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MORGAN, LEWIS & BOCKIUS LLP

{A Pennsylvania Limited Liability Partnership)

Alfred I. Techner, Jr. (2495) S
502 Camegie Center B
Princeton, New Jersey (8540-6241

609.919.6670

Atltorneys for Plaintiff
Cephalon, Tne.

UNITED STATES DISTRICT COURYT
FOR THE DISTRICT OF NEW JERSEY

CEPHALON, TNC., a Dclaware corporation, Clivil Action No. {_‘7 ({ a’., ‘T{J f‘
: Ciam )
Plaintiff, "

V.

SANDOZ INC., a Colorado corporation,

Defendant. . COMPLAINT

Plaintiff Cephalon, Tnc. (*Cephalon™), by its attorneys, hereby alleges as lollows for its
Complaint against Sandoz Inc. (“Sandoz™):

Nature of the Action

This is an action for willful patent infringement arising under the patent laws of the
United States, Title 35, Uniled States Code, 35 U.S.C. §§ 271 and 281. This action relates to an
Abbreviated New Drug Application (*“ANDA™) filed by Sandor. with the United States Food and
Drug Administration (“FDA™) for approval to market a gencric version of Cephalon’s

PROVIGIL® modafinil drug product.
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Parties

1. Cephalon is a corporation organized and cxisting under the laws ol the Statc of
Delaware, with its principal place of business at 145 Brandywine Parkway, West Chester,
Pennsylvania.

2. Upon information and belief, Sandov is a corporation organized and existing
under the laws of the State of Colorado, having a principal place of business in this judicial
district at 2400 Roule 130 North, Dayton, New Jersey and at 506 Cammegie Cenler, Suite 400,
Princcton, New Jersey. Sandoz is registered to do business in New Jersey and has registered
prescription drug products in the New Jersey Gencric Formulary of the New Jersey Department
of Health and Senior Services.

Jurisdiction and Venue

3. This Court has jurisdiction over the subject matter of this action pursuant to 28

U.S.C. §8 1331, 1338(a), 1400(b), 2201 and 2202,

4, Sandoz is subject to personal jurisdiction in this judicial district.
5. Venue is proper in this judicial districi pursuant to 28 U.8.C. §§ 1391 and
1400(b).

Cephalon’s PROVIGIL® Patent

6. Cephalon is the owner by assignment of U.S. Reissue Palent No. RE37.516 (“the
RE ‘516 Patent™), cntitled “Acetamide Derivative [Taving Defined Particle Size,” which the
United States Patent and Trademark Office duly and legally issued on 15 January 2002, A true
and correct copy of the RE ‘516 Patent is attached hercto as Exhibit A. The claims of the RE

*516 Patent are valid and enforccable. Cephalon owns all right and title to the RE '516 Patent

1-PR/1254882.1 pl
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and has the nght to sue for and obtain equitablc relict and damages for infringement. The RE
*516 Patent expires on 6 October 2014,

7. PROVIGIL® modafinil, which is covered by claims of the RE ‘516 Patent, is the
commcrcial formulation of modafinil developed, manufactured and sold by Cephalon.
PROVIGIT.® modafim] was approved by the FDA on 24 December 1998, for treatment of
excessive daylime sleepiness associated with narcolepsy. The FDA's official publication of
approved drugs (the “Orange Book™) includes PROVIGIL® modafinil listed together with the
RE “516 Patent,

8. By letter dated 9 April 2004 (the “Sandoz Notice Lelter™), Sandor. notilicd
Cephalon that Sandoz had submitted ANDA No. 76-935 (the “Sandoz ANDA”) to the FDA
under Section 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355())), sccking
approval (0 engage in the commercial manufacture, use and sale of tablets containing 100 mg
and 200 mg of modafinil (the “Sandoz ANDA Modafinil Tablels™), a generic version of
PROVIGIL® modafinil tablets, before the expiration date of the RE ‘516 Patent. Upon
information and belief, Sandoz intends to engage in commercial manufacture, use and sale of the
Sandoz ANDA Modafinil Tablets promptly upon receiving FDA approval (o do so.

9. By [iling ANDA No. 76-935, Sandoz has nccessarily represented to the FIDA thal
the Sandoz ANDA Modafinil Tablets have the same active ingredient as PROVIGIL® modafinil,
have the samc rouic of administration, dosage form, and strengths as PROVIGIL® modalfinil, arc
bioequivalent to PROVIGIL® modafinil, and have the same or substantially the same proposed
labeling as PROVIGIL® modafinil.

10, Tn the Sandoz Notice Letter, Sandoz notified Cephalon that its ANDA contained a

“paragraph LV certification” that, in Sandoz’s opinion, no valid claim of the RE *516 Patent will

I-PR/1254882.1 3
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be infringed by the manufacture, use, offer for sale, or sale of the Sandoz ANDA Modafinil
Tablets.

Il Sandoz’s submission of ANDA No. 76-935 to obtain approval (o engage in the
commercial manufacture, use, offer to sell or salc of the Sandoz ANDA Modafinil Tablets, prior
to the expiration of the RE ‘516 Patent, constitutes infringement ol onc or more of the vahd
claims of the RE 516 Paleni under 35 U.S.C. § 271(e)} 2} A).

12. Sandoz's commercial manufacture, use, offer to sell or sale of the Sandoz ANDA
Modafinil Tablets, prior to the expiration of the R ‘516 Patent, would constitute further acts ol
infringement of such patent under 35 U.8.C. § 271. Sandoz’s filing ol its ANDA, and Sandoz’s
intcntion to engage in the commercial manufacture, use, offer to sell or sale of the Sandoz
ANDA Modafinil Tablets upon recciving FDA approval, create an actual case or controversy
with respect o inftingement of the RE 516 Patcnt.

13. Upon FDA approval of the Sandoz ANDA, Sandoz will infringe the RE *516
Patcnt by making, using, offering to sell, and selling the Sandoz ANDA Modalinil Tablets in the
United States, and by actively inducing and centributing to infringement by others, unless
enjoined by this Court.

14.  Sandoz had aciual and constructive notice of the RE ‘516 patent prior to the filing
of ANDA No. 76-935. Sandoz’s infringement of the RE 516 patent has been, and continues to
be, willful.

15, (cphalon will be substantially and irreparably damaged and harmed 1f Sandoz’s
infringement is not enjoined. Cephalon does not have an adequate remedy at law.

16.  This action is being brought before the expiration of forty-five days from the date

Cephalon received the Sandoz Notice Letter, which Cephalon received no carlier than 14 April

1-PR/A254882.1 4
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2004,

Praver for Relief

WHEREFQRE, Cephalon prays that this Court grant the following relicl:

A, A declaration that the RE ‘516 Patent is valid and enforceable;

B. A declaration that a ¢laim or claims of the RE ‘516 Patent arc infringed by the
Sandoz ANDA Modafini] Tablets, that Sandoz’s submission ol its ANDA No. 76-935 14 an act
of infringement, that Sandoz's making, using, offering to sell, selling, or importing the Sandoz
ANDA Modalinil Tablets will infringe the RE *516 Patent, and that S'cll](l()x;s infringement is
willful:

C. An Qrder providing that the effective date of any approval of Sandoz’s ANDA
No. 76-935 shall be a date which is not earlier than the date of the expiration of the RE 510
Patent;

D. An Order permanently cnjoining Sandoz and itg affiliates and subsidianes, and
each of their officers, agents, servants and cmployees, from making, using, offering to sell,
selling, or importing the Sandoz ANDA Modafinil Tablets until after the date of the expiration of
the RE 516 Patent;

E. Damages or other monetary reliel to Cephalon if Sandoz engages in the
commercial manufacture, use, offer to sell, sale, or importation of the Sandoz ANDA Modalfinil
Tablets prior to the expiration of the RE ‘516 Patent, and that any such damages or monetary
relief be trebled and awarded to Cephalon with prejudgment interest;

F. Reasonable attorneys’ fees, filing fees and reasonable costs of suit incurred by

Cephalon in this action; and

1-PR/AT254882.1 5
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G. Such further and other relief as this Courl deems proper and just.

MORGAN, LEWIS & BOCKIUS LLP
Attomeys for Plamtift
Celphalon, Inc.

Dated: 26 May 2004 By:

v
A

Princeton, New Jersey 08540-6241
609.919.6670
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form of pasticles ol defined size. The panicle size of
wodafinil can have a significant cffect on the potency and
safety profile of the drug.
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ACETAMIDE DERIVATIVE HAVING
DEFINED PARTICLE RIZE

Matter ctclosed In heavy brackets [ ] appears o the
orginal potent but forms no part of this nelsue specifi-
cation: matier printed in (tallcs indicates the additivos
made hy reissue.

BACKGROUND OF THE INVENTION

Publications cited in this documenl are incorporated
herein by reference,

This inventivn relates 10 the acetamide derivativa amdafi-
ail. Modafinil (C,qH,,N0.8), is 2-(henzhydrylsulfinyl)
acclamide, 3nd 5 also known as 2-[(diphenylmetbyl)
sulfinyl]acetamide.

Modafinil has been dascribed as presenling 3 “0curopsy-
chopharmacoloyical spectrun charactenized by the presence
ofexcilation with hyperactivily and of hypermotility; and by
the absence of stereolypy (cxcept in high doses) and of
potentialisation of the effects of apomorphine and amphet-
amine” (U5, Pat. No. 4,177,290, hereinaficr the “*290
patent,” which is incurporated herein by reference). A sinple
administeatioe of modafinil resulls in mereased locomator
aclivily in mics and increased nocturnal activity in monksys
{Duteil ¢t al,, Bur. J. Pharmacol, 180:43 (1990)). The neu-
ropsychopharmacological profile of modafinil has been dis-
tinguished from thal of amphetamines (Saletu et al, Int. J.
Clin, Pharm. Res. 9:183 (1989)). Modafinit is thought to
modutale the central postsynaptic alpha,-adrenergic
reccplor, withoul participation of the dopaminergic System
(Duteil et al,, supra). Modafini hag been suceeasfully tested
in humans for treatment of idiopathic hypersomnia and
parcolepsy (Bastuji et al., Prog. Neuro-Psych. Riol. Prych.
12:695 (1988)).

MNarcolepsy is a chronic disorder characterized by ialer-
mittent sleep allacks, persistent, cxcessive daylime slespi-
ness and aboormal rapid eye movement (“REMT™) sleep
manifestations, such ag sleep-onset REM perieds, cataplexy,
sleep paralysis and hypnagogic hallucinations, or both
{Assoc. of Sleep Disorders Centors, Sleep 2:1 (1979)). Mast
patients with parcolepsy also have disnupted nocturnal gleep
{Montplaisir, in Guilleminault et al. eds., Narcalepsy, Spec-
irum Pub., New Yok, pp. 43-36), Pathological somnolence,
whether due to narcolepsy or other ¢auses, iz disabling and
potentially dangerous. Causes of pathalogical somocolency,
uther than nareolepsy, include chronie slewp loss (Carskadon
et al, Sleep, 5:573 (1982); Carskadon et al.,
Psychophysiology, 18:107 (1981)); sleep apoea (Kryger et
al., Pritciples and Practice of Sleep Medicine, W. B. Saun-
ders Ca,, Philadelphia, Pa. (1989)); and other sleep disarders
(Intermational Classification of Sleep Disorders: Disgnostic
apd Coding Manual, American Slecp Disorder Association,
Rochester, Minn. (1990)). Whether due to narcolepsy of
other causes, pathological somoalence produces cpisodes of
unintended sleep, reduced aticntion, and perfommance Lrrors.
Consequently, it is linked ta a varigty of transportation and
industrial accidents (Mitler et al., Sleep 11:100 (1988)). A
tberapeutic agent that teduces or climinates pathological
samnolence would have imponant implications aot only for
individual patients, but also [or public health and safety.

Other uses of modafind bave been presemted. U5, Pat,
Wo. 5,180,745 discloses the use of modafinil for providing
a neuraprotective effect in humans, and in pacticular for the
treatment of Parkinson's disease, The levorotalory form of
modafiodl, i.e., (~Jbenzhydiylsulfinyl-acetamide, may have
potential benefit for treatment of depression, hypersomnia

0
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and Abzheimer's disease (US. Pat, No, 4,927,855). Euro-
pean Published Application 547952 (published Jun. 23,
1093) discloses the use of modafinil a5 an snti-ischemic
agent. European Published Application 594507 (published
Apr. 27, 1994) discloses the wse of modafinil to teeat wrinary
incontinenes.

SUMMARY OF THE INVENTION

Our invention disclozes a pharmaceutionl composition
comprising modafinil in the form of particles of a delined
size, and the wse of such composition. We have discovered
that the size of modafinil particles is important to the
petency and safety profile of the drug,

“Particle,” a3 used herein, refers to an aggregated physical
unit of the acetamide compound, ic., & picoe or 4 graio of
acelamide, For example, F1GS, 2-8 provide photographic
representations of vanous mudafinil particles from Lots E-D
and 1-1.

As used herein, the teem “mean,” when used in reference
to the size of modafinil particles, refers to the sun of the size
mesyrements of all measurable pacticles measured divided
by the total number of particles measured. For example, for
five measurable particles which could be measured, and
were delermined w bave dismeters of 20 microns, 23
microns, 20 microns, 35 microns and 20 microns, the mean
diameter would be 23.6 mictons. As ustd herein, the term
“diameter” is & volumelric measurement based on the pre-
sumed spherical shape of modafind particics.

As used herein, the torm “median,” when used in refer-
ence to the size of modafinil particles, indicates that sbout
50¢% of all measurable particles measured have a particle
size less than the defined median particle size value, and that
aboul 50% of all measurable particles measured have a
pagticle size greater thaa the defined median particle size
value. For example, for the five particle values listed above,
the median diameter would be 20 microns.

As used berein, the term “mode," when used in reference
to the size of modafinil particles, indicates the most
frequently-occurming particle size valus. Far caanple, for
ihe five particle values listed above, the mode diameter
would be 20 microns.

As used herein, the term “pereent cumntlative,” when used
in reference 1o the size of modafinil panicles, refers to &n
aggregate of (he individual percent values for all measurable
pasticles measured at specified diamelers,

As used herein, “aboul” means plus or miods approxi-
malely ten porcent af the indicated value, such et “about
20 microns™ indicatcs approximaiely 18 to 22 microns. The
size of the particle can be determioed, ¢.g., by the methads
provided below, and by coaveptional methods known to
those of skill in the arl.

In accordance with the inveotion disclosed berein, the
mean particle size for 1 modafinil particle preferably ranges
from about 2 microns to about 19 microns, mare preferably
from aboul 5 micions to about 18 microps, and most
preferably from about 10 microns b abaut 17 microns.

lo sscordence with the inveotion disclosed berein, the
median particle size for modafinil preferably ranges from
abaut 2 microns 1o about 50 mictons, more pecferably from
about 10 microns to 50 microns, and most preferably from
ahant 20 microns (o about 40 microns.

In accordages with the invention disclosed bergin, the
mede particle size for modafinil preferably moges fom
ghout 2 microns to about 60 microns, more preferably from
about 10 mivtons to about 50 micrans, and most preferably
from about 20 microns 10 about 40 microns.
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We view (b median measurement as having preater
imporance compaced lo the mode or mean values iothat the
median vahw provides an indication of the distobution of
(he particlés measured in a given population. While pot
pecessarily a limitation bul ratber an indicator of the con-
sistency of the population measured, the ratio of median:
mean: mods would ideelly be 1:1:1; however, a ratic of
raedian to mean of 1:2.50 to 1:0.50 is acceplable, and a ratio
of median to mode of 1:2.50 to 1:0.50 i5 acceptable. 1deally,
the standord devistion belween the mean, median and made
measurements of a modafinil population would appraach
zern, indicating that every particie in the population mea-
sured was substantially identical or met the eriteda for an
ideal, normalired disiribution. A standard deviation of less
{lun about 25 betwesn the mean, median and mode mea-
suremenls is acceptable as an indication of the consistency
of the population of the particles measured.

[u sccordanes with the invention discloged bersin, it is
preferable thal not more than abowl 5% of the cumulative
total {percent curnulative) of modafinil particles io any ooe
dose provided tn a mammal have particle sizes greater than
aboul 200 microns; it is more preferable that not more than
ahaut 5% of the cumuiative iotz] (percent cumulative) of
modafinil particles in eny one dose provided o a mammal
tiave particle siees preater than about 190 microns; it is most
prefzrable that aot more than about 5% of the cumulative
total {percent cumulative} of modafinif particles in any one
dose provided o a mamimal kave particls sizes preater than
sboul 180 microns. Thus, a “substantially homogeneous
mixture” of modafinil particles, as wilized horein, refers 1o
a mixlure of modafinil particles in which at least about 95%
af the particles in that mixture are less than 2 defined size.

The valus ranges defined above are hased upon measure-
toents made wilizing techoology and instruments developed
by the [Hac/Royko Division of Pacific Scicutific (11301
Tech Road, Silver Spring, Md., 20904, United States of
Amgeriva). As those im the art may appreciate, different
iostruments manufactured by different comipanks may pro-
vide different measurements [or the same¢ pacicles. For
cxample, in a characicristic modafinil lat (Lot T-2), the
mean, median, and mode particle measumments obtained
using a Coulter Covnter TA 1 sizing counter were 43, 31,
and 29 microns, respectively. Using a Hiac/Royko Model
Q064 sizing counter, the mean, medizo and mode particle
measurements obleined for Lot L-2 wers 18,75, 31.41 and
25.31 microos, respectively. These differences are presum-
ably predicated upon the different approaches used in mea-
suring pariicles of such dimioutive sizes. Thus, the value
ranges provided above gre relative and are most preferably
to be considered in view of utilizalion of inslruments and
operating systems maowfaciured by Hisc/Royke, for
example, and preferably, the Hiac/Royko Model %064 sys-
iem sizing counter.

Muodafinil padticles of the invention can be in the form of
& pharmacologically acceptable sall, e.g., an aeidic or basic
addition salt.

In anotber aspect, the invention features a method of
altering a somnolent state, €.g., narcolepsy, idiopathic hyper-
somnia and telated sleep disorders, using medafinil panticles
of & deflned size. The method involves administening to a
mammal a pharmaceutical composition comprising an effec-
live amount of modatinil in the foro of particles of o defined
&l7E.

“An effective amount”, 45 used herein, is an amount of the
pharmaveutical composition that is effective for trealing a
sompolent or somuoléscent state, i.g., a0 amovnt of modafi-
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nil of a defined particle size that i3 able 10 recuce or
climinate the symiploms of a sonmolescent state. An affec-
tive amount of 2 pharmacentical composition of the inven-
Lon is useful for echiancing alertness, or increasing regular.
ity of sleep chythims,

A “pharmaceutical composition”, as used berein, means a
medicament for use in treating 3 mammat thal comprises
modafinil of a defiped particle sizs prepared in o manner that
is appropriate for administeaton 0 & mammal, A pharma-
ceutical composition according w the inveation may also,
but does not of necessity, include & non-toxc pharmaceuti-
celly acceptable carier,

The pharmaceutical composition of the invenlion can
contain ol least about 50 mg, preferably at least abour 100
mg, or more preferably at least about 200 mg of modatinil
having a panticle size as defined above, The pharmaceutical
composition preferably contains oo more than about 700
myg; mors preferably, no more than about 600 mg; and mest
preferably, ne mure thas about 400 mg, of modafinil having
a parlicle size as defioed above,

Other featwies and advanieges of the iovention will be
apparent from the following detajled description and from
the: claims,

DETAILED DESCRIFTION

We first bricfly describe the drawings.
I. Drawings

FIG. 1 is a graph depicting particle size distritutions for
2ix lots of modafinil: Lots L-1, -2, E-A, E-B, E-C and E-}.

FIG. 2 is a scanning electron micrograph of a sample of
modafinil Lot E-T? a1 50x magnificating.

FIG. 3 i5 1 scanning clectron micrograph of a sample of
modafinil Lot E-D at 100x magaification,

FIGi. 4 is a scanping eleciron micropraph of a sample of
madafinil Tot L-1 at 50x magnification.

FIG. & is 3 scanning clecton micmgraph of 3 sample of
modafinil Lot L-1 at 100x magnification.

FI. 6 i 4 graph depicting the dissolution rate of modafi-
nil particles from Lot E-D (median paick size 94.05 ym)
and Lot I-1 (median particls size 50,18 pm).

FIG. 7 is a graph depicting the dissolulion rats of modafi-
nil particles from Lot E-B (mediaa particle size 89.10 jan),
Lot E-D (uedian pacticle size 94.05 gm) and Lot L-1
(mediao particle size 50,18 um).

FIG, & is a graph depicting mean plasma concentration of
mudafiail in dogs following single oral doses of modafinil
from lots with dilfersnt particle sizes,

Flti. 9 is a graph depicting mean plasma concentration of
modafinil equivalents, ic., modafllnil and modafinil acid
metabolite, in dogs, fallowing single oral doses of modafinil
fram lots with different particle sizes,

II. The lavention

The inveution results from our discovery that the pasticle
size, and the consistency of the particle size, of modafail
can have a significant effect on its patency and safely profile.

The first human wrials for the wse of modafinil to reat
paccolepsy look place outside of the United States of
Asetica, The modafinil used in the initial studies was
prepared in non-commercial seale lots (referred to hercin 25
“early” or “E* lots). Pursuant (o our discovery of the present
inveation, it was obscrved that the carly lots had 2 medizn
particle size of between 80 microns ('pm"} and 150 jm. [n
ibe initial safety slodies conducted outside of the United
States, carly lot modafinil was administercd i humans
without repovts of clinically sigoificant adverse events in
woute admisiztration.
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Separate safety and efficacy studies of modafinil were
sybsequentty conducted in the Uniled Stales under the
direction of Cephalon, Inc. using modafing! lots prepared by
2 method scaled up for commercial production (refermed to
herein as “late” or “L” lots). When the late lots of madafinil
weere administered to humans in the United States, the initial
clinical {ral rvealed the occumence of unanlicipated
adverse cvents at & dose level (B0O mg/day) previousty
determined to be poceptable during studies conducted out-
side of the United States, We discovered that the late lots bad
4 median particle size of between 30 and 50 ym. Thus, the
initial buman tals conducted in the United Stales were
performed with modafinil having a significantly smaller
purlicle sizs.

As was subsequently discovered, lots comprising 1
smaller pacticls size resulted in an increase in the potency of
modafinil, lcading us to conclude that the drug can be more
readily absorbed when cumpared to modafinil derived from
lots comprising 4 larger pacticls size. Therefore, modafinil
parlicles of a defined size pravide at least two significant and
unexpected advantages. First, potency is increased. A
smaller average patticle size allows achievement of a given
modafinil plasma conceniration at a lower oral dose, Second,
with the knowledge of lhe importance of particle size vn
potency, the safety profile of the drug can be more accurately
controlled because dosing with cansistent and defined par-
ticle sives allows for greater reliability in the dosing of the
dug necessary to achieve a desired resull
1Il. Human Clinical Safety Studics—Foreign

‘Ihe safety and phammacodynamics of modafimil wero
initially characterized in several studies conducted outside
the United States using modafinil obtained from the early
lots, During these stidics, medafinil in amounts of up to
4,500 mg have been ingesied without the accurrence of
significant clinical side effects (s2e, for example, Bastujl,
supre; se¢ also Lyons, T, J. and French, 1. Aviation, Space
and Environmental Medicine May, 1391, 432). No statisii-
cally of clinically significant hemodynamic changes in heart
rale or blond presasre in patients or io healthy volunteers
using modafinil doses tesied in the foreign studies bave been
reported.

[V. Humen Clinival Safely Studics—United States

While significant tesliog of modafinil had elready been
vonducted outside the United States, new drug candidates,
such as modafinil, typically undergo clinical esearch in the
United States in order to corroborats the informatioa
abtained in foreign studies. The first United States climeal
evaluation of modafinil was a double-blind, ascending dose
study involviag oral administration of modafinil to healthy
males (i.c., physically and meatally healthy male subjects 18
to 50 years of age; average body weight of -10% to +15%
of normal weight for age, height, frame and sex; 210L).

"The planned doses for the first United States clinical trial
were 200, 400, 600, §00, 1000, 1200 and 1400 mg/day of
tuodafinil or placebo. These doss levels were based upon the
safety profile observed during the Foreign clinical testing, of
modaflnil. Subsequent doses were given only when it was
determined Lhat the previovsly administered doge wag safe
and welt tolerated, For example, the safety data for the 200
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mg study dose was teviewed and mssessed before other
volunteets received the 400 mg dose.

In this fiess United States Phase | clinical study, modafinil
from Lot L-1 was wiilized, Complete data were obtained for
threc of the seven modafinil dose levels intended for testing,
i.6., 200, 400, and 600 mp/day. However, elevations in heart
rate and blood pressure were noted in two of the voluntesrs
at the 800 myz dose level These sympioms resolved without
treatment or sequelas following drug discontinuation. This
was surprising and eompletely unexpeciled, given the esce-
lation of modafinil dosing obesrved in the foreign studies.
Because these results were upexpected and because they
apcued in heslthy voluuleers, these advense avents led o
discontinvation of dossge progression at the 1000, 1200 and
1400 mg/day levels until the cause of such resulls was
determined,

V. Discrepancy Between he Toreign and United States

Reaults

Tn searching for the cause of the discrepancy, we com-
pared plasma levels of modalinil measured in the first United
States study and the preceding Tursign studics. We found that
al 2 given oal dose, when compared 10 subjects in the
forcign studies, subjocts in the United States study had
higher peak modafinil plasma levels.

The modafinil 1ablets used in the foreign studies were
based upon early lots of modafinil, while the modafinil
tablets used in the United States study were based upon late
jots of modafinil. We theorized that a difference jn bioavail-
ability of the diffecent lois of modafinil was responsible for
the differences in maximum (olecable dose chserved id the
forcign and United States clinical smdies. Alihough nol
abvious or readily apparent, one of several possible expla-
natinns which we posited was a possible diffsrence in the
modafinil particle size used in the foreign and the United
States stucliss,

V1. Particle Size Analysis

Following this assumption, we compaved various param-
cters from bots of the bulk drug; such compariscos bad oot
been conducted previously, given the assumption that the
modafinil being tested in the Uniled States was the “same®
#5 that investiyatad outside of the United States. Particle size
distribution of the bulk drug was among the parameters
wxauined, We bave performed modafinil particle s analy-
ses with a Hiae/Royko Model 9064 sizing counter, a Coulter
Counter sizing counier, by eplical microscopy and by scan-
ning electron microscopy.

Qur padicle size moasurements were oblained using a
Hiae/Royeo Model 3064 sizing counter following manufac-
turer instructions (400 pam aperiure; saturated water with
modafinil solution; PDAS program). A summary of the
results of these measutements is presented in Table I, which
includes the mean, median and mods particle sizes for six
represeutalive lots of modalfinil. For comparative purposcs,
the standard deviation values derived from the mean,
median and mexde measurements are provided, as are 1be
tatio values of median:mean:mode. Lots E-A, E-B, E-C and
E-D} were amwong the so-called early lots, and Lots -1 and
L-2 were among the so-called late lots.
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TABLE 1

MODAFINIL PARTICLE DIAMETER.

&TD DEVIATION

MEAN* MEDIAN" MODE* BETWEEN MEADN,
o7 (4m) {um) {gam) MEDIAN, MONDPE  MEDIAM-MEAN:MODE
E-A 34,00 4/- 521 14565 of= 326 17048 +/- 532 4,27 14.15:81
E-B 2999 4/- 109  §0.040 +/- 4.28 TA.59 /- 2.60 3153 1:297:1.13
E-07 Y &/~ 410 00 4/~ 378 10100 +- 4D.92 7.3 Y:279-78
B0 2214 4/~ .76 W05 +/- 1375 15443 - 4381 68.19 i 2549
11 2140 44— 257  HLIB +- 1257 S5 #f- 2239 18.73 17134-89
L2 1875 +- 189 34l +/- A57 50 /- 134 536 1:1.68:1.24
"0 = 4 - values e standard devistions
15

FIG. 1 is a graph of paricle diameter versus pereent
cumutative particles for late Lots L-1, L-2, and for the early
Lots E-A E-B, B-C, and E-I3. The 50 perceni cumulativa
particle size for Lots [-1 and L-2 was belwesn approxi-
mately 30 um and approximately 50 pam, while the 50
percest cumulative paeticle size for Lots E-A, E-B, E-C, 1ad
E-D was between approximately 80 pm aud approximately
140 pm.

In addition to the Hiac/Royko data, sleciron microscopy

and optical mictoscopy were used to verify modafinil par- 25

ticle size and morpholagy. Representative scaning electron
micrographs of early Let E-DY are shown in FIG. 2 (50
maggification) and in FIG, 3 (100= magnification). Repre-
sentative scanning electron micrographs of lats Lot L-1 arc

shown in FIG. 4 (530x magnification) and FG. 5 (100x 1p

magmification).

It is noied that the size of modafinil particles may be
determined by any of several conventional methods, Meth-
ods useful for analyzing particle size within the range of 100
Angstroms to 108 gm, include, but are not limited 1o: laser
diffraction parlicls size analysis, techanical sieving, optical
microscopy, uliraceateifugation, sedimentation, air
permeability, clectron microscopy, scaafing ¢lectron
microscopy and Coulier Counter techniques, For a gensral
review of methods for determining panicle size, see Marlio

ei al., Physical Pharmacy, 3rd Ed., Lea & Febiger, Philadel- 40

phia (1983). Sec also O'Cooner in Bemington's, infra,
Sectjion 1X.

Optical microseopy is useful for particle size measure-
ment in the range of 0.2 jan 1o 100 um. For optical

micrascopy, an envlsion or suspension, dilwed or undiluted, 45

is mounted on a slide or ruled ¢ell- The microscope cyepiece
is fitted with a micromeler by which the size of the particles
thay be estimated,

Mechanicsl sicving uses s serics of standurd sicves cali-

brated by the MNalivnal Bureau of Stapdards. Mechanical so

sieves may be used for screening malenial as fine as 44 pm
{No. 325 sieve). Sieves manufsctured by photo-etching and
clectroforming are available with apertures from 90 gm 1o 5
i,

Measurements obtained using instruments and techoiques 55

developed by Hiac/Royko are preferred. A Hiac/Royco
siring counler wiilizes the principle of light-extinction
(obscuration) for particle size detection. The peinciple
involved is that when a parlicle suspended in a liquid passes

through & sensor microce}l where a laser beam is directed 60

through a windaw at the ecll, the particles in the fluid block
the laser beam [rom a light-extinction photodinde
(photodetector) resulting in u loss of light intensity. This loss
of light inteasity detected by the photodetector produces an

clectrical pulse for cach particle, These pulses are prapor- 65

ticoal in amplitude 1o the light mensity (light extinction)
which is 2 measure of paicle size.

V1. Effect of Modafinil Particle Size on Rate of Maodafinil

Dissolution

We investigaled the effcct of medafinil particle size on the
rale of dissolution, The results of those sxperiments are
summarized in FIG, 6 and FIG. 7.

In the first expeciment, 500 m) of deivaized water was pul
in a 1-Yiter heaker and 50 mg of E-D or L-] way added. The
gugpensian was stirred constantly with & 5 om Teflon-coated
magnetic stir bar and a magnetic stir plate (Thermolyne
mode]l #546725). Samples of T ml each were taken at times
0,1, 5,10, 15, 20, 25, 30, 40, 50, and 60 minutes, with cach
sample being replaced with 1 ml of deionized water, The siir
plate speed selting was “27 for the first 20 minutes, apgd 7
from 20 to 60 minutes Each sample was immediately filtered
through & 0.45 pm filter, to remove undissobved particles.
The filtered samples were assayed for modafinil, by high
petformance liquid chromatogeaphy, based upon the method
of Moachaon et al. (1. Chromatag. B 654:91 (1994)). Modafi-
nil Lat 1-1 {median: 50.18 gm) had a faster dissolution rate
than did modafinil Lat E-D {mean;: 94.05 um). The rsults of
the first experiment are sumnarized in FI1G. 6.

A second dissolution rate experiment was conducted 1o
Jetermine relative dissolution cates of modafinil from the
capsules used in the dog study (described below) of plasma
modafinil levels following oral administeation of modafinil
from Lots E-B, E-D and 1.-1. In the second dissolution mis
experiment, the sotvent was 900 ml of 0.0LN HCL main-
faincd at 37° . Bach sampls placed into the 2olvent con-
sisted of 200 mg of modafnil packed in a gelatin capsule.
Stainless steel coils were atlached to the capsules to provent
them from floating, A stirring paddle was used at 100 rpm.
Solution samples were taken at 0, 5, 10, 15, 24, 25, 30, 40
and 60 minutes The results of the modafinil capsule disse-
lticn expeciment are summarized in FIG- 7.

VIIL Effect of Modafinil Particle Size on Madafinil Plasma

Concentration

Qiven the disparity in results between ihe foreign and
United States studies using what was presumed 1o he “iden-
tical” modafiail, additional non-human analyses were acc-
essary peior 10 continuation of buman clinical trials.
Accordingly, anima! siudies in dogs were carried out @
daterming the in vivo pharmacokinetics of modafipil with
differcol average particle sizs diamsters, roughly designated
35 having “small" (Lot L-1) and “large” (Lots E-A and E-D)
median parlicle sizes, Nine male dogs were randomly
assigned, acoording to body weight to three dose groups,
Each proup was given a single oral dose of 200 of mg
modafinil weekly for three weeks in a randomized, cross-
over desipn, 45 described in Table 2.
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TABLE 2

BULE DRUG LOT
AND MEDIAN
PARTICLE SIZTE

WUMBER OF

GROUP D35 WEEK

E-D (5405 pam)
L-1 (30,18 sm)
I3 (A9.10 am}
L1 (5018 )
BB {#9.10 pan)
E-D (94.05 pam)
E-B (89,10 san)
E-D (94,05 pa)
L-1 (56,18 p2m)

[T P e O

After each weekly dose, blood samples (2 mil) were drawn
from all enimals by venepuncture predose (within one hour
of dosing), and at 0.5, 1, 2, 3, 4,6, 8, 10, 12, 18, 24, and 36
hours post-doas. Hlogd samples were collected in hepann-
ized (lithivm heparin) test tubes and centrifuged at 2,500 (o
3,000 rpm. The plasma was drawn off with a plass pipetic,
and stored frozen (-20° C.) unlil analyzed, The plasma
concentralion of modafind, and its acid and suifone metabo-
lites were simultanecusly determined by high-pressure lig-
uid chromatography, according to the method of Moachoo et
al. (). Chromatag. B 654:01 (1094)).

Mcan plasma modafinil levels in the nine dogs, a1 0 o 36
bours after modafinil administration, ane depicted in FIG. 8.
Wilh “small* particles (Lod L-1), the plasma modafinil
concentration peaked a1 10 pg/ml. Io contrast, with “larper”
particles {1 ots E-D or E-B), the plasma modaiinil concen-
tration peaked at 8 pg/ml. Thus, the modafinil baviog a
me¢dian particle size of 50.18 um resulted in 2 higher peak
plasma concentration than that oblained with the same dose
of modafinil administered in the form of lager panicles.
Similar results wers observed regarding the acid metabolite
of modafinil, 2-benzhydrylsulfinylacetic acid as depicted in
FIt:. 9.

These mesults implicated the consequences of different
purticle sizes and the importance of contralling medafioil
perticts size, Hy controlling the particle size, safety concerns
can be addressed. For example, a non-homogenous mixture
of modafinil particle sizes may not provide consistent
potency nor avoid undesiced fluctuations in plasma modafi-
nil concentrations. such fluctuztions can lead o undesired
amd unexpecied evenls, Moreover, the uss of modafiml
particles having a defined size is more efficient because a
given plasma modafinil concentration can be achicved at a
lower oral dos:,

ARer the discrepancy berween the forcign and fimt United
States studics was resolved and delermined to be related to
the differsnces in particle sizes, a second Phass I study was
conducted in the Upited States, to fudher determine the
clinical safely, Wwlerance and pharmacokioetic praperties of
modafini! baving a particle siee as defined, The sccond study
involved oormal young males and an expermental desipn
similar to the Aest United States study (described above). In
the second siudy, all subjects began at 200 mg/day using
modafinil feom [ois 1 -1 or 1.2, Dosage was then titrated, in
200 mp/day inerements, up to the target doss. The msults of
this study suggested that 600 mp/day was the maximum
tolerable dose (“MTIM) of modafloil, with 800 mg/day
being the minimum intolerabie dose.
1X. Metliods of Prepariog Modafinil Having Defined Sice

Modalinil and modafinil-related componnds can be pre-
pared by conventionul methods, Msthods for preparing
modafinil and modafinil-related vompounds appesrs in the
*H0 patept. Modakinil of the paricle size defiosd berein

10
may be abtained by a varicty of approaches utilizing con-
ventional methods, e.g., the methods disclosed in the "290
patent, and then subjecting the modafinil of undefined par-
ticle size to cooventonal meilbods of milling and sieving.

5 Mothods for comminution (1., the mechanical provess of

v
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reducing the size of particles or aggrepates) are known to
those in the art Examples are provided in O"Conner <t al,
Chpl. 88, Remington's Pharmaccutical Seiences, 18th
Edition, Mack Publishing Co., Easton, Pa. (1990). Foilow-
ing comminution, the particles can be separated into & serics
of sicve cuis by passing the particles dowoward through an
apilated verlical stack of sieves of decreasing mesh sizes and
collecting the granules retsined on each seve or in the
bottam pan. Particles which fall owtgide of a desired range
can again be subjected (o milling and sieving.

X. Formulation and Administration

An appropriate dosage for modafinil having 2 defined
particle size is between about 50 mg and abowr 700 mwg of
modafinil.

The pharmaceutical composition described herein is most
preferably administered aeally in the form of a vehicle such
a3 & lablet, capsule, powder, pill, Liquid/suspension or emul-
sion. The sdministration vehicle may comprise a
pharmaceutically-acoeptable carmier. The carrier may corm-
prise pents that aid solubility, absorption, flavor, color or
lexture of the vebicle or its contents, Topical administration
via an spidermal patch or the like, or admipistration via
direct injection of the drug, is also acceptable.

A vehicle of the invention can includs 210-15% of the
modaflnil particle, due i factors such as vehicle manufac-
taring folerances and expected shelf life of the modafinil,
For example, 3 vehicle labeled as containing 50 my can be
initially prepared with, c.g., 55 or 58 mg of modatinil, with
\he cxp<ctation ihat after onc month to two years of storage,
the active amounl of modafinil therein bas decreased.
Vehicles prepared with such adjusiments in order to com-
pensate for the expected depradation of the drug fall within
the scope of the invention.

While the ipvention has been described n considerable
defail, the invention disclosed herein is not 1o be limited o
the actual description, but is to be afforded the full scope of
the appended claims and all equivalents thereto. Although
the specific cxamples presented herein ate directed to the use
of modafinil of a defimed parlicle size in the mediation of
narcolepsy, other uses of modafinil (s.g., for treatment of
Parkinson's disease, urinary incontineoes, Alzheimer's
disorder, etc.) bave been presented in the act, apd those
utilities are appropriate in conjunction with the inventon 25
disclosed berein,

What is claimed ja:

L. A pharmaccutical composition comprising & substan-
tially homogeneous mixture of mdafinil parlicles, whetein
at least about 95% of the cumulative total of maodafinil
pariicles in said composition bave @ dismeter of less than
about 200 mictons (sm).

2. The composition of ¢laim 1 wherein said particles have
a median diemeter range of betweedn sbout 2um and sboul 60
Ha,

3. The composition of elzim 1, whersin said compesition
comprises between about 50 milligrams and about 700
milligrams of said medafinil.

4. A method of aliering the sompolent stale of & mammal,
said method comprising administering an effective amount
of the compesition of ¢laim 1 to said mammal.

%, The method of claim 4, wherein 54id somnolent stats i8
narcolepsy,

&. The method of claim 4, wherein sald ¢ffcetive amount
comprises betweo about 30 milligrams/day and ahout 700
milligrams/day of zaid composition.
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7. A pharmaceutical composition in an oral unit dose
form comprising:

an amount of modafinil effective o alter a somnolent stale

of @ mammal upon oral administration,

said amourt of modafinil being in the furm of solid s

madafinif particles,

said particles kaving a size disiributlon wherein at least

about 95% of the cumulative total of said parlicles have
4 diamater of lexs than abows 200 microns {um).

8. The composition in unit dose form of claim 7 wherein
said effective amourt comprises particles have a medium
digmeter range of between about 2 pm dnd abrout 60 e

9. The composition in unil Jose form of claim 7, whergin
said effective amowrd comprises benween ahout 100 milli-
grams and abouw 200 milligranms of said modafinil

19. A mathod of altering the somnolenr state of 8 mamma,
said method comprising adminisiering one or more unit
doses of the composition of claim 7 ta said mammal.

11. the method of efaim 10, whereln sald somnolent state
is narcolepsy.

12, The method of claim 10, wherein between about 100
milligramsiday and abour 200 milligramsfday of said of
modafinil are adminisiered (o seid mammal.

13. A pharmaceniical composition acearding ta elaim 7,
further comprising additional modafinil parlicles in excess
of said effoctive amount,

4. A pharmaceutical compositinn according to claim 13
wherein satd additional modafinil particles represent about
10-15% of said effective amount of modafini,

15. A methad for erhancing aleriness or increasing regu-
larity of slecp vhythms in a mammal

said method comprising adminisiering an amount of

modafinil, as one or more orul wnil duses, to said
rdrmmcd, a8
said oral unlt doses comprising:

an amourt of modafinil effective Ia reat seid modafinil-

response disease or condition of said mammal upon
oral admiristridion,

suid amount of modafinil being in the form of solid

modafinil particles,

seid particles having a size distribution wherein ot least

about 95% of the cumulative total of said particles have
a diameter of less than about 200 microns (pm).

16, A method of treating a mammal diagnosed with o
madafinil-rexponsive disease or condition selected from the
group consisting of narcolepsy, Parkinson's diseqse, urinary
ircontinence, or Alsheimer’s disorder,

said method comprising administering an amounl of 5

modafinil, as ong or more oral unir doses, 1o said
mammal,

said oral urit doses comprising.

an amourt of modafinil effecrive to treal satd medafinil-

response disedse or condiffan of said mammal wpon
aral administration,

said amount of modafinll being in the form of solid

modafini! particles,

suid parilcles having a size disribution whereln al least

abous 95% of the cumulaiive tote! of said particles have
a diameter of lexs than about 200 microns (um),
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I7. A meihod or compeniion according to ane of claims
{6 wherein said modafindl particles are in e form of a
modafinil salt,

18 A pharmacentical composition comprising modafinil
in vunit dose form, wherein:

a) saéd moddafinil is present in an amourt effective 1o alier
the somnolent state of @ mammal upon oral adminis-
iration;

b} said modafinil is In the form of solid particles, or i
canverted to solid pardcles after oral adminisiration;
and

&) sald modafinil fas a size distribiion such that ai least
about B5% of the cumulative tolal of said particles have
a diameter of less tharl about 200 microns (um).

19, The compusition in enit dose form of claim 18,

whereltt said particles in paragraph ©) have a median
dicgmeter vange of berween about ? pm and 60 pum.

20. The composition {n unit dose form of claim 18 wherein
said effective amount comprises beiween about 100 milli-
grams and abowt 200 milligrams of sald medafinil.

21, A method of altering the somnolent siate of a marmmal,
said niethod comprising administering oneg ar more uni
duses of the composition of clim 18 io said mammal

22, The method of claim 21, wherein said spmnolent sate
I AZreolepsy.

23, The method of claim 21, wherein berween abar 100
milligrams{day and about 200 milligrams/day of said
mufafindl are adminisiered ta said mammal,

24, A method for enhancing alertness or increasing regu-
larlty of slecp rhythms in a mammal comprising orally
adminisiering modafinil to said mammal, wherein:

@) Sald modafinil ix present in an amaount effective to treat

sald modafinil-response disease or condition;

b) said modafisl is in the farm of said solid particles, or
is comeried to sotid papticles after oral adminisira-
tow; and

c) said medafinil has @ size distribution such that at least
about 95% of the cumulative jolal af said paricles have
a diameter of less than abow 200 microns (Hm).

25. A method of treating a mamma! diagnased with a
madafinil-responsive disease ar condition selected from the
group conststing oft narcolepsy; Parkinson's disease; yri-
nary incontinence; and Alzhelmer's disorder; comprising
orally edministering modafinil io said mammal, wherein:

a) said mendafingl is present in an amourd effective (o freat
said modafiil-resporsive disease or condition;

b) said modafinil is in the form of solid particles, or is
converled to solld particles after oral administration;
and

&) said modafinil kas a sixe distribution such thar ai least
about 95% of the cumulative total of sald particles have
a diameter of less thar abow 200 microns {m).

26. A meihod or composition according o any one af

claims 18-25, wherein said modafindl particles are in the
Jorm of a modafinil sali.
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