MEMORANDUM
DATE: May 2, 2006

FROM: Director
Division of Neurology Products/HFD-120

TO: File, NDA 21-875

SUBJECT: Action Memo for NDA 21-875, for the use of Nuvigil (armodafinil) to
treat the excessive sleepiness of Obstructive Sleep Apnea/Hypopnea Syndrome
(OSAHS), Narcolepsy, and Shift Work Sleep Disorder (SWSD)

NDA 21-875, for the use of Nuvigil (armodafinil) to treat the excessive sleepiness
of Obstructive Sleep Apnea/Hypopnea Syndrome (OSAHS), Narcolepsy, and
Shift Work Sleep Disorder (SWSD), was submitted by Cephalon, Inc., on
3/31/05. The application contained reports of four randomized, controlled trials, 2
in OSAHS, and one each in narcolepsy and SWSD. In addition, the requisite
CMC, non-clinical, pharmacokinetic, and safety data were submitted.

Armodafinil is the R-isomer of Modafinil, the racemate, which has been marketed
for several years for the same indications that are now proposed for armodafinil
in this application. Plasma levels of R-modafinil (armodafinil) achieved with a
given dose of Nuvigil are half those achieved after the same dose of the
racemate. '

This application has been reviewed by Dr. Norman Hershkowitz, medical officer,
Dr. Jialu Zhang, statistician, Dr. Ta-Chen Wu, Office of Clinical Pharmacology,
Dr. David Claffey, chemist, Jeanine Best, Division of Surveillance, Research, and
Communication Support, Dr. Laura L. Pincock, Division of Medication Errors and
Technical Support, Carolanne Currier, Division of Scientific Investigations, Dr.
Sriram Subramaniam, Division of Scientific Investigations, and Dr. Geoffrey
Zeldes, Controlled Substance Staff. The clinical team recommends that the
application be considered approvable. | will very briefly review the relevant
findings, and offer the rationale for the division’s action.

One important aspect of the review needs to be noted at this point.

As Drs. Hershkowitz and Zhang both point out, the review of this application was
marked by Dr. Zhang's finding of a significant problem in the conduct and
reporting of the study results.

Specifically, each study employed both an objective measure of sleepiness, and
a subjective measure. In the OASHS and narcolepsy studies, the objective
measure was the Maintenance of Wakefullness Test (MWT). In the SWSD
study, the objective measure was the Multiple Sleep Latency Test (MSLT).



In the MWT, patients are instructed to lie quietly and attempt to stay awake.
Sleep latency is defined as the time to the onset of the first of 3 consecutive
epochs of Stage 1 sleep, or the time to onset of any epoch of Stage 2, 3, 4, or
REM sleep, as assessed by polysomnography (PSG). The PSG tracings were

. divided into 30 second epochs, and patients were assigned a sleep stage if they
were in a particular stage for at least 16 seconds of an epoch. If no sleep
occurred, a sleep latency of 20 or 30 minutes was assigned (the sessions varied
in duration). The assignment of sleep latency was made by technicians
observing the patients. If the technician observed that the patients had fallen
asleep and had met the criteria for assigning a specific sleep latency, the patient
was awoken, and the PSG tracings were terminated. The MWT was performed 6
times (0900, 1100, 1300, 1500, 1700, and 1900) at Weeks 4, 8, and 12. Only the
mean of the first 4 sessions was to be used as the primary data.

However, the PSG tracings were then read by a central reader, after the study.
Dr. Zhang found that in many cases, the central reader disagreed with the
determination of the technician on site; that is, in numerous cases in which the
technician had determined that sleep had occurred, the central reader
determined that the patient had hot fallen asleep, and, in these cases, the central
reader assigned the maximum 20 or 30 minutes of sleep latency. Because of
these discrepancies and the resulting effect on the analyses, we asked the
sponsor to determine how often this occurred, and to re-analyze the data using
numerous imputation schemes. These analyses were as follows:

Analysis 1

Use the latency as assigned by the local technician.

Analysis 2

Use LOCEF for endpoint visits with a flawed session. That is, if any of the 4
sessions was flawed, use the previous (Week 4 or 8) visit with no flawed
sessions. If all of these 3 visits are flawed, the unflawed experimental median
endpoint score for the combined drug/placebo group.

Analysis 3

For a session with a flawed nap, use the fifth (or if necessary, the fifth and sixth
naps) of that session. If 4 unflawed naps do not exist for that session, use the
unflawed median of the combined drug/placebo score for the relevant naps.

Analysis 4

Discard flawed sessions and replace with the median of unflawed scores for the
combined drug/placebo score for the first 4 naps for that particular stage.



Analysis 5

Discard data and do not analyze patients with any of the first 4 naps/session at
baseline or final endpoint.

Analysis 6

Analyze only those sessions in which the first 4 naps are unflawed.

Analysis 7 Worst case scenarios

Analysis 7.1

In the placebo group, replace each flawed baseline session with the lowest sleep
latency of 6 baseline sessions for each corresponding patient and replace each
flawed endpoint session with the highest sleep latency of unflawed sessions from
the 6 endpoint sessions of that patient. In the drug group, assign the highest and
lowest latencies, respectively.

Analysis 7.2

As above, but use only the first 4, not 6 sessions.

Analysis 8 Most Conservative worst case analyses

Analysis 8.1

In the placebo group, replace each flawed baseline session with the lowest sleep
latency of the 6 baseline sessions for each patient (as above), and replace each
flawed session at endpoint with the full duration (either 20 or 30 minutes). In the
drug group, replace each flawed baseline session with the full duration, and
replace each flawed endpoint session with the lowest latency of the 6 endpoint
sessions.

Analysis 8.2

As above, but use only the first 4, not 6 sessions.

As Dr. Zhang describes, in the OASHS and narcolepsy studies, the number of
flawed sessions varied from 6-15%, and the number of patients with at least one
flawed session varied from 17-41%, depending upon assigned group. In the

SWSD study, the number of flawed sessions varied from 0.6-1.5%, and the
number of patients with at least one flawed session varied from 0-4.5%.



Study 3020

This was a 12 week, multi-center double-blind study in patients with narcolepsy
who were randomized to receive Nuvigil 125 or 250 mg, given once a day, or
placebo. The co-primary outcomes were the mean change from baseline in the
sleep latency of the average of the first 4 naps of the MWT, and the proportion of
patients with at least minimal improvement on the CGI-C.

As Dr. Zhang notes, all of the analyses through Analysis 6 reached statistical
significance for the MWT for both doses, with most showing a slight, but definite,
superiority of 250 mg dose compared to the 150 mg dose. Analyses 7.1 and 7.2
were also nominally significant for the 250 mg-placebo contrasts.

The analyses of the CGI-C were highly significant for both groups, with 73 and
69% of the 250 and 150 mg/day groups respectively, showing some
improvement.

Study 3021

This study was of similar design to that of 3020, but enrolled patients with
OSAHS.

Here again, all analyses through Analysis 6 reached significance for both dose
groups, with only very slight numerical superiority of the 250 mg group compared
to the 150 mg group. Here, Analysis 7.1 yielded a p-value for the 250 mg vs
placebo contrast of 0.06, and Analysis 7.2 yielded p-values for the 250 mg vs
placebo and 150 mg vs placebo contrasts of 0.26 and 0.048, respectively.

The analyses of the CGI-C were highly significant, with 74 and 71% of the 250
mg and 150 mg groups, respectively, showing improvement.

Study 3025

- This was study similar in design to Study 3021, but patients were randomized
only to either Nuvigil 150 mg or placebo.

- Here, all analyses through Analysis 6 reached statistical significance. The
results of Analysis 7.1 yielded a p-value of 0.14, and the results of Analysis 7.2
yielded a p-value of 0.03.

The analysis of the CGI-C was highly significant (p=0.007).

Study 3022

This was of similar design to the previous studies, except in patients with SWSD,
and the co-primary outcomes were the mean change from baseline in sleep



latency as assessed by the MSLT and the proportion of patients with
improvement on the CGI-C. In this study, patients were randomized to either
Nuvigil 150 mg/day or placebo.

All analyses reached statistical significance; the worst-case analyses were not
performed, but would have been expected to have reached significance. The p-
value for the analysis of the CGI-C was 0.001).

SAFETY

A total of 1271 patients with either OASHS (N=751), narcolepsy (N=233), or
SWSD (N=287) have received at least one dose of armodafinil in either
controlled or open-label trials. A total of 781 have received armodafinil for at
least 6 months, and 335 have received the drug for at least one year.

One patient, a 59 year old man with OASHS died after about 6 months of
treatment. He was found dead in bed several days after having been diagnosed
with pneumonia. He was receiving concomitant rofecoxib for arthritis.

A total of 46 patients experienced at least one serious adverse event. The most
common single adverse event that was considered serious was chest pain,
reported in 5 patients (<1%). The only other single events that occurred in more
than one patient (N=2 each) were myocardial infarction and hemorrhoidal
hemorrhage.

In controlled trials, a total of 6 ADRs were considered serious in patients treated
with armodafinil (0.9%), compared to 2 in the placebo group (0.4%). The serious
ADRs in the armodafinil group that were possibly related to treatment were
Migraine, Affective disorder and Personality disorder (in the same patient), and
depression, although the latter two patients had histories of psychiatric disorders;
a case of angioneurotic edema seemed likely related to drug.

A total of 132 patients (10.3%) withdrew from studies secondary to adverse
events. In controlled trials, a total of 44 patients (7%) withdrew armodafinil
treatment due to an adverse event, compared to 16 placebo patients (4%). No
single adverse event that led to withdrawal occurred at a rate greater than 1%.
The following list, in decreasing frequency, led to treatment withdrawal in more
than a single patient in controlled trials: Headache (8), Anxiety, Depression,
Nausea (4), Palpitations, Diarrhea, AST increased, GGT increased, Agitation,
Insomnia (3), Cardiac Flutter, Blurred Vision, ALT increased, Dizziness, Migraine,
Nervousness, Sleep Disorder, Dyspnea, Rash (2). Reasons for withdrawal in
open label studies were similar to those that resulted in withdrawal in the
controlled trials.



Common adverse events

Common adverse events that occurred at least 2% and were more frequent than
in the placebo group are listed below:

Event Nuvigil (%) Placebo (%)
Headache 17 9
Nausea 7 3
Dizziness 5 2
Insomnia 5 1
Diarrhea 4 2
Dry Mouth 4 <1
Anxiety 4 <1
Depression 2 <1
Rash 2 <1
Fatigue 2 1
Dyspepsia 2 <1
Palpitations 2 1

Laboratory Measures

Overall, Nuvigil did not cause important changes in routine laboratory measures.
However, there was a slight mean increase (compared to placebo) in serum GGT
(difference from placebo in change from baseline of about 7.2 U/L; baseline
mean about 34-39), and a slight decrease in mean uric acid (difference from
placebo in change from baseline of about -14.5 micromol/L; baseline mean of
between 290-390). These changes were likely clinically unimportant, and there
were no obvious differences in the proportion of patients who met outlier criteria.

There were no important overall changes in laboratory measures, but there was
one patient who developed mild pancytopenia after 35 days of treatment (see Dr.
Hershkowitz's review, Laboratory resuits/hematology) which resolved after
having been taken off drug for about 2 weeks. Also, 6 patients discontinued
treatment for elevated ALT/AST (without bilirubin elevation) that also resolved off
treatment.

Vital Signs/EKG

In general, Nuvigil was associated with small, but consistent, increases in mean
systolic and diastolic blood pressure (mean difference from placebo in change
from baseline of 1-4 mm Hg systolic and about 1-3 mm Hg for diastolic, with a
suggestion of a dose response). There were also slight increases in the
proportion of patients who met various outlier criteria for elevated biood pressure
(see Dr. Hershkowitz’s review, vital signs ), as well as in the proportion of
patients who initiated treatment with anti-hypertensive medications or who had



their doses of anti-hypertensives increased (see Dr. Hershkowitz's review, vital
signs). ‘

There were no important EKG changes.
COMMENTS

The sponsor has submitted the results of four randomized controlled trials that
purport to establish the effectiveness of NUVIGIL in the treatment of the
excessive sleepiness of OSAHS, narcolepsy, and SWSD. As noted, the conduct
of these studies raised questions about the interpretability of the results.
Because of this, we asked the sponsor to perform multiple additional analyses.
In my view, these analyses establish the effectiveness of NUVIGIL for these
indications. It is true, as the clinical team notes, that the results of the most
conservative worst-case analyses fail to reach statistical significance. However,
as Dr. Hershkowitz notes, these analyses were likely considerably too
conservative, and, as he also notes, several of the other, but still relatively
conservative worst-case analyses, did reach statistical significance. In my view,
the results on these latter analyses, as well as on all of the other additional
requested analyses, clearly establish NUVIGIL’s effectiveness.

There are no safety issues that would preclude approval; what issues have been
described above can be described in labeling. However, there are two additional
clinical safety issues that require discussion.

Cephalon, Inc. has submitted to the Division of Psychiatry Products (DPP; HFD-
130) an application for Modafinil for the treatment of pediatric patients with
Attention Deficit/Hyperactivity Disorder (ADHD). In that dataset, a single
presumptive case of Stevens-Johnson Syndrome (SJS) was noted. As a resuilt,
the Modafinil for ADHD application was discussed at a recent meeting of the
Psychiatry Drugs Advisory Committee (PDAC). That committee recommended
that the application not be approved until and unless an additional 3000 pediatric
patients were exposed with no additional cases of SJS found.

Within the last several weeks, however, the sponsor has submitted to DPP
photographs of the patient who experienced the rash; the sponsor believes that
these photographs establish that the patient did not have SJS. These
photographs are currently being reviewed by DPP and its consultants.

Although the sponsor has not proposed that NUVIGIL be approved for pediatric
patients, the clinical team believes that, if modafinil is associated with SJS in
pediatric patients, that fact should be prominently included in product labeling for
NUVIGIL. | agree. However, such a statement (if appropriate) cannot be written
until the issue of SJS and Modafinil has been definitively addressed. For this
reason, until DPP has adequately evaluated this new information, final labeling
for NUVIGIL cannot be written. In this regard, it will also be important for the



sponsor to go back to the Modafinil clinical trials database and undertake a
detailed search for additional cases of serious rash (we are not confident, at this
point, that such a search has been done). We are aware of several post-.

. marketing reports of SJS in patients being treated with Modafinil, but the
reporting rate is below the background rate.

Also, Dr. Hershkowitz has just received a post-marketing report of a 39 year old
man who died of cardiac failure presumably related to multi-organ failure related
to a hypersensitivity reaction to recently started Modafinil. This patient had also
been treated with Trileptal (known to be associated with such reactions), but had
been treated with Trileptal for many years. We will ask the sponsor for more
information on this case, and also ask them to further evaluate their Modafinil
database for similar reactions.

The pharmacology review staff notes several significant deficiencies in some of
the non-clinical studies. Although we agreed with the sponsor that a very
truncated non-clinical program would suffice as support for the NUVIGIL
application (because of available data for modafinil to which NUVIGIL was
linked), closer examination of several of the nonclinical studies done with
modafinil reveals that they were inadequate. Specifically, modafinil has not had
an adequate carcinogenicity evaluation. A study accepted as being adequate at
the time for modafinil (by the CAC and the division, and later by the division as
being adequate for armodafinil) was a Tg.AC mouse alternative assay, in which
drug is delivered dermally. There is general agreement at this time, however,
that this assay is entirely inadequate for drugs given orally, and, specifically in
this case, we are unsure that this species is exposed to relevant circulating
moieties that are present when armodafinil is given orally. Although, as noted,
the division had agreed that the modafinil nonclinical studies would be adequate
for armodafinil, upon further reflection, we now realize that this assay is
inadequate; we will ask the sponsor to repeat an appropriate assay in Phase 4

Similarly, one of the pre-post natal studies prewously performed was inadequate

(see Dr. Freed's memo).  =swwmccsmmen: ” ' b(4) b(5)
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Finally, DMETS has determined that the similarity between Nuvigil 150 mg and
Norinyl 1/50 when written is so great that errors are likely to occur, and that,
therefore, the name NUVIGIL should not be permitted. | have discussed this with
the team. | believe that the marked differences in packaging between the
products (and the public’s general knowledge of the unique packaging for oral
contraceptives), as well as the fact that Norinyl is very rarely prescribed, mitigate
these concerns. However, we will ask the sponsor to report any real or potential
medication errors as 15 day reports, and to include the possibility of this error in
its promotional materials.



ACTION

The sponsor has provided substantial evidence of effectiveness for NUVIGIL for
its proposed claims. However, several issues, both clinical and nonclinical, and
described above, need to be resolved prior to its approval. For these reasons, |
will issue an Approvable letter with attached labeling.

Russell Katz, M.D.
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MEMORANDUM
DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
CONTROLLED SUBSTANCE STAFF

Date: April 5, 2006

To: Russell Katz, M.D., Director
Division of Neurology Products (HFD-120)

Through: Deborah Leiderman, M.D., Director
Michael Klein, Ph.D., Team Leader
Controlled Substance Staff (HFD-009)

From: Geoffrey Zeldes, M.D., Pharm.D., Medical Officer
Controlled Substance Staff (HFD-009)

Subject: CSS Abuse Liability Assessment of NDA 21-875, Nuvigil
(armodafinil) oral tablets (50 mg, 100 mg, 150 mg, 250 mg IR tablets)
Indication: treatment of excessive sleepiness with obstructive sleep
apnea, hypopnea syndrome, narcolepsy, and shift work sleep disorder
Date of Submission: April 13, 2005
Sponsor: Cephalon

Background

Provigil® (modafinil) is approved by the FDA for the treatment of excessive sleepiness
associated with narcolepsy, obstructive sleep apnea/hypopnea syndrome and shift work
sleep disorder. The sponsor intends to market Nuvigil (armodafinil) for similar
indications.

Armodafinil is the R-enantiomer of modafinil. Modafinil is a racemic mixture of R and S
~ enantiomers. The Sponsor claims that each enantiomer displays similar CNS receptor
site and pharmacological activity in a similar dose range.

Armodafinil exhibits linear, time independent pharmacokinetics following oral single-
and multiple- dose administration. Tuay is about 2 hrs in the fasted state; absorption is
delayed about 2 -4 hours by food. The elimination half life of armodafinil is about 15
hours. The armodafinil (the R-enantiomer) half life in humans is approximately three
times that of the S-enantiomer as a result of the clearance of the S-enantiomer being
three-fold faster than that of the R-enantiomer. The Sponsor states that studies show that
the enantiomers do not interconvert. At steady state of modafinil, total exposure to
armodafinil is approximately three times that for the S-isomer.
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Modafinil is listed in Schedule IV of the Controlled Substances Act. Armodafinil, as an
enantiomer of modafinil, is also a Schedule IV controlled substance.

In response to a CSS request for information regarding armodafinil’s abuse potential, the
sponsor has submitted an “Abuse/Dependence Potential Summary Document”. This
document contains Sponsor’s summaries on armodafinil’s potential for abuse and
dependence based on non-clinical and human studies, human pharmacokinetics and
pharmacodynamics, and armodafinil’s chemical structure and pharmaceutical
characteristics, which are all based on properties attributed largely to modafinil. The
document was used to prepare part of this review.

Recommendations

1. Amodafinil, an enantiomer of modafinil, is listed as a Schedule IV controlled
substance.

2. Division reviewers must confirm that Sponsor Study C10953a/103/PK/MN
provides a valid PK/PD link between armodafinil and modafinil.

3. Division reviewers must address and resolve the chemistry/purity issues raised by
the Division of Scientific Investigations review of Study it b(4)
WheTe 8., oumeusen - 2582y Was used to determine the concentration of R-modafinil.

ADDENDUM
Discussion

Only a few studies with armodafinil were included in the Abuse/Dependence Potential
Summary Document submitted by the Sponsor in support of their NDA. The sponsor is
relying on previous modafinil abuse/dependence studies to support this NDA.

For example, the Sponsor presents modaﬁml study summaries to support a comparable
abuse risk for armodafinil. '

Sponsor Study C10953a/103/PK/MN is the only PK/PD study in the NDA that directly
compares modafinil with armodafinil and links the two drugs in a dose-response
relationship. This study was double-blind, placebo and active (Provigil) controlled to -
evaluate the pharmacodynamic profile and the pharmacokinetic / pharmacodynamic
relationships in subjects undergoing acute sleep deprivation. The primary objective for
this study was to evaluate the pharmacodynamic profile over time of the study drugs
using the Maintenance of Wakefulness Test (MWT) measurements. Although the final
Division pharmacokinetic review is not available yet, preliminary discussion with the
reviewer indicated that the study and conclusions were valid.

Other outcome measures in this study included subjective sleepiness measured by the
Karolinska Sleepiness Scale (KSS), attention and working memory measured by the
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Cognitive Drug Research (CDR) system, and behavioral attention measured by the
Psychomotor Vigilance Task (PVT).

The Division of Scientific Investigations has evaluated Study - ' and
expressed concerns regarding using » s, . assay to determine the concentratlon of b(4)
R-modaﬁml in human plasma '

- £ - r
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EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

The application should be given an approvable action with a request for the following
information:

Because the Agency is currently evaluating submitted information on single possible case
of Stevens Johnson Syndrome (SJS) in the clinical database for Provigil in a pediatric
patient it is necessary to determined whether this is a case of SIS. If this is determined a
prominent statement describing this event will need to be placed in product labeling for
Nuvigil, despite the fact that Nuvigil will not be approved for use in the pediatric
population. Final labeling, therefore, cannot be approved until our evaluation of that case
is completed, and the larger issue of modafinil’s capacity to cause serious rash, is
complete. Moreover the Sponsor should search the entire clinical trials database using all
appropriate search terms to identify any possible such cases, followed by a critical
examination of all potential cases identified. The Sponsor should provide this division
with all narrations (discontinuations and serious drug reactions) from the clinical trial
database, dating back to the original NDA approval that contains any reference to skin
adverse event.

Because the Division has recently received a MedWatch report (Manufacturer
#US016978), dated March 29, 2006, of a 31 year old man who died secondary to cardiac
failure potentially resulting from multi-organ hypersensitivity syndrome related to
modafinil treatment additional information on this potential adverse event should be
requested. This would include more information on this case as well as an examination of
both clinical trials and post-marketing database for other potential cases of multiorgan
hypersensitivity.

Moreover an, integrated report of urinalysis data was not submitted till 4/6/06, which was too
late in the review cycle to have been reviewed prior to this action. This will be reviewed in
the next cycle.

The reader is referred the Clinical Pharmacology review for additional requested information.
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1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity
Because of the potential confusion between Nuvigil and Norinyl (any strength) the division has
requested that the Sponsor submit all medication error reports, actual or potential

medication, as 15-day safety reports. The Sponsor has will be asked to include language in
promotional materials describing the potential for this medication error.

Additional recommendation may be added following a complete examination of the issue of
serious skin (and other allergic) reactions.

1.2.2 Required Phase 4 Commitments

Based upon PREA, studies in childhood narcolepsy will be required.

As per the pharm/tox review * - * the carcinogenicity studies b(4)
will be needed.

1.2.3 Other Phase 4 Requests

None.

1.3 Summary of Clinical Findings

1.3.1 Brief Overview of Clinical Program

Armodafinil is being proposed as a wakefulness promoting agent for patients with sleepiness
associated with Obstructive Sleep Apnea Hypopnea Syndrome (OSAHS), Shift Work Sleep
Disorder (SWSD) and narcolepsy. It is the pure R isomer of modafinil (Provigil), which is a
racemate and is already approved for the same indication. The Sponsor is proposing a trade
name of Nuvigil. This agent is being developed to be taken once daily, by mouth, to treat
OSAHS and narcolepsy (150 mg and 250 mg) and once daily to treat SWSD (150 mg)

The complete phase 3 development program consisted of 4 pivotal (see table below) and two
open label extension trials.

b(5)
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A summary of the features of the 4 pivotal studies can be found in the table below.

‘ Nnnlbcr of patients treated

Disorder Al finil (mg/day)

Study number Duration 250 150 Total __ Placebo __ Total

Study 3021 12 weeks 131 131 262 130 392

Study 3025 12 weeks —_ 129 129 130 259
SWSD :

Study 3022 12 weeks _— 123 123 122 245
Narcolepsy :

Study 3020 12 weeks 67 64 131 63 194
Total 198 447 645 445 1090

The phase 3 open label extension trials (study 3023 and 3024), one of which (3024) served as an
extension to controlled trials, studied 840 patents. A total of 245 healthy patients partlolpated in
earlier phase 1 and 2 pharmacokinetic ad pharmacodynamic studies.

The total drug exposure at the time of the safety update is presented in the table below. This
exposure is considered adequate, particularly when added to the previous clinical database for

the racemate, Provigil.

150 mg

<100 mg 200mg  250mg An
_Stwdy drug exposmre (N=118) (N=i8f) (N=118) (N=8£54) (N=1271)
Duwration range, n (%)
<2 wasks 12(10) 150) 313) 5(1) 3503)
22 weeks and <1 month 2Q9 256) 58 35(9 110
21 month and <2 months 9® | 3BO 403 2109 736
22 mouths and <3 months 5@ 90(19) 303) 36(6) 13411
23 months and <6 months 9(® 83017 9(®) 0ay 16103
26 months and <9 months 10® 28(6) 17Q45) 56Q0) meo
O months and <2 menths 3227 419 373 1231 335Q26)
At least 12 months 1906 16Q9) 373D 1639  335Q6)
Latietovesrs 292 28305 59.64 41030 84591

132 Efficacy

The pivotal studies were double-blind, placebo-controlled, parallel arm, multi-institutional
studies with an experimental phase of 3 months. Each study required statistical significance
(p<0.05) for both of two co-primary endpoints in order to conclude efficacy. One primary
endpoint was an objective measure of sleepiness whereas the other was a physician scored

subjective measure.
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The objective measures in all studies consisted of an evaluation of sleep latency (measured in
minutes). The endpoint sleep latency in narcolepsy and OSAHS studies were evaluated as the
average of 4 test sessions (0900 to 1500) measured by the Maintenance of Wakefulness Test
(MWT). The endpoint sleep latency in SWSD studies was evaluated as the average of 4 test
sessions during a simulated evening work period (0200-0800) measured by the Multiple Sleep
Latency Test (MSLT). The final evaluation utilized the difference between baseline and week
12 or final test session (ANCOVA/ANOVA).

The subjective co-primary endpoint measurement of sleepiness used in all studies was the
Clinical Global Impression of Change (CGI-C) which consists of the clinician’s assessment of
change in disease (sleepiness) severity relative to a baseline evaluation. The CGI-C consists of
the following categories and scoring assignments: 1=Very much improved; 2=Much improved;
3=minimally improved; 4=No change; 5=Minimally worse; 6=Much worse; and 7=Very much
worse. The difference in the number of patients, who experienced at least a minimal
improvement in condition at 12 week or final evaluation, was tested through chi-square test.

Secondary endpoints included other subjective measures of sleepiness including Epworth
Sleepiness Scale (ESS) in SWSD and narcolepsy study and the Karolinska Sleepiness Scale
(KSS) in the SWSD study. Sleep diaries were also maintained, the results of which were
presented in a descriptive format.

Cognitive testing sub-scales in the Cognitive Drug Research System (CDR) were identified by
the Sponsor as “key secondary endpoints.” For 3 of the 4 studies (Studies 3020, 3021 and 3022
for narcolepsy, OSAHS and SWSD, respectively) the key secondary variable was the change
from baseline to endpoint in the quality of episodic secondary memory. For one study (study
3025 on OSHAS), the key secondary endpoint was identified as the change from baseline to
endpoint in the mean power of attention. ' '

Examination of the CGI-C suggested a therapeutic effect. This is apparent from the table below
that presents the percent difference in the number of patients who exhibited at least minimal
improvement. Most of the differences between placebo and Provigil groups can be attributed to
patients with scores of “much” too “very much improved”.

Disorder NUVIGIL NUVIGIL Placebo
150 mg* 250 mg*

OSAHS 1 71% 74% 37%

OSAHS Il 71% - 53%

Narcolepsy 69% 73% 33%

SWSD .. 1% S 59%

*Significantly different than placebo for all trials (p<0.01)



Clinical Review

Norman Hershkowitz, MD, PhD
21,875 (000)

Nuvigil (armodafinil)

Examination of the latency to sleep evaluations indicated a statistically significant effect in each
respective disorder at all doses studied. The table below summarizes such data.

Disorder Measure NUVIGIL NUVIGIL Placebo
150 mg * 250 mg*
Baseline | Change Baseline | Change Baseline Change
from from from
. Baseline Baseline Baseline

OSAHS I '

MWT 21.5 1.7 233 2.2 23.2 -1.7
OSAHSII | MWT 23.7 23 - - 23.3 -1.3
Narcolepsy | MWT 12.1 1.3 9.5 2.6 12.5 -1.9
SWSD MSLT 23 3.1 - - 24 4

*Significantly different than placebo for all rials (p<0.01)

All final sleep latency evaluations were scored by a single central laboratory. Local technicians,
however, were required to score the study in real time, so that they may awaken patients in
studies once sleep criteria were achieved. Central scoring assigned maximal sleep latency to all
sessions where sleep was not achieved including discordant sessions where the local, but not
central, reader scored sleep. A large number of these discordant (or flawed) sessions were
observed in studies using the MWT (OSAHS and narcolepsy). This occurred at a rate of 6.2% to
15.3% of the sessions in the various treatment groups. Incidence of these flawed sessions were
equally distributed between drug and placebo. Because of this high rate the FDA requested a
number of post-hoc analyses, including latency as determined by local readers. These post-hoc
evaluations supported the efficacy conclusions for Nuvigil. This problem did not exist for the
SWSD study where the MSLT was used an endpoint. This post-hoc analysis indicated that the
problem of flawed sessions should not significantly effect the impetration of the data and
therefore confirmed efficacy. . '

The conclusion of efficacy is further supported by secondary endpoint sleepiness rating scales,
ESS and KSS which indicted statistically significant improvement. The conclusion of efficacy is
also supported by the descriptive observation from patient’s diaries that indicate reduced
unintentional episodes of sleep and reduced intentional napping. The information on “accidents
and near misses,” in these diaries did not always demonstrate improvement with armodafinil
treatment. Some studies did show some improvement in this measure in the armodafinil group.

Key secondary endpoints were identified to permit a labeling claim. The Sponsor was requested
to present information that effects on these endpoints were independent of the wakfulness
promoting effect of this agent. A satisfactory argument was not provided. Nonetheless, “Power
of Attention,” a key secondary endpoint for the OSAHS study 3025 was not statistically
significantly improved. The second key secondary endpoint, Episodic Secondary Memory, was
identified as a key secondary endpoint for studies 3020, 3021 and 3022 (narcolepsy, OSAHS and
SWSD studies, respectively). This endpoint indicated a statistically significant effect, as
compared to placebo, in two of these studies (3020 and 3022) but not for the OSAHS study
3021. Because of the lack of consistency of an effect and the lack of evidence that these
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endpoints are not related to the improvement of wakefulness labeling for this effect is not
recommended.

The magnitude of effects observed in the present study with Nuvigil are similar to effects
observed with Prov1g11 There is no evidence that Nuv1g11 is superior to the already marketed
Provigil.

1.3.3 Safety

No deaths were reported in the original NDA database. However, a single death was noted in the
complete database in the safety update. This death occurred in an open label extension trial in a
59 year old male who was being treated for OSAHS. The cause of death was “artherosclerotic
cardiovascular disease.” Drug causality in this is confounded by the fact that the patient was on
a COX-2 inhibitor. The issue of potential cardiac ischemia was more completely evaluated in an
examination of serious adverse events and discontinuations (see below).

There were 8 reported serious adverse events in the controlled database. The most common class
that may potentially be linked to drug was that of “psychiatric disorder.” Thus, 2 patients on drug
were noted to have serious psychiatric adverse events. . No such cases were reported for patients
on placebo. One case was that of worsening of mood and personality disorder the other was a
case of worsening of depression with “suicidal intent” (walked into the desert).

Another noteworthy serious adverse event in the control database was a single case of
angioneurotic edema for a patient on drug. Another case of potential angioneurtic edema was
observed in the open label database, and was not described as serious but as a reason for
discontinuation. While this case was described as “hypersensrtmty, dysphagia and
broncospasm” it likely represents a case of “angioneurtic edema.” There were no serious skin
reactions.

Serious adverse events in the original NDA open-label database included 2 cases of myocardial
infarction. These occurred in patients with risk factors. Because of this, and the fact that it was
not in the controlled database, it is difficult to attribute causality to drug. There were also 3 cases
of chest pain in the uncontrolled database that do not contribute to causality as: 1) such events
‘were not observed in the control database and included patients who possessed risk factors for
cardiac disease, 2) chest pain may have been confounded with other cases in one case (e.g.
gastric reflux), 3) definitive diagnostic testing (cardiac enzymes or EKG during the event) were
not described that will allow cardiac attribution. This does not mean that in attribution is not
possible but only that the data are not adequate to make such a contention.

Leading causes of discontinuations in the controlled database that may be attributed tot of
armodifinil treatment, based upon of differences in incidence with placebo treated groups,
included discontinuations for the following: 1) anxiety/ agitation/ nervousness/ irritability (drug
1.2% and placebo 0.3%), 2) depression (drug 0.6% and placebo 0.2%), 3) insomnia (drug 0.3%
and placebo 0.0%), 4) headache/migraine (drug 2.2% and placebo 0.6%), 5) dizziness (drug
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1.2% and placebo 0.0%), 6) nausea (drug 0.86% and placebo 0.22%, 7) cardiac
flutter/palpitations (drug 0.78% and placebo 0.22%). Of note one case of depression (descrlbed
above) was associated with suicidal intent and a latter case of suicide ideation was observed in
the open label safety update. There were, however, no suicides. It is also noteworthy that there
was insufficient evidence to link cardiac palpation/flutter to actual cardiac rhythm disturbance.
This link, however, was not routinely investigated. Rash was of particular interest as a reason for
discontinuation because of reports of potential serious skin reactions with Provigil. A similar
percent of patients withdrew because of rash in placebo (0.45%) and drug (0.62%) in the
controlled database. Some of these rashes did appear to be a potential allergic response to drug.
Examination of narrations for discontinuations in the complete phase 3 database did not reveal
any cases that appeared to represent a serious skln reactions (TEN, Stevens-Johnson or erythema
multiforme).

Examinations of drug discontinuation resulting from potential cardiac ischemia (chest pain and
EKG changes) did not reveal an obvious difference between placebo (0.67%) and drug (0.62%)
treated groups in the control database.

Common adverse events table, derived from the Sponsors NDA, is presented in the table below.

It includes any adverse event with a > 2% incidence in any dose group or placebo. Number (and
percent) of patients are presented in this table.
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Ty b oL oo
(N: (NuuddS
“Na. of patieits with & Jext 1 AR % 370 (60 407 {(
Cardiac disorders .
" Palpitations 63 ke i) B 5M
Nausea 18® 376 S 143
Dimhea 74 9@ 26 f{e)}
Dry mouth BO Q) b 10)) 3
Dyspepsia 2m @) 16(2) 21
Constipation 4 4D 8 2=
mcunmum
Chast pain 53 7 2 L {vi}
Faigue M 10 2 a1
Thirst 56) 1{<1) 6(<l) 1(1)
Pyrexia 4 0 41 1(<1)
Almine apinotransfessse incraased 40 5(1) [X4)} 5
Aspartate aminotraniferass incressed L Tvs) 41y 1)) 4(<1)
Anerezia 603 3¢ (1) [}
Decreaced appetise 63). 3{<y X4 0
Musculockeletal aud conneciive fissue
disorders .
Back pain Q) 11Q 15¢Q) 8
Nervous sysiam disordars
Headache 46013 63 (149 109417 39(®
Dizziness _ 109 0@ 300 t173]
Tremor 4 1D 5=y 0
Pevekiatric diserd
Insompia 12¢6) 18($) 30(5) 5
Ancety 10(5) 1B 8B 41y
¥ @) 6() nE 1)
Raspiratery, thoracic sad mediastinal
diserders
Cough 40 3 (1) )
pein 4 3(<h T 3D
Skin and subcutaneons fissue diserders
Rash 74 6(1) 13Q) 1(<)

Central tendency analysis of serum chemistry in the controlled database revealed slight average
reduction in uric acid and small increase in GGT. Isolated significant elevations in GGT where
observed slightly more frequently in the drug then the placebo group in the control database but
these were not generally associated with increases in transaminase and never associated with
bilirubin elevation. Sporadic significant elevations in ALT and AST were observed in the control
database at a similar rate in drug and placebo groups but not associated with elevations in
_bilirubin. Three cases of significant elevations in bilirubin were observed in the complete phase
3 database, but these were not associated with transaminase elevations and patients tended to
have elevated pre-drug bilirubin levels.

Central tendency analysis of blood counts did not reveal any significant average change between
drug and placebo groups in the various indices of the CBC in the controlled phase 3 database.
Significant outlier analysis indicated only a slightly more frequent incidence of significantly low
WBC in the drug group of the controlled phase 3 database (0.8% drug versus 0.4% placebo).
This was not expressed in significant outliers for absolute neutrophil counts. There were no
serious hematological events reported although one patient was discontinued for reasons of
“pancytopenia.” The WBC declined to 3.01, hematocrit to 31 and platelet to 108 from normal
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values. Some of these indices already showed a trend toward reduction over time before drug
was started. Indices returned to normal following drug discontinuation.

Central tendency analysis for blood pressure in controlled trials showed only small average
increases in mean systolic and diastolic blood pressure in patients receiving Nuvigil as compared
to placebo (1.2 to 4.3 mmHg in the various experimental groups). There were also a slightly
greater proportion of patients on Nuvigil requiring new or increased use of antihypertensive
medications (2.9%) compared to patients on placebo (1.8%) in the phase 3 controlled database.
Clinically significant outlier incidence between placebo and control groups was not very
different. No cases of increased blood pressure were classified as a serious averse event.

EKGs were performed at selected times at approximately Tmax throughout the phase 3 studies.
No significant difference between placebo and drug treated groups was observed in analysis of
central tendency for QTcF and QTcB. No significant effects were observed by drug on PR
interval and the QRS duration. '

It is noteworthy, that there is no evidence that Nuvigil is better tolerated or safer then Provigil,
which is marketed for the same indications.

Two recent significant observations have been made regarding modafinil, the racemate of
armodafinil.

e A recent advisory committee (3/23/06) was convened regarding an NDA application for
the approval of modafinil for the treatment of ADHD in the pediatric population. The
principal reason this panel was convened was because of three suspicious rashes that may
potentially represent a serious skin reaction. Only one of these rashes, as judged by the
expert dermatologist, was considered suspicious for Stevens-Johnson syndrome. The
single episode of Steven’s Johason in the pediatric clinical study database for the
modafinil NDA database, however, would make the incidence in the pediatric population
markedly high.

e A recent Provigil postmarketing report was of some concern (Manufacture # US016978).
Thus, a death was observed in a 31 year old male that appeared to result form a
multiorgan hypersensitivity reaction (pathologically proven). This case was first
observed 3 days after Provigil treatment was started and expressed itself with rash,
cardiac symptoms and eosinophilia. The patient was also on Trileptal and Zoloft for
years.

1.3.4 Dosing Regimen and Administration

The recommended dose of Nuvigil is 150 or 250 mg given once a day for patients with OSAHS
or narcolepsy, and 150 mg/day for patients with SWSD. These doses are based upon those
investigated in the controlled trials. While the doses appear to produce an acceptable therapeutic
benefit Vs risk a full dose response investigation was not performed in controlled studies.
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1.3.5 Drug-Drug Interactions

The reader is referred to the Clinical Pharmacology Review.
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INTRODUCTION AND BACKGROUND

1.4 Product Information

Armodafinil is being proposed as a wakefulness promofing agent. It is the pure R isomer of
modafinil (Provigil), which is the racemate and already approved for the same indication. The
Sponsor is proposing a trade name of Nuvigil.

In animal studies armodafinil appears to have a similar wakefulness promoting effect as
observed for modafinil. The Sponsor contends that modafinil is distinct from the more classical
stimulants, such as amphetamine, in that, although it inhibits dopamine uptake like these
stimulants, modafinil does not directly promote dopamine release.

The Sponsor is proposing that it be approved for the treatment of the following disorders at the
indicated regimens:
e Obstructive Sleep Apnea Hypopnea Syndrome (OSAHS): dose of 150 or 250 mg gD.
e Narcolepsy: 150 or 250 mg gD.
e Shift Work Sleep Disorder: 150 mg qD

1.5 Currently Available Treatment for Indications

Other then Provigil only methylphenidate hydrochloride and dextroamphetamine are approved
for use in the United State for the treatment of excessive sleepiness associated with narcolepsy.

Other drugs are used by the medical community, off label, for the treatment of excessive sleep
associated with narcolepsy include pemoline, and methamphetamine.

All agents that have been approved or used off label for the treatment of narcolepsy except
Provigil, are schedule II. Provigil is schedule IV.

At present only Provigil is indicated and labeled for the treatment of OSAHS and narcolepsy.

1.6 Availability of Proposed Active Ingredient in the United States

As noted previously, armodafinil is the pure R isomer of the presently available racemate,
Provigil.
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1.7 Important Issues With Pharmacologically Related Products

A recent advisory committee (3/23/06) was convened regarding an application for the approval
of modafinil for the treatment of ADHD in the pediatric population. The principal reason this
panel was convened was because of three suspicious rashes that may potentially represent a
serious skin reaction. Only one of these rashes, as judged by the expert dermatologist, was
considered suspicious for Stevens-Johnson syndrome. This case is described below:

A 7 year old male was noted to have a sore throat, fever and mild rash by day 16 of treatment with
modafinil 340 mg/day. Amoxicillin was started on day 17, but treatment was limited to a single
dose. The modafinil stopped by day 17. By day 19, the rash was spreading, and continued to
progress, with blistering, peeling, and mucosal involvement (lips and urethral meatus). A
dermatologist made a diagnosis of Stevens-Johnson. The rash appeared to resolve by day 30.

No apparent previous serious skin reactions consistent with Steven-Johnson were reported for
Provigil in prior adult clinical trials reported by the Sponsor. Postmarketing surveillance data
requested before the advisory meeting revealed 5 cases of Steven’s Johnson syndrome/erythema
multiforme resulting in hospitalization. Examination of use and background data led Dr.
Racoosin, DNP safety team leader, to conclude in a memo (4/6/06) that “the reporting risk for

SIS cases [in adults] with modafinil over the period 2002-2005 approaches but does not meet the
lower limit of the background rate for SJS.”

The single episode of Steven’s Johnson in the pediatric clinical study database for the NDA,
however, would make the incidence in the pediatric population markedly higher then the
background rate. Dr. Racoosin concluded in her memo that “the appearance of serious skin rash
in the pediatric ADHD development program is of significant concern, and further study in this
population would be prudent.”

The medical reviewer for the NDA, at the advisory meeting, suggested that the pediatric/adult
difference in incidence may result from the increased exposures experienced in the ADHD
studies observed for modafinil in general, and the sulfone metabolite specifically. These were
substantially huger then that observed in at recommended adult therapeutic dosages because of
differences in dosage and metabolism. Some at the advisory meeting raised doubt that exposure
could be a factor in idiosyncratic skin reactions. Because of the single pediatric serious skin
reaction in such a small database the advisory panel recommended 8 to 1 not to approve
modafinil for ADHD in children until more data on risk were obtained. It was recommended that
the Sponsors accrue experience on an additional 3,000 pediatric patients. '

These skin reactions have been a subject of a CBE labeling supplement. The division presently
intends to meet to consider labeling changes for Provigil based upon these data. The division
should request complete narratives for all discontinuations (an serious as well) narratives to
confirm that none of these may have been potential cases of serious skin reactions that may have
not been labeled as such.

In addition to the above a recent Provigil postmarketing report was of some concern
(Manufacture # US016978). Thus, a death was observed in a 31 year old male that appeared to
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result form a multiorgan hypersensitivity reaction (pathologically proven). This case was first
observed 3 days after Provigil treatment was started and expressed itself with rash, cardiac
symptoms and eosinophilia. The patient was presumably on Trileptal and Zoloft for years. The
division should request more information to help determine causality in this case. This
information should include, but not limited, information on when Provigil was discontinued and
confirmation that the patient was on Trileptal, which is associated with this disorder, for “many
years.” The Sponsor should examine their complete database (clinical trials and postmarketing)
to determine if there are any similar cases. The examination should be exhaustive and will
require a careful examination of a number of clinical signs and symptoms as this disorder may
effect a number of organ systems.

1.8 Presubmission Regulatory Activity

The division has meet with the Sponsor in both end of phase 2 and p{re NDA meetings and had
approved the general research program,

Other Relevant Background Information

SIGNIFICANT FINDINGS FROM OTHER REVIEW
DISCIPLINES

1.9 CMC (and Product Microbiology, if Applicable)

No major issues were raised, but the reader is referred to the CMC review.

1.10 Animal Pharmacology/Toxicology

This division’s pharm/tox reviewer have found inadequacies in the carcinogenicity studies that
will require an approvable action. The reader is referred to the pharm/tox review.
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DATA SOURCES, REVIEW STRATEGY, AND DATA
INTEGRITY

1.11 Sources of Clinical Data

The data base includes 1169 unique patients with one of the three studied sleep disorders who
have received armodafinil in a total of 6 phase 3 studies. Data cut-off for the presentation in the
initial NDA submission was 12/15/04. Of the 6 phase 3 studies, 4 were pivotal double-blind
placebo-control studies. Two of the placebo-control studies were performed in patients with
OSAHS and one in patients with narcolepsy and another in patients with SWSD. The table below
presents summary information on the double-blind placebo-controlled studies.

Disorder Armeodafinil (m

Study number Duration 250 150 Total _ Placebe  Total
OSAHS

Study 3021 , 12 weeks 131 131 262 130 392

Study 3025 12 weeks - 129 129 130 259
SWSD

Study 3022 12 weeks — 123 123 122 245
Narcolepsy :

Study 3020 , 12 weeks 67 64 131 63 194
Total 198 447 645 4435 1090

The remainder of the phase 3 studies included 2 ongoing long term open label studies. These are
summarized in the table below. Dosages used in these studies were 100 to 250 mg/day. As
apparent patients in these studies suffered any of the three sleep disorder. Patients in study 3024
were required to have participated in previous phase 3 double-blind placebo controlled studies.
Patients in 3023 were not derived from prior double-blind studies.

Number of piﬁents treated by sleép disorder

Study number OSAHS SWSD Narcolepsy Total
Study 3023 164 107 48 319
Study 3024° 407 ' 42 72 521
Total 571 149 120 840

An additional 245 healthy subjects received armodafinil in a variety of PK, bioequivalence and
PD studies. These are briefly summarized in the table below.
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Durationof  Armedafinil
Study number Study design treatment dese N*
Study 1023 Open-label, 2-way crossover, Single dose (x2) 250 mg 30
biocequivalence
Study 101 Double-blind, placebo-controlled, Single dose* 50-400 mg 30
pharmacokinetics
Study 102 Double-blind, placebo-controlled, 14 days 50-400 mg 37
pharmacokinetics
Study 103 Double-blind, placebo- and :
ey active—conlt:ilzd, pharmacodynamics Smgle dose 100-300 mg n
Study 1021 Open-label, 2-way crossover, drug Single dose 400 mg 24
nteraction
Study 1022 Open-label, drug interaction 31 days 250 mg 24
Study 1025 Open-label, drug interaction 29 days 250 mg 29
Tatal _ 245

1.12 Tables of Clinical Studies

See previous section.

1.13 Review Strategy

All studies were used for a determination of safety. Only the 4 pivotal double-blind placebo-
control studies were used for a determination of efficacy.

1.14 Data Quality and Integrity
Five study sites were inspected by DSI. DSI concluded:

There were no significant deficiencies found with the conduct of the above 5 studies by the
principal investigators. All studies appeared to have been adequately conducted with a few
protocol deviations noted at the Lahmeyer site. There was no evidence of under-reporting of
adverse events at any site. However, because of the protocol design, much of the study data could
not be verified by inspection. Of primary significance is that all source PSG [sleep latency
measurements through MSLT and MWT] readings obtained at the study sites were sent to a third
party for initial analysis, and the analysis results were subsequently sent only to the sponsor for
computation of the primary efficacy endpoint; mean sleep latency from the MWT values. Study
sites were never given the results of the third party analysis of the PSG data, or the results of the
computation of the mean sleep latency from the MWT values, so it was not available on 51te for
verification during the inspection.

Because of irregularities identified in the sleep latency dataset, and described in the sectlon on b ( 4
endpoints, DSI was requested to investigate the central reading site - == )
— —o=""No obvious violations were observed.
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1.15 Compliance with Good Clinical Practices

There were a number of minor violations observed by DSI (see DSI report) and by the Sponsor,
(see protocol description in Appendix A). Collectlvely these were not of adequate magnitude to
impact upon the conclusions made in this NDA review.

1.16 Financial Disclosures

Financial disclosure forms were filed. A few of the investigators disclosed holding (stocks) in
Cephalon and significant consulting fees received from Cephalon. The argument is made that
these would unlikely effect the results as they constitute a small percent of the total number of
investigators participating in these large multiinstitution trials.

CLINICAL PHARMACOLOGY

Clinical Pharmacology reviewer found the present application acceptable. Noted is adequate
bridging studies that were presented to allow the use of Provigil (racemic modafinil) in the
labeling.

INTEGRATED REVIEW OF EFFICACY

1.17 Indication

The Sponsor is seeking approval of Nuvigil in the indication “to improve wakefulness in patients
with excessive sleepiness associated with obstructive sleep apnea/hypopnea syndrome,
narcolepsy and shift work sleep disorder.”

1.17.1 Methods

A total of 4 pivotal double-blind, placebo-control, multiinstitutional studies were performed.
Two examine efficacy in OSAHS (studies 3021 and 3025) and 1 in each of the two remaining
disorders, SWSD (study 3022) and narcolepsy (study 3020). The table below presents a
summary of the numbers of patients and doses studied for these studies.
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Study number 250 mg/day 150 mg/day Total Placebe
OSAHS '

Study 3021 121 120 241 124

Study 3025 — 116 116 120
SWSD

Study 3022 — 112 112 104
Narcolepsy '

60 58 118 58

di e of s ! 3
t 1 tba%selme Mamtenascae of Wakeﬁnlmss Test assessment (narcolepsy and OSAHS) or
Mulupft)aosle? Latency T&st assessment (SWSD), and at least 1 postbaseline Clinical Global

AHS=obstructive sleep apnea/hypopnea syndrome; SWSD=sleep work shift disorder.

1.17.2 General Discussion of Endpoints

1.17.2.1 Primary Endpoint

1772 1.7 Sleep Latency Fvaluation

Each study contained two co-primary endpoints. One endpoint was an objective measure of
sleepiness whereas the other was a physician scored subjective measure. The Sponsors was
required to win on both measures.

The objective measures in all studies consisted of an evaluation of sleep latency. This was
measured by a daytime Maintenance of Wakefuiness Test (MWT) for the narcolepsy and
OSAHS studies and by a Multiple Sleep Latency Test (MSLT) for the SWSD study.

The MSLT, used in the SWSD study, uses EEG to determine sleep latency and is generally
considered the "gold standard” for the measurement of sleepiness. The test is designed by
placing the patient in a bed in a darkened room with the instructions to sleep. Four MSLT sleep
latency tests were performed during a “simulated work period” and averaged for a final value.
These evaluations occurred the night following the last night of the shift work for that week. The
MSLT was performed at 0200, 0400, 0600 and 0800 during these study sessions. An additional
earlier assessments was made at 2,400 but was used in secondary endpoint analysis (see below).
Latency is defined as the time of onset of 3 consecutive epochs of stage 1 sleep or atime to a
single epoch of stage 2, 3, 4 or REM sleep. Epochs were scored using the 50% (or 16-second)
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rule. All MWTs were scored by an independent evaluator atthe — e~
p—_— —-—. Sleep latency was measured as the b(4)
elapsed time from lights-out to the first epoch scored as sleep If patients fall asleep they were
immediately woken and maintained awake. The MSLT change from baseline to the week 12, or

last visit, was used as the primary endpoint. Latencies of 9 minutes and greater is generally

considered normal, Latencies of 5-8 minutes is considered borderline and latencies of less then 5
minutes is considered pathological.

The MWT, used in studies on OSAHS and narcolepsy, uses EEG to determine sleep latency
onset during a series of test sessions at scheduled times throughout the day (0900, 1100, 1300
and 1500). Note two latter additional MWTs assessments (1700 and 1900) were made but only
used as part of the secondary endpoint analysis (see below). This test is similar was the MSLT
except patients are instructed to remain awake in a darkened room while in a semi-reclined
position during a test session lasting 20 minutes for narcolepsy and 30 minutes for OSAHS. For
the primary endpoint evaluation the MWT was performed at baseline and following 12-weeks of
treatment during the double-blind phase. Sleep latency for the 4 sessions were then averaged to
obtain a final value. If a patient did not sleep within 20/30 minutes, that particular session was
considered complete and a maximal value of 20/30 minute value was entered as the latency.
Scoring was similar to that used for the MSLT. If patients fall asleep they were immediately
woken and maintained awake. Sleep latency was measured for the 4 sessions and averaged for
the final sleep latency. Some investigators believe that the MWT is more sensitive to certain
types of therapeutic manipulations and may better represent the risks of “unintentionally falling
asleep when trying to stay awake. Normative values have not been as clearly defined as that for
the MSLT but one author has described normal values based upon values greater then 2 standard
deviations below the mean in a normal population'. Thus for a 20 minute sleep trial the cut-off
for being to sleepy is 10.9 minutes. This is slightly longer then that for the MSLT. For a 40
minute sleep trial it is 12.9 minutes. MWT and MSLT do not always correlate, though they are
considered to measure some aspect of sleepiness. The MWT, however, has been shown to
respond to therapies and is considered by some to have the advantage face validity.”

1.17.2.1.1.1 Post submission Problems with Sleep Latency Dataset

In the process of review of the application the statistical reviewer noted, in examining the data
sets, that a large number of sleep test sessions were prematurely terminated and assigned a value
of 20 minutes in the final central analysis: these will be referred to as “flawed sessions.” It was
discovered that the reason for this was that local on-sight sleep technicians where instructed to
awaken patients and terminate the session once they achieved the criteria of sleep (described
above). This was done to prevent the interference of “unnecessary sleep” with subsequent
readings of latency. This problem was not noted in the study reports. Because of this the
division requested clarification of a number of issues and additional post hoc analysis to

)

1 Doghramii, K. et. al. EEG Clin. Neurophys., 103: 554- ,(1997).
2 Poecta, J.S et al Chest 101: 893-897 (1992)/
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determine how this problem might affect the final study outcome. The resporise to this initial
inquiry was received by this division on 10/31/05.

Questions to the Sponsor revealed the following:

e The studies were performed at established sleep study centers with trained
technician. It was the investigators responsibility to ensure the technicians were
well trained. Technician’s scored the study, in real time, based upon the
Rechtschaffen and Kale rules. These are universal criteria for such studies. There
was no requirement for over-read by a sleep specialist. Monitors would visit to
assure compliance. The criteria used are described in the protocol and where
presented to technicians at a “Global sleep technicians meeting.” DVDs of these
meeting were also made available to centers. This would suggest that data based
upon the technicians read should carry some weight in a decision of therapeutic
decision making (see below). There are, however, some degree of uncertainty
with regard to the actual time to be used based upon the local reading (see the
third bulleted item).

e The Sponsor was asked to explain the discrepancy between local and central
reading that led to this problem. The Sponsor noted that sleep scoring is well
known to be “subject to individual interpretation, and it is well recognized that a
sleep stage identified for a given epoch may differ between scorers. In addition,
periods of rapid sleep stage transition, such as wake to stage-1 sleep, and the
presence of fragmented sleep as seen in patients with sleep disorders may lead to
greater variability between scorers.” Muscle artifacts may additionally contribute
to variability. The Sponsor refers to a published study that describes a 75% inter-
laboratory concurrence’. The Sponsor feels that the present study is consistent
with this, noting a 6.7 to 12.5% incidence of truncated naps in the MWT and
1.1% in the MSLT. Examination of the presented manuscripts by this reviewer
suggests that the differences between local and central readings where not far
from that which were expected from these published reports.

e [t was assumed that the local termination were made because of the achievement
of sleep criteria. The Sponsor was asked whether there was any documentation
that indeed the sessions where terminated because of this. To this the Sponsor
noted that the only notes maintained were “technical notes.” These included the
following information: “pages of calibration, first and end epoch of each nap
(page number and time), lights out (24-hour clock time), information that
contributes to interpretation, environmental noise, comments by patients, and
changes in calibration.” Notes, however, “were not to indicate anything that might

3 Danker-Hopfe H, Kunz D, Gruber G, Klosch G, Lorenzo JL, Himanen SL, Kepm B, Penzel T, Réschke J, Dorn
H, Schldgl A, Trenker E, Dorffner G. Interrater reliability between scorers from eight European sleep laboratories in
subjects with different sleep disorders. J Sleep Res 2004;13(1):63-9:Norman RG, Pal I, Stewart C, Walsleben JA,
Rapoport DM. Interobserver agreement among sleep scorers from different centers in a large dataset. Sleep
2000;23(7):901-8.
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bias the centralized reader (e.g., snore, sleep latency value, warnings, epoch
score).” This meant that there is no documentation of scoring by the local
technicians. But, the Sponsor notes that technicians went through training on
when to terminate the sleep. The design is understandable had the original central
reading succeeded. It, however, complicates the use local readers termination
period. That is, it leaves some uncertainty that termination was performed
because of the achievement of sleep criteria.

To determine the scope of the present problem the Sponsor was asked to provide information on
the number of flawed sessions. Below is a table (from the FDA'’s statistical review) listing
flawed sessions in all phase 3 double blind studies. It is most obvious that the incidence of
flawed sessions in study 3022 (SWSD study) is remarkably lower. This is likely the result of the
fact that this study utilized the MSLT whereas other studies used the MWT. MSLT EEG data
are less likely to be contaminated by EMG activity as patients are trying to sleep in a dark room
rather then remain awake in a lighted room. EMG may obfuscate EEG pattern and result in more
ambiguous scoring resulting with consequent discordant scoring between independent readers.
The remainder of flawed sessions in critical sessions (first 4 sessions at baseline and endpoint
treatment testing) varied between 6.2% to 14.9%. This, as noted above, is within the range of
concurrence between independent readers. The incidence of flawed sessions appears somewhat
lower in study 3022 (OSAHS) then the other two remaining studies (OSAHS and narcolepsy).
Flawed sessions incidence within studies appears to be relatively randomly distributed across
treatment arms.

: CEP-10953 250 CEP-10953 150

summary Protocol MG MG Placebo Total Overall

Pooled counts 3020 7.9% (109/1388) 15.3% (203/1328) 14.7% (195/1330) 12.5% (507/4046)

in all visits 3021 7.3% (197/2706) 6.2% (168/2696) 6.6% (190/2880) 6.7% (555/8282)
3025 10% (268/2676) 13.5% (367/2723)  11.8% (635/5399)
3022 1.5% (30/2060) 0.6% (12/1930) 1.1% (42/3990)

pooledcounts | 3020 . 9.2% (66/715) 14.1% (98/694) 14.9% (103/692) 12.7% (26712101)

in crifical visits | 3021 8.6% (124/1438) 6.8% (98/1437) 6.2% (92/1481) 7.2% (314/4356)
3025 9.6% (133/1382) 14% (199/1422) 11.8% (332/2804)
3022 0.8% (9/1120) 0.2% (2/1045) 0.5% (11/2165)

The table below presents percent of patients affected by at least one flawed session in the first
three naps of testing days. Again it is apparent that effected patients are relatively evenly
distributed across treatment arms. But, also of note is the fact that in most cases a similar percent
of patient’s sceres were affected at baseline and endpoint measures.

Appears This Way
On Original
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| Protocol | visit | CEP-1 CEP-10953 150 MG T ._
3020 Baseline | 16.7% (10/80) 34.5% (20/58) 1% (18/58) 27.3% (46/176)
_Endpoint | 28.3% (17/60) 34.5% (20158) 41.4% (24/58) 34.7% (81/176)
3021 | Baseline | 182% (221121) 22.5% (27/120) 18.5% (231124) | 10.7% (72/385)
Endpoint | 21. 121 17.5% {2111 12.1% (15124) | 17% (82/3685)
3025 Basaline 21.0% (25/118) 31.7%(381120) | 26.7% (82/228)
- Endpoint 4% (28/116 30% {36/120 | 20.3% (62/236) |
R Basefine 0% (0V/112) 0% (0/104) 0% (0/216)
Endogint 4.5% (3/112) 1% (1/104) 28%(6218) |

In addition to questions the division asked for a number of post-hoc analyses (see analyses 1 to 6
below) in an attempt to correct for the problem of flawed sessions. These were received in the
submission of 10/31/05. However additional “worst case” analyses were requested by statistics
and received on 12/16/05 (see analyses 7 and 8, below). These are described and enumerated

below.

The results in this report will refer back to this enumeration.

Analysis 1. Use the latency to sleep as determined by local site: i.e. based upon time of awakening at local
site. .

Analysis 2. Use the last observation carried forward (LOCF) for endpoint visits with a flawed nap session.
Thus, if there is a flawed score in any one of the four naps at the endpoint visit, use the next earliest visit

where all four scores are unflawed (e.g., use week 8 if week 12 is incomplete because of a single flawed

score or week four if week 12 and 8 are incomplete). If all experimental period naps are incomplete (weeks
4, 8, and 12), use the unflawed experimental median endpoint score for the endpoint visit for the combined
placebo/drug groups to replace that patient’s endpoint value. If one of the four baseline naps is flawed, use
the median combined placebo/drug baseline value of unflawed data to replace that patient’s baseline value.

Analysis 3. In a visit with a flawed nap session, replace each flawed nap score with the next later unflawed
nap score to obtain an average of 4 nap sessions (i.e. if one of the four naps is flawed, replace with the fifth
and then sixth if there is a problem with the fifth). If two naps are flawed, replace with the next 2 unflawed
naps. If there remains no unflawed nap to serve as a replacement, use the unflawed median of combined
drug/placebo for that single nap score replacement (baseline median for baseline missing scores and
endpoint experimental median for endpoint missing scores).

Analysis 4. Discard flawed nap sessions that occur in the first 4 naps and replace with the median of
unflawed scores for the combined placebo/drug (first 4 naps) for that particular experimental stage.
Baseline values should be replaced with baseline medians and experimental endpoint with experimental
endpoint median.

Analysis 5. Discard data and do not analyze patients with any of the first 4 nap sessions flawed at baseline
or final endpoint measure.

Analysis 6. Average only nap sessions that are unflawed in the first four naps.

Analysis 7. Worst case analysis
o Analysis 7.1. In placebo group, replace each flawed session at baseline with the lowest sleep
latency of six baseline sessions of each corresponding patient (take consideration of both flawed
and unflawed sessions but count actual awakening time for sleep latency if it is a flawed session)
and replace each flawed session at endpoint with highest sleep latency of unflawed sessions from
six endpoint sessions of the corresponding patient. In treatment groups, replace each flawed
session at baseline with the highest sleep latency of unflawed sessions from six baseline session of
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the corresponding patient and replace each flawed session at endpoint with lowest sleep latency of

six endpoint sessions (take consideration of both flawed and unflawed sessions but count actual

awakening time for sleep latency if it is a flawed session). This analysis biases toward an increase

in latency in the placebo group and decrease latency in the armodafinil group following treatment.
o Analysis 7.2. Repeat analysis 7.1), but instead of using all six sessions, use the first 4 sessions.

e Analysis 8. Most conservative worst case analysis

o Analysis 8.1. In placebo group, replace each flawed session at baseline with the lowest sleep
latency of six baseline sessions of the corresponding patient (take consideration of both flawed and
unflawed sessions but count actual awakening time for sleep latency if it is a flawed session) and
replace each flawed session at endpoint with full length of study session (20 or 30 minutes). In
treatment group(s), replace each flawed session at baseline with full session length (20 or 30
minutes) and replace each flawed session at endpoint with lowest sleep latency of six endpoint
sessions (take consideration of both flawed and unflawed sessions but count actual awakening
time for sleep latency if it is a flawed session). This analysis biases even more then analysis 7 as it
chooses the maximal awake time for placebo treatment period and armodafinil baseline treatment.

o Analysis 8.2, Repeat analysis 8.1), but instead of using all six sessions, use the first 4 sessions.

Note that throughout this review the original analysis and post-hoc analyses are presented and
discussed for the primary endpoint. Secondary endpoint sleep latency evaluations utilize solely
the original NDA evaluation.

1.1[7.2. 1.2 Clinical Global lmpression of Change (CG/-C)

The subjective co-primary endpoint measurement of sleepiness used in all studies was the
Clinical Global Impression of Change (CGI-C) which consists of the clinician’s assessment of
change in disease (sleepiness) severity relative to a baseline evaluation. Baseline severity of
disease was assessed using the Clinical Global Impression of Severity of Illness (CGI-S), which
consists of the following categories and scoring assignments: 1=Normal (shows no signs of
illness); 2=Borderline ill; 3=Mildly (slightly) ill; 4=Moderately ill; 5S=Markedly ill; 6=Severely
ill; and 7=Among the most extremely ill patients. For the CGI-C the clinician assessed the
change from this baseline. The CGI-C consists of the following categories and scoring
assignments: 1=Very much improved; 2=Much improved; 3=minimally improved; 4=No change;
5=Minimally worse; 6=Much worse; and 7=Very much worse.

1.17.2.2 Secondary Endpoints

Although generally the same secondary endpoints were used amongst the different studies there
were small differences. The table below presents a summary as to the different tests used in the
various studies. All endpoints were measured at 4, 8 and 12 weeks and, except were used as a

primary or key secondary endpoint, at the final endpoint analysis (week 12 or last observations).

| "~ OSAHS | SwWSD | Narcolepsy |
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Study 3021

Study 3025

Study 3022

Study 3020

ESS

X

X

X

X

Epworth Sleepiness Scale
(ESS)

X

X

X

Karolinska Sleepiness Scale
(KSS)

Brief Fatigue Inventory (BFI)

Cognitive Drug Research
System (CDR)

ol

Power of attention from CDR
at final endpoint

b,

o

nl APl A

Episodic memory from CDR
at final endpoint

“l ]

L

"

f I B B

Average of the early first 4
MWT assessments.

Average of last 3 MWT
assessments (1500, 1700, and
1900)

“l

wl Al A

o] B

Average of last 4 MSLT
assessments (0200 to 0800)

Profile of all 5 MSLT
assessments (2400-0800)

CGI-C

X

Change in daytime sleepiness
based upon diary.

X
X

X
X

ol o] BT I

X
(nighttime working
sleepiness)

*Key Secondary endpoints: although this endpoints was analyzed at all time points (4, 6, 8 12 weeks and final
endpoint), only the final endpoint measure was used when this was used as a key secondary endpoint.

A single key secondary endpoints derived from different aspects of the Cognitive Drug Research
System (CDR) was specified for each of the 4 studies.

At a meeting with the Sponsor in 10/22/04 the Sponsor queried whether the division would
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present a reasonable statistical plan Jor ifs evaluation (e.g., mcluding any correction for multiple
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comparisons).” The Sponsor was fold that at Jirst blush it appears fo this Division that @
Hherapentic agent that improves wakefuiness should also increase attention, i.e. wekefilness and
attention are not independent domans. Cephalon was advised lo submit an argument justyfymg
the endpornt (points [ and 2) before the NDA submiission or ar the time of submission and a
Statistical analysis plan prior lo data is unblinding.
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The CDR was performed in all patients; however, sub-scales of the CDR were identified as a key
secondary endpoint in different studies. The Sponsor noted in the present submission in support
of validity that the “the CDR system has been used in over 600 clinical studies worldwide and
has been the subject of over 140 papers, chapters, published abstracts, and presentations.” The
full CDR and its subscales are more thoroughly described in Appendix B. According to the
Sponsor presents references that support their contention that the CDR has been extensively
validated and shown to be reliable, and measures psychological constructs that it was designed to
measure. The Sponsor describes two studies, one in 272 healthy patients and one in a population
of Lewy body dementia to support this contention. Some references examine pharmacological
agents effect on the CDR . Some of these demonstrated anticholinesterase improvement in CDR
score in dementias. While references are provided by the Sponsor there is not a thorough
narrative that proves the Sponsor’s contention regarding validity and reliability. A cursory exam
of the publications would indicate that this may be the case, but a through evaluation of the
power of the data in the publications is beyond the scope of this review. Nonetheless, the
Sponsor fails to present evidence that an effect on the CDR would not a result from increased
wakefulness.

The two key secondary endpoints derived from the Cognitive Drug Research are described as
follows:

¢ Episodic Secondary Memory derived from Cognitive Drug Research System CDR
System: For 3 of the 4 studies (Studies 3020, 3021 and 3022 for narcolepsy, OSAHS
and SWSD, respectively) the key secondary variable was the change from baseline to
endpoint in the quality of episodic secondary memory derived from the tests of memory
from the CDR system. Quality of episodic secondary memory tasks included immediate
(number of words recalled correctly) and delayed word recall, word recognition, and
picture recognition (the number of items correctly recognized and the number of items
not previously presented that were correctly rejected). According to literature cited by
the Sponsor this scale measures the ability to store, hold and retrieve information of an
episodic nature (i.e. an event, a name, an object, a scene, an appointment).

e Power of attention from CDR: The key secondary endpoint in one study (study 3025
on OSHAS) was the change from baseline to endpoint in the mean power of attention
(computed as the speed from the simple reaction time test plus the speed from the digit
vigilance task plus the speed from the choice reaction time test) from the tests of attention
from the CDR system. According to the Sponser the power of attention “reflects the
intensity of concentration at a particular moment: the faster the response, the more
processes that are being brought to bear upon the test.”

Other Secondary endpoints are noted below:

¢ The Epworth Sleepiness Scale (ESS): The ESS is a subjective patient evaluation
questioner of sleepiness. This evaluation asks patients for their propensity to fall asleep
(on a scale from 0 to 3) in 8 common daily situations (e.g., sitting and reading, talking to
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someone, while stopped in traffic in a car, watching television). The total potential score
is 24. Lower scores indicate a lower degree of sleepiness. A score of 11 to 16 is
considered a moderate degree of sleepiness and greater then 16 is considered excessive

. sleepiness.

e Karolinska Sleep Scale (KSS): The KSS is a patient rated scale that measures
sleepiness on a scale of 1 to 9 with 1 being “very alert” and 9 being “very sleepy.” A
score of 7 or greater is considered pathological. It has been validated by
electrophysiological sleep parameter studies. It was conducted 8 times throughout the
simulated night shifts before each MSLT and PVT. The average of these scores was used
for comparison.

e Brief Fatigue Inventory (BFI). This is a subjective questioner containing 9 items that
are rated numerically from 0 to 10, with 10 indicating the “as bad you can imagine” and 0
indicating “nene”. Questions include degree of fatigue “now, usual degree over the last
24 hours, worse fatigue over 24 hours and how fatigue interfered with various activities
over 24 hours. The scale is based upon a scale used in pain (BPI). Reliability and
validity has been demonstrated in studies comparing normal controls to cancer patients.
A mean score from 0 to 10 is derived. Scores may be interpreted as follows: mild 1-3,
moderate 4-6 and severe 7-10 fatigue. This reviewer could not find any studies
examining the validity or reliability of the BFI in dysomnias.

o Patient Diary: Patient diaries allowed the recording of unintended sleep episodes and
naps, the number of caffeinated, the number of mistakes, accidents, or near misses and
effect on nighttime sleep.

1.17.3 Study Design

The 4 pivotal studies were of a placebo-control, double-blind design and very similar design to
used in the approval of the racemate Provigil. This reviewer believes that this study is of
adequate design to detect a therapeutic effect.

The study was of adequate duration, 3 months. Moreover, secondary endpoint evaluations (serial
evaluations during the experimental phase) allowed for the examination of potential tolerance to
this drugs therapeutic effect.

The dose selection (150 and 250 mg/day) was based upon two pharmacokinetic studies: study
101 and 102 which examined single and multiple doses. The dose selection was also based upon
a single pharmacokinetic/pharmacodynamic/tolerance study (study 103). Thus, study 102
examined treatment with 50 to 400mg of armodafinil daily over a period of 14 days. On the
basis of this study the dose 0f300 mg/day was considered the maximum tolerated dose. Study
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103 was a double blind study that examined single placebo dose verses single armodafinil (100,
150, 200 and 300 mfg/day) and Provigil (200 mg/day) dose in young normal men (n=108)
undergoing sleep deprivation. The study demonstrated a therapeutic effect in this model at all
doses but with a potentially greater effect of armodafinil of doses of 200 to 300 mg/day. This
reviewer generally agrees with the selection of the doses studied in the development program
(150 and 250 mg/day). However, it may have been useful to investigate lower doses as well.

Inclusion/Exclusion criteria were satisfactory. Through the use of a variety of criteria, including
ESS, CGI-S and sleep latency patients were required to be suffering from a moderate to higher
degree of sleepiness. They where similar to the criteria used in the studies with Provigil. Off
note, patients who participated in the OSAHS studies where required to suffer residual sleepiness
despite the proof that CPAP was effective and patients continued its use on a regular basis (at
least 4 hours a night on at least 70% of the nights).

1.17.4 Efficacy Findings

1.17.4.1 OSAHS Studies
Two studies (3025 and 3021) were performed that examined the potential efficacy of armodafinil
in OSAHS.

L.77. 4 1.7 Demographics and Baseline Characteristics

1.17.4.1.1.1 Protocol 3025

A table describing many of the demographic variables monitored for protocol 3025 is presented
in the table below. As would be expected for the general baseline profile for OSAHS were as
expected for such a group: i.e. male patients over age 40 years who where over weight (mean
BMI 36.5). Demographic features were well matched between placebo and drug treatment

groups.

Appears This Way
On Criginal
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Armodafinil
Demographic variable 150mg = Placebo Total
Statistic (N=129) (N=130) (N=239) p-valne
Age, years ‘ ,
Mean 50.7 50.6 50.7 0.9032*
SD 9.17 .85 3.99
Median 520 52.0 520
Min, max years 27.0,690°  250,680° 250,690
Age group, » (%)
18-29 1(<1) 403) 50Q) 0.5674°
30-40 20 (16) 16 (12) 36 (14)
41-55 65 (50) 67(52) 132 (51)
>55 43 (33) 43 (33) 86 (33)
Sex, n (%)
Male 97 (75) 93 (72) 190(73)  0.5058¢
Female 32(25) 37(28) 69 (27)
Race,n (%)
White 107 (83) 111 (85) 218(84)  0.4461°
Black 8(6) 11 (8) 19(D
Asian ' 22 1(<1) 3
American Indian or Alaskan Native 0 0 0
Pacific Islander 0 0 0
Other 12(9) 65 18(D
Missing 0 1(=1) 1(<1)
Race group, n (%)
White _ 107 (83) 111 (85) 218(84) 049144
Nonwhite 22Q7) 18 (14) 40 (15)
Missing 0 1(<1) 1(<1)
Weight, kg
Mean ' 110.7 110.6 110.6 0.9762*
SD 24.04 2354 2374
Median 106.6 107.8 107.6
Min, max : 6581814 6351819 63.5,1819

Mean ESS scores between placebo and dug groups were similar and indicated a relatively
significant degree of sleepiness (16.0 and 15.6, respectively). All patients had a greater then
moderately ill rating on the CGI-S with about 40% being markedly ill or worse. CGI-S scores
where similar between drug and placebo groups. Mean MWT between experimental groups
were also similar (placebo 23.3 min and drug 23.7 min).
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Medical histories, based upon organ systems, were similar between placebo and drug treatment
groups. The most common organ system reported was that of cardiovascular (60% in drug and
58% in placebo) with hypertension (40% drug and 39 % placebo) constituting the predominant
specific disordered. General categories of medications historically used exhibited similar use
between both experimental groups with non-steroidal anti-inflammatory agents being most
commonly used (45% in drug and 39% in placebo). Antihypertensive drugs were the second
most commonly used class (31 % in drug and 38% in placebo). -

1.17.4.1.1.2 Protocol 3021

Demographics for the different study groups (safety analysis) are presented in the table below.
Demographic features were generally well matched between al the groups. There was a slightly
greater number of patients >55 year old and smaller number between 41-40 years old in the
placebo group as compared to either drug group. Although not shown mean BMI was well
matched between groups (placebo 37.0 kg/m?, combined drug group 36.5 kg/m?). As in the 3025
protocol the general population of patients reflected what is known of the demographics of the
disease; i.e. the majority of patients were middle age and overweight men.

LISSRLY RIS YID LI

Armedafiaii = Armedafinil = Armedafind

Demegraphic variable 250 my/day 150 mg/day combined Placebe Tetal
Statistie N=131 N=131) (N=262) (N=130) (N=392) pysine
Age, years
Mesn 4.1 493 492 50.1 05 0.6551*
SD 8.74 917 894 : 9.43 9.10
Maedina ) 50.0 500 50.0 520 50.0
Min, max 270,670 26.0,640 260,870 270,660 260,670
Age group (yeans), n (%)
18-29 . 2 3Q) 5() 3 8Q2) 0.5449°
30-40 19Q15) 21 (16) - 40Q15) 21(16) 61(16)
41-55 76 (58) 66 (50) 1829 60 {46) ’ 202 (52)
>55% 34(26) 41@31) 75 (29) 46 (35 1@
Sex, & (%)
Male 89 (68) 97 (14) 186(?1) 90 (69) 276 (10) 05216*
Female 2032 34 Q26) 76 (29) 40 (3L 116 30)
Race, n (%)
White 111 (85) 109 (83) 220(24) niEn 333 (85) 0.3064°
Black 3% 15Q1) 28(11) 1008 38(10)
Asian 1<) 3IQ) 4 2 [ 1es]
Auserican Indisn or Alaskan Native 0 ) '] ] 0 0
Pacific Islander (1] 1(<1) 1(x1) ] 1D
Other 6(5) 3 ') 5(0 ILIC]
Race greup, n (%) .
White 111 @5) 109 (83) poliTe 2 113 (87) 333(85) 0.7004%
-] 202 200 3209, 103 202

Baseline MWT and CGI-S values were well matched between both treatment groups: e.g. MWT
baseline for combined dosage armodafinil and placebo were 22.4 and 23.2 min respectively.
CGI-S data are presented in the table below.
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Armodafinil  Armodafiail  Armodafinil
Baseline variable 250 mg 150 mg combined PMlacebo Total
Statistic N=131) (N=131) N=262) (N=130) (N=392)  p-value
CGIL-S ratings, n (%) (safety analysis set) '
Normal.not at all ill 0 0 0 0 0 0.6635
Borderline ill 0 0 0 ] 0
Stightty ilt 0 0 0 0 0
Moderately ill 69 (53) 78 (60) 147 (56) 63 (48) 210 (54)
Markedly ill 4232 34 (26) 76 (29) 43 (33) 119 (30)
Severely ifl 17 (13) 17 (13) 34(13) 2017 56 (14)

3 2 50 22 700

— e e . - e lm e T w4 s  oa -

- The most common medical history was categorized under HEENT with similar rates of reporting
in placebo and drug treated groups (58% in placebo and 59% in drug). The second most, system
categorized, disease reported were that of cardiovascular with similar rates observed between
groups (57% drug and 59% placebo). Hypertension constituted the largest group in the latter
category. Like study 3025 NSAIDs were the most common class of drugs historically used by
patients (44% drug 47 % placebo). Antihypertensives were the second most common with 35%
on drug and 42% on placebo having used this class of medication. Except for minor differences
between groups (as exemplified by the NSAIDS and antihypertensive) drug class use was similar
between groups.

1174 1.2 Ffftcacy Results
1.17.4.1.2.1 Protocol 3025:
1.17.4.1.2.1.1 Primary Endpoints

LLI74L210107 V{24

‘The table below presents the change from baseline the final endpoint evaluation of both
experimental groups for the original analysis as well as all post-hoc analyses. Values are in
minutes. The table was derived from the FDA statistical review. Evaluations are enumerated
according the section on primary endpoints describing pest-hoc analyses. As noted in the FDA’s
statistical review an alternative ANOVA model was applied because baseline interaction was
significant in the primary ANCOVA model. The original NDA database analysis demonstrated a
of 3.6 minute prolongation in latency in the armodafinil group as compared to placebo. This was
significant at a p value of 0.0003. Non-worst case scenario post-hoc analysis (analyses 1 to 6)
demonstrated a similar magnitude of effect (2.9 to 4.3 minute prolongation over placebo) and
similarly significant p values (<0.0001 to 0.0037). The worst case scenarios, 7.1 and 7.2,
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evaluations demonstrated significance only for 7.2 but with a smaller magnitude then that seen in
other post-hoc analyses. Nonetheless, both analyses revealed a trend in the correct direction with
prolongations in the armodafinil drug group of 1.6 and 2.2 minutes over placebo. The lack of
significance of the 7.2 analysis is not unexpected as the replacement pool for flawed data
included data from the evening sessions (1700 and 1900) when drug levels, and therefore effect,
may be expected to be lower. The conservative worst case scenario demonstrated no appreciable
effect.

Armodafinil 150 mg Placebo treatment difference
Method * ~N 95% C1
Mean (SD)
p-valas - Mesa (SD)
Analysis 1 116 ' 120 2.50,6.06
28(7.6D ~1.5(6.39)
<0.0001
Analysis 2 116 120 093,475
17087 <1201 .
0.0037
Amabysis 3 116 120 1.74,5.56
24(7.84) -13(7.06)
0.0002
Analysis 4 116 120 165,531
26(7.61) ~09(6.81)
0.0002
Analysis § v B 208,6.57
276G -1.6(6.20)
0.0002
Analysis 6 1 mn 1.49,5.51
2.6(2.16) -10(7.29)
0.0007
116
1.7(833) 120
| Analysis 71 0.1418 0.1(7.18) {-0.50,3.47)
- 116 .
21(799) 120
| Asalysis 7.2 0.0315 0.1.149 (019 4.00)
116
10339 120
| Aalysis 8.1 01’":"%5 10(7.71) (2.15,197)
10(3.18) 120
| Analysic 8.2 ol_s;:se 1.0(7.72) (-2.04 2.03)
23(7.80) 120
| otigimal NDA _ 0.0003 -1.3 (7.08) 1.67.5.46

Because of the model residuals showed evidence of nonnormality, a Wilcoxon rank-sum test was
performed using the original NDA dataset to assess the robustness of the inference based on the
ANOVA model fit. The Sponsor noted that inferences from both parametric (ANOVA) and
nonparametric (Wilcoxon rank-sum test) tests were consistent in that they both demonstrated
significant p-values (<0.05). The Sponsor notes that in accordance with the statistical analysis
plan, all efficacy results and the discussion in this report are based on the ANOVA procedures.

L 1741217172 cGl-C
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Change in CGI-C was examined by using a chi-square test adjusted for country to determine the
significance of at least a minimal improvement in the patient’s condition. Seventy-one percent of
patients on drug exhibited at least minimal improvement as compared to 53% of patients on
placebo. This was statistically significant at a p value of 0.0069. A breakdown of actual scores
for the CGI-C for both experimental groups is presented in the table below. Much of the
difference was found in the number of patients in the very much improved group. Fewer
percent of patients on armodafinil then placebo exhibited worsening.

Number (%6) of patients

Msomg e

©
CGI-C rating | (Nsﬁ?) (N_l_;‘;;
Very much improved 2421 7(6)
Much improved 30 (26) 26 (22)
Minimally improved 28(24) - 31(26)
No change 3328 51(43)
Minimally worse 0 3(3)
Much worse 1) 2(2)
Very much worse 0 0

1.17.4.1.2.1.2 Secondary Endpoints Related to Sleepiness and Fatigue

e MWT (using original database analysis) was assessed at week 4, 8 and 12 as a secondary
endpoint averaged for times used in the primary endpoint (0400, 1100, 1300, and 1500).
The results for the full analysis set can be found in the table below. As is apparent a
statistically significant prolongation in the latency was observed in the drug treated
groups as compared to the group receiving placebo at each assessment. There was no
obvious time dependency (tolerance) for this effect.

Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil Placebo Armodafinil Placebo
(n=110) (n=116) (n=109) (n=108) (n=108) “(n=110)
Mean Change from baseline | 1.9 -1.1 2.5 -0.3 2.6 -1.6
(min)
p value 0.014 0.0039 <0.0001

e MWT, accessed at weeks 4, 8 and 12, at latter times for the full analysis set (average of
three naps at 1500, 1700 and 1900), are presented in the table below. Numerical
lengthening of sleep latency was apparent for these latter times but less in magnitude then
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the earlier time points. This change in latency, however, was only noted to be significant
at week 12.

Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil Placebo Armodafinil Placebo
(n=109) (n=113) (n=109) (n=108) (n=107) n=107)
Mean Change from baseline | 1.6 -0.1 2.2 0.6 1.8 -0.5
(min)
P value 0.0717 0.1004 0.0435

Number (and percent) of patients with at least a minimal improvement in the CGI-C at
weeks 4 8 and 12 for the full analysis set are presented in the table below. There was a
significant improvement in symptoms based upon this metric at every time point,
although, numerically, the effect may have been minimally more pronounced at week 4.
The magnitude of this difference was not large enough to suggest tolerance over this
period of time. Similar to the primary endpoint for CGI-C, this effect was primarily
expressed as increased number of patients who were reported to have a rating of “much
improved” and ”very much improved” (data not shown). ' '

Number (%) of patients
Armodafinil
‘ 150 mg Placebo
Time point, variable (N=116) (N=120)
Week 4, n (%) 112 (100) 116 (100)
At least minimal improvement” - : 86 (77) 54 (47)
p-value , <0.0001
Week 8, n (%) ' ' 111 (100) 110 (100)
At least minimal improvement® : 82 (74) 57(52)
p-value 0.0008
Week 12, n (%) 110(100) 110 (100)
At least minimal improvement® 76 (69) 60 (55)
pvalve 00282

The baseline, endpoint difference mean ESS scores for the full analysis set for placebo
and drug treated groups is presented in the table below for endpoint and each week
analysis. Both group placebo and drug groups exhibited a reduction in sleepiness. The
reduction was greater for the armodafinil group. This effect was statistically significant
at every time point and sufficient to take the patient from a high degree of moderate
sleepiness to a low degree of moderate sleepiness or mild sleepiness. Thus, there were no
obvious signs of drug tolerance over the period of time studied.

| Armodafinil (n=116) | Placebo (n=120) | p-value
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Baseline 15.6 16.0

Mean Change from -4.6 -3.0 0.0069
baseline at 4 Weeks

Mean Change from -5.3 -3.0 0.0002
baseline at 8 weeks

Mean Change from -5.2 -2.9 0.0004
baseline at 12 weeks

Mean Change from -5.3 -3.0 0.0001
baseline at endpoint

® Mean baseline values and changes in the mean BFI from baseline to the endpoint for the
full analysis set for placebo and combined armodafinil dose groups are presented in the
table below. Note there was a significant reduction in the BFI in the drug as compared to
the placebo group, presumably indicating a greater reduction in fatigue. As this metric
has not been studied in sleep disorders it is difficult to determine the meaning of such a
change. It is, however, in the appropriate direction. Moreover, examination of weeks 2,
8 and 12 endpoints revealed similar differences. These, however, were only significantly
different for weeks 4 and 12.

Armodafinil (n=115) Placebo (n=119)
Mean BFI 4.7 4.9
Endpoint change from baseline ~]-1.3 -0.4
P value 0.0184

e The table below presents information from daytime diaries. Data were not rigorously
statistically analyzed but all changes observed were in the direction of a therapeutic
effect. Thus, there was a greater decrease in the number of unintentional episodes of
daily sleep and naps in the armodafinil then the placebo group. Endpoint mistakes,
accidents and near misses were less in the drug treated group. Although baseline caffeine
intake was somewhat higher in the placebo group there was little difference in caffeine
intake following both treatments.

Placebo

Armodafinil
Unintentional Sleep Mean episodes at 1.0 1.2
episodes baseline
Mean % change from | -54.7% -37.1%
baseline at endpoint
Number of daily naps | Mean number of naps | 0.5 0.5
at baseline
Mean % change from | -35.7% -17.0%
baseline at endpoint
Percent of patients .
reporting mistakes At endpoint 78% 83%
Accidents and near
misses
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Caffeine beverage use | Mean number at 2.1 2.8
baseline
Mean number change | -0.2 -0.2

1.17.4.1.2.1.3 Secondary Endpoints Related to Cognition (CDR)

1177472737 Key Secondary Endpoinr- Power of Attention

A key secondary endpoint was to determine the effect of armodafinil on attention as measured by
the change from baseline in the mean power of attention from the CDR system (mean of 4
evaluations 0930 to 1530). Analysis was performed with the use of an ANCOVA with treatment
and country as factors and baseline as a covariate. If the final model for the primary efficacy
analysis used an ANOVA instead of an ANCOVA, then the key secondary analysis used an
ANOVA. No separate treatment by covariate interaction or treatment by country interaction was
tested for the key secondary analysis. Note the final test for significance in this CDR measure
and all subsequent ones for this study was an ANOVA. Results of this analysis at the final
endpoint can be found in the table below (values are in msec). There were very minor increases
in reaction time following placebo and drug. This effect was greatest for drug, but to a very
small degree (about 5 msec). These differences were not found to be statistically significant
(ANOVA).

Appears This Way
On Griging]
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Armodafinil
Time point" 150 mg Placebo
Stadistic (=116) (¥=120)
Baseline
2 116 120
Mean 12519 13089
SD 14022 190.02
Median 12305 12740
Min, max 1011.7,1786.9 977.8,2304.0
Eadpoint
n 116 120
Mean 1300.4 13525
sSD 175.98 215.65
Median 1264.1 13273
Min, max 1008.9, 2078.7 994.3,2924.1
Change from baseline to eadpoint
n 116 120
Mean 48.6 436
SD 87.21 208.81
Median 45 380
Min, max -136.1,3174 -912.3,1673.6
p-value 0.3181

177472732 Other Cognitive CDR Testing

e The results of the continuity of attention for the endpoint evaluation (average of 4 tests at
times 0930, 1130, 1330, and 1530) for the full analysis set at the final endpoint are
presented in the table below. No significant difference can be appreciated between drug
and placebo groups. These were no meaningful or statistically significant difference
between both groups (ANOVA).

Appears This Way
On Criginal
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Armodafinil
Time point’ 130 mg Placebo
Statistic (N=116) (N=120)
Basehne
n 116 120
Mean 91.1 v 902
SD 270 4.65
Median S 916 913
Min, max 79.3,94.5 58.8.94.8
Endpoint ,
n 116 ' 120
Mean 91.1 89.8
SD 34 418
Median 918 910
Min, max - 742,95.0 70.7,94.5
Change from baseline to endpoint
n 116 120
Mean 0.0 -0.3
SD 237 4.14
Median _ 0.0 -0.2
Min, max ~-103,6.8 -185.253
p-value 04477

e The quality of episodic secondary memory from the CDR (average of 4 tests at 0930,
1130, 1330 and 1530) for full analysis set at the final endpoint evaluation is presented in
the table below. Armodafinil produced a statistically significant improvement in this
score. The Sponsor also examined these indices at latter times (1530, 1730 and 1930).
Although there was a difference in favor of armodafinil at the endpoint measure it was
not statistically significant (ANOVA).

Appears This Way
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Time point® 150 mg Placebo
Statistic (N=116) (N=120)

Baseline
n 116 120
Mean 1724 1619
sD 4030 4410
Median 1721 162.3
Min, max 65.8,287.9 58.8,281.7

Endpoint
n 116 120
Mean 180.1 1549
SD 4272 56.46
Median 1771 1608
Min, max 49.6,261.5 -134.2,265.0

Change from baseline to endpoint
n 116 120
Mean 76 -70
SD 30.66 52.58
Median 6.0 -5.6
Min, max -83.7.758 —415.8,91.2
p-value 0.0102

Appaars This Way

Cn Criginal
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e The Speed of memory (average of 4 tests at 0930, 1130, 1330, and 1530) from the full
analysis set at the final endpoint is presented in the table below. No difference between

placebo and armodafinil treated groups were appreciated (ANOVA).

Armodafinil

Time point® 150 mg Placebo
Statistic N=116) (N=120)
Baseline
n 116 120
Mean 28188 28874
SD 490.73 616.78
Median 28214 2768.2
Min, max 1952.2,43894 1904.6, 57344
Endpoint
n 116 120
Mean 2618.5 2685.0
SD 452.50 511.77
Median 25792 25933
Min, max 1800.3, 3967.2 1811.1, 4926.6
Change from basehine to endpoint
n 116 120
Mean -200.3 -2024
SD 278.34 345.29
Median -209.8 -153.6
Min, max ~989.9, 850.1 -1529.8, 648.0
—_pvalue 0.8686

1.17.4.1.2.2 Protocol 3021:

1.17.4.1.2.2.1 Primary Endpoints

177412277 MWr

The table below presents the change from baseline to the final endpoint evaluation of all
experimental groups for the original analysis as well as the post-hoc analyses. The table was
derived from the FDA statistical review. Values are in minutes. As noted in the FDA’s
statistical review, an alternative ANOV A model was applied because baseline interaction was
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significant in the primary ANCOVA model. The original NDA database analysis demonstrated
a of 3.6 minute prolongation in latency in the armodafinil combined dose group as compared to
placebo. This was significant at a p value of <0.0001. Each individual dose also exhibited
similar magnitudes of prolongation and highly significant p values. Based upon planned
sequential (high dose to low) this analysis would suggest a therapeutic effect for both doses.
Non-worst case scenario post-hoc analysis (analyses 1 to 6) demonstrated a similar magnitude of
effect (2.9 to 3.8 minute prolongation over placebo in the combined dose group) and similarly
significant p values (<0.0001 to 0.0037). All individual dose evaluations for analyses 1-6 were
significant as well. Like the other OSAHS study, the worst case scenarios, 7.1 and 7.2,
evaluations demonstrated statistically significance prolongation only for 7.2 but of smaller
magnitudes then other post-hoc analyses. All individual dose analyses for the 7.1 were
significant. Both worst case scenario analyses (7.1 and 7.2), nonetheless, trended in the correct
direction: e.g. combined armodafinil drug group exhibited latency prolongations of 1.7 to 2.2
minutes over placebo. The lack of significance of the 7.2 analysis is not unexpected as the
replacement pool for flawed data included data from the evening sessions (1700 and 1900) when
drug levels, and therefore effect, may be expected to be lower. The conservative worst case
scenario (8.1 and 8.2) did not show a statistically significant effect but trended in the correct
direction with the combined dose prolongations over placebo of 1.3 to 1.5 minutes. There was a
trend for greater prolongation with the higher armodafinil dose.

Melhod *
Analyin 1
13@0) G 22038 -1
o005 oo ool
Anaiyis 2 1 120 341 e TH.40
1808 15649  16Q1)  -13850)
0.0015 0.0050 00006
Anaiyiin 3 11 120 ) o 182,516
109N 18(6%0) 21049  -1361)
9,001 00014 <0.0001
Analyin 4 o 130 grTy ™ 10458
24089 2063 22019  -l4E30
2.0001 20006 <0.0001 A
Antiysie 5 2% % 16 " 147,534 e .
26600 13685  2200h)  -12(83) P % ars This Wa Y
001 20088 20006 i it
Analviis 6 18 120 s T 701,555 ' Griginal
256G 184D 22080  -16(B59)
<00l 0001 <0.0001
S@39 1001  1igsy 1M
| Analysis 7.1 9 °ﬁ§’£ %%‘90 05 @H) (006,345 |
$@39 13039 15089 1M
572 0035 | 0040 0010 . 07 .3
] ek o 0.7(820) 043, 3.90)

1%
02551 01317 04 (041, 3.
% 5 l;w 4,310
0.1056 05 .03
Q106 835 . 0332

 Ocicinal NDA.__0.0001 20008 00001 . =L2083% 183,331
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Because of the model residuals showed evidence of nonnormality, a Wilcoxon rank-sum test was
performed using the original NDA dataset to assess the robustness of the inference based on the
ANOVA model fit. The Sponsor noted that inferences from both parametric (ANOVA) and
nonparametric (Wilcoxon rank-sum test) tests were consistent in that they both demonstrated
significant p-values (<0.05). The Sponsor notes that in accordance with the statistical analysis
plan, all subsequent efficacy analysis (i.e. secondary endpoints) and the discussion is based on
the ANOVA procedures.

L774722/72 CcGl-C

The primary endpoint, comparing patients with at least a minimal improvement revealed
efficacy. Thus 74% and 71% of patients in high and low dose drug groups, respectively,
experienced at least minimal improvement as compared to 37% of patients on placebo. This was
statistically significant (p=0.0001, Cochran-Mantel-Haenzel chi square) for all comparisons
including combined and individual doses sequentially examined. The dlfferences between doses
were probably clinically insignificant.

The table below presents changes in the CGI-C for the various experimental groups. The data
suggests efficacy by the fact that many more patients on drug then on placebo showed very much
improved or much improved. Fewer percent of patients on armodafinil then placebo exhibited
worsening. :

Number (%) of patients
Armodafinil Armodafinil Armodafinil

A . 250 mg/day 150 mg/day combined Placebo
CGEC rating (N=121) (N=120) (N=241) (N=124)
Very much improved 28 (23) 30 (25) 58 (249) 10 (8)
Much improved 36 (30) 40 (33) 76 (32) 18 (15)
Minimally improved 25 21) 15(13) 40 (17) 18 (15)
No change 28(23) 34 (28) 62 (26) nen
Minimally worse 3 1D 4(2) 6(5)
Much worse 1(<1) 0 1(<1) 1(<1)
Very much worse ' 0 0 : 0 0

1.17.4.1.2.2.2 Secondary Endpoints Related to Sleepiness and Fatigue

e MWT (using original NDA datasets) was assessed at week 4, 8 and 12 as a secondary
endpoint averaged for times used in the primary endpoint (0400, 1100, 1300, and 1500).
The results for the full analysis set can be found in the table below. As is apparent a
statistically significant prolongation (ANOVA) in the latency was observed in the drug
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treated groups as compared to the group receiving placebo. High and low dose analysis
was also observed to be statistically significantly different from placebo at each time
point. There was no obvious time dependency or tolerance of this effect.

Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil Placebo Armodafinil Placebo
(combined (n=124) (combined (n=116) (combined (n=118)
groups) groups) groups)
(n=241) (n=216) (n=210)
Mean Change from baseline | 2.3 0.0 117 -0.1 1.8 -1.3
(min)
P value 0.0047 0.0344 0.0004

¢ MWT, accessed at weeks 4, 8 and 12, at latter times for the full analysis set (average of

three naps at 1500, 1700 and 1900), are presented I the table below. Numerical

lengthening of sleep latency was suggested by mean changes for these latter times but of
less in magnitude then the earlier time points. This change in latency, however, was only
noted to be significant at week 4.

Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil Placebo Armodafinil | Placebo
(combined (n=124) (combined (n=116) (combined (n=117)
groups) groups) groups)
(n=239) n=213) ©0=209) |
Mean Change from baseline | -0.3 1.5 0.7 0.3 0.8 -0.1
(min) .
P value 0.015 0.6234 1 0.3166

e Number (and percent) of patients with at least a minimal improvement in the CGI-C at
weeks 4 8 and 12 for the full analysis set are presented in the table below. There was a
statistically significant improvement in symptoms (Cochran-Mantel-Haenzel chi square)
for combined doses and all doses for all times. There is no evidence of drug tolerance as
measured by this endpoint.. Except for a sequential analysis plan (first combined and then

individual doses) the analysis is not corrected for multiple comparisons. The magnitude
of effect was not substantially different at the different time points.

Appacrs This Way
Cn Original
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Number (%) of patients
Armodafinil  Armodafinil  Armedafinil
250 mg/day 150 mg/day combined Placcho
CGI-C rating : (N=121) (N=120) (N=241) (N=124)
' Week 4, n (%) 115 (100) 116 (100) 231 (100) 121 (100)
At least minimal improvement” 87 (76) 79 (68) 166 (72) 47 (39
p-value <0.0001 <0.0001 <0.0001 —
Week 8,n (%) 110 (100) 114 (100) 224 (100) 116 (100)
" At least minimal improvement” 85(7D 87 (76) 120D 47 (41)
p-value <0.0001 <0.0001 <0.0001 o
Week 12, n (%) 108 (100) 113 (100) 221 (100) 120 (100)
At least minimal improvement® 837D 82 (73) - 165 (5) 46 (38)
p-value <0.0001 <0.0001 <0.0001 p—

e The mean ESS baseline score and mean and median differences from the baseline at
different time points as well as the endpoint measure for the full analysis set for placebo
and combined drug dose groups is presented in the table below. Both placebo group and
drug groups exhibited a reduction in sleepiness. The reduction was greater for the
armodafinil group. This effect was statistically significant at every time point (not
corrected for multiple comparisons). Thus, there was no evidence of tolerance of effect as
measured by this endpoint. Individual dose groups (data not shown) exhibited similar
reduction in sleepiness as measured by the ESS and each dose group’s reduction in
sleepiness was statistically significant with the highest p value of 0.0007 (not corrected
fro multiple comparisons).

Combined Placebo p-value
Armodafinil (n=123)
, (n=239)
| Baseline 15.3 15.9 \
Week 4 - ' Mean Change 5.2 2.7 <0.0001
from baseline
Median Change -5.0 -2.0
from baseline
Week 8 ' Mean Change -5.7 3.2 1<0.0001
from baseline
Median Change -5.0 -2.0
from baseline _
Week 12 Mean Change -5.7 -3.3 <0.0001
from baseline
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Median Change -5.0 -3.0
from baseline
Endpoint Mean Change 1-5.5 -3.3 <0.0001
from baseline
Median Change -5.0 -3.0
from baseline

e Mean baseline values and changes in the mean BFI from baseline to the endpoint for the
full analysis set for placebo and combined armodafinil dose groups are presented in the
table below. Note there was a significant reduction in the BFI score, presumably
indicting a reduction in fatigue. . As noted above, the meaning of this is not clear as this
metric has not been validated for this population of patients. Each individual dose was
also noted to have a statistically significant reduction (data not shown). Moreover,
examination of weeks 2, 8 and 12 endpoints revealed a similar statistically significant
difference between placebo and the combined dose groups.

Combined Armodafinil | Placebo (n=119)
(n=115)

Mean BFI 5.2 4.6

Endpoint change from baseline -1.2 -0.4

P value 0.0059

e The table below presents information from daytime diaries. There was a greater decrease
in the number of unintentional sleep episodes and daily naps in the armodafinil then the
placebo group. Accidents and mistakes were similar across groups. Baseline caffeine use
was similar in both groups with little difference between groups following treatment.

Combined Placebo
, Armodafinil
Unintentional Sleep Mean episodes at 1.0 1.0
episodes baseline
Mean % change from | -55.5% -18.9%
baseline at endpoint
Number of daily naps | Mean number of naps | 0.4 0.4
at baseline
Mean % change from | -34:4% -3.5%
baseline at endpoint
' Percent of patients ,
reporting mistakes At endpoint 77% 77%
Accidents and near
misses _
Caffeine beverage use | Mean number at 2.4 2.2
baseline
Mean number change | -0.3 -0.1
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1.17.4.1.2.2.3 Secondary Endpoints Related to Cognition (CDR)

L77472237 Key Secondary Enapoint—Quality of Apisodic Memory

The quality of episodic secondary memory from the CDR (average of 4 tests at 0930, 1130, 1330
and 1530) for full analysis set at the final endpoint evaluation was not found to be statistically
significant (ANOVA). The table below presents this data.

(1 U1 ABRIYSIS S¢t)
Armodafinil Armeodafinil Armodafinil
Time point" 250 mg/day 150 mg/day = combined Placebo
Statistic (N=121) (N=120) (N=241) (N=124)
Baseline
n 121 119 240 123
Mean 1719 1694 170.6 1749
SD 3925 46.05 42.69 40.22
Median o 169.6 1738 1712 1713
Min, max 99.2,270.0 27.1,271.7 27.1,271.7 80.0,3429
Endpoint
n 121 119 240 124
Mean 1828 1813 1821 180.5
sSD 45.70 50.57 48.08 53.19
Median - 1821 1858 ' 184.0 1827
Min, max 60.8, 2867 -29.6,334.2 -296,3342  -5235,3508
Change from baseline to endpoint
n 121 119 240 123
Mean 10.9 119 114 54
sD 3097 33.57 2.2 3836
Median 87 138 112 29
Min, max -72.1,1333 -92.9,102.1 -929,1333  -2425,86.7
p-value ) - _— 0.1147 | —

LI7£L2232 Orther Cognitive CDR Testing
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e The results of the continuity of attention for the endpoint evaluation (average of 4 tests at
times 0930, 1130, 1330, and 1530) for the full analysis was not observed to be
statistically significant between the various groups (ANOVA) at the final endpoint.

e The Speed of memory (average of 4 tests at 0930, 1130, 1330, and 1530) from the full
analysis set at the final endpoint was not found to be statistically significant between the
experimental groups (ANOVA).

e Data for the mean power of attention at the final endpoint from the CDR system (mean of
4 evaluations 0930 to 1530) are presented in the table below. Analysis is similar to that
described above and are presented in the table below with values in terms of msec. There
were minor increases in reaction times for both drug and placebo groups. This increase
was slightly greater in the placebo group. This difference was not found to be
statistically significant when comparing the combined drug group to placebo (ANOVA).

Armodafinil Armodafinil Armodafinil
Time point* 250 mg/day 150 mg/day combined Placebo
Statistic (N=121) (N=120) (N=241) (N=124)
Baseline
n 121 119 240 123
Mean 1266.8 1250.1 12585 12568
sD 195.17 166.93 18153 14950
Median 12258 1231.0 12284 12526
Min, max 1039.6, 24433 976.4,2132.8 976.4,2443.3 1009.0, 1752.0
Endpoint
n 121 119 240 124
Mean 1299.0 1287.6 12934 1306.4
sSD 25772 180.24 22231 171.02
Median ' 12522 1261.1 12533 13059
Min, max 1047.3, 35486 1011.2,2041.7 1011.2,3548.6 1010.4,1770.7
Change from baseline to endpoint
n 121 119 . 240 123
Mean 323 375 349 48.0
SD 21047 96.75 163.92 99.94
Median 19.0 292 250 439
Min, max —-11649,1702.1 -3886,381.5 ° —11649,1702.1 —301.0,3519
p-value 7 — - 0.4170 —_
Appecrs This Way
Gn Original
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1.17.4.2 Narcolepsy Study (3020)

11742 1 Demographics and Baseline Characleristics

The table below presents demographic information on the studied patient population for this
study. There were small disparities in the age between drug and placebo. The numerical age
differences were, however, not of great magnitude. A slightly disproportionate number of males
and patients of the “white” race were observed in the placebo group. It is impossible to state
with certainty how these may influence data, but this reviewer feels that the effect is likely
minimal.

Demographic variable 250 150 mg combined Placebo Total
Statiste _QeeT) N=6) Q=131) (0¥=63) Q190 pvalue
Age, years
n 67 64 131 63 194
Mean 350 404 317 392 381 0.0355
SD 1252 1252 1276 1198 1250
Madian 320 430 36.0 360 360
Min, max 180,670 18.0,65.0 18.0,670 200,630 18.0,67.0
Age group (years), = (%4)
18- . 3045) 18(28) 48067 15 29) 63 (32) 0.0226°
30-40 20030 12(19) 32Q4) 19 30) 51Q6)
41-55 11(16) 27(42) 3829 23S 60 (31)
=55 6(9 7an 13(10) 7@ 20Q10)
Sex,n (%) .
Male BGN 2844 53 (40) 206 8544 03017
Fenule 42 (63) 36(56) 78 (60) - 3149 109 (56)
Race,n (%) ] _
White 4872 44(69) 92 (70) 49 (78) 1 (73) 07737
Black 2(13) 13 Q0 2an 10(16) 32Q6)
Asian 1Q) 1) 2@ 0 2
Amaetican Indian or Alaskan Native 2(3) 1@ 3Q) 1Q) 40Q)
Pacific Islander 1Q) 1) 2Q) 0 2Q)
Other 3@ 23 59 0 53
Missing 39 23 5@ 39 8@
BMI kg/m®
n 67 64 131 62 193
Mean 283 26 20 283 287 04120
sD 691 671 682 525 635
Madian 28.0 289 231 282 282
154,527 188,592 154,392 ‘ 186,406 15.4,59.2

: - A g 3.

The p-value for the overall traatment comparison is from an analysis of variance (ANOVA) with treatsent group and center as a factor.
* The p-vahue for the overall treatment compazisom is from a Pearson’s chi square test.

* Patiant 3183002 in the anmodafinil 250-mg/day ireatmant group was older than 65 years, but was pesitted to ewoll in the study.

4 The p-value for the ovesall treatment comparisom is from a Fishes™s exact test

NOTE: OthwrsHispanic (2); Filipino (1); Busasian (1); Cancasian and Asian (1).

Baseline features sleepiness values for CGI-S and MSLT are presented in the table below. There
are no significant differences between placebo and all drug groups. MWT baseline value,
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however, was slightly lower in the combined armodafinil group then in placebo. Thus, baseline
values of 12.5 minutes and 10.8 minutes were observed in the placebo and combined drug
dosage group, respectively. The low armodafinil group was quite similar to the placebo: e.g. low
and high dose groups were 12.1 and 9.5 minutes. This can allow for some internal control for the
baseline of the test results.

w—— — - .
Baseline variable 2B0mg 150mg combined PMaceho Tetal

Statisthe (N=€T) N=68) N=131) (N=63 (N=194) p-yalue
CCI-S ratings, u (%) (safety analysiz sef)

Nosmal-not at all ill 0 0 [ 0 [] 0.7672

Bosderline ill 0 0 0 0 [

Slightly ill 0 0 0 0 []

Moderataly ill 2537 1930) 4(34) 18 (29) 62(32)

Mukedly ill 293) 32(50) 61 (4D ko] 95 (49)

Severely ill 12Q8) 117 23718 117 34(18)

Among the most extremely ill 1Q) 203) 3Q 0 Q)
MSLT sleep Iatency, mimutes (full analysit s00)

n ’ 60 58 118 58 _

Mean 26 25 25 26 —_ —

sD 161 L7 1.66 155 —

Median 24 24 24 23 —_

—Min mox 01,61 00,66 00,65 03,60
SOURCE: Suimiai'y 15.3 anid section 16.1.9; Listing 10 and Listg 11.

* The p-valne for the overall weatment comprazison is from a Fisher’s exact test.

CGI-S=Clinical Global Impression of Severity; MSLT=Multiple Sleep Latency Test; minsminimmm: maxemaningnn; SDwstandard deviation.

Thus, although some indices appeared to differ others were similar between treatment groups.
This reviewer does not believe that these differences will markedly affect the final results of the
study.

117422 Ffficacy Resulis

1.17.4.2.2.1 Primary Endpeints

1.17.422.1.1 MWT

The table below presents the change from baseline to final endpoint evaluation of all
experimental groups for the original analysis as well as all post-hoc analyses. The table was
derived from the FDA statistical review. Evaluations are enumerated according to the section on
primary endpoints describing post-hoc analyses (see above). The change from baseline in sleep
latency from the MWT was tested using ANCOVA model with treatment and country as factors,
and the corresponding baseline value as a covariate. The original NDA database analysis
demonstrated a of 3.8 minute prolongation in latency in the armodafinil combined dose group as
compared to placebo. This was significant at a p value of 0.0024. Each individual dose also
exhibited similar magnitudes of prolongation and highly significant p values. Based upon
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planned sequential (high dose to low) this analysis would suggest a therapeutic effect for both
doses. Non-worst case scenario post-hoc analysis (analyses 1 to 6) demonstrated a similar
magnitude of effect (4.0 to 4.5 minute prolongation over placebo in the combined dose group)
with similarly significant p values (<0.0001 to 0.0072). All individual dose evaluations for
analyses 1-6 were significant as well. There was a trend for greater sleep latency prolongation in
the higher doses. The worst case scenario (7.1 and 7.2) evaluations demonstrated significance for
only the combined and high dose groups in the in 7.2 analyses. As noted above the 7.1 analysis
may be considered to bias the data against revealing an effect. Nonetheless, both the 7.1 and 7.2
of combined doses and dose groups trended in the direction toward prolongation. ~ The
conservative worst case analysis did not demonstrate significance effect.

R-valne ,
Anslysin 1 60 58 13 53 1.84.504
23684 1351D) 18G50  -23(569
0000 0.0003 <.0001
Amalysis 2 ) 58 118 58 188,536

200608 18630 19669  -23(589
20007 9.0003 0000

Analysis 3 60 58 us 58 1.77.504
273556 09(53D 18G50 220581
0.0001 0.0017 <0.000L

Analysis 4 60 52 118 58 175,487

2367)  03@8)  L8(53N 248D
0.000] 0.0010 <0.0001

Analysis § 40 26 66 25 113,653
26(6.11) 144680 216557 ~<15(6.76)
0.0085 0.0202 0.0072 .
Ansdyiis 6 58 D 112 55 1.60, 506
2891 0701 18(5.61) 22 (593)
0.0003 0.0050 0.0002
N 118

1999 0.7(356) 06(538) 58
: [1X

12

1
11(83) 03518  09(G6) 38
Auairis 2210047 %gm %ﬁ“ 161D (049 338
) L165)  -130656)  00(615) 58
L Asalvis 81 | %821! %ﬁl 21690 CLBRLID
12(650)  -LO(S4S)  01(60%) )
0.5739

| Anatviis82 | 0.74 03911 00(689) (16213 |
0 58 18 58 102,461
260624 133D 19628  -19¢68D)

| %

20099 -0.0008 20024

EXaacar s L araar e

Because of the model residuals showed evidence of nonnormality, a Wilcoxon rank-sum test was
performed using the original NDA dataset to assess the robustness of the inference based on the
ANOVA model fit. The Sponsor noted that inferences from both parametric (ANOVA) and
nonparametric (Wilcoxon rank-sum test) tests were consistent in that they both demonstrated
significant p-values (<0.05). The Sponsor notes that in accordance with the statistical analysis
plan, all efficacy results and the discussion in this report are based on the ANOVA procedures.
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1.17.422.1.2 CGI-C

The primary endpoint, comparing patients with at least a minimal improvement revealed efficacy
for combined dose as well as all dose groups (p=0.0001 for all comparison-combined and
sequential comparison (Cochran-Mantel-Haenzel chi square). This data is presented in the table
below. Although, the higher dose group exhibited a greater percent of patients achieving the
criteria, it is unknown if this represents a clinically significant greater difference as the study was
not designed to examine this issue statistically.

Numnber (%) of patients
Armedafinil  Armodafinil Armedafini
T 250 mg/day 130 mg/day combined Placeho
CCLC rating (N=58) N=118) (N=28)
At lsast minimal improvement 4T 40 (69) 84(71) 19(33)
p-value <0.0001 <noog <0.0001 —

A complete accounting for final CGI-C scores is presented in the table below. From this data it
is apparent that much of the difference in affect between placebo and armodafinil originates from
patients who exhibited at least a “much improved” or “very much improved score.” A lower
percent of patients on armodafinil then placebo worsened.

Number (%) of pationts

Armedafinil  Armedafinil  Armodafinil
250 mg/day 150 mg/day combined Placebe
CCEC rating (N=66) (N=39) N=119) (N=58)
Very nuch imgroved 1108) 9(16) 2007 2Q)
Maxch imgroved 235 19039 20069 702
Minimally improved ney nEey 24Q0) . 100D
No change  T¥v3)) 13 273 29 (50)
Minimally worse 1Q) 39 43 Yo
Much worse 1Q) 20) 3® 35
. 0 0 0 3(5)

1.17.4.2.2.2 Secondary Endpoints Related to Sleepiness and Fatigue

e MWT (using the original dataset) were evaluated for weeks 4, 8 and 12. Combined
armodafinil doses and placebo values are presented in the table below. All times points
were statistically different from placebo (not corrected for multiple comparisons) and
there was no obvious numerical evidence for tolerance to this effect over the 12 week
period. With the exception of the 250 mg/day dose at 8 and 12 weeks all 1nd1v1dual dose
differences were statistically significant.
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Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil Placebo Armodafinil Placebo
(combined (n=58) (combined (n=55) (combined (n=43)
groups) groups) groups)
(n=118) (n=110) (0=88)
Mean Change from baseline | 2.1 -1.1 1.7 -1.3 1.8 -1.7
(min) ,
p value 0.0054 0.0481 0.0264

e CGI-C endpoint for the different test periods are presented in the table below. All values
(each doses and combined dose) where statistically significantly improved (Cochran-
Mantel-Haenzel chi square, not corrected for multiplicity) over placebo. There was no
obvious time effect (i.e. tolerance) observed.

Number (%) of patients
Armodafinil  Armedafinil  Armodafinil
: 250 mg/day 150 mg/day combined PMacebo
_CGI-C rating (N=60) (N=58) (N=118) (N=38)
Week 4, n (%) 57 (100) 57 (100) 114 (100) 56 (100)
Atleast minimal improvement* 40 (70) 43(75) 83(73) 22 (39)
p-value 0.0003 <0.0001 <0.0001 —
Week 8, n (%) 58 (100) 55 (100) 113 (100) 53 (100)
At least minimal improvement® 41(7) 37(67 78 (69) 20(3%).
p-value 0.0006 0.0024 0.0001 —
Week 12,0 (%) 46 (100) 43 (100) 29 (100) 43 (100)
Atleast minimal improvement® 34(78) 30(70) 64(72) 13 (30)
p-value <0.0001 0.0003 <0.0001 —

e Data for the combined dosage ESS at various times throughout the study and at the final
endpoint are presented in the table below. ESS score indicates statistically significant
decreased (ANCOVA, not corrected for multiple comparisons) sleepiness with
armodafinil at all time points and at the final endpoint evaluation. There does not appear
to be any obvious tolerance to the drugs effect of the time period studied. Examination of
individual dosages reveals a statistically significant effect at all time points except for the
low dose at week 4. The magnitude of effect is similar to that observed for OSAHS

Studies.

Combined Placebo (n=58) | p-value
Armodafinil
(n=118)

Baseline 16.5 ' 17.5 .

Week 4 Mean Change 1-33 2.2 0.0282
from baseline
Median Change -2.0 -2.0
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from baseline

Week 8 Mean Change -3.2 -1.4 0.014

from baseline :
Median Change -3.0 -1.0
from baseline

Week 12 Mean Change -4.1 -1.4 0.0002
from baseline
Median Change -3.0 -1.0
from baseline

Final Mean Change -3.9 -1.9 0.0006

‘| Measurement from baseline

Median Change | -3.0 2.0
from baseline

Mean baseline values and changes in the mean BFI from baseline to the endpoint for the
full analysis set for placebo and combined armodafinil dose groups are presented in the
table below. Note there was a statistically significant reduction in the BFI score
(ANCOVA), presumably indicting a reduction in fatigue. . As noted above, the meaning
of this is not clear as this metric has not been validated for this population of patients.
Each individual dose was also noted to have a statistically significant reduction (data not
shown). Moreover, examination of weeks 2, 8 and 12 endpoints revealed a similar
statistically significant difference (not corrected for multiple comparisons) between
placebo and the combined dose groups or each individual dose. There were no obvious
signs of tolerance of armodafinil’s effect on the BFI over a period of 12 weeks.

Combined Armodafinil | Placebo (n=58)
‘ . (n=118)
' Mean BFI 5.6 : 5.7
Endpoint change from baseline -1.4 -0.3

p value

0.0002

A descriptive statistical presentation of information derived from patient diaries pertinent
to efficacy are presented in the table below. Percent changes for the combined
armodafinil dose groups for the number of sleep, both unintentional sleep and intentional
naps, were less then the placebo. This is consistent with a therapeutic effect. The effect
was similar in both dose groups (data not shown). A similar number of accidents were
reported between both treatment groups. Baseline caffeine use was rather high, with the
armodafinil group being somewhat higher then placebo group, but little or no change was
observed in both placebo and armodafinil groups during the treatment period. There were
no appreciable differences in the number of episodes of cataplexy reported following
treatment in both groups.

' Combined Placebo
Armodafinil
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Unintentional Sleep Mean episodes at 2.0 22
episodes baseline
Mean % change from | -38.7% -10.2%
baseline at endpoint '
Number of daily naps | Mean number of naps | 1.3 1.4
at baseline
Mean % change from | -42.5% -22.0%

baseline at endpoint

Percent of patients

reporting mistakes At endpoint 86% 86%
Accidents and near
‘misses
Caffeine beverage use | Mean number at 16.2 13.9
baseline |
Mean number change | -1.1 0.6
Number of cataplexy | Mean number 0.8 0.7
attacks Mean Number change | -0.1 -0.1

1.17.4.2.2.3 Secondary Endpoints Related to Cognition (CDR)

1.17.4.2.2.3.1 Key Secondary Endpoint — Quality of Episodic Memeory

Improvement was observed in the Quality of Episodic memory (average of 4 tests at 0930, 1130,
1330, and 1530) in the armodafinil group as compared to the placebo group at the final endpoint
evaluation. This improvement proved to be statistically significant (ANCOVA) for the
combined dose and each individual dose group. These data are presented in the table below.
Similar trends were observed during test periods at weeks 4, 8 and 12, but these were not always
statistically significant. :

Appears This Way
Cn Origingi
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Armodafini Armodafini Armedafinil
Time point” 250 g/ 130 mg/day combimed Placebe
— Statistic =) (¥=58) (N=119) (ons8)
Baseline .
n 59 57 116 58
Mean 1664 1593 162.9 1633
sb 4831 56.81 52.55 56.12
Madian 1708 1571 164.6 1569
— M e BIWET 3OS 3967 492,396
Endpoint
2 59 57 116 57
Mam 129 180.1 181.5 1657
sD 5749 B3n 5521 5930
Median 1871 1750 181.7 1662
M, max 388,3200 72.5,2896 388, 3200 337,321
Change from baseline to endpoint
n 59 57 1ne 57
Mean 165 207 186 10
D 46.53 3446 40.92 29.14
Madian 175 146 165 -54
Min, max -1192, 1900 -46.7,1267 ~119.2,190.0 ~66.3,575

1.17.4.2.2.3.2 Other Cognitive CDR Testing

e Speed of memory was significantly improved in the armodafinil group over placebo in
the combined dose group at the final endpoint evaluation (average of 4 tests at 0930,
1130, 1330, and 1530) with a mean change from baseline observed for armodafinil of
199.7 msec verses -6.3 msec for placebo. The significant difference was also observed in
the high but not low dose group. Similar results were observed for weeks 4, 8 and 12.

e Power of attention evaluation at the final endpoint measure revealed an improvement in
the armodafinil group over placebo as indicted by a mean change from baseline of 41.5
msec among patients treated with armodafinil compared with an increase of 158.0 msec
among patients treated with placebo. This difference was statistically significant
(ANCOVA, p=0.0498) for the combined drug group but not the high dose group.
Although there was a similar trend at weeks 4, 8 and 12 these were not observed to be

statistically significant.

e No statistically significant difference in the continuity of attention was observed

1.17.4.3 SWSD Study (3022)

17743 7 Demographic and Baseline Characteristics
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Mean Age, sex and BMI were well matched across experimental groups. There was a slight
preponderance of patients of the “white race” in placebo group, but it is doubtful this difference
will affect final results.

Armodafinil

Demographic variable 150 mg Placebe Total
—Statistic, n (%) \ (N=123) (N=122) e {N=243) p:yalue

Age, years
n 123 122 245
Mean 389 403 39.6 0,2844*
SD 10.75 10.76 10.76
Median 370 41,0 41.0
Min, max 18.0, 63.0 19.0, 62,0 18,0, 63.0

Age group, n (%)

18-29 31(25) 26 (21) 57 (23) 0.2189%
30-40 38 (31) 27 (22) 65 (27)

41-55 C o 48(39) 59 (48) 107 (44)

>55 6(5) 10(8) 16(7)

Sex, n (%)

Male 66 (54) 64 (52) 130 (53) ~ 08sos”
Female 57 (46) 58 (48) 115 (47)
Race, n (%) :
White 74 (60) 86 (70) 160 (65) 0.3362°
Black 37 (30) 26(21) 63 (26)
Agsian 2(2) 1(<1) 3()
Pacific Islander 0 1(<1) 1(<1)
Other* 10(8) 8 18(7)

Race group, n (%) : :
White 74 (60) 86 (70) 160 (65) 0.0895"
Nonwhite 49 (40) 36 (30) 85 (35)

BML, kg/m® :

n 123 122 ' 245 .
Mean 291 302 296 0.2019*
SD 6.10 .2 6.69
Median 278 290 283
_Min max 13.3, 51.4 171,576 133,576

SOURCE: Summary 15.2, Listing 5.
* The p-value for the treatment comparison is from an analysis of variance (ANOVA) with treatment group as
a factor.
®The p-value for the treatment comparison is from a Pearson’s chi-square test,
® The p-value for the treatment comparison is from a Fisher's exact test,
4Other=Hispanic (15 patients); black/Asian (1 patient), Bangladeshi (1 patient); Caucasian/African
American (1 patient),
BMI=body mass index; min=minimum; max=maximum.

Baseline characteristics are presented in the table below. Job types, occupation and shift worker
type were generally similar across treatment groups. Most subjects worked as permanent night
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workers (evening shift only). CGI-S scores were similar across experimental groups. A
majority of patients were rated as moderately ill with the remainder receiving higher ratings.
The degree of “illness” observed in these trials was similar to that in the trials of the other
disorders. Sleepiness, as measured by the MSLT, was comparable across treatment groups (2.3
minutes for armodafinil and 2.4 minutes for placebo).
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Armodafinil

Variable 150 m, Placebo Total '

CGI-$
Normal-not at all it 0 0 0 0.8988"°
Borderline ill 0 0 0
Slighdy ill 0 0 0
Moderately ill 69 (56) 69 (57) 138 (56)
Markedly ill 42 (34) 44 (36) 86 (35)

Severely ill 11(9) 8(7 19 (8)
Among the most extremely ill 1(<1) 1(<1) 2(<1)

CGI-S group, u (%) .
Moderately ill 69 (56) 69 (57) 138 (56) 0,9422%
Markedly, severely, or extremely ill 54 (44) 33 (43) 107 (44)

Shift worker type
Permanent 107 (87) 105 (86) 212 (87)

Rotating 16 (13) 17 (14) 33(13)

Shift worker occupation

Mining 1(<1) 0 1(<1)
Utilities 1¢<1) 3(2) 4(2)
Construction 1({<1) 0 1(<1)
Manufacturing 10 (8) 5(4) 15 (6)
Wholesale trade 1] 1(<1) 1(<1)
Retail rade 3(2) 4(3) 7(3)
Information 3(2) 1(<1) 4(2)
Transportation and warehousing 11(9) 9(7) 20(8)
Postal service 403) 2(2 6(2)
Agriculure, forestry and fishing: 1(<1) 0 1(<1)
Finance and insurance 1(<1) 1(<1) 2(<1)
Professional, scientific and legal 7(6) 10 (8) 17(D
Management of companies and offices 0 2(2) 2(<1)
Administrative and support services 8(7N 8(7 16 (7)
Health care and social assistance 51(41) 47 (39) 98 (40)
Arts, entestainment and recreation 2Q2) 1(<1) 3(1)
Accommodation and food services 4(3) 7(6) 11{4)
Other services (except public
administration) 15(12) 19 (16) 34 (14)
blic adminis 0 202) 2(<1)

SOouURCE; Summary 15.3; Listing 6 and Listing 12,
* The p-value for the treatment comparison is from a Fisher's exact test,

* The p-value for the treatment comparison is from a Pearson’s chi-square test.
CGI-S=Clinical Global Impression of Severity.

L 17432 Efficacy Resulls
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1.17.4.3.2.1 Primary Endpoints

1.17.4.3.2.1.1 MSLT

Analysis of sleep latency using the MSLT resulted in very few flawed sleep sessions for reasons
previously described. The small number of flawed sessions is unlikely to corrupt the final
efficacy conclusions. Nonetheless, the table below presents post-hoc analyses along with the
original NDA analysis. The worst case scenario was not requested by statistics, and that analysis
was not performed, presumably because of the small number of flawed sessions. Since there was
evidence of treatment covariate interaction the covariate was dropped from the ANCOVA model
and an ANOVA was used. The table below presents the change from baseline to the final
endpoint evaluation of both experimental groups for the original analysis as well as the post-hoc
analyses. The magnitude of effect is similar amongst all analyses with a prolongation in sleep
latency of 2.3 to 3.3 for the armodafinil group over the placebo group. All analyses exhibited a
similar p value (p<0.001).

ADpears This Ve

Cn Ciiging!
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Armodafinil
150 mg Placeho
Method *# N N Treatment differcnce
Mean (SD) Mean(SP) 95% CI
- p-value _
Analysis 1 112 104 1.57,3.56
3.0(4.38) 0.4 (2.86)
<0.0001
Analysis 2 112 104 1.69, 3.68
3.0(4.35) -0.3 (2.89)
<0.0001
Analysis 3 112 104 1.54, 3.51
2.9 (4.30) 0.3 (2.87)
<0.0001
Analysis 4 112 104 1.52,3.45
. 2.8(4.18) 03287
<0.0001
Analysis § 107 - 103 1.37,3.30
2.7(4.12) 04 (2.87)
_ <0.0001
Analysis 6 112 104 1.58, 3.57
29 (4.35) 03(2.87)
. <0.0001 . ’ .
Original NDA 112 104 1.67, 3.69
3.1(4.46) 04(2.87)
- <0.0001

Because of the model residuals showed evidence of nonnormality, a Wilcoxon rank-sum test was -
performed using the original NDA dataset to assess the robustness of the inference based on the
ANOVA model fit. The Sponsor noted that inferences from both parametric (ANOVA) and
nonparametric (Wilcoxon rank-sum test) tests were consistent in that they both demonstrated
significant p-values (<0.05). The Sponsor notes that in accordance with the statistical analysis
plan, all efficacy results and the discussion in this report are based on the ANOVA procedures.

1.17.43.2.1.2 CGI-C

The endpoint of the percent of patients with at least minimal improvement is presented in the
table below. More patients reached these criteria in the armodafinil treatment. This difference
was found to be statistically significant (Cochran-Mantel-Haenzel chi-square).
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. . N . m
Armodafinil '
150 mg Placebo
(N=112) _(N=104) p-value
89(79) 61 (59) 0.0010

No imgrovement 23 521) 43 541) '

Frequencies of various CGI-C scores are presented below. Like the other disorders studied, most
of the differences between the experimental groups lie in the greater percent of patients who are
judged as much improved and very much improved in the armodafinil group.

A ]
Armodafinil

150 mg Placebo
Rating, n (%) (N=112) _ _ __(N=104)
Very much improved 25(22) 13(13)
Much improved 39 (35) 24 (23)
Minimally improved 25(22) 24 (23)
No change 20 (18) 3837
Minimally worse 0 56)
Much worse 3(3) -0
Veg mggh WOrse 0 0

1.17.4.3.2.2 Secondary Endpoints Related to Sleep and Fatigue

e The table below presents the change from baseline in sleep latency measured as
determined by the MSLT (average of 4 naps at 0200, 0400, 0600, and 0800) assessed at
weeks 4, 8, and 12 for armodafinil versus placebo. As is apparent, statistically
significant changes were observed throughout the experimental period (ANOVA, not
corrected for multiple comparisons). An effect was seen at the first test period and there
is no obvious tolerance throughout the period

Week 4 Week 8 Week 12
Armodafinil Placebo Armodafinil | Placebo -~ | Armodafinil Placebo
! (n=112) (n=104) (n=101) (n=94) L (n=87) L (n=83)
Mean Change from baseline | 3,1 0.6 34 0.1 34 0.5
(min) -
p value <0.0001 <0.0001 | <(0.0001
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e CGI-C was evaluated at each test period. The data are presented below. Armodafinil
effect was significant at all test periods (Cochran-Mantel-Haenzel chi-square test, not
corrected for multiple comparisons). Armodafinil’s effect appears to be greatest at week
8, with weeks 4 and 12 exhibiting effects of similar magnitude. These differences in
effect are unlikely to be clinically significant.

Armodafinil
Time point 150 mg Placebo
Variable, n (%) (N=112) (N=104) p-value
Week 4 110 (100) 100 (100)
At least minimal improvement® 89 (81) 59 (59) 0.0005
No improvement 21 (19) 41 (41)
Week 8 99 (100) 93 (100)
At least minimal improvement® 77(78) 45 (48) <0.0001
No improvement 22 (22) 48 (52)
Week 12 96 (100) 89 (100)
At least minimal improvement® 75(78) 50 (56) 0.0014
No improvement 21 (22) 39 (44

e The table below presents the KSS change from baseline to various treatment periods
throughout the study. Armodafinil produced a statistically significant (ANOVA) greater
reduction in the KSS score over placebo at all time points indicates a therapeutic
reduction in sleepiness. There was a slight decrement of magnitude in response over
time, but it is uncertain if this reduction would be significant.

Armodafinil (n=112) Placebo (n=104) p-value
Baseline 7.4 7.3
Mean Change from -1.8 0.8 <0.0001
baseline at 4 Weeks
Mean Change from -1.7 , -0.7 <0.0001
baseline at 8 weeks
Mean Change from -1.9 -1.1 0.0034
baseline at 12 weeks
Mean Change from -1.8 -1.0 0.0008
baseline at endpoint

e Results for the BFI at final endpoint evaluation are presented in the table below.
Although there was a greater reduction in the BFI in the armodafinil group this reduction
was small and not statistically significant.
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Armodafinil (n=112) Placebo (n=104 )
Mean BFI 7.5 7.4
Endpoint change from baseline -1.1 -0.8
p value 0.3475

e Information from patients diaries are presented in the table below. All patients appeared
to experience a decrease in unintentional episodes of sleep and intentional naps during
the experimental period. This reduction, however, was most apparent in patients on
armodafinil suggesting a therapeutic effect. There was no difference between both
experimental groups in the percent of patients experiencing accidents or near misses at
work or during the commute home. The armodafinil group had a slightly lower use of
caffeine beverages but also experienced the largest reduction in caffeine beverage use
during the experimental phase.

Armodafinil Placebo

Unintentional Sleep Mean episodes at 1.2 1.1
episodes baseline

Mean % change from |[-71.8% -42.2%

" baseline at endpoint

Number of daily naps | Mean number of naps | 0.7 0.6

at baseline

Mean % change from | -35.8% -13.2%

baseline at endpoint _
Percent of patients During Night shift 65% 65%
reporting mistakes On the Commute 50% 50%
Accidents and near Home
misses
Caffeine beverage use | Mean number at 1.3 1.8

baseline

Mean number change | -0.4 0.0

1.17.4.3.2.3 Secondary Endpoints related to Cognition (CDR)

1.17.4.3.2.3.1 Key Secondary Endpoint: Quality of Episodic Memory

The table below presents the difference between the 2 treatment groups at baseline and endpoint
evaluations for the key secondary endpoint, the quality of episodic memory that was calculated
as the average of four tests between times 0230 to 0830. There was an improvement in results
for drug and a decrement for placebo. These results were found to be statistically significant
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(ANOVA, p<0.0001) in favor of the armodafinil group. Testing at weeks 4, 8 and 12
demonstrated a similar magnitude and statistically significant result (data not shown).

Armodafinil

‘Fime point” - 150 mg Placebo
—Statistic _ 4 (N=112) . {N=104) p-valug
Baseline _
n 109 100
Mean 1415 138.3
SD 49.12 50.23
Median 1504 1390
Minmax —40.7,224.2 —44,6,3113
Endpoint
n 110 101
Mean 159.9 135.1
SD 53.51 5984
Median 163.1 1358
Min, max -33.3,3029 -17.9,3525
Change from baseline to endpoint
n 109 100
Mean 18.4 -33 <0.0001
SD 38.34 39.62
Median 17.1 —-6.0
_Min, max — Z115.0 1187 -136.7. 101.2

1.17.4.3.2.3.2 Other Cognitive CDR Testing

e While Speed of Memory testing in the CDR tool numerically suggested improvement
(116.8 msec difference between experimental groups) in the armodafinil group as
compared to the placebo group at the final endpoint measure, the result was not
statistically significant (ANOVA, data not shown). A similar statistically insignificant
trend for armodafinil for improvement with armodafinil was observed at week 4, 8 and
12 evaluations.

e The power of attention (a function of speed of attention) from the CDR system (average
of 4 tests at 0230, 0430, 0630, and 0830) was observed to be statically significantly
improved (ANOVA, p=0.0011) in the armodafinil group as compared to the placebo
group with a with a mean decrease of 88.3 msec in armodafinil-treated patients and
mean increase of 88.1 msec in placebo-treated patients at the final endpoint evaluation.
Similarly statistically significant changes of similar magnitudes were observed for each
individual testing period (weeks 4, 8 and 12).
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e The continuity of attention from the CDR system (average of 4 tests at 0230, 0430, 0630,
and 0830) endpoint was observed to be statistically significantly (ANOVA, p=0.0005)
improved at the final endpoint evaluation. The mean change from baseline to endpoint in
continuity of increased by 2.9 in the armodafinil-treated patients and 0.2 in the placebo-
treated patients. Similar magnitude of effect and statistical significance was observed at
week 8 and 12. There was a trend in the right direction of effect but this was not
observed to be statistically significant at week 4.

1.17.5 Clinical Microbiology

Does not Apply.

1.17.6 Efficacy Conclusions

The current series of studies on the therapeutic benefit of armodafinil in the treatment of
sleepiness associated with the three dyssmonias of narcolepsy, OSAHS and SWSD was
complicated by a flaw in the database.

'As in the past, this division had requested that the Sponsor finds both of two primary endpoints,
one subjective (the CGI-C) and one subjective (sleep latency), significant to be awarded a
therapeutic claim. The subjective endpoint, patients with at least a minimal improvement in the
CGI-C was observed to be significant every study for every dose examined. There was little
difference between the therapeutic effects of either the high or low dose. As noted above these
effects are principally attributed to patents with much to very much improved scores. A summary
table presented these data are presented below.

Disorder NUVIGIL NUVIGIL Placebo
150 mg* 250 mg*

OSAHS 1 71% 74% 37%

OSAHS II 71% ' - - 53%

Narcolepsy 69% 73% 33%

SWSD 7% | 0 - 59%

*Significantly different than placebo fof all trials (p<0.01)

These effects are very similar to those observed for the racemate Provigil which is presented
below (data from label).
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Table 2. Clinical Global Impression of Change (CGI-C) {
v {Percent of Patients Who Improved at Final Visit)
. PROVIGIL PROVIGIL B
| Plfo,rde,r,,‘_ - 200 mg * _ a0mg? Placebo i
AlNarcotepsy ! [ 6% 2% o e
{[Narcolepsy 1l 60% ... 38% i
flswso oo b _ N
|| I"Significantly different than placebo for al trals

The problem arose when it was discovered that a number of flaws existed in the sleep latency
database. The incidence of this event in the SWSD study was relatively rare (0.2 to 9.8%) and
probably does not significantly affect the final conclusion for statistically significant
prolongation in latency and, therefore, a affect a therapeutic claim. The incidence of this effect
the OSAHS and narcolepsy MWT sessions were, however, significant with, 6.2% to 15.3% of
sessions being flawed. These flawed sessions resulted from truncation of such sessions by local
readers because patients were scored as reaching the protocol driven criteria. The disparity to
central readers, however, resulted in these patients being scored as not having fallen asleep and
therefore were given a maximal latency score. This reviewer believes that this disparity should
have been brought to the attention of the agency. Nonetheless, this reviewer believes that the
data still indicates a statistically significant improvement in both doses of the armodafinil. For
the following reasons:

e The flawed sessions appeared to be randomly distributed amongst the various dosage
and placebo groups.

e Every one of the non-worst case scenario post-hoc analyses requested by the division
demonstrate a statistically significant therapeutic difference of similar magnitude to that
observed for the original NDA analysis.

e The worst case scenario, which restricted itself to the use of the first 4 sleep session
(7.2), proved to demonstrate a statistically significant therapeutic effect in all but one
case. The worst case scenario that utilized latter sleep sessions still exhibited a trend in
therapy but exhibited only one value that was statistically significant. This would not be
unexpected the inclusion of later testing values would dilute armodafinil’s effect because
of declining blood levels.

The conservative worst case scenario (8.1 and 8.2) failed to demonstrate an effect. This reviewer
believes that this test may have been biased to an extreme.

It is noteworthy that in the initial review the statistician felt that there was no evidence of
efficacy. They noted that they “would feel more confident to support the efficacy claim if at
least some of the worst case analyses are statistically significant.” In discussions this reviewer
had with the statistician it became apparent that the significance of the worst case scenario
analyses was missed; they had assumed no significance. They subsequently agreed with this
significance and a therapeutic claim. They have added an addendum to their review confirming
this. :
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In conclusion this reviewer believes that analysis of sleep latency in each pivotal study indicated
a therapeutic effect. The table below summarizes this effect, using the original dataset analysis.

Disorder Measure NUVIGIL NUVIGIL Placebo
150 mg * 250 mg*
Baseline | Change Baseline | Change Baseline Change
from from from
Baseline Baseline Baseline
OSAHS1
MWT 21.5 1.7 23.3 2.2 23.2 -1.7
OSAHSII | MWT 23.7 2.3 - - 233 -13
Narcolepsy | MWT 12.1 13 9.5 2.6 12.5 -1.9
SWSD MSLT 23 3.1 - - 2.4 4

*Significantly different than placebo for all trials (p<0.01)

The magnitude of effect (drug compared to placebo) is rather similar to that observed for Provigil. The table below
presents the Provigil* data (from label).

Table 1. Average Baseline Sleep Latency and Change from Baselme at Final V|S|t
(MWT and MSLT in minutes)

?floisorder | Measure [ PROVIGIL200mg: |  PROVIGIL40Omg: [ ~ Placebo
i { ‘ ! : Change ‘ ; Change Change
| e | o ,l Baseline I from baseline ‘| ABaseIme 7| _from basetine | Baseline | from baseline 1
{[Nercoiepsy 1~ [omwr [ ss [ 23 .86 ... B L
'|Narcolepsy o owmwr ] sa i 22 59 | 20 (I 60 | 07
ilosans 1 ] : 15 138 A1
b b L L

|wsn

Results from secondary endpoint sleepiness rating scales, ESS and KSS, support the conclusion
of armodafinil therapeutic effect. The conclusion of efficacy is also supported by the descriptive
observation from patient’s diaries that indicate reduced unintentional episodes of sleep and
reduced intentional napping. The information en “accidents and near misses,” in these diaries
did not always show improvement with armodafinil treatment. Some studies did show some
improvement in this measure with armodafinil group.

Evaluation of endpoints during the complete 12 week experimental period does not indicate a
tolerance to the wakefulness promoting effect of armodafinil. The effects of the drug was
apparent at the first time of measurement (4 weeks).

Twe “cognitive” key secondary endpoint where identified by the Sponsor. Both where derived
from CDR testing. The first, Power of Attention’” was identified as a key secondary endpoint
for the OSAHS study 3025. No statistically significant improvement in this endpoint, in the

4 A similar problem with datasets may be present with the original Provigil data. The Sponsor has been queried
about this and further follow-up may be necessary. Nonetheless, the present examination of data would indicate that
this problem may not negatively affect final conclusions.
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