Study C10953a/102/PK/UK

A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study of the
Pharmacokinetics, Safety, and Tolerability of Multiple Ascending Oral Doses of
CEP-10953 in Healthy Young Men

Principal Investigator: Stephen Freestone
Study Center: Inveresk Research, Tranent, EH33 2NE, Scotland, U.K.
Study Period: June 3, 2003 — September 2, 2003

Objectives:
Primary:
e To determine the pharmacokinetic profile of ascending oral doses of CEP-10953
(14 days treatment) in healthy young adult men
Secondary:
e To assess the safety and tolerability of multiple ascending oral doses of CEP-
10953 (14 days treatment)

Drug Products: '
Test formulation: CEP-10953, 50-mg capsules, Lot #: 03011K5a (Cephalon, Inc.)

Matching Placebo: matching placebo capsules, Lot #: 03010K5a (Cephalon, Inc.)

Study Design:
This was a randomized, double-blind, placebo-controlled, parallel-group design of

multiple rising oral doses of CEP-10953 in 49 healthy young adult male subjects. To be
enrolled, all subjects must be of any ethnic origin aged 21~40 years, a Body Mass Index
(BMI) <30 kg/m?, who met the inclusion and exclusion criteria. Prescription or OTC
medication (with the exception of paracetamol) was not allowed during the study.
Alcohol, antiseptic mouthwash, or grapefruit juice were prohibited within 48 hours
before dosing. ‘

A total of 6 doses were studied in 6 panels. All 6 panels were well matched regarding
age, race, height, weight, and BMI. Forty fasted subjects (8/panel in 6:2 ratio) on Day 1
were randomized to receive 1 of 5 doses of CEP-10953 (50, 100, 200, 300, and 400 mg
QD) or matching placebo capsules in sequential manner for 14 consecutive days. An
intermediate 250-mg dose (9/panel in 7:2 ratio) was later added as an additional panel
(after the 400-mg dose) in an attempt to further elucidate the tolerability profile. There
were 7-day period between 2 panels. Study drug was taken in the morning, with no
standard fasting required except for pharmacokinetics characterization on Days 1, 7, and
14. Subjects were discharged from the clinic on Days 8 and 15, and returned on Days 16-
18, with a follow-up on Day 21.

Safety Assessments:

Safety assessments were conducted at screening, baseline, and during the study, including
continuous adverse events monitoring throughout the study, clinical laboratory test
results (hematology, serum chemistry, and urinalysis), physical examination, vital signs,
and electrocardiography (ECG). The ECG monitoring was carried out at screening and
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baseline, throughout Days 1, 7, and 14 (before each blood sampling time point), predose
on Days 2, 4, and 8, and on Day 13 at check-in; and on Days 15-18.

Pharmacokinetics Assessments:
Blood samples were collected on Day 1, 7, and 14 fro

m each subject for pharmacokinetic

profiling of CEP-10953 and metabolites modafinil sulfone and R-modafinil acid at
predose, 0.5, 1, 1.5,2, 3, 4, 6, 8, 10, 13, and 16 hours postdose. Additional blood
samples were collected predose on Days 2, 5, 6, 8, 12, and 13 and on post-treatment Days
15-18. Plasma samples were stored frozen at - 20°C until assayed.

Plasma concentrations of CEP-10953, modafinil sulfone, and R-modafinil acid were

analyzed by a validated HPLC

PA).

Table 1. Assay validation for Study C10953a/102/PK/UK

method performed at Cephalon, Inc. (West Chester,

Modafinil sulfone

R-modafinil R-modafinil acid
(CEP-10953)
Method: HPLC - - HPLC . HPLC -
Standard ' )
curve
Range: 0.20~50.00 pg/mL 0.20~50.00 pg/mL.  0.20~50.00 pg/mL
Precision: 0.0~8.0 % 0.0~8.0 % 0.0~8.0 %
Accuracy: 98.2~102 % 98.2~102 % 97.8~103 %
Linearity: £ =0.9971 = 0.9968 2 =0.9963
LOQ v
LLOQ: 0.20 pg/mL, 0.20 pg/mlL 0.20 pg/ml,
QC
Low: 0.60 pg/mL 0.60 pg/mL 0.60 pg/mL
Precision: 6.6 % 8.6 % 6.8 %
Accuracy: 102 % 96.7 % 98.3 %
Med: 20.00 pg/mL 20.00 pg/mL 20.00 pg/mL
Precision: 6.3 % 7.5 % 6.5%
Accuracy: 97.4 % 94.8 % 95.3 %
High: 50.00 pg/mL 50.00 pg/mL 50.00 pg/mL
Precision: 112 % 9.9 % 10.8 %
Accuracy: 96.7 % 94.2 % 94.6 %

Pharmacokinetic Analysis:

The following pharmacokinetic parameters for CEP-10953, modafinil sulfone and R-
modafinil acid were calculated by standard non-compartmental methods: Cyax, tmaxs

AUC. (Days 7 and 14), AUCo.., (Day 1 only), Kq, ti2, R, CL/F, and V/F.

Statistical Analysis:

All pharmacokinetic data available from each sampling time point were included in the
pharmacokinetic analyses. All pharmacokinetics parameters were summarized using
descriptive statistics to include mean, standard deviation, median, minimum, and
maximum values for each dose group receiving CEP-10953. All data listings, summaries,
and statistical analyses were generated using Statistical Analysis Software (SAS®)

Version 8.2.
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RESULTS

Demographics of Subjects:
A total of 49 male subjects were enrolled in study and received at least 1 dose of study

drug, while 36 (73%) subjects completed the study and 13 (27%) withdrew from the
study. All subjects received at least 1 dose of CEP-10943. Most of the subjects (45 of 49,
92%) were white, 3 (6%) were black, and 1 (2%) was Asian. The mean age, weight,
height, and BMI were 27.1 years (20-39 years of age), 77.8 kg (59.4-98.9 kg), 179.9 cm
(163-194 cm), and 24.0 kg/m? (17.5-29.3 kg/m?), respectively. Data from all subjects
who received study drug were included in the pharmacokinetics analyses.

Pharmacokinetic Summary:
The mean plasma concentration-profiles and pharmacokinetic parameters of CEP-10953,

R-modafinil acid, and modafinial sulfone following multiple rising oral doses of 50, 100,
200, 250, 300, and 400 mg QD are shown in Figures 1-8. The summary of
pharmacokinetic parameters and statistics are shown in Tables 2-4.

Figure 1. Mean CEP-10953 plasma concentration-time profiles following multiple oral
doses of CEP-10953 in healthy male volunteers on Day 1
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Figure 2. Mean CEP-10953 plasma concentration-time profiles following multiple oral
doses of CEP-10953 in healthy male volunteers on Day 7
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Figure 3. Mean CEP-10953 plasma concentration-time profiles following multiple oral

doses of CEP-10953 in healthy male volunteers on Day 14
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Table 2. Summary of pharmacokinetic results (mean + SD) for CEP-10953 in healthy
male volunteers following multiple oral doses of CEP-10953 on Days 1, 7, and 14
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Dote Cou AUC ¥ CLF Madian
Day (mgp  (ngfml) L {hr) (mL/mim) B fnen(b¥)
1 50 128=020 213x74 NC $30x138 NA 13
100 260035 418x62 113[03-121] 407262 NA 18
200 454151 919x330  159[120-234] 394106 NA 13
250 587x068 1292150 156[136174] 32640 NA 30
300 648106 139695  146[118-163] 360224 NA 15
400 970=180  2001=528 129{94-195] 356116 NA 15
7 50  183=023 254x4.1 NC 33655 18202 20
100 4032067 54282 NC 314247 17201 05
200 7402217  1118:394 NC 324292 20202 20
250 923=073 1483296 NC 282219 18201 30
300 1085+127 1654=138 NC 304226 18202 23

400 - 1339525  1895+778  147[113-184] 4153209 14x05 23
4 50 1782007 B4x34 144[105-134) 362%53 17203 13
100 399z088 56.2+89 153[13.8-19.6} 3032438 18+02 15
200 1736x176 1059+£250 202[169-232} 330x80 19£02 18
250 1051£235 136.1x82 179[146-22.1] 30.7x19 1602 18
300 999=095 1504127  153(13.1-172} 334228 16£0.1 25

Figure 4. Individual Cpax and AUCo., values of CEP-10953 on Day 1 as a function of

the dose (N = 4-6 per dose group)
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Figure 5. Individual Cpax and AUCy. values of CEP-10953 on Day 7 as a function of
the dose (N = 4-6 per dose group)
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Figure 6. Individual Cpax and AUCy. values of CEP-10953 on Day 14 as a function of
the gloose (N = 4-6 per dose group)
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Figure 7. Mean R-modafinil acid plasma concentration-time profiles following multiple

oral doses of CEP-10953 in healthy male volunteers on (A) Day 1, (B) Day 7, and (C)
Day 14
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Table 3. Summary of pharmacokinetic results (mean + SD) for R-modafinil acid in
healthy male volunteers following multiple oral doses of CEP-10953 on Days 1, 7, and
14
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Toms - T o o

Day jmg)] = (ug/mL) (hr) (ugehrmL) )
50 6 BLQ NC NC NC
100 6 BLQ NC NC NC

. EL 6 0312018 | 1.5[1.030] | 20=27 NC
250 6 053016 | 40[1560] | 13.4%52 | 147(81-220]
300f - 6 0524016 | 3001040} | 130236 | 166[13.1-299]
400 4 0932013 | 3.0[2030] | 241235 | 158116247
50 6 BLQ NC NC NC
100 6 025+014 | 101030} | 26+19f NC

, |20 6 0542019 | 20[0.0240] | 82227 NC
250 6 070+020 | 3015407 | 11931 NC
300 6 0792027 | 30[1.5-40] | 121%50 NC
400* 4 1.00£027 | 23[1.040] | 15.0£40 | 163[12.0-25.0}
50 6 BLQ NC NC NC
100 6 025=014 | 20[2030] | 25220 NC

14 | 200 6 0462011 | 20[10-30] | 71223 | 200[152-332]
250 6 0.74:0.17 | 20[0.040] | 101227 | 17.1[15.7-19.1]
300 6 065034 | 20[1.530] | 106=54 | 182[11.6.483]

Figure 8. Mean modafinal sulfone plasma concentration-time profiles following
multiple oral doses of CEP-10953 in healthy male volunteers on (A) Day 1, (B) Day 7,
and (C) Day 14
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Table 4. Summary of pharmacokinetic results (mean + SD) for modafinil sulfone in
healthy male volunteers following multiple oral doses of CEP-10953 on Days 1, 7, and
14

€

Dose Cuur tams® auvc* ty
Day { (mg) | n | (ng/mL) (hr) (ngehr/mL) (hr)
50 Js|] BLG NC "~ NC NC
100|6] BLQ NC NC _ NC
. 200 [ 6] 0372021 | 24.0[10.0-24.0] 49209 | NC
250 | 6| 0.4320.10 | 24.0[24.0 forall] 67=18 NC
300 | 6] 050+027 | 240[13.0-24.0) 9930 NC
400 | 4] 0712024 | 24.0{16.0-24.0) 119x48? NC
s0 6] BLQ | NC NC NC
100 | 6| 0.712+022 70[4.0-24.0] 158£54 NC
; |20 l6] 218216 2.0 [0.0-24.0] 4562374 NC
250 | 6| 319+240 10.0 [1.5-24.0] 589x282 |- NC
300 | 6 | 394202 14.5 [8.0-24.0] 88.1+448 NC
400 | 4 | 4452220 | 3.0[20-160) 96.9+487 | 28.4[20.6-409)
50 f6] BLQ NC NC NC
100 | 6 | 0.88+050 3.5[0.5-8.0] 189104 | 392[303-53.1)
14 [200] 6 249%230 2.5 [0.0-16.0] 5254490 | 34.5[22.8-1048]
250 | 6 ] 3.79+252 5.0 [0.0-16.0] 674+333 | 381[302-528]
300 | 6| 6142325 25(10-160] | 13552721 | 202[219391)

Safety Summary:

No deaths or other serious adverse events, with most adverse events reported as mild at
doses less than 300 mg and were treatment- and dose-related. Among the 13 subjects
withdrawn from the study, 2 subjects (#001038 and 001040) receiving 400 mg QD doses
withdrew due to adverse events (i.e., insomnia), 5 subjects withdrew for reasons not
related to adverse events, and 6 subjects withdrew because the sponsor discontinued
treatment with 400 mg due to a high number of adverse events experienced within the
dose group. Otherwise, no subjects withdrew at doses up to 300 mg QD. Among the 37
subjects who receive all doses of CEP-10953, the most frequently occurred adverse
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events were in nervous and gastrointestinal systems, including headache (43%),
palpitation (32%), and nausea (22%). The frequency of palpitation and anxiety at 300-
400 mg doses increased to 83% and 50%, respectively, with insomnia and paresthesia
seen at 400 mg doses. No clinically meaningful abnormal laboratory values, vital signs,
physical examination findings, or ECG findings were reported. The 400 mg treatment
was not well tolerated and was terminated after 7 days. The 300-mg QD dose was
reported to be the maximum tolerated dose (MTD), while 200 mg QD and 250 mg QD
were well tolerated.

CONCLUSION:

e Pharmacokinetics of CEP-10953 was characterized as linear and dose-proportional ,
with respect to mean Cpax and AUCy., following the oral doses of 50 to 400 mg in
fasted young men on day 1 and at steady state.

e Steady-state plasma levels were achieved at approximately 7 days, with no consistent
difference of t;, values reported between Day 1 and at steady-state. The steady-state
plasma levels were slightly increased, compared to that of single doses, as CL/F
values were decreased. The accumulation ratio (R) ranged 1.4-1.9, similar to the
predicted value (Ri=1.2) based on single dose PK.

e Consistent PK results to studies with single doses for the 2 circulating metabolites
were also observed

Appears This Way
On Grigindl
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Study C10953a/103/PK/MN

A Double-Blind, Randomized, Placebo-Controlled and -Active-Controlled
(PROVIGIL), Parallel-Group Study to Evaluate the Pharmacokinetic Profile and
the Pharmacokinetic/Pharmacodynamic Relationship of Single Doses of CEP-10953
(100, 150, 200, and 300 mg) in Subjects Undergoing Acute Sleep Deprivation

Principal Investigator: Jean-Paul Macher, MD; Prof Antony N. Nicholson
Study Center: (1) Forenap Pharma, Centre Hospitalier de Rouffach,
BP27 — 27 Rue du 4 RSM, 68250 Rouffach, France
(2) QinetiQ, Cody Technology Park,
Building A50, Ively Road, Farnborough, Hampshire, GU14
OLX, United Kingdom.
Study Period: June 26, 2003 — September 2, 2003

Objectives:
Primary:

To evaluate the pharmacodynamic profile over time of single doses of CEP-10953
(100, 150, 200, or 300 mg) in healthy young men undergoing acute sleep
deprivation, measured using the Maintenance of Wakefulness Test (MWT).

Secondary:

To assess the pharmacodynamic profile over time of single doses of CEP-10953
with subjective sleepiness measured by the Karolinska Sleepiness Scale (KSS),
attention and working memory measured by the Cognitive Drug Research (CDR)
system, and behavioral attention measured by the Psychomotor Vigilance Task
(PVT)

To assess the pharmacokinetic profile of single doses of CEP-10953 up to 14
hours postdose '

- To assess the pharmacokinetic/pharmacodynamic relationship over time of single

doses of CEP-10953

To compare the pharmacodynamic profile of single doses of CEP-10953 with that
of 200 mg of PROVIGIL and that of a placebo

To compare the pharmacodynamic profile, at various time points, across the doses
of CEP-10953 ‘

To evaluate the safety profile of CEP-10953

Drug Products:
Test formulation: CEP-10953, 50-mg capsules, Lot #: 03011K5a (Cephalon, Inc.)

Active control: PROVIGIL (100 mg tablets), Lot #: 02047B5a (Cephalon, Inc.)
Matching Placebo: matching placebo capsules for CEP-10953, Lot #: 03010K5a

(Cephalon, Inc.);
matching placebo tablets for PROVIGIL, Lot #: 02049B5a
(Cephalon, Inc.)

Study Design:
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This was a double-blind, randomized, placebo-controlled and active-controlled
(PROVIGIL), parallel-group study of single oral doses of CEP-10953 in subjects
undergoing acute sleep deprivation. The total duration of the study was 3 weeks,
including 1 day of active treatment and sleep deprivation. To be enrolled, all subjects
must be of any ethnic origin aged 18~40 years, a Body Mass Index (BMI) <30 kg/m?,
who agreed to a stable sleep/wake schedule (8 hours in bed) beginning 1 week prior to
dosing and met all the inclusion and exclusion criteria. Subjects must obstain from
nicotine, caffeine, and alcohol during the inpatient study period.

The study drugs include single doses of CEP-10953 of 100, 150, 200, and 300 mg, a
placebo, and the active control PROVIGIL of 200 mg. A total of 107 subjects were
randomly assigned to 1 of the 6 treatment groups (well matched in regard to demographic
characteristics), with 18 subjects per group.

Following the screening procedures of at least 1 week, eligible subjects reported to the
clinic on day —1 for the inpatient phase of the study, and were to sleep from 2300 of day —
1 until 0700 of day 1, during which period they will undergo polysomnography. Subjects
will be permitted to lie down only for sleep periods/polysomnography and while
undergoing the MWT. After waking, subjects will begin KSS testing at 1-hour intervals,
testing for attention and working memory using the CDR system, and PVT testing at 2-
hour intervals. Single doses of study drug were administered at 1925 (7:25 PM) followed
immediately by a standard meal.

Pharmacokinetic blood samples were collected postdose for up to 14 hours. The primary
(MWT) and secondary (KSS, CDR system, PVT) pharmacodynamic variables and
endpoints were assessed starting during the night of Day 1, the sleep deprivation period,
followed by PSG (Polysomnography) during a sleep period (1100-1900). Subjects were
discharged from the clinic on evening of Day 2 after the final assessments. A follow-up
was conducted 7 days after the discharge.

Safety Assessments:

Safety assessments were conducted at screening and during the study, including adverse
events monitoring, clinical laboratory test results (hematology, serum chemistry, and
urinalysis), physical examination, vital signs, and electrocardiography (ECG). The 12-
lead ECG monitoring was carried out at screening and on Days 1 and 2 of the study. In
addition, concomitant medications were recorded and nocturnal PSG was conducted to
assess effect of treatment on sleep efficiency.

Pharmacodynamics Assessments:
As the primary assessment of pharmacodynamic profile over time for each dosing group,

a Maintenance of Wakefulness Test (MWT) was performed every 2 hours during a sleep
deprivation period starting 2200 of Day 1 until the sleep period on Day 2. The MWT
sleep latency in minutes (ie, time to 3 epochs of stage 1 sleep or 1 epoch of stages 2, 3, 4
or REM sleep) and latency to 10 seconds of sleep were analyzed in order to measure the
ability of a subject to remain awake. '
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Other secondary pharmacodynamic variables and endpoints were assessed during Days 1
and 2 (except during sleep periods) as follows:
e The Karolinska Sleepiness Scale (KSS) at 1-hour intervals to measure sleepiness
e The Cognitive Drug Research (CDR) system at 2-hour intervals to test attention
and working memory,
e The Psychomotor Vigilance Task (PVT) at 2-hour intervals to test for behavioral
alertness.

Pharmacokinetics Assessments:

Blood samples were collected from each subject for pharmacokinetic profiling of (R)-

modafinil and metabolites modafinil sulfone and (R)-modafinil acid at predose, 0.5 hour,

and then at 1-hour intervals for up to 14 hours postdose. Plasma samples were stored

frozen at —20°C until assayed. Plasma concentrations of (R)-modafinil, modafinil sulfone,

and (R)-modafinil acid following CEP-10953 or PROVIGIL administration were

analyzed by a validated HPLC--  method performed atthe s - N b@)

T TR S AT st

Table 1. Assay validation for Study C10953a/103/PK/MN

R-modafinil R-modafinil acid Modafinil sulfone
(CEP-10953) v
Method: HPLC. —-=- HPLC, —— HPLC. = _
Standard ' '
curve
Range: 0.20~50.00 pg/mL 0.20~50.00 pug/mL.  0.20~50.00 pg/mL
Precision: . 1.8~4.6% 2.2~4 % 1.4~3.5%
Accuracy: -1~0.6 % -9.5~5.8% -0.4~0.4 %
Linearity: > = 0.9996 1> =0.9993 > =0.9997
LOQ LLOQ: 0.20 pg/mL 0.20 pg/mL 0.20 pe/mL
QC Low: 0.600 pg/mL 0.600 pg/mL 0.600 pg/mL
Precision: 33% 45% 2.8%
Accuracy: 43 % 3.7% 3.8 %
Med: 20.0 pg/mL 20.0 pg/mL 20.0 pg/mL
Precision: 43 % . 5.0% 3.6%
Accuracy: 3.0% 7.5 % 2.5% )
High: 40.0 pg/mL 40.0 pg/mL 40.0 pg/mL
Precision: 3.6 % 3.6% 2.8 %
Accuracy: 1.8 % ] 2.0 % 1.5 %

Pharmacokinetic Analysis:
The following pharmacokinetic parameters for CEP-10953, (R)- and (RS)-modafinil

sulfone, and (R)- and (RS)-modafinil acid were calculated: Ciax, tmax, and AUCp.. All
pharmacokinetic data available from each sampling time point were included in the
pharmacokinetic analyses. All plasma concentrations and pharmacokinetics parameters
were summarized using descriptive statistics to include mean, standard deviation,
median, minimum, and maximum values for each dose group. All data listings,

summaries, and statistical analyses were generated using WinNonlin® software, Version
4.1.

Pharmacodynamic Analysis:
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The following pharmacodynamic parameters were obtained: sleepiness-related
parameters (MWT, KSS), attention-related parameters (CDR, PVT), and working-
memory-related parameter (CDR). All pharmacodynamic variables were analyzed at
each time point and were summarized using descriptive statistics.

Analysis for Pharmacokinetic/Pharmacodynamic Relationship: v
Pharmacokinetic/pharmacodynamic profiles were described by the plots of each mean

pharmacodynamic variable overlaid with the mean plasma concentration-time profiles for
each treatment group. The pharmacokinetic analysis set was used in assessing all
exploratory pharmacokinetic/pharmacodynamic correlations utilizing ANOVA and
pairwise comparisons. Only MWT sleep latency, KSS, PVT variables, and CDR system
variables (speed from tests of attention and power of attention) were used for the
assessments. Correlations between the pharmacodynamic parameters and the
corresponding plasma drug concentrations were determined for each treatment group.
Modeling of the pharmacokinetic/pharmacodynamic data was performed by external
experts.

RESULTS

Demographics of Subjects:
A total of 107 male subjects were enrolled and completed the study, 71 received CEP-

10953, 18 received PROVIGIL, and 18 received a placebo. The mean age, weight,
height, and BMI were 27.1 years (18-40 years of age), 75.7 kg (57.0-101.5 kg), 178.2 cm
(167-193 cm), and 23.8 kg/m? (18-30 kg/m®), respectively. There were no statistically
significant differences among the treatment groups with respect to demographic
characteristics. Race of the subjects was not reported. Data from all subjects who
received study drug were included in the pharmacokinetics/pharmacodynamics analyses.

Pharmacokinetic Summary: , ‘
The mean plasma concentration-profiles and pharmacokinetic parameters of CEP-10953,

(R)- and (RS)-modafinil acid, and (R)- and (RS)-modafinil sulfone following single oral
CEP-10953 doses of 100, 150, 200, and 300 mg and oral PROVIGIL dose of 200 mg are
shown in Figures 1-4. The summary of corresponding pharmacokinetic parameters and
statistics are shown in Table 2.

Figure 1. Mean CEP-10953 plasma concentration-time profiles following single oral
doses of CEP-10953 ranging from 100 to 300 mg in healthy male volunteers
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Figure 2. Individual Cpnax and AUCy.14 values of CEP-10953 as a function of the dose (N

= 17-18 per dose group)
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Figure 3. Mean plasma concentration-time profiles of (R)-modafinil acid and (R)-
modafinil sulfone following single oral doses of CEP-10953
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Table 2. Summary of pharmacokinetic results (mean + SD) for CEP-10953 in healthy
male volunteers following single oral doses of CEP-10953 or PROVIGIL

Dese Coue toas® AUC,,.
Compeund (mg) a (g/ml) {hr) (g-he/ml)
CEP-10953 100 18 197£025 5.5{0.5-11.0] 20135
150 18 299041 6.5 {3.0-11.0] 29946
200 17 404069 6.0[2.0-8.0] 24272
- 300 18 . 6.37£0.88 5.0 3.0-12.0] 66285
R-Modafinil acid 100 18 <0.200" NC NC
150 18 0.207 = 0.120 6.0[3.0-11.0] 13208
200 17 03440111 6.0{4.0-8.01 2717
300 18 0.531+ 0213 6.0 [3.0-10.0] 53+19
Modafinil sulfone 100 18 «0.200* NC NC
150 18 <0.200* NC NC
200 17 0.283+0.135 14.0 {13.0-14.0] 1509
300 18 0.443 + 0.159 14.0 {11.0-14.0] 27£15
PROVIGIL 200 18
(RS)-Modafinil 435094 2.0{0.5-6.0) 35.0267
(RS)Modafinil acid 215037 4.0 [2.0-6.0] 182=32
Modafinil sulfone _ <0,200* NC NC
SOURCE: Phammacokinetics Report, section 16.1.13.

* Medin [range].

* Balow the limit of quantitation of 0.200 pug/mL.

¢ Concentrations of the mefabolite were not quantifiable over the entire 14-hr sampling interval in all subjects;
the value shown is for AUG,,. ' '

NC=Net caleulable.

Figure 4. Mean plasma concentration-time profiles of (RS)-modafinil and (RS)-
modafinil acid following single oral PROVIGIL of 200 mg
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Pharmacodynamic Summary:

I. MWT:

Table 3. Maintenance of Wakefulness Test sleep latency over time by treatment group

Scheduled test time

Treatment group 22:00 00:00 02:00 04:00 06:00 08:00
Placebo 16.4 (5.93) 11.7(7.32) 9.6 (7.95) 10.2(7.10) 8.3 (6.49) 6.6 (7.56)
(N=18) 18 B 18 B 18 B 18 B 18 B 18 B
CEP-10953 100 MG 19.6 (1.65) 19.2 (2.87) 18.3 (4.08) 16.3 (5.65) 9.7(7.98) 13.9(7.46)
(N=18) 18 A 18 A 18 A 18 A 18 B 18 A
CEP-10953 150 MG 20.0 (0.00) 20.0 (0.00) 19.1(2.54) 17.6 (5.03) 10.8 (6.83) 13.3 (7.32)
(N=18) 18 A 18 A - 18 A 18 A 18 B 18 A
CEP-10953 200 MG 20.0 (0.00) 20.0 (0.00) 19.4 (2.50) 18.6 (3.69) 16.9 (6.23) 16.0 (6.21)
N=17) 17 A 17 A 16 A 17 A 17 A 16 A
CEP-10953 300 MG 20.0 (0.00) 19.4 (2.59) 20.0 (0.00) 19.4 (2.15) 152(6.11) 16.7 (5.16)
(N=18) 18 A 18 A 18 A 18 A 18 A 18 A
PROVIGIL 200 MG 20.0 (0.00) 19.3 (2.95) 18.6 (3.51) 16.2(6.52) 1L7(7.70) 12.7 (7.12)
(N=18) 18 A 18 A 18 A 18 A 18 B 18 A
Overall trt p-value® <0.0001 <0.0001 <0.0001 <0.0001 0.0023 0.0005
Linear trend p-value# 0.0002 <0.0001 <0.0001 <0.0001 0.0002 <0.0001
Quadratic trend p- 0.0057 <0.0001 <0.0001 0.0158 0.7263 0.0834
value@

Note  Variable: Sleep latency (min)
: Summary statistics are mean (sd) in the first row and n and letter representing the statistical
order of the treatment groups in the second row.
~P-value for the overall treatment comparison is from an analysis of variance (ANOVA) with
treatment and center as factors.

#P-value for the linear trend test is from an ANOVA with treatment and center as factors on the

CEP doses and placebo (using a contrast 0.67, 0.22, 0, -0.22, -0.67).

@P-value for the quad. trend test is from an ANOVA with trt. and center as factors on the CEP

doses and placebo (using a contrast 0.55, -0.33, -0.44, -0.33, 0.55).
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Figure 5. Maintenance of Wakefulness Test sleep latency over time by treatment group
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II. KSS:

e There was no evidence of a consistent treatment effect among the treatment groups
throughout the night demonstrated with this measure.

e There were statistically significant differences at 0150 and 0550 in favor of all doses
of CEP-10953 and PROVIGIL compared to placebo.

e In addition, in the early morning (0550 and 0750) there were statistically significant
differences in favor of the higher doses of CEP-10953 (200 and 300 mg) and
PROVIGIL compared to placebo.

III. CDR System Testing:

e For simple reaction time (speed in msec): There were statistically significant
differences in favor of all CEP-10953 doses and PROVIGIL compared to the placebo
at 0055 through 0655, as shown in Figure 6.

e Similar statistically significant differences were observed for the digit vigilance tast,
choice reaction time, numeric working memory, and analyses of composit factors
(such as power of attention) for all CEP-10953 doses and PROVIGIL compared to
the placebo. (Figure 7-9) _

e There were no statistically significant differences between any of the CEP-10953
doses.

Figure 6. Cognitive Drug Research System results for simple reaction time (speed) over
time by treatment group
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Figure 7. Cognitive Drug Research System results for digital vigilance (speed of
detection) over time by treatment group
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Figure 8. Cognitive Drug Research System results for choice reaction time (speed) over
time by treatment group
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Figure 9. Cognitive Drug Research System results for power of attention (msec) over

time by treatment group
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IV.PVT:

e There were no statistically significant differences in PVT median reaction time
between any of the treatment groups at 2110.

e At 2310 there were statistically significant differences in favor of CEP-10953 doses
of 150, 200, and 300 mg and PROVIGIL compared to placebo.

e For all other time points (0110, 0310, 0510, 0710, and 0910), there were statistically
significant differences in favor of all doses of CEP-10953 and PROVIGIL compared
to placebo, as shown in Figure 10.

e Similar results were seen for number of lapses, as shown in Figure 11.
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o There was evidence of a statistically significant linear trend starting at 2310 and
lasting throughout the night in median reaction time and number of lapses.

Figure 10. Cognitive Drug Research System results for power of attention (msec) over
time by treatment group
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Figure 11. Cognitive Drug Research System results for power of attention'(msec) over

time by treatment group
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Pharmacokinetic/Pharmacodvnamic Summary:
e There were statistically significant correlations between all the pharmacodynamic

variables and their corresponding plasma drug concentrations only for the PROVIGIL
(200 mg) treatment group. (For example, see Figure 12)
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e Although no statistically significant correlations (measuring the strength of linear
relationship) between plasma concentrations and pharmacodynamic variables were
seen for any of the CEP-10953 doses, there is a suggestion of a relationship upon
visual inspection of the graphs. Specifically, as the plasma concentration decreases,
there appear to be decreases in MWT sleep latency; increases in median reaction time
and number of lapses from the PVT; slowing of simple reaction time, speed of
detections on digit vigilance task, and choice reaction time from the CDR system
testing; and worsening of the power of attention. (For example, see Figure 13)

Figure 12. Relationship between Maintenance of Wakefulness Test sleep latency and
plasma concentrations over time following Provigil 200 mg
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Figure 13. Relationship between Maintenance of Wakefulness Test sleep latency and
plasma concentrations over time following Nuvigil 200 mg
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Safety Summary:

No deaths or withdrawals due to adverse events were reported. Two serious adverse
events were reported — one (tachycardia and ventricular extrasystoles) occurred in 1
subject receiving 150 mg of CEP-10953, and another (bigeminy) occurred in 1 subject
receiving a placebo. Adverse events occurred more frequently in CEP-10953 treatment

- groups than in PROVIGIL and placebo groups. Among the 71 subjects who receive all
combined doses of CEP-10953, the most frequently occurred adverse events were
abdominal pain (13%), nausea (13%), headache (8%), dizziness (7%), palpitation (7%),
insomnia (7%), and urinary frequency (7%), and tachycardia (6%). Headache and nausea
appeared to be dose-related. No clinically meaningful abnormal laboratory values, vital
signs, physical examination findings, or ECG findings were reported, except small
increases in systolic blood pressure at the highest 300 mg dose and in diastolic blood
pressure and pulse related to doses. An inverse relationship between CEP-10953 doses
and daytime sleep efficiency was reported, with daytime sleep efficiency been lowered
by ~ 20% with higher doses. Overall, single doses of CEP-10953 were well tolerated in
these healthy sleep-deprived subjects.

CONCLUSION:

e Exposure to CEP-10953 was dose-proportional over the dose range evaluated and
was consistent with that obtained in a previous pharmacokinetics study of CEP-10953
in healthy young men.

e The objective measures (MWT, PVT, and CDR) Were in favor of all the CEP-10953
doses (especially at 200 and 300 mg) and of PROVIGIL compared to the placebo
with statistically significantly differences in MWT, PVT, and CDR compared to
placebo.

e Although there was no consistent statistically significant difference between CEP-
10953 and PROVIGIL for approximately the first 8.5 hours postdose, higher doses
(200 and 300 mg) of CEP-10953 appeared to maintain positive PD effects better than
lower doses of CEP-10953 and 200-mg PROVIGIL at later time points.

e Though suggestive, no statistically significant PK and PD correlations were observed
for CEP-10953.
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Study C10953/1023/BE/US

A Randomized, Open-Label Crossover Study to Evaluate the Bioequivalence of EP-
10953 Tablets (Five 50-mg Tablets Versus One 250-mg Tablet) in Healthy Subjects

Principal Investigator: Dennis Swearingen, MD
Study Center: MDS Pharma Services,

4747 E Beautiful Lane, Phoenix, Arizona 85044.
Study Period: July 10, 2004 — July 22, 2004

Objectives:
Primary:
e To assess whether five 50-mg tablets of CEP-10953 are bioequivalent to one 250-
mg tablet of CEP-10953 in healthy men and women
Secondary:
e To assess the safety of CEP-10953 administered as a single oral dose of five 50-
mg tablets or as a single oral dose of one 250-mg tablet

Drug Products:

Reference formulation: CEP-10953, 50 mg Tablets, Lot #: 04053K5a (Cephalon, Inc)

Test formulation: CEP-10953, 250 mg Tablets, Lot #: 04092K5a (Cephalon, Inc),
Batch size: - b(4)

Study Design:
This was a randomized, open-label, single-center, two-way crossover pharmacokinetic

and safety study in healthy, non-smoking male and female subjects under fasting
conditions. A total of 30 subjects within an age range of 18 to 45 years and a Body Mass
Index (BMI) < 30 kg/m?% who met the inclusion and exclusion criteria, were enrolled in

~ the study.

The study consisted of an initial screening period of up to 21 days and 12-day duration
for treatment, with a minimum 7-day washout between 2 treatments. Following an
overnight fast of at least 10 hours, all subjects were randomized to one of the two

- treatment sequences (A—B or B-~A) in the morning:

Treatment A: single oral dose of 5 x 50-mg tablets of CEP-10953 on Day 1 or 9
Treatment B: single oral dose of 1 x 250-mg tablets of CEP-10953 on Day 1 or 9

Study drug was taken with 8 ounces of water, and all subjects remained fasted for at least
4 hours post-dose. Water was provided @ /Zzbzz7 until 1 hour pre-dose and after 1 hour
post-dose. Subjects remained in the clinic for the duration of the study. PK blood
sampling was conducted for 72 hours postdose in each treatment and safety monitoring
was conducted during the study.

Safety Assessments:
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Safety assessments were conducted at screening and during the study, including
monitoring of adverse events, physical examination and vital signs (blood pressure, pulse,
body temperature), 12-lead electrocardiograms (ECG), and clinical laboratory tests
(biochemistry, hematology, urinalysis), and pregnancy tests on female subjects. The 12-
lead ECG monitoring was carried out at screening and at discharge on Day 12.

Pharmacokinetics Assessments:
A total of 17 blood samples were collected from each subject for determination of plasma

CEP-10953 and its metabolites (modafinil sulfone and R-modafinil acid) concentrations
at pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 13, 16, 24, 36, 48, 60, and 72 hours post-dose.
Plasma samples were stored frozen at - 20°C until assayed.

Plasma concentrations of CEP-10953, modafinil sulfone, and R-modaﬁml ac1d were

analyzed by a vahdated HPLC

SRR

method performed at - _ s

Table 1. Assay validation for Study C10953/1023/BE/US

RO pER

R-modafinil R-modafinil acid Modafinil sulfone
(CEP-10953)
Method: HPLC —..— __ HPLC — HPLC —— b(4)
Standard
curve
Range: 0.20~50.00 pg/mL 0.20~50.00 pg/mL  0.20~50.00 pg/mL
Precision: 9.77 % 4.07~7.55% 2.89~7.84 %
Accuracy: 0.83 % -2.32~3.82% -2.54~1.47 %
Linearity: 2 =0.9983 = 0.9985 = 0.9988
LOQ LLOQ: 0.20 pg/mL 0.20 pg/mL 0.20 pg/mL
QC Low: 0.60 pg/mL - 0.60 pg/mL 0.60 pg/mL
Precision: 19.84 % 15.87 % 16.59 %
Accuracy: 7.92 % 9.73 % 6.99 %
Med: 20.00 pg/mL 20.00 pg/mL 20.00 pg/mL
Precision: 9.49 % 10.48 % 6.44 %
Accuracy: -3.31% -0.76 % -4.74 %
High: 50.00 pg/mL 50.00 pg/mL 50.00 pg/mL
Precision: 6.00 % 5.00 % 3.75%
Accuracy: -3.19 % -2.15 % -5.64 %

Pharmacokinetic Analysis:

The following PK parameters for CEP-10953 and its metabolites from both treatment
groups were calculated using standard non-compartmental methods: Cpax, AUCoo,

AUC.1, tmax, t12, Az, CL/F, and V/F.

Statistical Analysis:

Descriptive statistics were provided on the plasma concentrations and all PK parameters
of CEP-10953 and its metabolites for each formulation or treatment. The ANOVA was
performed on PK parameters and included treatment, sequence, and period as fixed
effects and subject (nested within sequence) as a random effect. For the bioequivalence
determination, the 90% confidence intervals (CI) were calculated based on geometric
mean ratios (between treatments) of the In-transformed AUCy.;, AUC.ins, and Cyax for the
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parent drug CEP-10953. The BE limits were set at 80~125%. For tmax and ti, a
Wilcoxon Signed Rank Test of the median of the paired treatment differences was used.

RESULTS

Demographics of Subjects:

A total of 30 subjects (18 men and 12 women) were enrolled in study, received at least 1
dose, and were evaluable for safety, and 27 subjects completed the study. Three subjects
(# 4, 5, and 6) withdrew during the study due to treatment-unrelated reasons and thus
were not included in PK analyses. The subjects consisted of 37% Caucasians, 7% black,
and 57% Hispanic, and 60% of subjects were male. The mean age, weight, height and
BMI were 29.3 years (18-44 years of age), 72.3 kg (56.5-91.2 kg), 168.3 cm (150.4-180.6
cm), and 25.5 kg/m* (21.1-32.4 kg/m?), respectively. Final pharmacokinetic analysis and
bioequivalence evaluation were performed on 25 subjects after excluding 2 additional
subjects (#28 and 30) who showed quantifiable (and >5% Crax) predose plasma CEP-
10953 levels.

Pharmacokinetic Summary:
Mean CEP-10953 plasma concentration-time profiles following oral doses of 5 x 50 mg

(treatment A) and of 1 x 250 mg (treatment B) are shown in Figures 1-4. The summary
of pharmacokinetic parameters and statistical analysis of each pharmacokinetic parameter
are shown in Tables 2-6.

Figure 1. Mean CEP-10953 plasma concentration-time profiles following single oral

doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)
formulations (N = 25) '
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Table 2. Summary of pharmacokinetic results and statistical analysis for CEP-10953
following single oral doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test
(Treatment B) formulations

Plasma CEP-10953

Pharmacokinetic Treatment B Treatment A 9% Mean
parameters N=25) (N=15) 90% CI" Ratie"
Com (0g/ml) 8.45+1.72 8.54%1.30 93.43,103.9 985
AUC,, (pgehr/ml) 138.3224.73 141.9:22.73 94.27,99.03 96.6
AUC,.. (ugeha/mlL) 144.7£26.31 - 148622425 94.25, $9.02 96.6
foaee (BY) 23%15 1810 NA NA
%Extrapolation 4.4120+1.8797 4.4757+1.8234 NA NA
tp (hr) 12.8£2.84 13.0£3.07 NA NA
A, (1) 0.0566:0.0132 0.0558+0.0121 NA NA
CL/F (mL/min) 20.8+5.71 28.8+4.97 NA NA
V,/F (I__) 32.255.67 31.8:5.98 NA NA

Table 3. Statistical comparison for Ty and ty; of plasma CEP-10953
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Parameter TreatmentB  Treatmeat A Median* 95% C1 p-value
tin , 125 129 -025 -0.70,0.30 0.3066
toax 20 13 025 -0.25,1.00 03797

Per DSI report and recommendation, plasma data of CEP-10953 from 4 additional
subjects (#10-13) were excluded from the PK and BE analysis. Results of mean CEP-
10953 plasma concentration-time profiles following oral doses of Treatment A and
Treatment B and summary of each of the PK parameters and statistical analysis are
shown in the following figure and table.

Figure 2. Mean CEP-10953 plasma concentration-time profiles following single oral
doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)
formulations (N = 21)

—o-treatment A
—o— treatment B

Plasma R-Modafinil Concentration

Time (hr)

Table 4. Summary of pharmacokinetic results and statistical analysis for CEP-10953
following single oral doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test
(Treatment B) formulations

Plasma CEP-10953

Pharmacokinetic Treatment B Treatment A 90% CTI* % Mean
parameters (N=21) (N=21) Ratio®
Cmax (pg/mL) 8.48+1.21 8.61+1.15 92.6-105.1 98.7
AUC,

139.9+1.189 144.3+1.155 94.2-99.3 96.7
(ug-hr/mL)
AUCy., 146.4+1.188 151.0+1.157 94.2-99.4 96.7
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Tmax (hr) 2.06+1.79 1.53+1.67 NA NA
Ty (hr) 12.6+1.23 12.8+1.23 NA NA
Az (hr-1) 0.0551£0.0123  0.0540+0.0123 NA NA
CL/F (mL/min) 28.5+1.19 27.6+1.16 NA NA

_Vz/F (L) 31.0+1.5 30.6£1.18 NA NA

* Analysis based on In-transformed data.
Treatment A=single oral dose of five 50-mg CEP-10953 tablets.
Treatment B=single oral dose of one 250-mg CEP-10953 tablet.

Mean metabolites (R-modafinil acid and modafinil sulfone) plasma concentration-time
profiles following oral doses of 5 x 50 mg (treatment A) and of 1 x 250 mg (treatment B)
are shown in following figures. The summary of pharmacokinetic parameters is shown in
following tables.

Figure 3. Mean R-modafinil acid plasma concentration-time profiles following single
oral doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)
formulations (N = 25)

—9— TreatmentA(3x50mg) —O— TreatmentB (1x250 mg)

10 1
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Table §. Summary of pharmacokinetic results for R-modafinil acid following single oral
doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)
formulations:

Plasma R-modafinil acid
Pharmacokinetic Treatment B Treatment A
parameters (N=25) N=15)
Coux (ng/ml) 0.77:020 0.78+0.20
toxx (h1) 2212 2.0:099
AUC,, (ngebr/mL) 10.1£3.06 10.7£337
AUC,... (ugebriml) 15.545.42 15.643 85
%Extrapolation 343091=10.3588 32.4909%8.55852
tiaChr) 13.8+5.85 13.4+3.26
A (1/1) 0.0557:0.0146 0.0550:0.0139

Figure 4. Mean modafinil sulfone plasma concentration-time profiles following single
oral doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)

formulations (N = 25)
—@— Treatment A(5x50mg) —©O— Treatment B (1 x250 mg)
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Table 6. Summary of pharmacokinetic results for modafinil sulfone following single
oral doses of 5 x 50 mg reference (Treatment A) and 1 x 250 mg test (Treatment B)
formulations:

Pharmacokinetic Treatment B ' Treatment A
parameters ) N=25) . (N=25)
Cax (ug/ml) 0.58+0.18 0.61+0.17
s (B3) 23£7.8 2+717
AUC. (ugebrimL) 2144934 28.9:8.56
AUC,.. (ugehr/mlL) 41.6£148 42.0:9.49
YExtrapolation 33.1690=14.9413 31.5639+12.6112
tis (b)) 36.2%16.5 34.0=115

y ¢ }l?_) 0.0224+0.00796 0.0228+0.00789

Safety Summary:

No death and 1 (4%) withdrawal (due to non-active treatment-related adverse event) were
reported during the study. Twenty-five (89%) subjects following treatment A and 21
(72%) subjects following treatment B experienced adverse events. A total of 156 (98%)
adverse events were mild in intensity, 1 was moderate and 2 were severe, with 136 (86%)
of them considered to be possibly active treatment-related. Adverse events were similar
to the previous studies. Mild headache was the most commonly reported adverse event,
others included dizziness, nausea, anxiety, insomnia, abdominal pain, and mild and
reversible increases in heart rate. Otherwise, no clinically meaningful abnormal
laboratory values, vital signs, physical examination findings, or ECG findings were
reported. Single oral doses of 250 mg CEP-10953 were reported to be generally well
tolerated in healthy subjects.

CONCLUSION:

e As shown, CEP-10953 exhibited similar pharmacokinetic profiles following single-
dose oral administration of reference (5 x 50 mg) or test (1 x 250 mg) tablet
formulation under fasting conditions. Similar results were observed with its
metabolites, modafinil sulfone and R-modafinil acid.

e The rate and extent of absorption of CEP-10953 from two treatments were similar.
The ratios of geometric means of Cpyax, AUCy, and AUCy. for CEP-10953 were
98.7% (92.6-105.1%), 96.7% (94.2-99.3%), and 96.7% (94.2-99.4%), respectively.
The 90% CI of the geometric mean ratios of these exposure measures for the parent
moiety, CEP-10953, were within the BE limits of 80-125%.

e Results demonstrate that the highest strength (1 x 250 mg) of the TBM uncoated
tablets are BE to the multiples of the lowest strength (5 x 50 mg) of the clinical film-
coated tablets.

R¢gvigwer’s comment:
¢ In the DSI report issued on November 29, 2005, Dr. Sriram Subramaniam,
recommended further exclusion of the CEP-10953 concentration data for Subjects 10,
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11, 12, and 13 from the BE estimation, with reason being the lack of accuracy
assurance in certain analytical runs. The sample size (N=21) is still sufficient to
provide >80% power at a=0.05 level for the statistical analysis. The above BE results
in the Conclusion are reported based on reviewer’s own re-analysis per DSI
recommendation. No re-analysis is necessary for both metabolites since BE decision
was made based on the active moiety only, i.e., the parent drug CEP-10953. Even
with exclusion of these subjects, BE was demonstrated.
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Study C10953/1021/PK/US

An Open-Label, Crossover Pharmacokinetics and Safety Study to Evaluate the
Effect of CEP-10953 on CYP2C19 Activity in Healthy Subjects Using Omeprazole
as a Probe Substrate

Principal Investigator: Jerry Herron, MD
Study Center: Arkansas Research Medical Testing, LLC,
1207 Rebsamen Park Rd, Little Rock Arkansas, 72202.

Study Period: May 12, 2004 — May 20, 2004

Objectives:
Primary:
e To evaluate the effects of coadministration of CEP-10953 on the plasma
-pharmacokinetics of omeprazole, a standard probe substrate of CYP2C19, and of
its 5°-hydroxy metabolite when CEP-10953 and omeprazole were given to healthy
men and women
Secondary:

e To assess the safety of the coadministration of CEP-10953 and omeprazole as
assessed by monitoring the occurrence of adverse events, clinical laboratory
results, vital signs measurements, and electrocardiography and physical
examination findings

e To measure plasma concentrations of CEP-10953 and its 2 circulating metabolites
in order to document the concentrations that are associated with the effects, if any,
on CYP2C19 activity that were observed

Drug Products:
Test formulation: CEP-10953, 50-mg tablets, Lot #: 04053KS5a (Cephalon, Inc.)

Probe Substrate: Omeprazole 40-mg capsules, Lot #: N1986 (supplied by the study
center)

Study Design:

This study was an open-label, single center, 2-way crossover pharmacokinetics and safety
study in healthy adults (male and female) subjects to assess the potential PK interaction
of CEP-10953 and omeprazole (a CYP2C19 substrate) under fasting condition. A total of
24 healthy adult male and female subjects (possible equal number) of any ethnic origin
aged 18~45 years, inclusive, with a Body Mass Index (BMI) <30 kg/m?, who met the
inclusion and exclusion criteria were enrolled. At least 18 subjects who were CYP2C19
extensive metabolizers were expected to complete the study. Prescription or OTC
medication (with the exception of acetaminophen or ibuprofen) were not allowed during
the study. Alcohol, antiseptic mouthwash, or grapefruit juice were prohibited within 48
hours before dosing.
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Eligible subjects reported to the study center on the evening of day -1 and remained in the

clinic throughout the study. Duration of the study was 9 days. After an overnight

fasting, subjects were randomized on a 1:1 basis to receive one of the 2 treatment

sequences (A—B or B—A), with a 7-day washout period between treatments.

Omeprazole or CEP-10953 was administered in the morning of days 1 and 8 with 8

ounces of non-mineral water.

Treatment A: 40 mg of omeprazole (1 oral capsule)

Treatment B: 400 mg of CEP-10953 (8 oral tablets) followed in 2 hours by 40 mg of
omeprazole

The PK samples for analysis of omeprazole and its 5-hydroxy metabolite were collected
from Treatment A and B and the PK samples for analysis of CEP-10953 were collected
from Treatment B. Safety was assessed at screening and during the study. No efficacy
assessment was performed in this study.

Safety Assessments:

Safety assessments were conducted at screening, baseline, and during the study, by
monitoring the occurrence of adverse events, clinical laboratory test results (hematology,
serum chemistry, and urinalysis), vital signs (blood pressure, pulse), concomitant
medication usage, electrocardiograms, and physical examination findings. The 12-lead
ECG monitoring was carried out at screening and at discharge on Day 9.

Pharmacokinetics Assessments:

A total of 16 blood samples were collected from each subject for the determination of
omeprazole and its 5’-hydroxy metabolite from Treatment A and B on Days 1 and 8 at
predose, 0.25, 0.5, 0.75, 1, 1.5,2,2.5,3,3.5, 4, 5, 6, 8, 12, and 24 hours postdose. A

total of 19 blood samples were collected from each subject for the determination of CEP-
10953 and its 2 metabolites from Treatment B on Days 1 and 8 at -2 (pre-CEP-10953-
dose), -1.5, -1, 0 (pre-omeprazole-dose), 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,3.5,4, 5, 6, 8, 12,
and 24 hours postdose. Plasma samples were stored frozen at - 20°C until assayed.

Plasma concentrations of omeprazole and its 5’-hydroxy metabolite were analyzed using

a HPLC with tandem mass spectrometric detection (LC-MS/MS) method performed at
T ——— — Plasma concentrations of CEP-10953,

modafinil sulfone, and R-modafinil acid were analyzed by a validated HPLC

method.

Table 1. Assay validation for Study C10953/1021/PK/US

R-modafinil R-modafinil Modafinil Omeprazole 5-Hydroxy-
(CEP-10953) acid sulfone omeprazole
Method: HPLC ~_HPLC - HPLC LC/MS/MS LC/MS/MS
Standard Range: 0.20~50.00 0.20~50.00 0.20~50.00 1.00-1000 1.00-1000
curve pg/mL pg/mL pg/mL ng/mL ng/mL
Precision: 2.39~4.98% 2.58~4.24% 2.50~3.81% 1.3~4.2% 6.1~8.9%
Accuracy:  -2.55~1.42% -3.73~1.38%  -4.75~1.76% -6.2~2.6% -2.6~2.3%
Linearity: ¥ =0.9994 = 0.9992 > =0.9995 * = 0.9992 > =0.9961
LOQ LLOQ: 0.20 pg/mL 0.20 pg/mL 0.20 pg/mL 1.00 ng/mL 1.00 ng/mL
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QC Low: 0.60 pg/mL 0.60 pg/mL 0.60 ug/mL 3.0 ng/mL 3.0 ng/mL

i Precision: 5.41 % 5.79 % 5.60 % 2.7% 7.0 %
Accuracy: -0.11 % 0.17 % 1.12% 4.6 % 6.6 %

Med: 20.00 pg/mL 20.00 pg/mL  20.00 pg/mL 30.0 ng/mL 30.0 ng/mL
Precision: 3.59% 413 % 335% 24 % 54%
Accuracy: -3.71 % -4.13 % -3.91 % 4.1 % 4.8 %

High: 50.00 pg/mL 50.00 pg/mL.  50.00 pg/mL  750.0 ng/mL.  750.0 ng/mL
Precision: 3.38% 3.85% 333 % 1.6 % 6.7 %
Accuracy: -5.67 % -5.62 % -5.08 % -3.5 % 0.3 %

Pharmacokinetic Analysis:
The following PK parameters for omeprazole and 5'-hydroxyomeprazole (when possible)

from each treatment were calculated: Crax, tmax, AUCo1, AUCow, Az, t1/2, CL/F, V/F, the
P/M (Parent/Metabolite) ratio for AUCy.s, and omeprazole serum hydroxylation index
([HI] or plasma P/M concentration ratio) at 2 hours postdose for phenotyping. The
following PK parameters for CEP-10953 and its 2 metabolites from treatment B were
calculated: Cax, tmax, and AUC.; (with AUC., Az, and t, estimated when possible).
The CYP2C19 activity was assessed by the ratios of plasma concentrations at 2 hours and
of AUC,.3 for omeprazole and 5’-hydroxyomeprazole.

Statistical Analysis:
Subjects were phenotyped for CYP2C19 status by the omeprazole/5'-hydroxyomeprazole

(P/M) ratio at 2 hours post-omeprazole-dose during treatment A. Only those data from
CYP2C19 extensive metabolizers (with log P/M <1) were included in this analysis for the
purpose of avoiding diluting any effect of CEP-10953 on CYP2C19 activity.

The primary PK parameters were summarized by treatment group using descriptive
statistics, including the geometric mean, coefficient of variation, and geometric mean
ratio. To assess the effect of CEP-10953 on omeprazole in the 2 treatment sequences as
described, the 90% confidence intervals (CI) were calculated based on the difference in
means (treatment B — treatment A) of the log-transformed AUCj..., AUCo, and Cpay for
omeprazole. The secondary PK parameters were also summarized using descriptive
statistics. The treatment effects on secondary PK parameters (tmax, ti2, CL/F, V/F) were
evaluated using nonparametric Wilcoxon Signed Rank Test.

RESULTS

Demographics of Subjects:
A total of 24 subjects were enrolled in study, and all subjects received drug and

completed the study. All the enrolled subjects were identified as CYP2C19 extensive
metabolizers, with a median log ratio of omeprazole-to-5’-hydroxyomeprazole plasma
concentration at 2 hours postdose <0.19 (ranged -0.22 ~ 0.90). Therefore, final
Pharmacokinetics and safety analyses were performed on all 24 subjects who were
extensive metabolizers and completed both periods of the study. The subjects consisted
0f 37.5% Caucasians and 62.5% black, and 67% of subjects were men. The mean age,
weight, height and BMI were 38 years (19-44 years of age), 78.0 kg (60-100 kg), 174.1
cm (160-193 cm), and 25.8 kg/m” (19.4-29.9 kg/m?), respectively.
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Pharmacokinetic Summary:
Data were obtained from 24 subjects who were evaluable for pharmacokinetic analysis in

the 2 periods of the study. The mean omeprazole and 5'-hydroxyomeprazole plasma
concentration-time profiles, pharmacokinetic parameters and statistical analysis for
omeprazole of 40 mg oral doses either administered alone (Day 1) or following
pretreatment with CEP-10953 (Day 8) are shown in Figures 1-2 and Tables 2-4.

Figure 1. Comparative mean (SD) omeprazole plasma concentration-time profiles
following single oral doses
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Table 2. Primary pharmacokinetic parameters of omeprazole and statistical analysis by
treatment group

Omeprazole + ratio (omeprazele + geometric
PK parameter N Omeprazole” CEP-10953 CEP-10953/emeprazele)  mean ratio
AUCpo (aghriml) 23° 240112160609 326844206248 1482 129,157
AUC, (ngehml) 24 2420.8$1569.67 326314200847 143 130,157
Cone (ng/ml) 24 B00.6+354.50 1051.72404.26 136 117,159

Table 3. Secondary pharmacokinetic parameters of omeprazole and statistical analysis
by treatment group

_ Omeprazole +
PK parameter N Omeprazels® CEP-19953" p-valee
) 2 15051200 150840 09774
% (he) - 172083 ‘ 1.940.79 02840
VE®D 23 54843244 39.0+16.67 0.0227

CLF (L) 23* 26441957 1674836 0.0003
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Figure2 . Comparative mean (SD) 5’-hydroxyomeprazole e plasma concentration-time
profiles following single oral doses
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Table 4. Pharmacokinetic parameters of 5’-hydroxyomeprazole by treatment group

Omeprazele +
Omeprazole” CEP 10953°
Pharmacokinetic parameter n N=29) N=24)
AUCp.. (ngeheml) pi ) 1207.8£233.47 1134.14305.48
AUC,, (nz+ho/ml) b 1201.44227.18 111984298 86
Cou (ngfml) b2} 366.4£133.02 3113£103.10
Y (BO) 24 1.5(0.5,12.0) 15(0.8,4.0)
15 (bw) 2 204094 202088
mmh hydrexylation 24 0.19 (-0.22, 0.90) 042(0.11,099)
Pamtmetabolite (AUCo.g) ratio 24 214141 3.0£1.76

The mean plasma concentration-time profiles and pharmacokinetic parameters of CEP-
10953, R-modafinil acid, and modafinil sulfone following concomitant CEP-10953 and
omeprazole on Day 8 are shown in following figure and table.

Figure 3. Mean (SD) plasma concentration-time profiles of CEP-10953 and its
metabolites following concomitant CEP-10953 and omeprazole
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Table 5. Pharmacokinetic parameters of CEP-10953, R-modafinil acid, and modafinil
sulfone

CEP-10983" R-Medafinll acid®  Modafinil sulfone”

Pharmacokinetic parameter » N=24) N=24) N=249)
AUC,, (g *mL) 24 45443122 17.143.60 1754176
Coe (g /mL) 24 9.741.85 1120.2 1.0£0.48
tam () 4 23(05,50) 26(1.0,55) 26.0 (1.0, 26.0)

Safety Summary:

No deaths or other serious adverse events, or withdrawals due to adverse events were
reported during the study. Adverse events occurred more frequently with concomitant
treatment (79%) than with omeprazole alone (8%, somnolence). However, it was not
clear whether the increased incidences of adverse events were due to CEP-10953 or to the
increased omeprazole exposure. Headache was the most frequently reported adverse
event with 1 incidence considered severe, followed by insomnia, psychomotor
hyperactivity, and dry mouth, attributing to treatment with CEP-10953. No clinically
meaningful abnormal laboratory values, vital signs, physical examination findings, or
ECG findings were reported. Coadministration of CEP-10953 of 400 mg and omeprazole
of 40 mg was reported to be generally well tolerated.

CONCLUSION:

¢ Coadministration of CEP-10953 and omeprazole (2 hours apart) resulted in an
approximate 40% increase in exposure measures (AUCo., AUCy., and Cppay) of
omeprazole as compared to administration of omeprazole alone. The increases in
exposure were reflected by the significant decreases of 29-37% in V/F and CL/F.
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The mean AUC,.g ratio (parent/metabolite) was increased by approximately 40%
and the mean serum hydroxylation index [HI] was increased by more than 2 folds,
indicating inhibition by CEP-10953 of omeprazole metabolism via the CYP2C19
pathway.

The 90% CI of the geometric mean difference for the log transformed exposure
measurements between two treatments fell outside the BE limits of 80-125%,
suggesting the interaction between CEP-10953 and omeprazole (through
CYP2C19). '

The PK profiles of CEP-10953 and its two circulating metabolites when
coadministered with omeprazole were similar to that previously reported for this
single dose of CEP-10953. For example, the mean Cmax following this single
400-mg dose was within 10% of the targeted value, i.e., the mean Cmax at steady-
state at a dosage of 250 mg/day. :

It can be concluded that treatment with CEP-10953 causes partial inhibition of
CYP2C19 activity in humans in vivo, and the comedications that are substrates
for CYP2C19 may require dosage reduction.

Reviewer’s comment:

The accumulation of modafinil sulfone has been observed following muitiple
dosing. The inhibition potential on CYP2C19 by sulfone metabolite has been
reported (according to the Provigil label). Therefore, the inhibitory effect of
armodafinil on CYP2C19 following chronic doses may potentially be greater than
what was observed in this study.
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Study C10953/1022/PK/US

An Open-Label Pharmacokinetics and Safety Study to Evaluate the Effect of
Repeated Administration of CEP-10953 on CYP3A4 Activity in Healthy Subjects
Using Midazolam (Intravenous and Oral) as the Probe Substrate

Principal Investigator: Jerry Herron, MD
Study Center: Arkansas Research Medical Testing, LLC,

1207 Rebsamen Park Rd, Little Rock Arkansas, 72202.
Study Period: June 6, 2004 — July 12, 2004

Objectives:
Primary:

e To evaluate the effect of repeated daily administration of CEP-10953 on CYP3A4
activity in healthy subjects, using the plasma concentration versus time profiles of
midazolam following intravenous and oral administration before and after 4
weeks of CEP-10953 administration.

Secondary:

e To assess the relative contributions of intestinal and hepatic CYP3A4 induction to
any interaction between the prototypic CYP3A4 substrate, midazolam, and CEP-
10953

e To assess safety by monitoring the occurrence of adverse events, clinical
laboratory test results, vital signs measurements, and electrocardiography and
physical examination findings

Drug Products: :
Test formulation: CEP-10953, 50-mg tablets, Lot #: 04053K5a (Cephalon, Inc.)

Probe Substrate: Midazolam, IV 2 mg (1.0 mg midazolam HCl/mL), Lot #: 342163
and 342315 (supplied by the study center)
Midazolam, oral syrup 5 mg (2.0 mg midazolam HCl/mL), Lot #:
456131A (supplied by the study center)

Study Design:

This study was an open-label, single center, nonrandomized pharmacokinetics and safety
study in healthy adult male and female subjects to assess the potential PK interaction of
CEP-10953 with intravenous and oral midazolam (a CYP3A4 substrate) under fasting
condition. No control group was employed in this study. A total of 24 healthy adult
male and female subjects (possible equal number) of any ethnic origin aged 18~45 years,
inclusive, with a Body Mass Index (BMI) < 30 kg/m? who met the inclusion and
exclusion criteria were evaluated. Prescription or OTC medication (with the exception of
acetaminophen, ibuprofen, and non-oral contraceptives) were not allowed during the
study. Alcohol, antiseptic mouthwash, or grapefruit juice were prohibited within 48
hours before dosing.
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Eligible subjects reported to the study center on the evening of days -1 and 30, and
remained at study center for 5 days postdose. Oral and IV midazolam and CEP-10953
doses were administered in the morning after an overnight fasting.

CEP-10953: Oral doses were administered to all subjects beginning at 100 mg/day on
Day §, titrated in 50-mg increments every 2 days until 250 mg/day was
reached on Day 11 and thereafter.

Midazolam: Single IV midazolam doses (2 mg) were administered to all subjects on
Days 1 and 33 and single oral midazolam doses (5 mg) were administered
on Days 4 and 36.

The overall sfudy design is shown as follows:

Days 15102
[ Screening (assessment) ]

[ = ]
Baseline
(assessmant and enrollmens)

[ Day 1 (iv dose) — washout — Day 4 (oral dose) midazelam
24-hour PK prefiling for midazolam after each dase

Days 51032 ,
CEP-10953
Trough CEP-10953 PE samples days 31 and 32

33
CEP-10953 and iv midazolam
24-1oar PR profiling for midazolam and CER-10953 samples

Days 34 and 35
Trough CEP-10953 PK samples days 34 asd 35
|

Day 36
CEP-10953 and orzl midazolam
24-hour PK prefiling for midazolam ad CEP-10953

Day37
End of smdy
Subject discharge

PR Kineti
Intravanous (iv) midazolany=2-mg 1012l dese administersd as an iv injection, over 5 minutes.
On2l midazelane=3-mg total dose, administered in syrup form.

CEP-10953=100-mg starting dose titrated upwards at 50 mg/day every 2 days to 150 mg/day.

The PK samples were collected for the analysis of midazolam and its metabolite, 1'-

hydroxymidazolam, and trough levels of CEP-10953. Safety was assessed at screening
and during the study. No efficacy assessment was performed in this study.

Safety Assessments:
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Safety assessments were conducted at screening, baseline, and throughout the study by
monitoring the occurrence of adverse events, clinical laboratory test results (hematology,
serum chemistry, and urinalysis), vital signs (blood pressure, pulse), concomitant
medication usage, electrocardiograms, and physical examination findings. The 12-lead
ECG monitoring was carried out at screening and at discharge on Day 37.

Pharmacokinetics Assessments:

A total of 15 blood samples were collected from each subject for the determination of
midazolam and 1’-hydroxymidazolam at predose, 10, 20, 30, and 45 minutes, and at 1,
1.5,2,2.5,3,4,6,9, 12, and 24 hours post each IV and oral midazolam dose. The trough
CEP-10953 plasma concentrations were collected on Days 31~36, and samples collected
on Days 33 and 36 were also analyzed for CEP-10953 and its metabolites. Plasma
samples were stored frozen at - 20°C until assayed.

Plasma concentrations of midazolam and 1’-hydroxymidazolam were analyzed using a

Pharmacokinetic Analysis:

The following PK parameters for CEP-10953, midazolam and 1’-hydroxymidazolam

were calculated for each subject: Ciax, tmaxs AUCot, AUCow, Az, t1/2, AUCp.24 for CEP-
10953 and its metabolites after 1% dose, CL and V for IV dosing, and CL/F and V/F for
oral dosing. Additional PK parameters for midazolam, such as Fy, Fg, and Foa, were

determined.

Statistical Analysis:
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HPLC — nethod performed at
— - Plasma concentrations of CEP-10953, b(4)
modaﬁml sulfone and R-modafinil acid were analyzed by a validated HPLC
method.
Table 1. Assay validation for Study C10953/1022/PK/US
R-modafinil R-modafinil Modafinil Midazolam 1-Hydroxy-
(CEP-10953) acid sulfone midazolam
- Method: HPLC: —- HPLC. ~. HPLC ~- LC/MS/MS LC/MS/MS
Standard Range: 0.20~50.00 0.20~50.00 0.20~50.00 0.10-100 0.10-100 b(4)
curve pg/mL pg/mL pg/mL ng/mL ng/mL
Precision: 3.29~7.97% 2.50~7.30% 3.23~8.39% 1.60~4.94% 2.05~6.712%
Accuracy: -1.37~1.58% 2.75~2.53%  -2.09~2.28%  -0.56~0.66% -4.64~3.60%
Linearity: r =0.9992 > =0.9995 % = 0.9989 r* =0.9999 = 0.9999
L.OOQ LLOQ: 0.20 pg/mL 0.20 pg/mL 0.20 pg/mL 0.10 ng/mL 0.10 ng/mL
QC Low: 0.60 pg/mL 0.60 pg/mL  0.60 pg/mL 0.3 ng/mL 0.3 ng/mL
Precision: 9.26 % 9.80 % 833 % 5.31 % 5.99 %
Accuracy: 4.32 % 7.28 % 5.72 % -6.25 % -5.93 %
Med: 20.00 ug/mL  20.00 pg/mL  20.00 pg/mL.  3.00 ng/mL  3.00 ng/mL
Precision: 8.21 % 5.18% 4.85% 5.65 % 5.98 %
Accuracy: 0.49 % -0.17 % -1.60 % -2.52 % -3.34 %
High: 50.00 p/mL 50.00 pg/mL  50.00 pg/mL _ 75.00 ng/mL.  75.00 ng/mL
Precision: 5.94 % 4.67% 5.79% 414 % 3.67%
Accuracy: -2.02 % -1.47 % -3.94 % -0.97 % -4.18 %



The primary PK parameters were summarized using descriptive statistics, including the
geometric mean, coefficient of variation, and geometric mean ratio. To assess the effect
‘of CEP-10953 on IV and oral midazolam, the 90% confidence intervals (CI) were
calculated based on the difference in means of the log-transformed AUCg..., AUCy., and
Cmax for midazolam before and afier repeated doses of CEP-10953. The acceptance
criteria for 90% CI was set at 80-125%.

The secondary PK parameters (tmax, volume of distribution, clearance, and t,) were also
summarized using descriptive statistics. The treatment effects were evaluated using
nonparametric Wilcoxon Signed Rank Test and 95% CI of the changes of
pharmacokinetic parameters were provided. The Fga, Fu, and Fg of midazolam before
and after repeated doses of CEP-10953 were summarized and a 90% CI for these values
was provided.

RESULTS

Demographics of Subjects:
A total of 24 subjects were enrolled in study and received treatment, 22 subjects

completed the study, and 2 subjects (#2212 and 2214) discontinued prior to
coadministration of CEP-10953 and midazolam due to the withdrawal consent and the
failure to follow up. The subjects consisted of 33% Caucasians and 67 % black, and 71%
of subjects were men. The mean age, weight, height and BMI were 38 years (26-45 years
of age), 82.1 kg (64.4-100.2 kg), 174.9 cm (162.6-185.4 cm), and 26.8 kg/m* (20.6-30.0
kg/m®), respectively. Therefore, final safety analysis was performed on 24 subjects,
excluding 2 in the safety analysis data set for concomitant CEP-10953 and midazolam.
Final pharmacokinetic analyses for CEP-10953 and midazolam were performed on all 17
subjects, excluding 2 discontinuation and 5 (#2205, 2206, 2217, 2219, and 2220) due to
noncompliance with CEP-10953 dosing regimen.

Phai‘macokinetic Summary:
The mean midazolam and 1'-hydroxymidazolam plasma concentration-time profiles for

midazolam IV and oral doses either administered alone or following pretreatment with
CEP-10953 are shown in Figures 1-2. The summary of pharmacokinetic parameters and
statistical analysis of each pharmacokinetic parameter are shown in Tables 2-6.

Table 2. Pharmacokinetic profiles of IV and oral midazolam administered alone

AUC,.. AUCG,, Co tone ty Vol dist Clearance
(ugohr'ml) (agehr/ml) (mg'ml) (hr) () @® (mL/min) :
N=17) N=17) N=17) N=17) ON=17) (N=17) {N=17) Feu

Intravencus*

76.9+16.47 ‘74.&15.92 NA NA 508149 196447189  27.145.53 NA
Oral'

53.8+1953 51621803 1874629 05(03,25 474175 669.6:217.02 103.13175 03

Figure 1. Comparative mean (SD) midazolam and 1'-hydroxymidazolam plasma
concentration-time profiles following single IV doses
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Figure 2. Comparative mean (SD) midazolam and 1'-hydroxymidazolam plasma
concentration-time profiles following single oral doses
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=9~ Day 4 (PO Midszelam) —&- Day 36 (PO Midazelam + CEP-10953)
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Table 3. Primary pharmacokinetic parameters of midazolam and statistical analysis by
treatment group
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Midazelam + Geomefric mean
Aidazolam® CEP-10953*"  ratie (with‘withont  90% CIfor
PK parameter N (Geommess) (Geormeanm) CEP-10953) mean ratio
Intravemous
AUCho (agohiml) 17 76.9£16.47 63.5411.97 083 0.78,0.89
(753) 625)
AUC,, (ngehe/ml) 17 74841592 61.8+11.88 0383 0.77,0.89
(733) (60.7)
Cuee (ngfml) 17 NA NA NA NA
Oral
AUCq.. (ageha/ml) 17 53.8¢19.53 36.5¢16.85 0.66 0.58,0.74
(51.0) (33.6)
AUC, (ngrhr/ml) ” 51.6+£18.03 34941637 065 0.58,0.74
49.0) (€22 )]
- G (ng/ml) 1”7 1874629 1524722 079 0.68,0.93
(176 (4.0

Table 4. Secondary pharmacokinetic parameters of midazolam and statistical analysis by

treatment group
95% CI for
Aidazolam + median

PK paramaeter ‘N Midazolam® CEP-10953** P-Value difference
Intravenouz ' k
toaee (1) 17 NA NA NA NA
ty (la) 17 5.0t1.49 424132 00128 -14,-02
VL) 17 1964471 .89 196.8468 62 0.7819 -25.8,319
CL (mL/min) 17 27.145.53 3254607 0.0003 32,80
Oral
topaee () 17 05(03,25) 05(03,25) 05070 04,03
ty (lx) 17 474175 44£1.76 02199 09,03
VF QL) 17 669.6£217.02 9362432092 <0.0001 168.0,351.1
CLF (ml/min) 17 103.1#31.75 159.4454.71 <0.0001 346,777

Table 5. Fractions of bioavailability of midazolam and statistical analysis by treatment

group
Midazelam + Geonaetrie mean .

Midazolam® CEP-10953**  ratie (with/without 9% CI for

PK paramater N (Geomesn) (Geomean) CEP-10953) mean ratio

Por 17 02840.063 0.2320.079 0.791 0.697, 0.897
(0.272) (0.215)

Fa 17 0.45%0.100 0.4240.134 0915 0.788, 1.063
(0.439) (0.401)

By ¥ 0.6240.073 0.5440.089 0.863 0.822, 0915
(0.618) 0.53D

141



Table 6. Pharmacokinetic parameters of 1'-hydroxymidazolam by treatment group

PK parameter n Midazelam® Midazelam + CEP 10953
Intravemous

AUCqp.. (ogehe/ml) 17 1212527 169£11.93
AUCG,, (ngohriml) 17 10.504.82 15.7411.67
Cou (ogml) 17 284161 431312
o (1) 17 05(02,2.0) 053,19
ts; (hr) 17 52¢188 411144
Oral

AUCq.. (agshw'ml) 17 20.1+9.80 30241847
AUC,, (ngehe'mlL) 17 18.6£9.73 28.6+18.49
Conx (ngml) 17 814382 1274655
e () . 17 0.5(03,2.5 08(0.3,25)
w4 (hr) 17 574191 484207

The mean plasma concentration-time profiles and pharmacokinetic parameters of CEP-
10953, R-modafinil acid, and modafinil sulfone following concomitant multiple CEP-
10953 doses and midazolam are shown in the following figure and tables .

Figure 3. Mean (SD) plasma concentration-time profiles of CEP-10953 and its
metabolites following concomitant doses with IV (left) and Oral (right) midazolam on
Days 33 and 36, respectively

—O— (R)-Modafinil ~—&— (R)-Modafinil Add —0— Modafinil Sulfone

IV Oral

Flams a Concontrasion (ug/m L)

014y v v ul v v v 01 4y v . r v "

0 4 1 12 16 X0 . ) 0 4 3 R 16 0 2:0
‘Time after Dese Adminicivation (br) Tiana after Dese Adinisiratios (hr)

Table 7. Pharmacokinetic parameters of CEP-10953, R-modafinil acid, and modafinil
sulfone
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CEP10953° R-Modafinil acid® Wm-
N=17) (N=17) (N=17)

PK parameter Day 33* Day 36 Day 33* Day 36 Day 33* Day 36
AUCq: (nghriml) 127243081 119942447 1294225 1254297  S4143870  S7.624513
AUG, (aprhwml)  127.2430.81 119942447 1294225 1204378 54133870  57.6M513
Cou (ng/ml) 884213 86159 092021 082020 274208 274208
tme () 22(20,45) 25(20,45) 20(Q0,3.5 23(20,45 60(0,240) 6.0(0.0,140)

Table 8. Mean (SD) trough plasma concentrations of CEP-10953 on Days 31~37

CEP-10953 comcentration®
Study day » (ig/ml)
Day31 17 342120
Day 32 17 342127
Day 33 17 3.12097
Day 34 17 344124
Day 35 17 331082
Day 36 17 312089
Day37 17 314084

Safety Summary:

No deaths or other serious adverse events, or withdrawals due to adverse events were
reported during the study. One subject in each of 3 treatments reported severe headache,
and similar adverse event profiles were reported for all treatments. Most adverse events
were mild or moderate in severity. The most common adverse events reported in subjects
treated with CEP-10953 were headache, insomnia, psychomotor hyperactivity (ie,

- hyperactivity, intermittent hyperactivity), and nausea. No clinically meaningful abnormal
laboratory values, vital signs, physical examination findings, or ECG findings were
reported. Coadministration of CEP-10953 and midazolam at the doses tested was
reported to be generally well tolerated.

CONCLUSION:

e Coadministration of armodafinil resulted in approximate 17% and 32% reductions
in systemic exposure for intravenous and oral midazolam, respectively, with '
corresponding 40% and 50%increases in exposure of 1’-hydroxymidazolam
metabolite.

e The 90% confidence intervals of the geometric mean ratios difference for In-
transformed exposure between two treatments fell outside the boundary of
80~125%, supporting interaction between armodafinil and midazolam. The
moderate CYP3A4 inducing ability of armodafinil may result in reduced efficacy
of drugs that are substrates for CYP3A4. '
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e Results suggest that armodafinil modestly induced both hepatic and intestinal
CYP3A4 activity. The overall oral bioavailability was approximately 28%, with a
larger contribution to the first-pass effect from the intestine (Fg ~0.45) than from

the liver (Fy ~0.62).

Reviewer’s comment:
e Results of this study suggest that dosage adjustment may be needed for co-
medications that are substrates for CYP3A4, such as cyclosporine.

Appears This Way
On Origindl
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Study C10953/1025/PK/US

An Open-Label Pharmacokinetics and Safety Study to Evaluate the Effect of
Repeated Administration of CEP-10953 on CYP1A2 Activity in Healthy Subjects
Using Caffeine as the Probe Substrate

Principal Investigator: Jon L. Ruckle, MD
Study Center: Radiant Research, 401 Kamakee Street, Honolulu, Hawaii, 96814.
Study Period: October 23, 2004 — December 7, 2004

Objectives:
Primary:

e To evaluate the effect of repeated daily administration of CEP-10953 on CYP1A2
activity in healthy subjects, using the plasma concentration versus time profile of
caffeine following single oral dose administration alone and after 4 weeks of
CEP-10953 administration.

Secondary:

e To measure plasma concentrations of CEP-10953 and its 2 circulating metabolites
(modafinil sulfone and R-modafinil acid) and caffeine and its metabolite
(paraxanthine) for the determination of their respective pharmacokinetic profiles

e To assess safety by monitoring the occurrence of adverse events, clinical
laboratory test results, vital signs measurements, and electrocardiography and
physical examination findings

Drug Products:
Test formulation: CEP-10953, 50-mg tablets, Lot #: 04053K5a (Cephalon, Inc.)

Probe Substrate: Caffeine 200-mg capsules, Lot #: 4D12 (supplied by the study center)

Study Design:
This study was an open-label, single center, nonrandomized pharmacokinetics and safety

study in healthy, non-smoking, adult (male and female) subjects to assess the potential
PK interaction of CEP-10953 and oral caffeine (a CYP1A2 substrate) under fasting
condition. A total of 29 healthy adult male and female subjects (possible equal number)
of any ethnic origin aged 18~45 years, inclusive, with a Body Mass Index (BMI) <30
kg/m?, who met the inclusion and exclusion criteria were enrolled. In addition, subjects
must abstain from caffeine- and xanthine-containing products for at least 48 hours prior
to the treatment and throughout the study. Prescription or OTC medications (with the
exception of paracetamol) were not allowed. Alcohol, antiseptic mouthwash, or
grapefruit juice were prohibited within 48 hours before dosing.

After the initial screening, eligible subjects reported to and stayed at the study center on
Days -3~3 and on Days 27~33, while on Days 4~27 subjects reported to the center on an
outpatient basis. Oral caffeine and CEP-10953 were administered in the morning, after
an overnight fasting, with 8 ounces of non-mineral water.
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CEP-10953: Oral doses were administered to all subjects beginning at 100 mg/day on
Day 3 titrated in 50-mg increments every 2 days until 250 mg/day was
reached on Day 9 and through Day 32.
Caffeine: Single oral caffeine doses (200 mg) were administered to all subjects on Days
1 and 31.

The overall study design is shown as follows:

Days-15t8-3
Scresning (assessment)

[ = ]
Baseline
(assessment and enyollment)

Days 3 through 32
Treugh CEP-10953 PK samples on days 28 through 30

31
CEP-10053 and caffeine
48-hour PK proefiling for caffeine and CEP-10953 and trough
CEP-10953 samples

[ Day 33 ]
End of study -
Subject discharge

Caffeine: 200-mg tablet.
CEP-10953: 100-mg starting dose titrated upwards at 50 mg/day svery 3 days to 350 ms/day.

The PK samples were collected over a 48-hour period after the caffeine administration
for the analyses of caffeine, paraxanthine, CEP-10953 and its metabolites, as well as
trough levels of CEP-10953 from Days 28 to 30. Safety was assessed at screening and
throughout the study. No efficacy assessment was performed in this study.

Safety Assessments: .

Safety assessments were conducted at screening, baseline, and throughout the study, by
monitoring the occurrence of adverse events, clinical laboratory test results (hematology,
serum chemistry, and urinalysis), vital signs (blood pressure, pulse), concomitant
medication usage, electrocardiograms, and physical examination findings. The 12-lead
ECG monitoring was carried out at screening and at discharge on Day 33.

Pharmacokinetics Assessments:
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On days 1 and 31, a total of 15 blood samples were collected from each subject for the
determination of caffeine, paraxanthine, CEP-10953 and its metabolites (modafinil
sulfone and R-modafinil acid) at predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 9, 12, 18, 24, 36, and
48 hours post-caffeine-doses. Plasma samples were stored frozen at - 20°C until assayed.

Plasma concentrations of caffeine and paraxanthine were analyzed using a HPLC with
method performed at ~w—we
: Plasma concentrations of CEP- 10953, modafinil

st L

sulfone, and R-modafinil acid were analyzed by a validated HPLC

aethod.
Table 1. Assay validation for Study C10953/1025/PK/US
R-modafinil R-modafinil Modafinil Caffeine Para-
(CEP-10953) acid sulfone xanthine
Method: HPLC — HPLC —~.. HPLC- ~— LC/MS/MS LC/MS/MS
Standard Range: 0.20~50.00 0.20~50.00° 0.20~50.00 . 25.0~25000 25.0~25000
curve pg/mL pg/mL pg/mL ng/mL ng/mL
Precision: 2.69~6.13% 5.57~8.21% 4.27~7.19% 2~7% 1~4%
Accuracy:  -1.69~2.92% -1.05~3.24%  -1.65~1.33% -2~1% -3~2%
Linearity: * = 0.9989 > =0.9978 * = 0.9985 = 0.9993 > = 0.9996
LOQ LLOQ: 0.20 pg/mL 0.20 pg/ml, 0.20 pg/mL 25.0 ng/mL 25.0 ng/mL
QC Low: 0.60 pg/mL 0.60 pg/mL 0.60 pg/mL 50 ng/mL 50 ng/mL
Precision: 7.92 % 5.05 % 6.63 % 11% 10 %
Accuracy: -3.46 % -0.84 % 2.80 % 3% 5 %
Med: 20.00 pg/mL 20.00 pg/ml.  20.00 pg/mL 750 ng/mL 750 ng/mL
Precision: 10.75% 5.78 % 6.15% 5% 3%
Accuracy: -1.96 % -3.12 % 0.62 % -2 % 0 %
High: 50.00 pg/mL 50.00 pg/mL  50.00 pg/ml. 15000 ng/mL  15000ng/mL
Precision: 5.37% 5.89 % 7.05 % 3% 2%
Accuracy: -4.79 % -4.46 % -1.42 % -1% -1%

Pharmacokinetic Analysis:
The following PK parameters for caffeine and paraxanthine were calculated: Ciax, tmax,

AUC., AUCq.w, t112, Az, CL/F, and V/F, and ratio of caffeine to paraxanthine based on
plasma concentration at the 3-hour time point. In addition, Cpax, tmax, AUCo., and trough
concentration on Days 28~30 for CEP-10953 and its metabolites were determined.

Statistical Analysis:
The primary PK parameters were summarized by treatment group using descriptive

statistics, including the geometric mean, coefficient of variation, and geometric mean
ratio. To assess the effect of CEP-10953 on caffeine, the 90% confidence intervals (CI)
were calculated based on the difference in geometric means (between caffeine alone and
in combination with CEP-10953) of the log-transformed AUC¢.0, AUCy.1, and Cpax for
caffeine. The secondary PK parameters were also summarized using a descriptive
statistics. The treatment effects on secondary PK parameters (tmax, ti2, CL/F, V/F) for
caffeine were evaluated using nonparametric methods, such as Wilcoxon Signed Rank
Test and Hodges-Lehman estimates.

RESULTS
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Demographics of Subjects:
A total of 29 subjects were enrolled in study and were evaluable for safety following each

treatment alone, with 25 subjects completing the study. Four subjects (#1020, 1021,
1022, and 1024) withdrew prior to the concomitant treatment and thus were not included
in final PK analyses. The subjects consisted of 55% Caucasians, 3% black, 21%Asian,
and 14% others, and 62% of subjects were men. The mean age, weight, height and BMI
were 28.4 years (18-45 years of age), 74.1 kg (48.6-98.8 kg), 173.6 cm (158.4-195.4 ¢cm),
and 24.6 kg/m® (17.6-30.4 kg/m®), respectively. Final pharmacokinetics analysis was
performed on 24 subjects after excluding additional 1 subject (#1014) who showed
appreciably higher caffeine and paraxanthine levels prior to the concomitant treatment.

Pharmacokinetic Summary:

Data were obtained from 24 subjects who were evaluable for pharmacokinetic analysis in
the 2 phases of the study. The mean plasma concentration-time profiles, pharmacokinetic
parameters and statistical analysis for caffeine of 200 mg oral doses either administered
alone (Day 1) or following pretreatment with CEP-10953 (Day 31) are shown in Figure 1
and Tables 2-3.

Figure 1. Comparative mean (SD) caffeine plasma concentration-time profiles following
single oral doses

—8— Day1(Caffeine) —&— Day 31 (Caffeine + CEP-10953)

10000

Plasma Caffeine Concentration (ng/ml)

10 Tyt
0 8 16 24 k) 40 48

Time after Dose Administration (hr)
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Table 2. Primary pharmacokinetic parameters of caffeine and statistical analysis by
treatment group

Caffeine +
Caffeine® CEP-10953** Geometric mean
Pharmacokinetic (Geomenan) (Geomenn) ratie (caffeine + 90% CI for
parameter n IN=24) ™ N=24) CEP-109583) mean ratio
AUC, . (npehrml) 23 473384203741 24 442914193027 9532 90.88, 99.97
(43309) (40148)
AUC,, (npshrml) 24 453072196776 24 43523£18769.3 95.51 91.10, 100.12
(41337.0) (39479) .
 Cuux (ng/ml) b2} 5006£1160.7 p 5193£11284 104.03 100.47,107.72
(4878) (5074)

Table 3. Secondary pharmacokinetic parameters of caffeine and statistical analysis by
treatment group

Caffeine +

. Pharmacokinetic Caffeine” CEP-10983** 95% CI for
parameter » (N=24) 2 N=24) P-Valwe difference
e (BD) 24 0.8(05,1.5) 24 1.0 (0.5; 1.0) =0.9999 0.00,0.25
ty, (r) 23 53(28,11%) 2 . 51Q.7,97 0.0002 -1.05,-0.30
V/F@L) 23 395(25.8,661) 24 381(232,626) 0.0171 ~4.89, -0.46
CL/F (mL/min) 23 773(374,1733) 24 764(395,232.0) 02198 -1.80,920
Caffeine/paraxanthine 24 40(2.0,97 24 42(19,9.6) 0.6796 ~0.20, 035
ratio (3 hours)

I (™) 23 .0.1(0.1,0.2) 4 0.1(0.1,03) 0.0014 0.00,0.02

The mean plasma concentration-time profiles and pharmacokmetlc parameters of
paraxanthine are shown in Figure 2 and Tables 4-5.

Figure 2. Comparative mean (SD) paraxanthine plasma concentration-time profiles
following single oral doses of caffeine

Appears This Way
On Criginal
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Table 4. Primary pharmacokinetic parameters of paraxanthine and statistical analysis by
treatment group

Pharmacokinetic Caffeine” Caffeine + CEP 10953°
paramgter ; n (N=24) » (N=24)
AUCy... (ngehvml) 24 2647228029.8 24 21074+6845.3
AUG,, (ng+hr/ml) 24 2520426588 .4 24 200555966.1
“Cous (ng/ml) 24 122722168 24 1044191.2

Sepux (1) 24 9.0 (4.0,18.0) 24 6.0(1.0,12.0)

ty, (i) b1 68(4.0,17.2) 24 64(3.7,17.9
@) 24 0.1(0.0,0.2) 24 0.1(00,0.2)

Table 5. Mean (SD) trough plasma concentrations of CEP-10953 on Days 28~30
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CEP-10953 concentration®

(g/ml)

Stedy day 2 (N=24)
28 24 2.720.75

29 24 2.820.76

30 24 2.640.67

The mean plasma concentration-time profiles and pharmacokinetic parameters of CEP-
10953, R-modafinil acid, and modafinil sulfone following concomitant CEP-10953 and
caffeine on Day 31 are shown in Figure 3 and Table 6.

Figure 3. Mean (SD) plasma concentration-time profiles of CEP-10953 and its
metabolites following concomitant CEP-10953 and caffeine

—0— (R)-Modafinil —&— (R)-Modafinil Acid ~—3— Modafinil Sulfone

Plasma Concentration (ug/mlL)

T
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Table 6. Pharmacokinetic parameters of CEP-10953, R-modafinil acid, and modafinil
sulfone
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CEP10953° R-Medafisil acid®  Modafinil sulfone®
Pharmacokinetic parameter n (N=24) (N=249) (N=24)

- AUC,, (ughr/mL) 24 124.7422.68 1454372 748%27.03
AUCq. (ngehr/mL) ' 24 124.7422.68 14.643.56 74.327.03
Cucx (ug/mL) 24 9.941.57 1.04029 35414
topux, () 24 15(05,3.0) 1.5(0.5,3.0) 3.0(05,18.0)
Ao G 24 0.0 (0.0,0.1) 0.0 (0.0,0.1) NC
) 24 17.0(9.5,262) 149 (10.4,23.6) NC
CLF 24 35.1(24.0,45.5) NC NC

Safety Summary:

No deaths or other serious adverse events, or withdrawals due to adverse events were
reported during the study. Subjects (# 1020, 1021, 1022, and 1024) were discontinued
from the study as the result of missing multiple CEP-10953 doses. Most of the adverse
events were mild or moderate in severity. Adverse events occurred more frequently with
CEP-10953 treatment alone (93%), compared to caffeine treatment alone (48%) or with
concomitant CEP-10953 and caffeine (80%). Headache was the most frequently reported
adverse event and appeared to be attributed to treatment with CEP-10953. Among the
common adverse events associated with caffeine alone, tremor was increased following
coadministration of CEP-10953 and caffeine. No clinically meaningful abnormal
laboratory values, vital signs, physical examination findings, or ECG findings were
reported. Coadministration of CEP-10953 of 250 mg/day and caffeine of 200 mg was
reported to be generally well tolerated.

CONCLUSION:

e Coadminstration with CEP-10953 did not alter the pharmacokinetic profile and
exposure measurements (AUCo.o, AUCo.0, and Cpax) of caffeine. The
caffeine/paraxanthine ratios at 3 hours remained similar.

e The 90% CI of the geometric mean ratios for exposure (AUCy.o, AUC(., and
Cmax) between two treatments fell within the BE limits of 80-125%, suggesting
the lack of effect of CEP-10953 on caffeine via CYP1A2. No recommendation
for dose adjustment is necessary for comedications that are substrates for
CYP1A2.

e The sponsor noticed an increased incidence of caffeine-related events (i.e.,
tremor) when coadministered with CEP-10953 but concluded that “treatment with
CEP-10953 had no clinically meaningful effect on either the profile or the
severity of events reported following the administration of caffeine alone”. The
potential impact from caffeine intake >200 mg (multiple or bigger cups of coffee)
is not clear.

152



47 Pharmacomertric Consult Review

Office of Clinical Pharmacology and Biopharmaceutics

Pharmacometrics Review

NDA : 21-875
Compound: NUVIGIL™, Armodafinil (CEP-10953)

Submission Dates: 03/31/2005
06/10/2005
06/13/2005
06/24/2005
08/12/2005
09/27/2005
09/29/2005
10/31/2005

Sponsor: Cephalon, Inc
Pharmacometrics Reviewers: Rajanikanth Madabushi Ph.D.

Venkatesh Atul Bhattaram Ph.D

Table of Contents
Summary : 154
Background 154
Data 155
Sponsor’s Analysis 156
Reviewer’s comments and analysis.. _ 158
Conclusion . 168

153



Summary

Cephalon, Inc is seeking the approval of NUVIGIL™ (armodafinil) Tablets
(hereafter referred to as Nuvigil) for treatment of excessive sleepiness associated with

shift work sleep disorder (SWSD), obstructive sleep apnea/hypoapnea syndrome
(OSAHS), and narcolepsy.

It was theorized by the sponsor that because of longer haif-life and lower maximum
plasma concentration (Cmax) compared to the approved PROVIGIL™ (modafinil),
Nuvigil, may result in better tolerability and improved wake promotion at later times.
The present review focuses on time course of the effect of Nuvigil, characterized by
baseline corrected mean sleep latency assessed by Maintenance of Wakefulness Test
(MWT) or Multiple Sleep Latency Test (MSLT). MWT was the test administered in the
narcolepsy and OSAHS studies while MSLT was the test used in SWSD study. The
other aspect of review pertains to relationship between effectiveness and the occurrence
of headache, which is the most commonly reported adverse event. A brief summary of
the pharmacometric findings are outlined below:

1) Narcolepsy (Study 3020): Following the administration of armodafinil (150 or
250 mg/day) to patients with Narcolepsy, increased mean sleep latency from
baseline compared to placebo was maintained from 09:00 hrs to 15:00 hrs over
weeks 4, 8 and 12 respectively. No relationship could be found between the
change in mean sleep latency and proportion of patients experiencing headache
for the placebo and Nuvigil groups. However, 250 mg/day Nuvigil group showed
a trend towards increased proportion of patients experiencing headache with
increase in MWT from baseline.

2) OSAHS (Studies 3021 and 3025): In the two pivotal trials, administration of
Nuvigil (150 or 250 mg/day) increased the mean sleep latency, from baseline
compared to placebo. This effect maintained from 09:00 hrs to 15:00 hrs over
weeks 4, 8 and 12 respectively. For 250 mg/day the proportion of patients
experiencing headache increased with increase in sleep latency from baseline.
Furthermore, the proportion of patients experiencing headache for all the groups
was higher for patients with change in mean sleep latency corresponding to 3"
and 4™ quartiles.

3) SWSD (Study 3022): In adults with excessive sleepiness associated with chronic
SWSD, Nuvigil (150 mg/day) resulted in increase of sleep latency, from baseline
compared to placebo. The effect was maintained from 24:00 hrs to 08:00 hrs (next
day) at weeks 4, 8 and 12 respectively. No relationship could be found between
the change in mean sleep latency and proportion of patients experiencing
headache for the placebo and Nuvigil groups.

Background

Armodafinil (R-modafinil), the active ingredient of Nuvigil, is a levorotatory
enantiomer of racemic compound modafinil, a wakefulness promoting agent. In the
United States, PROVIGIL™ Tablets (modafinil or RS-modafinil) are currently approved
for the treatment of patients with excessive sleepiness associated with excessive

154



sleepiness associated with shift work sleep disorder (SWSD), obstructive sleep
apnea’hypoapnea syndrome (OSAHS), and narcolepsy. The recommended dose of
PROVIGIL is 200 mg given once a day. For patients with narcolepsy and OSAHS,
PROVIGIL™ should be taken as a single dose in the morning. For patients with SWSD,
PROVIGIL™ should be taken approximately 1 hour prior to start of their shift work.
The precise mechanism(s) through which armodafinil or modafinil promote wakefulness
is unknown. However, both armodafinil and modafinil have shown essentially similar
pharmacological properties in nonclinical animal and 7z vzzo studies.

Data

Four pivotal trials - 1 study in narcolepsy (study C10953/3020/NA/MN or Study
3020), 2 studies in OSAHS (studies C10953/3021/AP/MN or Study 3021 and
C10953/3025/AP/MN or Study 3025) and 1 study in SWSD (study
C10953/3022/CM/MN or Study 3022), were conducted by the sponsor to demonstrate
effectiveness and safety of Nuvigil. The trials were double-blind, placebo-controlled,
parallel-group studies. The duration of double-blind treatment was 12 weeks. The
details of the studies contributing to the efficacy data are listed in the table below (per
sponsors report: 2.7.3 Summary of Clinical Efficacy page#1):

Table1: Phase 3 Double-Blind, Placebo-Controlled Studies of Armodafinil

Number of efficacy-evalnable patients (fall analysis set)

Stwdy number 250 mpg/day 150 mg/day Total Placebs
OSAHS

Study 3021 121 120 241 124

Study 3025 _ 116 116 120
SWSD

Stady 3022 —_ - 112 112 : 104
Narcolepsy .

S 3020 ‘6&9 58 118 58

— mﬂysmsttmhdupm Tecerved at least | dose o ety S)m- at

MHWMTMW(SWSDLMIMIMWMﬂGW
Impression of Change asseszment.

For all the four studies the effectiveness analyses included two primary variables as

follows:

1) The change from baseline to endpomt (last post baseline observation) in average
sleep latency. This was obtained from the Maintenance of Wakefulness Test
(MWT — average of 4 tests at 09:00, 11:00, 13:00 and 15:00) for the narcolepsy
and OSAHS studies. The MWT test was administered for 20 min in narcolepsy
trial and for 30 min in the OSAHS studies. For SWSD study, the average change
in sleep latency from baseline was obtained by administering MSLT test (MSLT -
average of 4 naps at 0200, 04:00, 06:00, and 08:00).

155



2) The proportion of patients with at least minimal improvement of Clinical Global
Impression of Change (CGI-C) rating at endpoint.

For both primary effectiveness variables, the change from baseline to endpoint in sleep

latency as assessed by MWT or MSLT for the respective indications and the proportion
of patients with at least minimal improvement in CGI-C rating at endpoint, statistically

significant differences from placebo in favor of Nuvigil were observed. For statistical

details, please refer to statistician’s review.

Based upon the above summarized results, the sponsor is seeking approval of Nuvigil
under 21 CFR, parts 314 and 601, which is application to market a new drug, biologic, or
an antibiotic drug for human use.

Sponsor’s Analysis

Pharmacokinetic/pharmacodynamic (PK/PD) modeling and clinical trial
simulation were performed by the sponsor to guide the dose selection and study design
for the pivotal trials. Population pharmacokinetic (PPK) modeling of pooled data from
Nuvigil and PROVIGIL™ Phase 1 studies was performed to characterize the
pharmacokinetic profiles of R- and S-modafinil. The R-and S-modafinil
pharmacokinetics was adequately described by a linear 1-compartment model with first-
order absorption. The clearance of S-modafinil was found to be 3 times faster than R-
modafinil. No effect of age or gender was observed on any of the pharmacokinetic
parameters. However, the effect of age was not fully characterized due to the limited
range of the covariates. Only bodyweight was found to have a linear relationship with
volume of distribution (V/F). The analysis did not reveal any significant covariates
which could potentially lead to dosing adjustment. The PPK model thus developed was
used to simulate concentration-time profiles using different treatment regimens of
Provigil and Nuvigil for use in PK/PD modeling and simulation as shown in the figure
below (per sponsor’s report # CP-05-001 page #22).
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Figurel: Predicted Mean Total Drug Concentration (Single-Dose)
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A multicomponent PK/PD model in sleep-deprived healthy subjects was developed. The
pharmacodynamic measure of MWT was obtained following administration of Nuvigil
(100 — 300 mg), Provigil (200 mg) and placebo. The corresponding drug concentrations
were simulated using the PPK model. A linear model described the hazard of falling
asleep as a function of clock time of the MWT in the placebo-treated subjects, while
inhibitory Emax model described the drug effect on the hazard. This multicomponent
PK/PD model showed a clear decline in the hazard with the increase in drug
concentrations and also established the equipotency of both the enantiomers.

The PK/PD model developed was applied to patients in each of the three indications
obtained from Provigil Phase 3 studies. A nonlinear model described the hazard for
falling asleep in placebo-treated patients while the inhibitory Emax model described the
drug effect. The estimated EC50 in patients for the target populations was significantly
higher compared to healthy subjects indicating that patient population required higher
drug levels compared to healthy subjects. Further simulations again indicated a dose of
150 mg Nuvigil was likely to achieve a comparable MWT to that of 200 mg dose of
Provigil at early times and a potentially superior MWT at later times. A typical
simulation results of placebo, armodafinil and modafinil are summarized in the figure
below (per sponsor’s report # CP-05-001, page#58).

- Figure 2: A typical plot comparing simulated medians and 90% confidence
intervals of ¥opulation mean MWT for Placebo/Nuvigil with
PROVIGIL™ (200 mg).
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Based on the above analysis the sponsors chose doses of 150 and 250 mg/day of Nuvigil
for the pivotal trials.

Sponsor’s efficacy analyses did not involve any modeling of the data. However, all the
studies used a 2-tailed test at the 0.05 level of significance. For a study to be positive, the
results of both primary measures (MWT/MSLT and CGI-C) were required to be
statistically significant at a 0.05 significance level. For the studies with multiple
armodafinil dosage groups (study 3021 [OSAHS] and study 3020 [narcolepsy]), the
primary comparison in each was between the combined armodafinil groups and the
placebo group, and the individual dosage comparisons were performed only if this
primary comparison was statistically significant at a 0.05 level.

Reviewer’s comments and analysis

PROVIGIL™ (racemic modafinil) currently approved for treatment of patients
with excessive sleepiness associated with OSAHS, SWSD or narcolepsy has been
reported to have diminished effectiveness for some patients later in the day. This is an
important factor to consider for patients who experience excessive sleepiness later in the
work day or during commute home from work. Therefore it was desirable to have a
product that could provide wake promotion throughout the work hours of the day. The
sponsors developed Nuvigil (R-modafinil) with this purpose as it was found to have a
half-life of 15 hours. The sponsor’s effectiveness analysis involved comparisons of the
change in sleep latency from baseline averaged across clusters of time-points following
dosing (early and late). Such an analysis will not be able to accurately describe wake
promotion over the entire day. In contrast, our analysis aims at graphically describing the
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time course of effect over different weeks compared with placebo. Further the review
attempts to explore the relationship between headache which is the most common adverse
event and the wake promotion effect of Nuvigil.
The review attempts at answering the following questions:

1. What is the time course of effect across the indications sought for approval?

2. Is there a relationship between the effect and headache?

What is the time course of effect across the indications?

The primary objective measure in the trials was change from baseline to endpoint
(last post-baseline observation) in average sleep latency , which was obtained from MWT
(‘average of 4 tests at 0900, 1100, 1300 and 1500 hrs) for narcolepsy and OSAHS and
from MSLT (average of 4 naps at 0200, 0400, 0600 and 0800 hrs) for the SWSD study.
One of the secondary efficacy measures was sleep latency assessed at later time points of
MWT (average of naps at 1500, 1700 and 1900 hrs). However, this average change in
the sleep latency does not provide insight into the time course of drug effect. Moreover,
averages across different time points, discard the underlying time component and thus
decrease the value of the information provided by the data. Effect-time plots reveal
entire time course of effect and should be used to show the effect over given time period.
Narcolepsy:

The time course of change in time matched mean sleep latency from baseline over
the 6 naps at weeks 4, 8 and 12 for placebo and Nuvigil (150 and 250 mg/day) groups is
shown in the figure (Figure 3) below. Either doses of Nuvigil consistently increase the
sleep latency to a similar extent from baseline and maintained till 15:00 - 17:00 hrs at
weeks 4, 8 and 12 respectively. However, the intensity of the effect begins to decline by
15:00 hrs and is more pronounced with 250 mg/day dosing regimen. The loss of drug
effect by 19:00 hrs is more evident by 12" week compared to weeks 4 and 8.

Figure 3: Time course of effect in patients with Narcolepsy (Study 3020)
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OSAHS:

The time course of baseline corrected change in time-matched mean sleep latency
over 6 naps at weeks 4, 8 and 12 for placebo and Nuvigil (150 and 250 mg/day) groups is
shown in the figures (Figures 4 & 5) below. It can be seen from the effect-time plots,
Nuvigil increases the sleep latency compared to placebo and maintains till 17:00 — 19:00
hrs. However, the effect of Nuvigil starts to decline by 15:00 hrs with 150 mg/day and

by 13:00 hrs for 250 mg/day regimen. This decline is comparatively more pronounced at
weeks 8 and 12.

Figure 4: Time course of effect in patients with OSAHS (Study 3021).
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Figure 5: Time course of effect in patients with OSAHS (Study 3025).
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SWSD:

The time course of change in sleep latency as assessed from MSLT from baseline
over 5 naps at weeks 4, 8 and 12 for placebo and Nuvigil (150 mg/day) groups is shown
in the figure (Figure 6) below. Nuvigil increases the sleep latency by 24:00 hrs and
maintains wakefulness consistently above the baseline levels till 08:00 hrs. = The
maximum increase from baseline was seen at 02:00 hrs which increased with every visit.
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Figure 6: Time course of effect in patients with SWSD (Study 3022)
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Is there a relationship between effect and headache?

Headache was the most common adverse event reported for 22%, 17% and 12%
of the Nuvigil treated patients in narcolepsy, OSAHS and SWSD patient populations
respectively. Among the placebo-treated patients the incidence of headache ranged from
8 -11% across the target populations. Further, patients treated with 150 mg/day Nuvigil
had lesser percent of patients with headache compared with those receiving 250 mg/day
(16% vs 28% for Narcolepsy, 15% vs 21% for OSAHS). Similarly the change in mean
latency from baseline increases with increase in the dose from 150 mg/day to 250 mg/day
(1.3 min vs 2.6 min for Narcolepsy, 1.7 min vs 2.2 min for OSAHS). Plots of change in
MWT and the corresponding proportion of patients experiencing headache were
generated to explore the relationship between effect and headache.

Narcolepsy. '

Effect versus headache rate for various treatment arms are shown in the figure
(Figure 7) below. No systematic relationship was seen across different treatment and
placebo arms. However, in the treatment arms, an increase in MWT from baseline
corresponding to the 4™ quartile was associated with high proportion of patients with
headache.

OS4HS ,

Trends toward increase in the proportion of patients experiencing headache with
the increase in MWT from baseline could be observed in the Nuvigil arms. Moreover,
the change in MWT corresponding to 3™ and 4™ quartiles were associated with the
highest proportion of the patients reporting headaches for the arms in the trial.

163



SWSD:
No relationship was found between the change in MSLT and proportion of

patients experiencing headache for the placebo and Nuvigil groups. However, in the
treatment arm, increase in MWT was associated with increased proportion of patients

with headache.
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Conclusion

Thus on the basis of the present analysis, it can be concluded that:

1.

2.

3.

Treatment with Nuvigil increases the mean change in latency of sleep
(MWT/MSLT) from baseline compared to placebo for all the three indications.
The effect of Nuvigil was maintained over a period of 8 hrs compared to
placebo. Hence once a day dosing regimen for Nuvigil is justified.

No consistent increase in effect was observed between various doses tested in
the trials.

In the treatment arms, the 4™ quartiles corresponding to the increase in MWT
from baseline were associated with a higher proportion of patients experiencing
headaches.
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Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

Ge_neral Information About the Submiésion

Information Information
NDA Number 21-875 Brand Name Nuvigil
OCPB Division (I, IL, III) DPE- Generic Name Armodafinil
Medical Division HFD-120 Drug Class Wakeful
promoting
agent
OCPB Reviewer Ta-Chen Wu, PhD Indication(s) Treatment for
Aduits with
Excessive
Sleepiness
OCPB Team Leader Ramana Uppoor, PhD Dosage Form Oral Tablets
' (Uncoated)
50, 100, 150,
and 250 mg
Dosing Regimen Recommended
dose is 150 or 250

mg QD morning
dose for patients
with OSAHS or
narcolepsy, and
150 mg/day for
SWSD patients 1
hour prior to
start of work
shift. Dose
adjustment
should be made
based on
potential DDI,
severe hepatie
functiop <"
w——-and age
(lower dose for
elderly).

Date of Submission

March 31, 2005 Route of Administration

Oral

Estimated Due Date of OCPB
_Review

11/07/05 Sponser

- Cephalon

PDUFA Due Date

1/31/06 Priority Classification

S
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12/09/05
Division Due Date

Clin. Pharm. and Biopharm. Information

Summary: The sponsor is seeking approval of armedafinil (Nuvigil™), R-enantiomer of
modafinil (Provigil®), for the treatment of adult patients with excessive sleepiness associated
with narcolepsy, obstructive sleep apnea/hypopnea syndrome (OSAHS), and shift work sleep
disorder (SWSD). One BE study was conducted for 5 x 50 mg coated tablets (clinical
formulation) vs. 1 x 250 mg uncoated tablets (TBM formulation). Composition of the TBM
armodafinil tablets is shown in Appendix. Two Phase 1 studies were conducted to evaluate
single- and multiple-dose PK, tolerability, and food effect. Potential drug-drug interactions
were evaluated in additional three Phase 1 studies. Population PK analysis (based on
armodafinil and Provigil Phase 1 studies) and PK/PD modeling and simulation (based on
armodafinil Study 103 and Provigil Phase 3 studies) were performed to predict the efficacy of
armodafinil and determine the dosing regimen for Phase 3 studies. Through these Phase 1 and
2 studies, the sponsor also provided comparison of armodafinil exposure compared to Provigil.
Six Phase 3 studies (4 controlled, 2 uncontrolled and ongoing) provided the basis for efficacy
and safety of the armodafinil treatment in patients with OSAHS, SWSD, and narcolepsy. In
vitro dissolution profiles of TBM uncoated formulation of all four strengths were constructed
in 5 media of different pH values, including deionized water. Comparative in vitro dissolution
was also evaluated between 50 mg (clinical formulation) and 250 mg (TBM formulation)
strengths.

“X* if included | Number of Number of Critical
at filing studies studies Comments If any
_ submitted reviewed
STUDY TYPE ]
Table of Contents present and
sufficient to locate reports, tables,
| data, etc.
Tabular Listing of All Human Studies )
X
HPK Summary
Labeling ) - Annotated Word
X file provided
Reference Bioanalytical and X ' Validation report
Analytical Methods provided
I._Clinical Pharmacology - i - -
Mass balance: - - -
i Isozyme characterization: - - -
Blood/plasma ratio: - - -
Plasma protein binding: - -
Pharmacokinetics (e.g., Phase I) -
Healthy V_olunteers-
single dose: X 1 1 | Study
C10953a/101/PK/
UK:
Fasting: SAD 50-
400 mg; fed: 100
mg (capsules),
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multiple dose: X 1 1 " Study
C10953a/102/PK/
UK:
Fasting: MAD 50-
400 QD for 14
days (capsules)
Patients-
single dose: - - -
) multiple dose: | - - -
Dose proportionality -
fasting / non-fasting single dose: - - -
fasting / non-fasting muitiple dose: - - -
Drug-drug interaction studies -
In-vivo effects on primary drug: - -
In-vivo effects of primary drug: | X 3 3 1. Study
C10953/1021/P
KIUS: effect of
SD 400 mg on
CYP2C19
(omeprazole as
probe)
2. Study
C10953/1022/P

K/US: effect of
MAD 100-250

mg QD effect
on CYP3A4/5
(midazolam as
probe)
3. Study
C10953/1025/P
K/US: effect of
MAD 100-250
mg QD on
CYP1A2
(caffeine as
probe)
In-vitro: | - - -
. Subpopulation studies - .
ethnicity: - - -
gender: | - - -
pediatrics: - - -
geriatrics: - - -
renal impairment: - - -
hepatic impairment: - - -
PD:
Phase 2: | - - -
Appears This Way

On Criginal

171




Phase 3:

4 {controlled)
+2
(uncontrolled,
safety data)

Controlled triais
(12 weeks,
completed):
1. Study
C10953/3020/NA/
MN:
150 and/or 250
mg QD AM on
Narcolepsy
2. Study
C10953/3021/AP/
MN:
150 and/or 250
mg QD AM on
OSAHS
3. Study
C10953/3022/CMW/
MN:
150 mg QD AM
on chronic
SWSD
4. Study
C10953/3025/AP/
MN:
150 mg QD AM
on OSAHS

Trough PK
sampling; no
dose- or
exposure-
response
explored

Uncontrolled trials
(~12 months,
ongoing, safety
evaluation only):
1. Study
C10953/3023/ES/
MN:
Safety data
from- 150~250
mg QD on
Narcolepsy,
OSAHS, or
chronic SWSD
2. Study
C10953/3025/AP/
MN:
Safety data
from 150~250
mg QD on
Narcolepsy,
OSAHS, or
chronic SWSD

PKIPD:
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Phase 1 and/or 2, proof of concept:

1+10

11

PPK and PK/PD
for determining
dose regimen for
Phase 3 trials.

PK/PD (data on

CD-R):

1. Study

C10953a/103/PK/

MN:
SAD 100-300
mg (capsules),
placebo-
controlled,
Provigil 200 mg
as active
control.

2. 4 Provigil

Phase 3 studies

PPK:

Armodafinil Phase
1 studies (101,
102, and 103) and
Provigil Phase 1
studies (103, 106,
and 2101)

Phase 3 clinical rial:

Population Analyses -

Data rich:

Data sparse:
Il. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / muiti dose:

Study
C10953/1023/BE/
us:

5x50 mg (clin
formulation) vs.
1x250 mg (TBM);
BE found

replicate design; single / multi dose:

Food-drug interaction studies:

)

M

1. As part of the
Study
C10953a/101/P
K/UK (2x50 mg
capsules)

2. Standard fatty
meal per FDA’s

specification ___
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Dissolution: X 1. Dissolution
X profiles: 4 TBM
strengths in 5
media; n=12
each strength
2. Comparative
profiles: 5x50
mg BE/clinical
batch vs. 1x250
mg TBM batch
3.F1and F2
calculation
4, Comparative
dissolution for
50 mg capsule
vs. clinical
formulation not
conducted in
multiple media
5. No individual
data provided
for each
dissolution
profile (only
mean and
range provided
for comparative
dissolution
profiles)
(IVIVC): - - -
Bio-waiver request based on BCS - - -
BCS class - -
lll. Other CPB Studies
Genotype/phenotype studies: - - -
Chronopharmacokinetics - - -
|__Pediatric development plan = : :
Literature References
36
Total Number of Studies 13+ 11+
dissolution dissolution
study study

Filability and QBR comments
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T yes

Comments

Application filable ?

Reasons if the application is not filable (or an attachment if
X applicable) .

For example, is clinical formulation the same as the to-be-
marketed one?

Comments sent to firm ?

" Comments have been sent to firm (or attachment included).

X FDA letter date if applicable. :

Please forward to Sponsor:

1. Comparative dissolution for 50 mg capsule vs. 50
mg clinical formulation needs to be provided to
bridge these two formulations. This is important

102 and 103, and data from these 3 studies were
used for determining the dosing regimen for the
pivotal Phase 3 trials. Individual data needs to be
submitted.

2. Please provide individual data for dissolution profiles
of each TBM strength in all the media tested.

3. Please specify the content of high-fat food for food-
effect study

4. Please provide NONMEM control streams, output
files, and datasets to support the population PK
analysis. If SPlus was used, please submit SPlus
scripts and datasets.

5. Please provide electronic datasets as SAS transport
files (.XPT) for two Phase 1 PK studies (101, 102),
and three Phase 1 DDI studies (1021, 1022, 1025).

since capsule formulation was used in Studies 101,

QBR questions (key issues to be
considered)

* How does the exposure of armodafinil when administered as
armodafinil compare to Provigil? [Can Provigil label for dose-
adjustments and DDIs be directly used for armodafinii?]

Is clinical formulation bioequivalent to the TBM formulation?

e Can a biowaiver be granted for the lower strengths of the TBM
formulation?

Is it appropriate to conduct food effect study on lower dosage
strength and is there a food effect on the bioavailability of
armodafinil?

s Is the dose regimen properly selected based on PPK and PK/PD?
What intrinsic and extrinsic factors impact the exposure?
o Has the in vitro dissolution been adequately characterized?

e Are there major drug-drug interactions and is dosage adjustment
required?

¢ Are the bioanalytical methods adequate and appropriately
validated?

Other comments or information not
included above

' Project Manager:

Please rantsct NSl insnantinn of the clinical and the analytical sites for

Stue: :
Clinical siteg: S
R T
e

Primary reviewer Signature and Date

Secondary reviewer Signature and
Date

CC: NDA 21-875, HFD-850(Electronic Entry or Lee), HFD-120(Calder), HFD-860 (R. Uppoor, M. Mehta)
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Appendix. Composition of TBM Armodafinil Tablets

Camponeat Relartaceto  Tunction ARORNt (BEY  AMMNI(BE)  AROURI(WE) AMOuSt (mg)
o standard S0 mpg tablet . 100 mgtablet 150 mp tablet 250 g tablet
Atmedafinil drug _ In-house Drug substance  50.0 1000 1500 250.0
substance standard
ORGSR st % !
NF
Calluloss
Pregelatinizad  NF
Starch B
Povidonr %% y5p
Sodium
mpemSTRER - yep
t
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This is a representation of an electronic record that was sigmd electronically and
this page is the manifestation of the electronic signature.

Ta-Chen Wu
3/31/2006 03:00:01 PM
BIOPHARMACEUTICS

Ramana S. Uppoor
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4/3/2006 11:54:53 AM
BIOPHARMACEUTICS

Mehul Mehta
4/3/2006 12:07:30 PM
BIOPHARMACEUTICS

Appears This Way
On Original



Office of Clinical Phénnaeelogy and Biopharmaceutics
New Drug Application Filing and Review Form
General Information About the Submission

12/09/05

- Clin. Pharm. and Biopharm. Information

ummary: The sponsor is seeking approval of armodafinil (Nuvigil™), R-enantiomer of modafinil
(Provxgnl®) for the treatment of adult patients with excessive sleepiness associated with narcolepsy,
obstructive sleep apnea/hypopnea syndrome (OSAHS), and shift work sleep disorder (SWSD).

One BE study was conducted for 5 x 50 mg coated tablets (clinical formulation) vs. 1 x 250 mg
uncoated tablets (TBM formulation). Composition of the TBM armodafinil tablets is shown in

| Appendix. Two Phase 1 studies were conducted to evaluate single- and multiple-dose PK,
tolerability, and food effect. Potential drug-drug interactions were evaluated in additional three
Phase 1 studies. Population PK analysis (based on armodafinil and Provigil Phase 1 studies) and
PK/PD modeling and simulation (based on armodafinil Study 103 and Previgil Phase 3 studies)
were performed to predict the etﬂcacyofmdafmﬂa«nddetermetheéosmgregmﬁm?hase3
studies. Through these Phase 1 and 2 studies, the sponser also provided comparison of armodafinil
exposure compared to Provigil. Six Phase 3 studies (4 centrolled, 2 uncentrolled and ongoing)
provided the basis for efficacy and safety of the armeodafinil treatment in patients with OSAHS,
SWSD, aad narcolepsy. In vitro dissolution profiles of TBM unceated formmlation of all four
strengths were constructed in 5 media of different pH values, inchuding deionized water.

' Comparative in vitro dissolution was also evaluated between 50 mg (clinical formulation) and 250

TBM formulation) strengths.
“xr l&nlu“ Number of Number of Critieal Comments ¥ any
ot filing shudies studies :

OCPB Reviewer Ta-Chen Wu, PhD Indication(s) Treatment for Adults with
OCPB Team Leader Ramana Uppoor, PhD Desage Form Oral Tablets (Unuohd)
Desiag Regimen Recommended dose is 150 or
258 mg QD morning dose for
pstients with OSAHS or
narcolepsy, and 150 mg/day
for SWSD patieats 1 hour
prior te start of work shift.
Dose adjustment should be
made based on petential D"
severe hepatic function ("
==_snd age (lower dose for
. sigeriy).
ate of Submissio [ March31,2005 | Route of Admisistra Oral
timated Due Date of OCPR Re 11/07/83 Spenser Cephalon
| 131106 Priority Classifieation | S

P>
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Annotated Word file provided

Validation report provided

1 Study C109532/101/PK/UK:

Fasting: SAD 50-400 mg; fed:

_100 mg (capsules)
muitipie dose: 1 Study C109532/102/PK/UK:

Fasting: MAD 50-400 QD for 14

days (capsules)

In-vivo effects primary drug: 3 1. Study C10953/1021/PK/US:
effect of SD 400 mg on
CYP2C19 (omeprazole as
probe)

2. Study C10953/1022/PK/US:
effect of MAD 100-250 mg QD
effect on CYP3A4/5
{midazolam as probe)

3. Study C10953/1025/PK/US:
effect of MAD 100-250 mg QD

' on CYP1A2 (caffeine as probe) |
ro:
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' 4M«
2

{uncentrolied,
safety dats)

| controtted trials (12 weeks,

completed):
1. Study C10953/3020/NA/MN:

150 and/or 250 mg QD AM on
Narcolepsy

2. Study C10953/3021/AP/MN:

150 and/or 250 mg QD AM on
OSAHS

3. Study C10953/3022/CM/MN:

150 mg QD AM on chronic
SWSD

4. Study C10953/3025/AP/MN:
150 mg QD AM on OSAHS

Trough PK sampling; no dose- or
exposure-response explored

Uncontrolled trials (~12 months,
ongoing, safety evaluation only):

1. Study C10953/3023/ES/MN:

Safety data from 150~250 mg
QD on Narcolepsy, OSAHS, or
chronic SWSD

2. Study C10953/3025/AP/MN:

Safety data from 150~250 mg
QD on Narcolepsy, OSAHS, or
chronic SWSD

PK/PD;

Phase 1 and/or 2, proof of concept: |

1+10

PPK and PK/PD for determining
dose regimen for Phase 3 trials.

PK/PD (data on CD-R):
1. Study C10953a/103/PK/MN:

SAD 100-300 mg (capsules),
placebo-controlied, Provigil 200
mg as active control.

2. 4 Provigil Phase 3 studies -

PPK:

Armodafinil Phase 1 studies
(101, 102, and 103) and Provigil
Phase 1 studies (103, 106, and
2101)

1x250 mg (TBM); BE found

Study C10953/1023/BE/US:

5x50 mg (clin formulation) vs.

3]

1. As part of the Study

€10953a/101/PK/UK (2x50 mg
capsules)
2. Standard fatty meal per FDA's
specification




X ‘ ‘ 1. Dissolution profiles: 4 TBM
strengths in 5 media; n=12
each strength

2. Comparative profiles: 5x50 mg
BE/clinical batch vs. 1x250 mg
TBM batch

3. F1 and F2 calculation

4. Comparative dissolution for 50
mg capsule vs. clinical
formulation not conducted in
muitiple media

5. No individual data provided for
each dissolution profile (only
mean and range provided for
comparative dissolution
profiles)

Filability and QBR comments

“X" it yos Comments

Application fllable ?

P 4 Reasons if the application is not filable (or an attachment if applicable)

For example, is clinical formulation the same as the to-be-marketed one?

Comments sent to firm 7

X Comments have been sent to firm (or attachment included). FDA letter date if

applicable.

Please forward to Sponsor:

1. Comparative dissolution for 50 mg capsule vs. 50 mg clinical
formusiation needs to be provided to bridge these two formulations.
This is important since capsule formulation was used in Studies 101,
102 and 103, and data from these 3 studies were used for
determining the dosing regimen for the pivotal Phase 3 trials.
Individual deta needs to be submitted.

2. Piesse provide individual data for dissolution profiles of each TBM
strength in all the media tested.

3. Plesse specify the content of high-fat food for food-effect study
4. Please provide NONMEM control streams, output files, and datasets
to support the population PK analysis. if SPlus was used, please
5. Please previde electronic datasets as SAS transport files (. XPT) for
mPh.ﬂ PKamdbt(101 102), and three Phase 1 DD studies
1622. 107

QBR questione (hey issues 1o be
considered)

. mmumdmmmummm
hw mwwmmumumm

. bmmwnmflum1
« Can a biowsiver he granied for the lower strengtihe of the TBM formulation?

« Is it appropriate to condust foed effect study on lower desage strength and is
there a foed effect on the biasvailability of armedafinil?

« Is the dose regimen preperly selected based on PPK and PK/PD?

o What intrineic and exisinsic fastars impact the expesure?

« Mas the in vitre dissolution heen adequetely sheracterized?

. mmmmmuummm




Other comments or infermation net
inciuded above

Mmmi‘mmammmmmmmwsmq

b(4)

CC: NDA 21-875, HFD-850(Electronic Entry or Lee), HFD-120(Calder), HFD-860 (R. Uppoor, A. Rahman,

M. Mehta)

Appendix. Composition of TBM Armodafinil Tablets

“Tonponeat Helereace to  Teatien Amount(ngy  Amoust (g
. standard 50 mg tablet 190w iad!

Ammedafinil drag  In-Bouse Drug substance  50.0 100.0

substance standard

S RTINS,

rxroQysaline  NF

Cellulese

Prepelatinized NF

Starch

Povidone K20/32 TUSP

Croscannallose  NF

S?d'nm

250 my tal
2500

150 mp tablei
1500

o
g

b(4)
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