12/30/96

Vol. 11, pp. 04553-04554]:

MWT

four trial will be tabuiated.”
MSLT

“Four 20-minute trials of the MSLT will be performed at 2-hour intervals beginning
approximately 2 hours after the nocturnaj polysomnographic session is completed. The MSLT
will be done according to Previously established Procedures. The hoctumal polysomnography
montage, excluding respiratory airflow and leg EMG, wi| be maintained throughout each MSLT
trial. Patients wij| be allowed access to their usual amount of caffeinated beverages ang food.

will be terminated after 20 minutes if no sleep occurs, or 15 minutes after sleep onset, Sleep
latency for the four trials wil be tabulated_”
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ob A. Rappaport, M.D.
Medical Reviewer
November 20, 1997

cc: orig. NDA
HFD-120 file
HFD-120
Leber

Katz APPEARS THIS WAY ON ORIGINAL
Rappapo

Malandrucco
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NDA 20-717
ADDENDUM 12/11/97
Sponsor: Cephalon, inc.
Drug: Provigil (modafinil) Tablets
Proposed indication: Narcolepsy
Material submitted: Original NDA
Date received: 12/30/96

As part of the Patient Daily Sieep Logs, subjects recorded the following:

1. Total minutes of sleep during day (naps)
2. Number of episodes of unwanted sleep
3. Number of episodes of desire for sleep
4. Number of cataplexy attacks
5. Number of minutes to fal| asleep
6. Number of minutes of sleep before first awakening
7. Number of minutes awake (not counting time to fall asleep)
8. Number of hours slept
-
9. Number of times awakened

10.  Number of hypnagogic hallucinations; and
11.  Number of episodes of sleep paralysis

In regard to #'s 4, 9, 10 and 11, the common associated symptoms in narcoleptics, the sponsor
reported the following:

Study 301:

than did patients receiving placebo (averages of 0.98 and 0.82 versus 0.74, respectively) at
Endpoint. However, this was also true at Baseline: the modafinil 400 mg and 200 mg groups had
averages of 1.31 and 0.96 cataplectic attacks per day, respectively at Baseline, compared with

0.79 for the placebo group. The incidence of daily reported cataplectic attacks decreased during = -~
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the study for both modafinil groups but not for the placebo group; similar results were
observed at Weeks 3,6 and 9. The ratings of the ability to resist sleep and of general alertness
were similar among all three treatment groups throughout the study.

“There was no reported negative effect of modafinil treatment on nightly sleep. Modafinil
groups reported awakenings (‘woke up’) at night on fewer occasions, and experienced fewer
episodes of hypnagogic hallucinations and of sleep paralysis.” (item 8, Vol. 8, p. 03078]

Review of the sponsor's Table After Text 14.0.3-14.1.6, Item 8, Vol. 9, pp. 03479-03498,
confirm the above findings for Endpoint evaluations. No statistical analyses are reported and the
Positive results appear to be a trend of small amplitude.

Study 302:

“Differences between modafinil treatment groups and the placebo treatment group were not
clinically meaningful for number of...cataplexy attacks...

“...Differences between treatment groups for other parameters [number of times awakened,
number of hypnagogic hallucinations, number of episodes of sleep paralysis, and others] were
not clinically significant.” [item 8, Vol. 14, p. 06083]

Review of the sponsor's Table After Text 14.0.6-14.1.12, Item 8, Vol. 16, pp. 06506-
006534, does not reveal any obvious negative or positive trends. No statistical analyses are
reported.

Bob A. Rappaport, M.D.
Medical Reviewer
December 11, 1997

cc: orig. NDA
HFD-120 file
HFD-120
ez
Rappaport
Malandrucco
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Ve’ Pubiic Health Service
- { DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration
( {HL
Memorandum

DATE: December 1, 1997

TO: Addressees (below)

THRU: Cynthia McCormick, MD,, Director

‘ Duvision of Anesthetic, Critical Care and Addiction Drug Products (HFD-170)
FROM; Michae] Klej Ph.D, Team Leader
Controlled Sltr;bstances Evaluation Team (HFD-170)

SUBJECT: Recommendation:  Placemen of MODAFINIL in Schedule Iv
of the Controlled Substances Act (Csa)

( - After your review and concurrence of the attached Scheduling document, please return
signed document to Corinne Moody, HFD-170, ASAP. We will then forward the
Tecommendation to the Office of Health Affairs for coordination with the Commissioner
of Food and Drugs and the Director of the National Institute on Drug Abuse, per the
1985 MOU with NIDA. Their concurrence will then be transmitted to the Assistant
Secretary for Health, The recommendation ultimately will be directed to the DEA,
which has administrative responsibility for the CSA_

The sponsor is hopefi] that this control action can move along expeditiously so that
marketing of mo&eﬁnﬂ will not be delayed. =P d

-
Addressees:
HFD-170/C McCormick/C. Moody/B.-Hayes/S Calderon/ 1 Cemny/ M. Klein
-120/P. Leber/R. Katz/ M. andrucco, apport
ODEMI/P. Botstein/ B. Collier
ODEI/R. Temple

HFD-1/J. Woodcock/ M. Lumpkin
HFY-1/8S. Nightingale/ N. Reuter

Q
GR2A on-(\mmf )
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OF THE CONTROLLED SUBSTANCES ACT (CSA)

Modafinil is a new chemical entity and a central nervous system (CNS) stimulant that is being

(NDA #20-71 7). The indication being proposed for modafinil is to improve wakefulness in patients
with excessive daytime sleepiness associated with narcolepsy. Chemically, the substance is 2-
[(diphenylmethyl)— sulphinylacetamide], molecular formula CisH,sNSO,, with a molecular weight of 273,
PROVIGIL® is a tablet containing 100 mg or 200 mg of modafinil. PROV|GIL® is sponsored by
Cephalon, Inc. The drug has been marketed in France, though approvais are pending in Canada,
Belgium, Denmark, Greece, Ireland, Italy, Netheriands, Portugal, Spain and the U.K. .

Submitted to the Secretary, if such drug has a stimulant, depressant or hallucinogenic effect. Pursuant
to 21 U.S.C. 811 (b), the Secretary is required to consider in the scientific and medical evaluation eight
factors determinative of control or removaj of a drug or other substance from the schedules of the
CSA. Following consideration of the eight factors, if it is appropriate, the Secretary must make three
findings to recommend to schedule a substance in the CSA. The findings relate to a substance's abuse
Potential, legitimate medical use, and dependence liability,

the FDA, with the concurrence of the National Institute on Drug Abuse (NIDA), as described in the
Memorandum of Understanding (MOU) of March 8, 1985 (50 FR 9518-20).

Accordingly, the FDA recommends that modafinil be controlled in Schedule |V of the CSA. Pursuant to
21 U.S.C. 811 (c), the eight factors pertaining to scheduling the product are considered below:

I Inin vitro binding Studies, modafini| was active at the dopamine reuptake site, and displayed some
binding affinity for the dopamine receptors. Modafinil was approximately 100-foid less potent than
cocaine in stimulating the release of *H-dopamine.

ii. Modafinil is reinforcing, as evidenced by its being shown to be self-administered by primates that
were trained to self-administer cocaine. This behaviorai response is a major preclinical indicator that a

drug is likely to possess abuse potential and that it will produce psychological and/or physical
dependence.
#i. Modafinil produces psychoactive and euphoric effects, alterations in mood, perception, thinking and

odafinil lacks water solubility and decomposes wi eat, and therefore would not likely be
abused by parenteral, intranasal, or inhalation routes, as are cocaine, methylphenidate, and
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amphetamine.
ix. Relative potency differences between modafini! zixd other CNS psychostimulants are significant.
Although in primates modafinil functioned as a positive reinforcer at dises 22- and 66-folds lower than
the proposed therapeutic dose (400 mg/day; 6.67 mg/kg), it is considerably less potent than
amphetamine and methylphenidate.

x. In preclinical drug discrimination studies, modafinil only partially discriminated to cocaine and d-
amphetamine.

z.s. ifi id fi } logi L i I.[| =~

The precise biochemical mechanism by which modafini elicits its
wake-promoting effects has not been clearly defined. Available data indicate that modafinil does not
act directly on any single neurotransmitter system, but rather, modafinil appears to indirectly affect
dopaminergic, serotonergic and GABA Systems, or a combination of these Ssystems and requires an
intact a1-adrenergic system. The drug’s effects on the dopaminergic system appear to be mediated by
its ability to modulate GABAergic transmission. Using microdialysis in the nucleus accumbens,
modafinil (30, 100 and 300 mg/kg, s.c.) dose-dependently increased the release of dopamine while
decreasing the release of GABA in rats. Local infusion of the GABA, antagonist phaclofen, the GABA
a 2gonist muscimol, and the GABA reuptake inhibitor SKF589976A decreased modafinil-induced
release of dopamine from the nucleus accumbens. In contrast, the GABA, agonist baclofen increased
the modafinii-induced release of dopamine

The affinity of modafinil for various receptors has been evaluated in the Nova Screen, an in vitro
radiolabeled binding study screen. Results demonstrated that modafinil (0.1 mM) does not inhibit more
than 37% of the binding to any of the panel of receptors tested. These included the following types of
sites: adenosine, adrenergic, benzodiazepine, dopamine (non-selective), GABA, and GABA,, glutamate
AMPA, kainate, NMDA, glycine site, and MK-801), strychnine-sensitive glycine, histamine (H1 and H2),
muscarinic (non-selective, central and peripheral), nicotinic, 5-HT, sigma, opiate (non selective), ion
channels (i.e., calcium channel, (L and N), chioride channel, potassium channel (ATP sensitive, voltage
sensitive and insensitive)), NE, and §-HT uptake/transporter, and second messengers systems
(adenylate cyclase, inositol triphosphate and protein kinase C).

Modafinil (0.1mM) disglayed some binding affinity for the dopamine receptors; and it showed 100%
inhibition of dopamine uptake (IC,, = 3.10uM; K, = 1.93 uM). Modafinil also lacked affinity for the A,
or A, adenosine receptors. Modafinii {0.001 - 10.0 #4M) did not inhibit the binding of [*H]DPCPX (A,
receptors) or [*H)CGS-21680 (A, receptors) to the adenosine receptors in whole brain membranes
preparations (except cerebellum). '

In a second set of studies, the affinity of modafinil for various uptake sites was evaluated. These
studies included evaluation of norepinephrine (*H-desipramine in rat cortex), serotonin (*H-Citalopram)
and dopamine (*H-mazindol in rat striatum and *H-WIN in Quinea pig striatum) uptake sites. Except for
binding at the dopamine uptake site, binding inhibition was not obtained. In radioreceptor studies using
*H-mazindol, the affinity of modafinil for the dopamine uptake site was approximately five-fold lower
than affinity of cocaine, 16-fold lower than d-amphetamine, 30- and 60-fold lower than the affinity
showed by nomifensine and GBR-12908 [Ki(nM): 2,050+ 30, vs. 375 + 28 for cocaine; 132 for d-
amphetamine; 68 + 10 for nomifensine and 24 + 5.6 for GBR 12909] (Table 1).

<
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Table L Effect of Modafinil on Dopamine (DA), Serotonin (5-HT), and Norepinephrine (NE)
Uptake.

GBR 12909 24 - - -
Nomifensine 68 89 47 24
d-Amphetamine 132 (Kn); 29,400 (Ky) - - -
Cocaine 375 ICso 5-Fold greater - -
than nomifensine

. Modafinil 2050 6,800 6,500 8,300
Modafinil acid - >1,000,000 66,000 15,000
Modafinil sulfone - >500,000 68,000 2,800

of d-amphetamine. in contrast to observations with d-amphetamine ( 10uM), modafinil (10 uM) did not
stimulate release of [*Hldopamine from the Synaptosomes. In rat striatal slices preloaded with 3H-
dopamine, the ability of modafinil (300 M), cocaine (3-30 uM), d-amphetamine (3.0-30.0 uM), and
nomifensine (30-300 #M) to increase spontaneous and electrically-evoked release of dopamine was
evaluated. Under basal conditions, modafinil was less potent than nomifensine (10 and 30 #M) and
cocaine (3 and 10 uM) in stimulating [°H)dopamine release. Using electrical stimulation to stimulate
the release of [*Hidopamine from rat striatal slices, modafinil was less potent than nomifensine (10 and
30 uM) and cocaine (10 uM) in blocking the release of [*Hldopamine following electrical stimulation.
Results from these studies indicated that modafinil was approximately 100-fold less potent than
nomifensine or cocaine in stimulating the release of ’H-dopamine.

based on the observation that the modafinil induced increase in motor activity in mice is antagonized
by central Qa1-antagonists such as prazosin, but not by dopamine antagonists, although modafinil does

not bind to a1-receptors in vitro at concentrations up to 10 M, using [*H}-prazosin in canine cortical
membranes.

modafinil on wakefulness were compared to that of methamphetamine . Modafinii (30-300 mg/kg)
promoted EEG-defined wakefulness in a dose-dependent manner. Modafinil was less potent than
methamphetamine in inducing a state of wakefulness; a dose of 300 mg/kg of modafinil was
equipotent to 1.0 mg/kg of methamphetamine. In contrast to methamphetamine, modafinil did not
produce an increased drive for Compensatory sieep (i.e., NREM). In another study, the effects of
modafinil (64 and 128.0 mg/kg, i.p.) and d-amphetamine (2.5 and 5.0 mg/kg i.p.) on sleep/waves
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cycies (duration), slow wave sleep (SWS), paradoxical sleep (PS) and wakefulness were evaluated in

Sprague Dawley rats (Touret et a/ . 1995). Both

modafinil and d-amphetamine dose-dependently

increased wakefuiness: modafinil was approximately 51-times less potent than d-amphetamine. Similar
effects were seen with 128 mg/kg modafinil and 2.5 mg/kg amphetamine. d-Amphetamine

wakefulness was followed by recovery of lost PS
modafinil did not produce this effect. In contrast

rebound on the day of administration, whereas
to d-amphetamine, modafinil did not affect the sleep

patterns of the rats one day post-treatment. In modafinil-treated rats, sleep pattern on post-injection
day was similar to that of controls, while that of d-amphetamine-treated rats was modified.

The effects of modafinil on arousal were also eva

luated in sleep deprived rats. Results from this study

demonstrated that modafinil was effective in reducing preexisting sleep deficit brought on by forced
wakefulness and the accumulation of additional REM sleep debt incurred during sleep deprivation.

modafinil prolonged EEG-defined wakefulness without increasing NREM sleep or the desire to recover

lost NREM. At a dose of 300 mg/kg, the amount

of lost NREM and REM recovered after the extended

period of sleep deprivation was reduced by modafinil. Modafinil at a dose of 300 mg/kg did not alter
levels of sleep, wakefulness, or locomotor activity two days post-treatment.

in another rat study, effects of modafinil on sieep/wake cycles were examined in anesthetized rats.
Modafinil {(32.0 to 250 mg/kg) increased the duration of wakefulness and the latency to the first
appearance of REM sleep in a dose-dependent manner. The SWS was also decreased in a dose-
dependent manner. Modafinil (64 and 128 mg/kg) and d-amphetamine (2.5 and 5.0 mg/kg) produced

similar results on recovery of paradoxical sieep in

rats implanted with electrodes. Modafinil and d-

amphetamine each caused a dose-dependent increase in wakefulness. In contrast to d-amphetamine,
the wakefulness induced by modafinil was not followed by recovery of lost paradoxical sleep.

Effects of modafinil on sleep and wakefulness were examined in two standard dog models. in the
English bulidog model of hypersomnolence, the effects of modafinil (10.0 mg/kg, i.v.) on sleep
[parameters measured included total sleep time; sleep latency (total minutes till onset of NREM); sleep
disordered breathing index] and wakefulness were evaluated. Modafinil significantly (p < 0.005)
produced marked wakefulness and increased sleep latency (346 = 105 min for modafinil vs 71 + 40
min. for vehicle contro!). in the dobermans narcoleptic model, the effects of modafinil

(0.125-10.0 mg/kg, i.v.) and d-amphetamine {2.5-200.0 ug/kg, i.v.) on cataleptic sleep locomotor
activity, and cardiovascular parameters were examined. Modafinil at a dose of 10.0 mg/kg and d-
amphetamine 200 ug/kg showed equal efficacy in increasing wakefulness and

decreasing sleep in both the normal and narcoleptic dogs. Unlike d-amphetamine, modafinil
significantly reduced REM in both normal and narcoleptic dogs. Modafinil, up to 10 mg/kg, had no

effects on suppressing or decreasing cataplexy.

The ability of modafinil to function as a positive reinforcer was
evaluated in primates. Using the standard self-administration paradigm, the reinforcing efficacy of
modafinil was evaluated in four rhesus monkeys that were trained to self-administer cocaine (0.02
mg/kg/infusion in one monkey; 0.05 mg/kg/infusion in three monkeys) under a fixed-ratio 10 schedule

of drug delivery. Using the standard substitution

procedure, vehicle (ethanol-emulphor), saline,

modafinil (0.03, 0.1, and 0.3 mg/kg/injection), d-amphetamine (0.01 or 0.03 mg/kg/injection), and |-
ephedrine (0.1 mg/kg/infusion) were substituted for cocaine. Once stable responding was obtained,
test drugs were substituted for four consecutive days. Between substitutions, the monkeys were
returned to cocaine baseline conditions for at least three sessions.

Modafinil functioned as a positive reinforcer at doses that were 22- and 66-folds lower than the

proposed therapeutic dose (400 mg/day; 6.67 mg/kg). In all monkeys, at least one dose of modafinil »
maintained number of infusions above the range of infusions obtained for saline and vehicle. Modafinil ~
at a dose of 0.3 mg/kg/injection was self-administered by all four monkeys; and 0.1 mg/kg/infusion
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modafinil was self-administered by two monkeys. These doses of modafinil were self-administered at
rates equal to or greater than the rates of baseline cocaine infusions. Generally, as the dose of
modafinil was increased, the number of infusions obtained first in-reased and then decreased for the
monkeys self-administering modafinil, resulting in an inverted U-shaped function relating infusion
number to dose. As the dose per infusion was increased, intake (mg/kg/1-hr session) of modafinil
increased; the mean intake of modafinil for all four monkeys ranged from 0.4 mg/kg to 34.7 mg/kg at
the 0.03 mg/kg/infusion and 0.3 mg/kg/infusion, respectively.

The pattern of responding maintained by modafinil differed from that observed with cocaine. Analysis
of the within session time course of cocaine infusions under baseline conditions revealed that in three
of four monkeys, the greatest number of infusions occurred during the first quarter of the session. The
fourth monkey maintained responding for cocaine at a similar rate throughout the entire session. in
contrast, when modafinil (0.1 and 0.3 mg/kg/injection) was available, in some monkeys the rate of self-
administration was the greatest in the first 2 quarters of the session; whereas in some monkeys it was
distributed fairly evenly throughout the entire one hour session.

As a positive test, d-amphetamine and l-ephedrine were substituted for cocaine in three. monkeys.
Results clearly showed that both d-amphetamine and l-ephedrine maintained rates of responding higher
than that of saline; that is, they were positive reinforcers. In all three monkeys, the mean number of
d-amphetamine and I-ephedrine infusions were comparable to the cocaine baseline.

To assess the role of the adrenergic system in the reinforcing effects of modafinil, an antagonism test

with prazosin was conducted. Prazosin (0.1 mg/kg) was administrated intravenously 15 minutes prior
to the self-administration substitution session with modafinil {0.05 and 0.3 mg/kg/injection) or vehicle

(1:1 ethanol:emulphor). Prazosin had no significant effect on modafinil maintained behavior.

DISCRIMINATIVE STIMULUS PROPERTIES. Drug discrimination studies are routinely used to

demonstrate whether or not a new drug is recognized as being pharmacologically equivalent to known
drugs of abuse. In animals, if a new drug exhibits similar stimulus properties to known drug of abuse,
there is a strong possibility that the new drug would be similarly abused by humans. The stimulus
properties of modafinil were evaluated in rats trained to discriminate cocaine from saline and in another
group of rats trained to discriminate amphetamine from saline.

The discriminative stimulus properties of modafinil were evaluated in rats trained to discriminate
cocaine (10 mg/kg, ip) from saline in a two-lever operant procedure under a fixed-ratio (FR) 32 schedule
of reinforcement during daily 30-minute sessions. After criterion was established, substitution tests
were conducted. On substitution test sessions, doses of modafinil (3.0-250 mg/kg; 30 minutes
pretreatment time), d-amphetamine (0.1-3.0 mg/kg, 10 minutes pretreatment time), or l-ephedrine (3.0
- 30.0 mg/kg, 10 minutes pretreatment time) were administered prior to the behavioral session. To
assess the role of the adrenergic system in the discriminative stimulus effects of modafinil, an
antagonist test session with prazosin was conducted after the substitution test sessions were
completed, in a similar manner as described above. During the antagonism test, prazosin (0.3 mg/kg)
alone or prazosin (0.3 mg/kg) 10 minutes prior to 250 mg/kg of modafinil was evaluated. The
behavioral session was conducted 30 minutes after the subjects received the modafinil injection and 40
minutes after receiving prazosin only. Both d-amphetamine and l-ephedrine dose-dependently
substituted for the stimulus cue of cocaine. The highest dose of d-amphetamine tested elicited 100%
cocaine-lever responding; whereas the highest dose of l-ephedrine tested only elicited approximately
80% cocaine-appropriate responding and this was associated with marked behavioral disruption (i.e., a
substantial decrease in rate of responding). '

Following modafinil {3-100 mg/kg) substitution for cocaine, subjects responded exclusively on the -

saline lever. However, cocaine-appropriate responding was observed when 150 and 250 mg/kg of
modafinil was tested. Modafinil (150 mg/kg) only substituted for cocaine in one out of six rats tested;
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four of six rats elicited cocainedever responding at a dose of 250 mg/kg. However, this high dose
tested also reduced rates of responding by 59% as compared to control response rate.

In the antagonism test, prazosin (0.3 mg/kg) was studied alone and in combination with modafinil (250
mg/kg). Prazosin alone elicited exclusively saline-appropriate responding. When prazosin was
administered 10 minutes prior to modafinil, prazosin failed to attenuate either the cocaine-like
discriminative stimulus effects or the response rate effects of this dose of modafinil.

The discriminative stimulus properties of modafinil were evaluated in rats trained to diccriminate d-
amphetamine (1.0 mg/kg, ip) from saline in a two-lever operant procedure under a FR 32 schedule of
reinforcement during daily 30-minute sessions. After criterion was established, substitution tests were
conducted. Substitution test sessions were conducted with modafinil (10.0, 30.0, 100.0, and 250.0
mg/kg), and d-amphetamine (0.1, 0.3, 1.0 and 3.0 mg/kg). d-Amphetamine dose-dependently
substituted for the training dose (1.0 mg/kg) of d-amphetamine. Only saline-appropriate responding was
observed when 10, 30, and 100.0 mg/kg of modafinil was substituted for d-amphetamine. Partial
amphetamine-appropriate responding was elicited by 250.0 mg/kg of modafinil; only 51.4% d-
amphetamine-lever responding was measured. However, a substantial decrease in rates of responding
was observed and one rat died within 5 hours of modafinil administration.

CLINICAL TRIALS, Modafinil has been studied in adult (17-65 yrs) patient populations, for use in
treatment of narcolepsy in a dosage of 200-400 mg/day. No study has been specifically designed to
evaluate the metabolism, safety, or efficacy of modafinil in geriatric or pediatric patients with
narcolepsy.

Safety and efficacy were assessed in two S-week placebo-controlled, double-blind, randomized,
parallel-group studies of safety and efficacy of 200 mg and 400 mg of oral modafinil in patients with
narcolepsy followed by a 40-week, open-label, flexible-dose continuation study with and without a 2-
week discontinuation segment between the blinded and open label parts of the study.

The protocol called for three groups of 95 patients each to be randomly assigned to one of three
treatment arms. Eligible patients received a specified number of tablets to be taken daily for 9
consecutive weeks. Of 285 patients randomized, 283 (99%) received study medication and were
considered to be evaluable for the safety analyses. Two patients were not evaluable. One patient was
discontinued soon after due to a history of illicit drug use and a positive urine drug screen; the patient
did not report medication use, but when drug supply was returned 12 tablets were missing. The
database did not include study medication of AE data {other than a note stating patient did not have
any AE's) (0.35% possible drug abuse in clinical trial). The other patient was discontinued when the
investigator determined that the patient did not meet inclusion criteria. Fourteen patients {15%) in the
modafinil 400 mg group discontinued study compared to 3 patients (3%) in the modafinil 200 mg group
and 5 patients (5%) in the placebo treatment group. Eleven of 14 patients who discontinued from
modafinil 400 mg group did so because of AE's. None of the patients in the placebo group and one
patient in the modafinil 200 mg group discontinued because of AE's. During the study, the blind for
Patient 1403 was broken by the investigator because of concerns that the patient had taken another
stimulant.

EEFICACY SUMMARY, For the majority of study sites (12/18), the mean sleep latencies were higher in
both modafinil treatment groups (200 mg, 400 mg) compared to the placebo group. Patients in the
modafinil 400 mg treatment group were able to stay awake for a significantly longer time and had
greater clinical improvement. Patients in the modafinil 400 mg and 200 mg treatment groups were
able to stay awake significantly longer as measured by all parameters when compared to patients in
the placebo treatment group.

Patients were asked to provide subjective responses by estimating how long they were able to stay
awake at the end of each test period. Modafinil 400 mg, 200 mg and combined treatment groups all
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exhibited significantly more patients reporting staying awake at Endpoint than patients in the placebo
group {p < 0.050). Patients in both active treatment groups had significantly greater improvement
than patients in the placebo group at each visit. Patients in the modafinil 400 mg treatment group had
significantly greater improvement than patients in the modafinil 200 mg treatment group only at Weeks
3 and 6. No significant differences were found between the two active treatment arms. Higher
numbers of patients in the two active treatment groups, compared to patients in the placebo group,
responded positively to questions regarding “feelings about life as a whole”, “quality of life during the
past week”, “general health”, *social functioning®, *productivity”, *bodily pain”, and *driving capability".
None was reported statistically. .

Discontinuation evaluations at the end of Weeks 10 and 11 include recording of concomitant
medications and AE’s. Effect of modafinil treatment was assessed by analyzing change from Week 9
to 11 within modafinil dose groups, and by comparing modafinil/placebo patients to placebo/ placebo
patients at Week 11.

Of the 273 patients randomized, 271 (99%) received medication and were evaluable for safety
analyses. Two patients were not evaluable for safety or efficacy analyses. Two patients had positive
urine drug screens and returned all study medications unopened. Approximately 50% of the patients in
each treatment arm reported light to moderate use of caffeine. Half in each treatment group reported
light to moderate alcohol use. o :

Patients in modafinil 400 mg treatment group were able to stay awake for a significantly longer time at
endpoint compared to patients in the placebo treatment group. More patients in the Modafinil 400 mg
treatment group had clinical improvement in symptoms when compared to patients on placebo.
Patients in the modafinil 400 and modafinil 200 treatment groups could stay awake significantly
longer, except as measured by REM Sleep Latency, as compared to patients on placebo. Patients in
both active treatment groups exhibited statistically significantly higher Average Sleep Latency values
compared to patients in the placebo group at Weeks 3,6 & 9, and at Endpoint (p < 0.001).

On average, patients in the modafinil 400 group exhibited lower Total Sleep Time (8.11 minutes) than
patients on placebo (3.92 minutes) at Endpoint. Patients in the modafinil 200 group exhibited lower
Total Sleep Time (7.88 minutes) than either high dose or placebo patients.

Patients in both active treatment groups
had significantly greater improvement than patients on placebo at each visit. A greater percentage of
patients treated with modafinil 100 mg showed improvement {64%) compared to patients in the
placebo group (36%) at Week 1 (p <0.001). Other clinical trials demonstrated a comparative decrease
in excessive daytime somnolence by 80% for modafinil 400 mg, 66% on modafinil 200 mg and 34%
for subjects on placebo.

Five deaths were reported in the clinical studies

by modafinil-treated subjects. Causes of death were primarily *asthenia® or "myocardial infarction”
(Table II).
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