DOES . ‘
ANTID SSIVE COMBDICATION ? AND WITHOUT LORAZEPANS

MEDICATION

«.w-:n . thé dopamine uptake carrier site (EMignot et al,, 1'5294 Sleep 17(5):436-437), while in
[ .th_crapguﬁc dasag_es there are no peripheral sympatomimetic eft'eots..sucp' attacks and

with 200 to S00 mg modafinil daily (H.Bastuji and M.Jouvet, 1988 Prog. -Neuro-

e Pgychopharmacol. & Biol. Psychiat 12:695-700). In contrast to most other comparable

. drugs no toletence or dependence were reported so far. Since the compound does not
EOTH a sufficient effect on cataplexy in narcoleptio patients, it is often combined with
e trioyclic antidepressive medication especially clomipramine (CL) or imipramine, The
J'f R knowledge of possible pharmacokinetio interactions with trioytlic substinces is

RN narcolepsy since her adoleséance had been under ambulatoty treatment in our hospital
- ... fpr.about 4 years. The. daytime sleepiness and the sittomatic behaviar were interfering
e badly with her professional life as a nurse, For the last 25 years most of tho available
.:. - Psychostimulant drugs had been tried without sufficient susoess. Sho was comedioatad
reso. with 100 mg of oloripramine because of eataplexy. The ClI / DMCL
2. - (Desmethylolomipramine) blood -levels were 129/208 ng/ml under steady gtate
S conditions. Finally she sould be included in a clinidal study with modafinil, which at
© ... thet time was not yet spproved in Germany for routine treatment. Under 200 mg
modafinil the blood Ievels of CL and DMCL increased to 158/238 ng/ml although the

M. Grézinget, S. Hiirtter, Ch. Hicmke and J. Réschke

S M - Department of Psychiatry, University of Mainz,

RS ) Untcre Zahlbacher Strasse 8, 55131 Mainz, Germany

Y - . . - -
| ‘.‘ . Modafinil is @ psychostimulant compound that-is scientifically known for abont 10
| C years, but is jpst now becoming available for routine treatment in many countries. It is
1 e Teported to bo a central alphs 1 adrenergic agonist and seems to have some affinity to
1

.- w.. -dosage of clomipramine was Ioweood by 25% to 75 mg. With 400 mg the blood lovels °
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N Table I - Clomipramine (CL) and desmethylclomipramine (DCL) concentrations in a
patient treated with modafinil,
Date Dose CL Dose Concentrations (ng/mL) Ratio
modafinil CL DCL CL/DCL
03/01/96 | 100 0 129 208 0.62
02/05/96 | 75 200 158 238 0.66
.| 06/08/96 | 75 400 210 449 0.47
YT~ 127/08/06 | 0 - 400 0 63
13/09/96 | 25 400 32 79 041
. 2 {}5".’ 20 ot
C y B A
¢ ’l}‘ MERS SN

i :_ u.-/( / . 2 [
I - . - N a :
A s L _l\’ L,.~(, L
N - . ], ) qf’. ~
: - A ,/ bl |2 o BuR AT P ;
T : ' ¢ 7y R ;
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15. An Ope.n, 3.x3 Latin Square, Randomized, Cross-over Study to Investigate the
Pharn:.naco'kmetxcs of Modafinil And Methylphenidate When Given Alone and in
Combination in Healthy Male Volunteers (C1538a/109/PK/UK)

Objectives:
To study the interaction of Modafinil and methylphenidate on their single dose
pharmacokinetics,

Introduction:

Narcolepsy is generally treated with a central nervous system stimulant (e.g. %
amphetamine, methylphenidate, or pemoline) to reduce excessive daytime sleepiness and
an antidepressant (e.g. clomipramine) to control cataplexy and other REM-sleep related
symptoms. Ritalin® (methylphenidate hydrochloride) currently is the only FDA-
approved drug for narcolepsy. Although it is unlikely that both methylphenidate and
modafinil would be given at the same time, it is quite possible that patients on one

!reatment could be changed over to the other, which makes it necessary to study the
Interaction of these two agents.

APPEARS THIS WAY ON ORIGINAL

Study Desi

This was an open 3 x 3 Latin square, randomized, cross-over study involving 21 healthy male
volunteers, performed in 3 groups of 7 volunteers. Only non-smokers and/or ex-smokers for at
least 6 months were screened: similarly, volunteers were only allowed to be moderate alcohol

drinkers (i.c. a maximum of 21 units per week). The three treatment schedules were:

Treatment A:  Methylphenidate (immediate release) 4 x 10 mg and modafinil 2 x 100 mg.
Both given concomitantly as a single dose on Dayl. .

|
Treatment B: Modafinil 2 x 100 mg as a single dose on Day 1.
Treatment C: Methylphenidate (immediate release) 4 x 10 mg as a single dose on Day 1. ‘

Volunteers were randomized to one of the following sequence order of treatment schedules:
RWi+h a 3 'Do.:j wWosh o peciod. beicdaen e nd

Treatment A= Treatment B—Treatment C

Treatment B—Treatment C—Treatment A

Treatment C—Treatment A= Treatment B

27
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(- ANAL_IEIQ&_A@ Blood samples ( 16 1;11.) were collected into lithium hepaﬁn

T PHARMACOKINETIC monovette tubes pre-dose (0 hr) and at the following times
METHODS post-dose: 0.5, 1, 1.5,2, 3, 4,6, 8, 12, and 18 hours for g and
l-threo-methylphenidate analysis; and 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 36, and 48 hours for analysis of
modafinil and its acid and sulfone metabolites. Plasma was separated and frozen at <20°C until
assayed for modafinil and metabolites by a validated high performance liquid chromatographic

(HPLC) method and d- and F-methyiphenidate by & vatiat N ccooc

Results (Attachment 15) and Conclusions:

The statistical analyses resulted in no difference (>075) in dosing sequence or
dosing periods for any of the PK parameters and plasma concentrations. Modafinil and

of either agent. However, methylphenidate caused a small increase in taax for Modafinil
(from 1.9 hrto 2.9 hr), which indicated that coadministration of methylphenidate and
modafinil may cause a delay in the oral absorption of modafinil.

[ ! Comments:
[ Since it is unlikely that both of these two narcolepsy drugs would be given at the
B same time and the study aims to investigate on those patients switching from one agent to

the other, the study should be designed in such a way to study the effects of multiple .
dosing of modafinil or methylphenidate on PK of the other drug. Moreover, it was

\

; known from the previous study (C1538a/301/NA/US) that multiple dosing of modafinil
at certain concentration might result in an induction on its own metabolism. If

|

methylphenidate shares the same metabolic enzyme system with Modafinil, only multiple
dosing study can demonstrate the potential interaction between these two agents.
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S : N . % a v/ l
«Zablof. Mean (SD - e
( Dose Ol (SD) ! o(200mgModaﬁml forModdinﬂ(Mod)lnd Acid (Mac) Afier
Voluntsers, MawaCanbmedwithwmgMytphmdth;m Male
y
Cmax tmax

m&,mpm ol Treas ;l | b t L{Z AUC(D-w) QR \7.3
Alone T ;;? gggg 1.9 08 1 12207 |"s69(144) 620(14.6) | 63 <

. Combined = 29(1.4) 12323) | s71 (133) 613 (13.6) 635 (22
Alme_ 2 :;; 48) 1 22(09) | 631 L.e1) 22.6 (5.0) = =

: Combiacd 000 | ssan [ %0z oot =

Adminisuag GD)WM‘“J°M1°MMMAM§MMOM

of 40 mg Meth . L
Vol mg Mﬂoneorﬁombmd.ﬁthmmgMod:ﬁnnhHald:ym
Compound Trestment | o m tmax t12 AUCO—) 7
“Meth  [Ame —To1] i3 = . L T v
—_s 0257 | 0602) | 109 0.19) | 151 (1.03) | 35505 m;g)m 895 Q48) _
31 10072 |10 15620 [ 15505 (mooo; 34000 (?3;.33)

—=x="
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PRGN

Conc. § Treatment 0 0.5 . 1 2 3 4 6 [ 12 24 36 '43
Mod Alone BLQ 1.82 2.97 367 X7 3.07 2 ““ 210 1.50 0.74 037 0.20
- a2n | aan 0.69) | ©.78) | (059 ©0.49) | 49 | (034 | (0.22) ©.15) { (0.15)
; Combined [ BLQ | 1.2 2.40 3.06 I 319 | 324 | zei 216 1. LSS | 074 | 035 0.23
: =L (109 § (1.09) | .16y | o6 048 | 0.45) | 41) | 034 (0249 1 ©.16) | (0.13)
MAc Alone BLQ 038 101 165 | 2™ | 174 1eg | 120 0.75 018 | BLQ BLQ
! L - 0.40) | (056) | (0.49) . «) | 0 ©3 6 | 03D |21 | a0y | — -
! Combined | BIQ | o032 0.88 143 1.61 1.78 158 1 12¢ T 0% [ o1s BlQ | BLQ
o =1 029 | 0370 | (0.64) | c0.45) (040) ¥ (03%) | (030) | ¢0.23) (0.10) - -
Msul | Aloae BLQ | BLQ | BLQ BLQ | BLQ | 'BLQ [ 013 [ o016 021 | 024 T 015 | o013
- - - - - =_1 (009) | ©.09) | 0.08) | (0.10) ©.12) | (0.13)
! Combined | BLQ | BLQ BLQ | BLQ | BLQ | BLO [ 611 014 I 019 | o 0.20 | o015
E - - - - - =1 009 § (009 | (0.10) | (0.09) ©.12) | (0.13)
:‘n = 21 subjects for each treatment: BLQ (<0.1 pg/mL) values treated as zero for mean calculations,
statistically significant difference between treatments (p<0.05) using an ANOVA.

Catitet. Mean (SD) Plasma d-

and /-Methylphenidate (Meth) Concentration

(ng/mL) Vs, Time-(hr) After Single

Dose Oral Administration of 40 mg Methylphenidate Alone or Combined with 200 mg Modafinil i Healthy Male
) Volunteers
( . Conc. § Treatment 0 0.5 1 X3 2 3 4 6 g 12 18
T d-Meth | - Alone BLQ | s.01 136 162 158 123 105 | ¢o0°* 372 | 188 0.341
- 440) | (6.0) “.n (4.0) 3.6 G4 Qs 3 | so) | @2 | 0261)
s Combined | BLQ | 3.05 15.0 16.7 155 132 10.5 642 I 400 131 0340
SREEa — (4.44) (6.4) 5.3) 4N 3.9) G3) 1 sy | a4 0.78) 1 (0.30¢)
: {-Meth Aloge BLQ [ 0236 T 0192 [ 0.150 o1 | BLQ BLQ BLQ | BLQ | BIQ | BLg
= | (0-408) | (0.280) | (0.214) 0.1 54) - - -— - - -
: Combined | BLQ | 028 | 03¢5 0.182 | o0.156 BLQ BLQ BlQ | Bl [ BlQ | BLg
=1.(0329) } (0309) § 0.271) | (0.212) - — - — - —
=21 subjects for each treatment; BLQ (<0.1 ng/mL) values treated as zero for mean calculations.
. Statistically significant difference between treatments (p<0.0S) using an ANOVA.
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16. Evaluation of a New Chemical Enﬁty, Modafinil as an Inhibitor of Human P450
Enzymes (DM-96-051 (XT052396)) |

Objectives:
To evaluate the ability of modafinil to reversibly inhibit the major P450 enzymes

in human liver microsomes (namely CYP1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4/5,

and 4A9/11), with the ajm of detecting any potential for modafinil to inhibit other drug
metabolism in vivo. ‘

Metliodology:

CYP1A2 o-Naphthoflavone 1.0 M Cet o ¥ ok CERO

CYP2A6 Nicotine 200 B e V)
CYP2B6 Orphenadrine S00uM etV Lk

‘ CyYP2Ccg Sulfaphenazole 10pM ;

( CYP2C19 Hexobarbital 200puM o7 1 .

L CYP2D6 Quinidine B (1Y A
CYP2E1 4-Methyipyrazole 1 puM
CYP3A4/5 Ketoconazole 0.5 uM
CYP4A9/11 No competitive inhibitor is avallable for this enzyme

Results (Attachment 16) and Conclusions:

reported to be as high as 40 KM. Therefore, fractional inhibition, i, of modafinil for inhibition of
CYP2C194s sdftficiently close to unity (0.50) to deserve special attention. The possibility exists
that modafinil may competitively inhibit the metabolism of those drugs that are metabolized by
CYP2C19. In this regard, modafinil would be expected to inhibit the metabolism of those drugs
that are substrates for CYP2C19, which include omeprazole, lansoprazole, hexobarbital,
mephobarbital, propranolol, citalopram, diphenylhydantoin (dilantin), imipramine, mebhenytoin.
pentamidine, proguanil and diazepam. The clinical and toxicological consequences of such

inhibition will be relevant only if the rate of elimination of these drugs is determined by CYP2C19.
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In another study (Submitted as IND_, the sponsor evaluated modafini] as
a mechanism-based (reversible and irreversible) inhibitor of various CYP enzymes. The
study condition was the same as the one mentioned above, except that modafinil was
preincubated with the microsomes prior to the addition of marker substrates. The result

- showed that modafini] or a monooxygenase-dependent metabolite of modafinil has no

capacity to inhibit these CYP enzymes in a mechanism-based manner.

Comments:

The reversible competitively inhibition action of modafinil on CYP2C19 seen in
vitro indicated @ drug-drug interaction in vivo. As sponsor mentioned in the conclusion,
for drugs with narrow therapeutic window, the interaction could be clinically significant.
A clinical study to investigate the interaction between modafinil and one of the
CYP2C19-metabolized narrow therapeutic drug is encouraged.
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17. An In Vivo Study of Modafinil Using Primary Human Hepatocyte Cultures:

Induction of Hepatic Drug Metabolism Activities and Biotransformation (DM-96-
042)

Objectives:
To investigate the effect of modafinil on major CYP enzymes in cultured human
hepatocytes obtained from three donors.

Methodology:

Modafinil at concentrations of 10 HM, 100 uM and 1 mM were used in the
incubation with human hepatocytes for 72 hours. Classic inducers of each examined
CYP enzyme were used in the same batch of cells as positive controls for modafinil. The
rate of metabolism for each marker substrate of the enzyme was recorded to determine
the enzyme activities.

Results (Attachment 17) and Conclusions:

The results showed that there were large variations of CYP activity among three -
liver microsomes, among the nontreated freshly isolated hepatocytes, among the
nontreated hepatocytes at 72 hours, and among the response to both the classic inducers
and modafinil. Nevertheless, modafinil showed slight induction on CYP3A activity and
inhibition on CYP2C19 in the cultured cells.

Comments:
It is a good attempt to study the induction potential of modafinil in vitro, using
human hepatocyte. However, the inconsistency and big variation of enzymatic activities

and responses to the prototypical inducers and modafinil limited the use of this cell
culture model to predict in vivo interaction.
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=35 Provigil® (modafini)

NTTACHIENT 4 -17-

uman Pharmacokiretics and Bloavailability < Summary of Humar Pharmacokinetics and Bioavaitability Study Results

The effects of reference co

summarized in Table 6.2-93.

Table 6.2-91. Drug Metabolizin
' Prepared from the

mpounds on drug metaboliziag enzyme activities is

g8 Enzyme Activities in Microsomes
Human Livers

Microsome Enzyme Activities
Donor Included in the Other Donors*
Study
RS

Substrate (Reaction) H97 H100 Min./Max. Average n
, Ethoxyresorufin 143 18 61 4-240 70 23

(O-deethylation)®

Phenacetin 2.7 1 1.9 0.1.4 13 : 24

(deethylation)®

Pentoxyresorufin 0.3 0.5 0.9 0.03-1.2 04 23

(O-dealkylation)®

Mephenytoin 60 200 190 <5-200 40 23

(hydroxylation)®

Dextrome%rphan 0.4 0.2 0.2 0.02-0.5 0.15 27

(demethylation)*

p-nitrophenol 23 2 4.6 0.5-8 238 21

(hydroxylation)®

Nifedipine 6.3 1.8 6 0.1-10 3.5 29

(oxidation)®

Lauric acid 1.8 1.8 1.6 0.1-2 0.7 18

(hydroxylation)*® ] ‘

* Values obtained in the laborato,

N = number of donors). *

* Values are expressed as picomole of metabolite fo
® Values are expressed as nanomole of metabolite fi

ry with other human donors (min= minimum; max. = maximum;
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rmed/min/mg microsomal protein.
ormed/min/mg microsomal protein.
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NDA 20-717
Provigil® (modafinit)
Human Phamacokinetics and Bioavnilability-—- Summary of Human Pharmacokinetics and Bioavailability Study Results

a . Table 6.2-92. Drug Metabolizing Enzyme Activities in Hepatocytes
, Prepared from the Humap Livers
— e %
,L ' Hepatocyte Enzyme Activities
Donor Included in the Study Other Donors*
H94 H97 H100 | Min/Max. Average | n
TO | T72 | 10 {172 | TO T72
19 109 [ 07 | 14] 73 0.6 0.2-8 3 19
Phenacetin 1.6 | 34 | 41 | 33 | 54 1.5 0.1-25 4.7 25
deethylation) :
entoxyresorufin [ 22 | 13 [ 03 [ 08 | 17 | 20 0.1-5 0.7 |19
O-dealkylation)® :
ephenytoin 0.3 04 | 0.7 0.6 04 0.1-2 0.7 6
ydroxylation)
Dextrome{&rphan 06 [ 13 [06 | 05 | 03 0.3 0.1-2 0.5 6
demethylation)®
ifedipine 58 |~17 | 34 8 13 3.8 0.5-13 53 8
o oxidation)®
(A ) Lauric acid 09 fos | 1 |13 | 1412 o3a 08 |7
- ydroxylation)®
'Pmcetamol‘
-Glucuroconjugate { 1.6 26 | 59 | 5.7 L5 1.1 0.3-16 4.1 26
-Sulfoconjugate 26 3 52 4 1.7 1.7 0.1-14 - 3.6 27
0.17 1 0.15 | 0.03 | 0.04 | 0.08 0.06 [ 0.05-0.5 0.2 14 S
2 4.1 1.1 1.5 0.8 1.4 0.1-7 1.1 32

* Values obtained in the laboratory with other human donors (min. = minimum,; max, = maximum;
n = number of donors). Activity measurement was done 16-48 hours seeding.

® Values are expressed as picomole of metabolite formed/min/mg cellular protein.

¢ Values are expressed as nanomole of metabolite formed/min/mg cellular protein.

¢ Values are expressed as U/mg cellular protein.
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8.4 - Ethoxyresorufin O-deethylase activity, supported by CYP 1A, in human hepatocyte cultures,
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