Comments:

The similar values of Corough, seady sue I patients with narcolepsy to that in healthy
volunteers (CEP-2101) indicate the similar elimination rate between these two
populations. :

18
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Protocol No, C15382/301/NAsys: Pharmacokinetic Report
Report: DP-96-008 ’

Eigureq.: Profiles of Mean Plasma Trough I evels of Modafinil Versus Time Afier Daily
Admini ation of Modafinil in Narcolepsy Patients :

: 200
5.0 T f ;-n~«w::
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Report: DP-96-008

Tabl+ Mean (£ SD) Plasma Trough
Ao (

g Protocol No. C1S384/30U/NA/US: Pharmacokinesic Report

i\ oeAme i

Levels (ug/mL) of Modafinil after Daily
tion of Modafinil or Placebo in Narcolepsy Patierits
VISIT . _PLACEBO 200 . 400
™| @D | @¢sp)| oy @SD) | @SD) | Y (#SD) | (#sD)
ﬁ R - | Sexes : Sexes ] . Sexes -
Baseline | F [T BLQ [ BLQ | F BLQ | BLQ | F BLQ BLQ
49) . (49) = (45)
M [ BLQ M [ BLQ M [ o120+
{40) : (42) (40) | (0.519)
Week3 | F BLQ BLQ F 1.28 1.33* F 2.94 295
49) - SD | (0.9 | 0.828) | (as) 209 | (.21
M BLQ M 1.39 M 2.97
(42) 42 | (0.732) 39 | 3n
Week 6 F BLQ BLQ F 1.23 1.35° F 250 | 252+
(48) (52) | (0.943) | (0.992) | (42) | (0.995) | (133
- M BLQ M 1.50 M -2.55 :
- . (40) @n | a.09 (35 | .65
e Week 9 F 0.144* [ 0117+ F 1.07 121° F 245 | 236b°
" - 47) | (0.648) [ (0.550) 49) | (0.483) | (0.730) | (a1 (1.90) (1.63)
g M BLQ M 1.37 M 227
( - ) (38) (42) | (0.920 3D | (.28
'S Washout F BLQ BLQ F | 0193%] 0167 *| F | BLQ BLQ
K2 Baseline | (37) 449 | 0891 | (0.739) 0)
Week 1) | M BLQ M | 0133+« M BLQ
o8 ¢ 1 5 (34) | (0.468) | - 31)
BLQ: Below Limit of Quantitation (< 0.1 pg/mL) '
* Significantly diffsrent (P <0.0001) from the corresponding pretreatment and Week 11 baseline valyss
y Significantly diffsrent (P <0.0001) from the corresponding 200 mg group value
Significantly different (P <0.01) from the corresponding Week 3 valus ‘
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Age Study

11. Blood Kinetics Trial of Modafinil CRL40476) in the Elderly Subject Before and
After Repeated Administration —MOD-OZO)

Objectives;
To investigate PK behavior of modafinil jn eIderIy_subjects.

depression; (3) with no underlying organic condition: hepatic (normal state of the liver
for the patient’s age), Renal (blood creatinine normal for the patient’s age), pulmonary,
digestive (no surgical or gastroduodenal history), endocrine and metabolic, major excess
or insufficiency of body weight in relation to height and age; (4) It possible, no associated
treatment during the 7 days preceding and during the trial; (5) Wherever possible: No

SAMPLING AND DOSES

Day I: Sampling . 19 -
ON AN EMPTY STOMACH, single dose of 2 x 150 mg tablets (300 mg) in
a glass of water, . TT— '
Sampling T2h
Breakfast ' B
T4h '
T7h
- TI10h :
(Adhesive Jabels supplied for attachment to the sample tubes)

Morming and midday, administration of 1 x 150 mg tablet in a glass of water,
N . [ N
Dav 7: As for Day 1. . . »

SAMPLING AND STORAGE CONDITIONS

- Take a2 10 ml blood sample on dry héparin (ionogram tube).
- Centrifuge (800 £ for 10 min.
- Separate, collect and freeze the plasma at -20°C.

19
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Comment;

1. Due to the limited number of subjects and relatively large variations among the
subjects, statistically significant difference of modafini] concentrations between
elderly male and elderly female was only found at 7 and 10 hr on D].

study MOD-018. However, the reviewer compared MOD-018 (the French study)
with CEP-2101 (US study), and found that with the same dosing, Cmax, AUC values
in MOD-018 and CEP-210] are ~50% of those in CEP-2101] study (see the
attachment). As a result, the clearance calculated in MOD-018 (5 L/hr) was higher
than that from CEP-210] and other US studies. This difference may be due to the
formulation of modafini] used in MOD-018 (cachet) and the bioassay in the study
which has higher detection limit (0.13 ug/ml) than other studies (0.1 ug/ml). By

(‘ point-to-point comparison, the reviewer demonstrated that the modafinil

subjects, with the exception of clearance which is statistically significantly lower in

the elderly than in the young (by 10-20%). Correspondingly, the formation of

modafinil acid is higher in the elderly than that in the young subjects by the same w
percentage. The elderly handles the enantiomers the same with as the young subjects,

again, with the exception of clearance which is lower (for both enantiomers) in the

elderly subjects (by ~20%)).

APPEARS THIS WAY ON ORIGINAL
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Plasma concentration of: MODAFINIL in women

Time Case Case Case Case Case - | MEAN SME
101 102 103 104 :
2 5.90 0.60
4 6.14 0.88
7 3.94 0.52
J0 3.78 0.49
134 4.16 0.72
146 8.30 1.29 .
148 8.06- 1.54
151 6.60 1.45
154 5.91 1.00
Plasma concentrations of MODAFINIL in men
Time | Case | Case Case Case Case Case Case MEAN | SME |
106 | 201 202 203 204 205 206 : -
.2 5.30 1.47
4 7.31 1.38 6o
7 732 < | 13g &0
10 627 | 1.06 «—| P70
144 4.88 0.44
146 9.21 0.94
148 9.26 0.78
151 9.68 1.13
154 7.78 0.76
Figures 1 A and B belo§ [p. 12é gl}ow the mean plasma concentrations of MODAFINIL and
its metabolite, acid MO respectively:
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3.3 QOMPARISON OF CLINICAL AND PHARMACOKINETIC DATA

Plasma
concentrations
on D1 . :
and/or D7 High values Normal values
Physical and/or
psychological/behavioural
effects correlated with the
pharmacological activity
Clearly apparent " | F:101 =103
M: 201 - 202 M : 106 - 205
203 - 206
Doubtful - F:102- 105
M:204
None - _ F:104

APPEARS THIS WAY ON ORIGINAL

The underlined cases were receiving associated sedative psychotropics.

Cases 106 and 205 with normal MODAFINIL concentrations, comparable with those of the
young subjects, nevertheless exhibited the corresponding effects on D1. Itis to be noted that
they were not receiving associated sedatives. »
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NDA 20-717
Provigil® (modafinil)-
Human Pharmacokinetics and Bioavailability — Summary of Human Pharmacokinetics and Bioavailability Study Results

6.2.1 Summary of Human Pharmacokinetics and Bioavailability Study
Results: Single Dose ’

6.2.1.1 ClS38a/lO3/PK/US ~— Open-Label, Single-Dose Pharmacokinetic
Study of Modafinil Tablets: Influence of Age and Gender in Normal
Subjects

6.2.1.1.1 Objectives

The objective of this study was to examine the effect of age and gender on the
pharmacokinetic parameters of modafinil following administration of a single
200 mg oral dose of modafinil.

6.2.1.1.2 Procedures and Methods
6.2.1.1.2.1 Study Design
Single-center, Single-dose, Open-label, Parallel-group:

Subjects received 200 mg oral dose of modafinil. Blood and urine samples were
collected for pharmacokinetic analysis.

6.2.1.1.2.2 Subject Demographics

Thirty-six healthy subjects (12 per group) were enrolled and completed the study.
The range of the ages for the three groups differ between the clinical and
pharmacokinetic reports. This is due to the clinical report determining the age of

was calculated from the beginning of the study and was not rounded to the whole
year. In the pharmacokinetic report the demographics were as follows:

. Young males mean age of 29.4 years (range 22-37 years)
. Young males mean weight of 82.9 kg (range 64.1-98.2 kg)
. Young females mean age of 26.1 years (range 19-40 years)

*  Young females mean weight of 64.3 kg (range 51.8-86.8 kg)
. Elderly males mean age of 62.7 years (range 53-72 years)
" Elderly males meanyyeightof 8loTike ranemss. 1-97.7 kg)




Table 6.2-9. Mean (#SD) Pharmacokinetic Parameters of Modafinil
After a Single 200 mg Oral Dose of Modafinil in Healthy
Subjects ‘
s i '
[— Subject n Cw | T e AVG. | e | vF [ a
: pg/mL hr hr ug hr/mL mL/min L mL/min
Young Males 12 421 2.0 127 - 57.0 595 . . 1641 343
(0.44) (1.0) (32) (7.6) 93) (11.9) (ron
Young Females I 520 1.7 10.5 613 562 503 236
(0.83) (0.9) (L.5) (12.6) (9.5) 82) (1.01)
k Elderly Males 12 4.8] 1.7 144 61.7 509 sl 2.81
. (0.89) (0.7) G2 gy 9.7) (103) a.sn
: Subject #209 was excluded .from pharmacokinetic analysis because assay interfering peaks prevented - the
determination of modafinil levels in plasma, i A
Significantly different (p<0.05) from the corresponding values for young males,
Table 6.2-19. Mean (=SD) Pharmacokinetic Parameters of Modafini]
Acid After a Single 200 rmg Oral Dose of Modafinil in
Healthy Subjects -
Subject n Co. T tin AUC,, L cL, CL.,
pg/mL hr hr B h/mL | mi/min mL/min |
Young 12 2.06 2.8 5.7 2.8 0.51 303 . 75.6
Males (032) (1.0) (0.5) (3.0) (0.05) (6.8) (16.8)
Young 1 2,65 29 4.7 255 036 202 488
Females (0.46) (0.9) (0.5) 4.9) (0.09) .n a7y
Elderly {12 265 35 0 s 0.60* 306 I 626
Males (0.66) (1.1) (5.4) (10.7) (0.12) (8.8) (21.9)

Subjects

———

Subject n C.. T tn AUGL | cwr | v MAT MRT,*
ug/mL hr hr pgehr/mLi - miJmin L hr hr hr

’-Young Males 12- | 193 2.1 T 33 123 145 359 [ o062 0.89 475
©44) | (1.0 06) | 32 41 (0.7). | (029 (0.42) (0.98)

Young Females 121252 1.5 29 134 126 314 | 0.63 0.91
. 039) | (1.0) (0.4) - 2.0) {an (43) | (037 (0.53) (0.84p

Elderly Males 12 239 1.5 3.7 15.5 112 M4 | 044 0.63 535
{0.47) (0.7) (1.0) 2.9) (23) I 6.1 (0.09y ‘ (0.14) (1.59)

. n=]]. ) -

[ 3

Significantly different (9<0.05) from the BEShRQSSIBLE COPY
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NDA 20-717
Provigil® (modafinil) :
Human Pharmacokinetics and Bioavailability — Summary of Human Pharmacokinetics and Bioavailability Study Results

( Table 6.2-12. Mean (#SD) Pharmacokinetic Parameters of /-Modafinil
’ After a Single 200 mg Oral Dose of Modafinil in Healthy
‘ ‘ Subjects
| subject 81 G | T |t |AUG. | CLF [VF | 4, | MaT MRT, ||
,L pg/mL hr hr ugehr/mL | mL/min L hr hr hr
T-Young Males 112 [229 23 [ns |38 46.1 447 |om 103|151
04 100 Jeo |aosy [a25 |9 |@sop 072y | .6y
YoungFemales 12 289 (20 |97 410 40.9 338 lo46  losr |34 *
{ 032 |08 lan [an (6.5) (43) [ 37* |33y (2 | ~
ElderlyMales 12 [252 {20 |143 490 350 425 oso  l130 |94
| ©4) 109 lee |p2 6o 169 1083y |20y |(sop

=11,
Significantly different (p<0.05) from the corresponding values for young males.
n=8,

g Table 6.2-13. Mean (=SD) of Percentage of Dose Excreted in Urine
| (0-72 hr) After a Single 200 mg Oral Dose of Modafinil in
i Healthy Subjects '
““ ' Subject n ST
Co Modafinil Modafinil Acid | Modafinil Sulfone
"\ e Young Males 12 53 (1.0) 51(5) 0.0

; Young Females 12 137015y 3509 0.0

Elderly Males 12 5.1(1.9) 60 (12)° 0.0

Yo a

Significantly different (p<0.05) from the corresponding values of young males;

6.2.1.1.4 Conclusions

The absorption of modafinil was rapid as indicated by ~ one hour for both absorption
half-life and mean absorption time. An apparent volume of distribution of ~ 60 L
Suggests extensive tissue binding. The plasma clearance of modafinil was
~ 50-60 mL/min and renal clearance accounted for ~ 5% of the plasma clearance.
Stereospecific pharmacokinetics of modafinil enantiomers were demonstrated,
Le., d-modafinil was eliminated faster than /-modafinil. The J-modafinj] and
modafinil were cleared at a similar rate and the oral clearance of modafinil for males
decreased as the age incréased. Modafinil acid was the major metabolite jn urine and
females appeared to excrete less modafinil acid in urine than males

.
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145
145.5
146
147
148
150
152
156
168
192

300 mg

Time
2

4

7 »
10+
144
146
148
151
154

- e T DL

Sheet1

=200
us Studv on.Young
Sub. 1 Sub. 4 Sub. Mean Sd.

040 052
243  1.16
417 0.71
4.68 047
456 0.60
416 062
332 032
270 0.31
183 019
091 014
1.73 025
251 0.81
4.41 1.03
5.62 062
6.17 059
5.99 081
571 096
4.52 . 0.57
4.04 0.85
292 079
148 0.58
0.58 . 0.16

Old/fem Old/male maoﬁlXJ Us Ceoepaiep)

Mean (S.D) Young Young

Cone Conc Conc Conc

§9(1.20) 5.3 (3.6) 3,33 7.02

6.14 (1.76)  7.31 (3.38) 3.50 6.24

3.94 (1.04) 7.32 (3.38) 2.94 4.57

3.78 (0.96) 6.27 (2.60) 2.25 345

4.16 (1.44) 4.88 (1.08) 1.30 Pred. 2.59

8.3(2.58) 9.21 (2.31) 4.63 9.25

8.06 (3.08) 9.26 (1.91) 4.28 8.57

6.6 (2.90) 968 (2.77) 3.30 6.60

5.91(2.00) 7.78 (1.86) 2.85 5.70

co-o01&
-ztudv on Young
Mean Sd. Time (Fr)
0.85 0.71 0.5
1.64 . 0.69 1
2.01 0.55 1.5
2.22 0.39 2
242 024 2.5
233 0.1 3
2.32 017 4
2.21 063 6
1.71 041 8
0.57 0.22 24

APPEARS THIS WAY ON ORIGINAL

Page 1
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Time US France US-std France-std

0.5 040 0.85
1 243 1.64
1.5 417 2.01
2 468 222
25 480 242
3 456 233
4 416 232
6 332 221
8 270 1.71
12 1.83 13
24 091 0.57
US study
Time Mean std
144 1.73 0.251
1445 251 0.807
145 441 1.034

1455 562 0618
146 6.17 0.589
147 5.99 0.806
148 671 0.964
150 4.52 0.567
152 4.04 085
156 2.92 0.789
168 1.48 0.579
192 0.58 0.161

0.52
1.16
0.71
0.47

0.60
0.62
0.32
0.31
0.19
0.14

Sheet2

0.71 USIFrance study on Young Subj. On D1
0.69
0.55 5.60
0.39 5.10
4.60
0.24
4.10
0096 | _ 36
0171 £ 340
063 2 260
041] € 210
8 160
1.10 |
0.22 0.60
010 ¥
-0.40

——US
~—France

Conc (ug/mi)

140 145 150 155 160 165 170 175 180~ 185 190 195
Time

—4—Series1
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12. Pharmacokinetics of Multiple Doses of Modafinil in Humans with Severe

)

Chronic Hepatic Insufficiency MOD-021)
Clinical phase: Phase I \
Aims: | Comparison in humans with hepatic insufficien and
healm&{ humans of the kinetics gf MODAan,cya&er
. » multiple doses :
Method: Open trial
Number of subjects: 9 subjects, i.e.: 6 men and 3 women
Inclusion criteria; Patients with severe hepatic insufficiency; cooperative, no
_ combined or previous days) treatment v
Trial compound: Two tablets of MODAFINIL (ref. 12156, active ingredient
' 5/1939), ie. 200 mg per day , e
. PlADY: wpic DesE 2owd DI =D T Snuie
Treatment duration: 8days(mm‘H < iddas] Josesvi e mj) g
Reference treatment: Not applicable .
Endpoints: |1 Plasma Goncentrations 6f MODAFINIL and its
metabolite,
2.  Pharmacokinetic parameters of MODAFINIL.
Statistical methods: i Modelling of kinetics. ‘

Parametric test (Student’s *t* test for grouped data),

~one at noon. This dosage was selected since it corresponded to the wsual therapeutic =

Nine subjects received an oral dose of 200 mg of MODAFINIL in the form of two non-coated
100 mg tablets (ref. 12156) for 8 days. This dose was given as one tablet in the morning and

schedule. On days D1 and D8, the total dose of 200 mg was given as a single amount in the
morning and a series of blood samples obtained.

Blood samples were drawn on days D1 and D8, when the drug was given as a single dose of
200 mg:

- 10 ml of blood was drawn into a dry heparin tube before (control specimen) then at times
05, 1, 15,2, 25, 3, 4, 6, 8 10 and 12 hours after administration on D1, with additional

points at 24 and 36 h on D8. Blood was centrifuged and, after separation, plasma frozen at
-20°C until assay. )

21
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Results (Attachment 12) and Conclusions:

The elimination of MODAFINIL is essentially hepatic (only 10% of the dose administared
being found intact in urine).

L Inpatients with hepatic insufficiency (severe cirrhosis), the kinetics of MOD
after multiple doses were different as compared to those found in healthy individuals;

- elimination half-life was more than dogb] increasing from 13.6 b in treated
bealthy subjects 10 almost 27.7 h in hepaﬁ:d' insufficiency patients

- the Yolome of distribution gt steady state was decreased, falling from 821} in healt
subjects to almost 60.5 | in hepatic ciency patients _ thy

- these changes were reflected by steady state plasma concentrations orMOQAFINIL
appmximat%y twice as high Esy in th?healthy individual (lCm%x. 7.90 mgl™t in
hepatic insy ciency patients as compared with 3.73 mg -1 i calth subjects),

2. ‘Thisincreasein concentrations clearly reflected the hepatic metabolism of
MODAFINIL and the decreased capacity of patients with liver disease to produce the

p
Eham;acol cally inactive acid metabolite, which was found gt lower concentrations in
epatic insufficiency Ppatients,

P ety (based
cal and laboratory parameters) of MODAFINIL jn hepatic insufficiency patients
c Was very good. A reduction by halfin the dosage of MODAFINIL §s therefore suggest
( : in patients with gevere liver disease, rather than an actug] contraindication of the pse
5 of this drug in such a high risk population.

APPEARS THIS WAY ON ORIGINAL

Comments: : il

1. The PK parameters for healthy subjects were from another study (MOD-1 9 where'
the dose regimen is the same as this study. On DI, the increased Tmax from hepatic

APPEARS THIS WAY ON ORIGINAL
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Kinetics of MODAFINIL in hepatic insufficiency patients - 11
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Figure 1
Plasma concentrations of MODAFINIL og days 1 and 8 during
multiple dose kinetic study .
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. NDA20-717
Provigil® (modafinil)

(’ B ) Human Pharmacokinetics and Bioavailability — Summary of Human Pharmacokinetics and Bioavailability Study Results
x : ‘Table 6.2-78. ~ Mean (*MSE) Pharmacokinetic Parameters of
’ Modafinil and Modafinil Acid After Oral Doses
(200 mg/day) of Modafinil in Hepatic Dysfunctlonal
Patients y
I B Hepatic
Hepatic Healthy . | ‘Insufficiency Healthy
‘ Insufficiency Patients Subjects** Patients Subjects*
l Day 1 Modafinil Modafinil Acid ’
[ Cowmgr) | Mean 3.26 2.60 0.82* 160
l MSE 022 024 0.13 0.11
Tow (hr) Mean yAlL 4.04 8.89* 4.96
MSE 411 0.61 0.82 0.71
AUC,,, Mean 28.36" 21.92 6.20° 13.60
(mgehr/L/hr) :
MSE 1.72 1.99 1.13 0.78
Parameter Day 8 Modafinil Modafinil Acid
Co (mg/L) Mean 7.90° 3.73 1.44 1.90
MSE 0.98 0.25 0.30 0.15
( i T (h1) Mean ~ 3.88 2.92 5.88 4.00
“ " MSE i 0.51 0.30 117 0.46
AUC,,, Mean 78.68° 33.85 14.17 16.80
(mg-hr/L)
MSE 10.71 2.88 2.99 1.31
Vd, (L) Mean 60.54" 82.09 NA NA
MSE 4.42 5.61 NA NA -
ty (hr) Mean 27.72 13.61 NA NA
MSE 537 0581 NA NA
AUC. Mean 142.6° 54.0 NA NA
{mgehr/L)
I MSE 234 48 NA NA
" Cuis (mg/L) Mean 473 1.49 0.82 0.58
L MSE 09 0.17 0.20 0.10
s Data obtained from a multiple dose kinetics study_MOD-Ol9)
. Significantly different (p<0.05) from corresponding values of the healthy subjects.
(
[ [ ) - ‘
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