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REF. Expediente No.00 087.644 - Solicitud de Patente

a favor de PHARMACIA CORPORATION
titulada: COMPOSICIONES DE LIBERACION DUAL DE UN INHIBIDOR '
DE CICLOQXIGENASA-2 '

RAMIRO CASTRO DUQUE, vecino de Bogotd, poriador de la tarjeta profesional
No. 1003, obrando como apoderado de la sociedad PHARMACIA CORPORATION,
segun lo acredita el documento de poder presentado en esa Division, para dar
cumplimiento al requerimiento notificado por fijacién en lista el 29 de Marzo de
2001, cuyo témmino fue prormogado mediante escrito radicado el 25 de Mayo de
2001 y de acuerdo con los articulos 38 y 39 de la Declsién 488 de la comision de la
Comunidad Andina, me permito enexar al presente escrito los siguientes
documentos:

1. Documentos donde consta la cesién del derecho a la Patents otorgado por
los inventores al solicitante, debidaments apostillados. '

2. Copias certificadas por la Oficina de Patentes de Estados Unidos de las dos..
primeras solicitudes presentadas para [a misma invencién, de las cuales
REIVINDICAMOS PRIORIDAD.

Del sefior Jefe,

C.C. No. 170.322 de Bogoté
Cédigo 340
Cra 7 No. 16-56 Piso 8

Bogota, Julio 27, 2001
CPB/hsr.
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SERINGEELD, ILLINGIS

APOSTILLE

(Convention de La Haye du 5 Octobre 1961)

Country United States of America
This public document
has been signed by DAVID D ORR
acting in the capacity of COUNTY CLERK, COOK COUNTY
bears the seal/stamp of STATE OF ILLINOIS
Certified
Spraingfield, Illinocis
JULY 23, 2001

by the Secretary of State, State of Illinoais

No 5266
Seal/Stamp_ 10 Signature
) Qree W22
JESSE WHITE

SECRETARY OF STATE
STATE OF ILLINCIS



STATE OF ILLINOIS )
) SS

COOK COUNTY ) CERTIFICATE OF AUTHORITY

i gl. DAVID Oﬁ County Clerk of Cook County 1n the State of Ilhinoss, certify that

the person named in the seal and signature on the attached document, T
15 & Notary Public for the State of Illinois and was authorized to - -
act as such at the time of the document’s notarization -
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b -~

To venify this Certificate of Authonty for a Notanal Act, [ have~"

Iyt

affixed mlslgnature and seal of office this _20 da?t —

of v ,200/ ~ -
et Do,

Cook County Clerk, State of 1lhnots

Deputy .;, i FORM N §
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3280/3 Colombia

COLOMBIA PATENTS

ASSIGNMENT OF PRIORITY RIGHTS

By this instrument, Subhash Desal, Sreekant Nadkarni, Randy J Wald, and Gary A. DeBrineat,
being the inventor(s) of of an invention entitled DUAL-RELEASE COMPOSITIONS OF A
CYCLOOXYGENASE-2 INHIBITOR for which an application for patent was filed in the
Patent Office of Umted States of Amenca under senal No 60/171,738 on 22 December
1999, 60/181,604 on 10 February 2000, and 60/202,270 on 05 May 2000 hereby assign(s)
and Transfer(s) to PHARMACIA CORPORATION all lus/her/their nghts 1n connection
with the said invention 1n the Republic of Colombia and declare(s) that full consent has
been given 1n order that a corresponding application be filed in the National Department
of Industnal Property of claiming prionty of the said apphcation under the International
Convention

In teshmony thereof the present 18 signed mn the city of Skokie, Illinois USA on the
351" day of the month of January 2001

jJM—Zw-.:

On this 5—'—-day of January 2001, before me, a notary Public appeared Subhash Desal who
signed this Assignment as their free and voluntary act

08’*
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SERINGEIBLD, IMTI.INQLS,

APOSTILLE

(Convention de La Haye du 5 Octobre 1961)

Country United States of America
This public document
has been signed by DAVID D ORR
acting i1n the capacity of COUNTY CLERK, COOK COUNTY
bears the seal/stamp of STATE OF ILLINOIS
Certified
Springfield, Illinois
JULY 23, 2001

by the Secretary of State, State of Illinois

No 5265
Seal/Stamp Signature
JESSE WHITE

SECRETARY OF STATE
STATE OF ILLINOIS
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CERTIFICATE OF AUTHORITY

2 I, DAVI k(jRR County Clerk of Cook County 1n the State of Illinois, ceriify lh.ll

the person named tn the seal and signature on the attached document, -
1s a Notary Public for the State of Ilhinois and was authorized to
dact as such at the time of the document’s notanzation v

To venify this Certificate of Authonty for a Notanal Act, Thave—>- " .-
affixed myjsignature and seal of office this 9-0 day \
of 200 |

Cook Counf; Clerk, State of Illinois

Deputy Ny
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3280/3 Colombia

COLOMBIA PATENTS

ASSIGNMENT OF PRIORITY RIGHTS

By this mnstrument, Subhash Desal, Sreekant Nadkarni, Randy J Wald, and Gary A. DeBrincat,
being the inventor(s) of an Invention entitled DUAL-RELEASE COMPOSITIONS OF A
CYCLOOXYGENASE-2 INHIBITOR for which an application for patent was filed in the
Patent Office of United States of Amenica under senal No 60/171,738 on 22 December
1999, 60/181,604 on 10 February 2000, and 60/202,270 on 05 May 2000 hereby assign(s)
and Transfer(s) to PHARMACIA CORPORATION all his/her/their nghts in connection
with the smid invention 1n the Republhic of Colombia and declare(s) that full consent has
been given 1n order that a corresponding application be filed 1n the National Department

of Industnal Property of claiming pnionty of the said applicabon under the International
Convention

n tesumony thereof the present 15 signed n the city of Skokue, Illinois USA on the
day of the month of July 2001

& Ve ath

/7
By 2222
nt Nadkarnl

On this 22 day of July 2001, before me, a notary Pubhc appeared Sreekant Nadkarnl who

' signed this Assignment as their free and voluntary act
:/ . éi .
Notary Public




3280 Colomba

COLOMBIA PATENTS

ASSIGNMENT OF PRIORITY RIGHTS

By this mstrument, Gary A. DeBrineat, being one of the inventor(s) of of an imventuon
enttled DUAL RELEASE COMPOSITIONS OF A CYCLOOXYGENASE-2 INHIBITOR for
which an applicanon for patent was filed m the Patent Office of Umted States of Amenca
under senal No 60/171,738 on 22 December 1999, 60/181,604 on 10 February 2000, and
60/202,270 on 05 May 2000 hereby assign(s) and Transfer(s) 1o PHARMACIA
CORPORATION all hus/her/thesr nghis in connechon with the said invenuon i the
Republic of Colombia and declare(s) that full consent has been given m order that a
corresponding apphicanon be filed 11 the National Deparument of Indusimal Property of
claunung priorsty of the smd application under the Internanonal Convennon

In usm thereof the present 18 signed 10 the aity of Kalamazoo, Michigan, USA on
the day of the month of July 2001

G

On thia/d day of July 2001, before me, a Notary Public in Kalamazoo Connty, Michigan,
appeared Gary A. DeBrmcat who signed this Assignment as bus free and voluntary act

b gt

DEBRA J. MARGUETTY '
Notary Punlie Kalamazon
My Cominisailon Rxpires m‘.ﬁ

-

/or



3280 Colomima

COLOMBIA PATENTS

ASSIGNMENT OF PRIORITY RIGHTS

By thus mstrument, Randy J Wald, being one of the invenar(s) of an imnventon enutled.
DUAL-RELEASE COMPOSITIONS OF A CYCLOOXYGENASE-2 INRIBITOR far which an
application for patent was filed 1 the Patent Office of Unuted Stares of Amenca under
serizl No 60v171,738 on 22 December 1999, 60/181 604 on 10 February 2000, and
60/202,270 on 05 May 2000 hereby assign(s) and Transfex(s) to PHARMACIA
CORPORATION all ms/her/their nghts in connechon with the smd invennon in the
Republic of Calombia and declare(s) that full consent has bean given mn order that 2
corresponding apphcanon be filed m the Nauonal Department of Industnal Praperty of
claiming prionity of the smd apphicanon under the Internanional Convention

In lesnmon’ f the present 15 signed n the cury of Kalamazoo, Michigan, USA on
the day of the maonth of July 2001

Koty
Randy J ‘#‘

On this25 day of July 2001, before me, a Notary Public iz Kalamazoo County, Michigan,
appearcd Rundy J Wald who signed thus Assignment as hus free and voluntary act.
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UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

January 04, 2001

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111

APPLICATION NUMBER 60/181,604
FILING DATE February 10, 2000

By Authonty of the
COMMISSIONER OF PATENTS AND TRADEMARKS

H L JACKSON
Certifying Officer

I — - - ——
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C-3280/1

FIELD OF THE INVENTION

‘Tho present invenhon relates io orally deliverable pharmacenhical
cotposthions contermmg calecoxib as an active ingredient, to proceases for preparmg
such compoumrtions, to methods of trestment of cyclooxygenase-2 modiated disorders
compnsing orally admmistermg such camposttions to a subject, and to the use of such
compomtions m the manafacture of medicaments.

BACKGROUND OF THE INVENTION
Numerons compounds have been reported havmg therspeutically and/or
prophylachically nseful selective cyclooxygensso-2 mhibrtory effect, and have been
disclosed as baving utihty 1n treatment or prevention of specafic cycloaxygmeso-2
medchated digorders or of such disorders in geneml, Among such compounds are
substituted pyrazolyl benyenosulfonarmdes as reported 1a U.S. Patent No. 5,760,068 to
Talley of al., ncludmg the compound 4-{5-(4-methylphenyl)-3-(tnifluoromethyl)-1H-

15 pymzol-l-ylJbenzenesulfonsmmde, aiso referred to herom as celecoxib, which has the

structare:

Celecoxib 1s & hydropholne compound and has very low solubility in water
Thus property hes presented practical dafficulties 1 formulating celecoxib for oml
admumstration, particularly where early onset of therapeutic effiect 18 desired or
required. Furthermore, celacoxib has a reiativaly short half-hfe m the bloodsiream
following admimistration to a subject. This propexty has fisvored celecoxib
adnumstration regimens mvolving twice-a-dsy or more frequent adnumstration.
A dosage form of celecoxib that mmulisnecusly overcomes problams

25  assocwuted with both of these properties, thereby providmg rapad onset of thermpeutic
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effect coupled with cnco-a-day ademmstration, would represent a major sdvance m the
art

Thse fixmulsiron of celacoxib for effective ol admmstration to & subject bas
Iutherto been comphicated by the uruque phymcal and chemical properties of
celecoxib, particularly sts low solobnhity and factors associated with 1ts crystal
strocture, mchiding cohesiveness, low bulk density and low compressibihty
Celocoxib 15 vmsually meoluble m aquecus media. Unformmlated celecoxib 18 not
readaly dissolved and dispersed for rapid absorption m the gastromtestmal tract when
admmstered omlly, for exsmple m capsule form. In addibion, unformulated
celecoxib, which has a exystal mosphology that tends to form long cohemve neodles,
typically fuscs mto s monohithic mass upon compression 1o a tebleting die. Bven
when blended wath other substances, the celecomb crystals tend to separste from the
other substances and agglomerate together dunmg mnang of the compomton resulting
10 & non-umfumly blendod componition contammg undesrhly large aggregates of
calecoxib. Therefore, it 1s dufficult to prepare a pharmaceuhical compomition
contminmg celecoxib that has the deswred blend umtformity  Further, handhag
problems are encountered durmg the preparation of pharmaceutical compostions
compnang celecaxib. For example, the low bulk denmty of celascaxib males it
difficult to process the smalt quantrties requmed durmg formulstion of the
pharmaceutical compositions. Accordingly, a need exists for sointions to sumerous
problems associated with preparation of surtable pharmaceatical compomtions and
dosage forms camprisng celecoxib, partrcnlarly orally dehiverable dose untts.

In general, a neod ensts for orally deliverable fornmlshons of celecoxib, such
formulations possessing one or more of the following charactenstics ralstive to
unformulated celecoxib or other celecoxib composttions:

(1) mproved solninlity;

(2) shorter dmntegration tume;

(3) shorter dimolutian tme;

(4) decreased tablet faablity;

(5) mcreased tablet hardness,

(6) umproved wettanlity;

(7) mproved compresmbihity;
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(8) mproved flow propertics of hqud and particulste sohd compomtions,

(9 umproved physical stabihty of the fimshed composition,

(10) reduced tsbiet or capsule size;

(11) mproved blend umformuty;

(12) improved dosc umformity;

{13) muproved contro} of wenght vanahon dunng encapsulanon and/or

tableting:

(14) mcreased grenule denmty for wet granulated composttions,

(15) reduced water requirement for wet gramilatron,

(16) reduced wet granniation time; and

(17) reduced drymg ime for wet granulated mixinres.

More specifically, there exists an especial need for orally deliverable
formulations of celecoxib, such formuishons providing both rapd onset of therspentic
effect end longer durstion of therapoutic effect than unfbenmisted celecaxib or known
formmlations of celecoxib. To the extent that ramd onset of tharspeutic effact 18
related to pharmecokinetic parameters such as a high maxymum blood serum
concentration of the drug (Couy) and & short tume from oral admumistration to reach
such maxzmum blood serum concentration (Toxy), there 18 an especial need for orally
dehverable formulations of celecoxib, such formulstions provuding a preater Cogy
and/or an exrlier T, than mformmlated celecoxib or known formulahons of
colecoxib. At the same tume, to the extent that long durehan of therapeutic effect 15
ralated to pharmacolaneto parmneters such as long half-his of blood serum
concentretion of the drag after Coou 15 reached, also known as terrmnal belf-hife (T;2),
there 18 an cspecial need for orally dehiversble formulshions of celecoxib, such
formuixtions providing & longer Ty than mnformmisted calecaxib or kmown
formmulations of celecoxib. A single compoarhion thet sahisfies both the need for 2
groater Coyy and/or an earher Ty, and the need for a greater Tya would dramatically
enhence the therapeutic utility of celecoxib m & wade vanety of mtnstions.

As 18 mdicated hevernbelow, treatment with celecoxib 15 indicated or
potentially mdicated m a very wide ey of cyclooxygenase-2 mediated conditions
and disorders. It would be of benefit to provide formulations exhiting
pbarmacokmetics consistent with rapid onset and Jong duration of therapeutic effect

3
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especially for treatment of disorders where carly rehef from pam or other symptoms 1
desired or required and where once-a-day admmustration 1s requured or preferred. .

Cyclooxygenass-2 inhibntory drags mehudmg celecoxib that are of low
solubility in water are convemently formulated 1 solid particulate form. The
mndividual or primary particles of the drug can dispersed 1n a hqmd medrum, as in a
suspenmon formulation, or can be aggregated to form secondary particles or grammles
that can be encapsulated to provide a capsule dosage form, or compressed or molded
to provide a tablet dosage form.

Numerous processes are known and used m the art for prepenng drug
fornmlations having pnmary particle s1zes m & desired range, or having & desired
mesan particle mze, or having a particle aze dustribution charactenzed by s psmameter
such as Dygg, which 18 defined herem ag a Iincar measure of dismeter having 2 value
such that 90% by volume of particles m the formulation, 1n the Jongest csmenmion of
the particles, are smaller than that diameter For practical purposes & determmnation of
Dyg based on 90% by weight rather than by volume is generally smtable.

For conmistency with prior publications, the terms “microparhicle™ and
“nanoparticle” are defined herein as1in U S Patent No. 5,384,124 to Courteille et al.,
to refer to particles havg respectively 2 diameter of between 1 pm and 2000 pum, and
& diameter of less than 1 pom (1000 om). The preparstion of mucroparticles and
nanoparticles, accordmg to US Patent No. 5,384,124, “18 pnincipally used to retard
dissolution of active pninciples™ Howewver, US Patent No 5,145,684 to Lavermidge
et al. discloses nanoparticulate compomtions suid to provide “unexpectedly high
uoavailabality” of drugs, parhicularly drags having low solubility mn a hqmd medm
such as water International Pubhestion No. WO 93/25190 provides pharmacokinetic
dats from a rat study ;ndicating s lgher apparent rate of absorption from oral
admumstration of a nanoparticulate (average particle mze 240-300 nm) then from oral
admmustration of 2 microparticnlate (particlo size range 20-30 pm) dispersion of
naproxen.

Numerous processes for preparation of nanoparticulate composrtions of
therapeutic agents are known. Typically these proceases use mechamical means, such
&s mlhng, to reduce particle mze to & nano (less than 1 wm) range, or precipitate nano-
s1ized particles from solution. Illustrative processes are disclosed m the references

4
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mdividually cited 1mmedintely below
US Patent No. 4,526,639 to Violsnto & Fischer
Above-cited U.S Patent No. 5,145,684 to Liversidge ef al.
US Patent No. 5,298,262 to Nz & Rajagopalan.
5 US Patent No. 5,302,401 to Liverndge et al.

US Patent No. 5,336,507 to Na & Rajagopalsn.
US Patent No. 5,340,564 to IIhg & Sarpotdar
US Patent No. 5,346,702 to Na & Rajagopalan.
US Patent No. 5,352,459 to Holhster ef al.

10 US Patent No. 5,354,560 to Lovrecich.
Above-cited US Patert No. 5,384,124 to Courteillo of al.
US Pateat No 5,429,824 10 June.
US Patent No. 5,510,118 to Bosch et al.
US Patent No. 5,518,738 to Exckhoff et al.

15 U S Patent No. 5,503,723 to Ruddy & BickhofT.
US Patent No. 5,534,270 to De Castro.
US Patent No. 5,536,508 to Canal et al.
U.S Patent No. 5,552,160 to Liversidge et al.
U.S Patent No. 5,560,931 to Bickhoff et al.

20 U 8. Patent No. 5,560,932 to Bagcin ef al.
U S. Patent No. 5,565,188 to Wong ef ol
U.S. Patent No. 5,569,448 to Wong ef ol
US Patent No. 5,571,536 to Bickhoff e al.
U.S Patent No. 5,573,783 to Demeno & Stetsloo.

25 U.S Patent No. 5,580,579 to Rnddy er o/
US Patent No. 5,585,108 to Ruddy er al.
U.S Patent No. 5,587,143 to Wong.
US Patent No. 5,591,456 to Franson & Snyder
US Patent No. 5,662,883 to Bagelu ez al

30 US Patent No. 5,665,331 to Bagchi ef al.
US Patent No. 5,718,919 o Ruddy & Roberts.
US Patent No 5,747,001 to Wiedmann ez al. - -

5
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International Pubhcation No. WO 93/25190

Intemnational Pubhication No. WO 96/24336.

International Pubhication No. WO 98/35666.

Alternatively, celecoxib can be formmilated m solution m a pharmaceutically
acceptable solvent such as polyethylene giycol having en average molecular weaght of
about 400 (“TBEG-400") Soluton formulations typicaily permit rapad absorption of
the dissolved drug, i some cases grving even more rapad onset of therapeutic effect
than 1z possible with nanoparticulate fonvmistions.

Solutions and suspenmons of nsnoparticles and/or microparticies cen be
formnlated as hqud dosage forma, the required dose bemg measured, for example
usng a cup, ai the trme of admumstrahion. Alternatively, sohitions and suspenmons
can be formulated as flowablo hquids or as gels 1n unit dose articles such as sachets or
soft cepsules. Sachets are opened and only the contents admmstered orally to the
subject, soft capsules are a more convement dosags form as the entire capsule 18 orally
admntstered. Typacally the contents of a soft capsule are mn gel form and the terms
“sofigal” or “gelcap” are sometzmes used to describe these formulatons,

Anti-mflammatory, antripyretic snd anzigesic drugs, for example nonsteroidal
anti-inflammatory drugs (NSAIDs) and oproids have not frequently been formulated
as rapid-releass solutions, gels or soft capsules for oral admmmstrahon. However,
iliustratrve processes for prepanng such formulshons are disclosed 1n the referencos
mdwvidually cited immediately below

US Patent No 5,859,060 to Plxit.

European Patent Apphcation No 0 945 131

Japanese Lmd-Open Patent Applicahon No 03/106815

Extendmg the half-hife of an orally admumstered drug 1s achisvable by a
vanety of controlled-relcase, alow-release, programmed-release, tmed-release, pulse-
release, sustamed-relesse or extended-release technologies known m the art,
Typically such technologies mvolve formulating the drug 1n & polymer mainx from
winch the drug 18 gradually relegsed, or protecting the drug from oumediate release by
means of a barner layer wnch degrades over ime m the gastromtestinal tract.
Examples of barner lsyers melude Iiposomes, nanocspsules, microcapsules and
coatings on granules, beads or tablets. Dosage forms can be hqmds (e.g,

6
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suspensions) or umt dose articles (e.g., tablets, capsules, soft capsules).

[Ihstrative processes that can be used are disclosed for controlled-release,
glow-release, programmed-release, tmed-relesse, pulso-releass, sustmnad-release or
extended-release formulations of opioids, NSAIDs and other enalgemc, antipyretic
and snt-inflammatory drugs m the references indrvaguaily cated mumediately below

US Putent No. 3,362,880 to Jeffines,

US Pxtent No. 4,308,251 to Dunn & Lampard,

US Patent No 4,571,333 to Huas & Kent.

US Patent No. 4,601,894 to Hanna & Vadmo.

U.S. Patent No. 4,708,851 to Popesca et al.

US Patent No. 4,749,575 to Rotman,

US Patent No. 4,795,641 to Kashdan,

U.S. Patent No. 4,803,079 to Huas & Kent

U.S. Patent No. 4,867,985 to Heafiold ef al.

U.S Putent No 4,980,175 to Chavian & Mackles.

US Peatent No 5,160,742 to Mazer et al.

US Patent No. 5,273,760 to Oshlack et af

US Patent No. 5,275,820 to Chang.

US Patent No 5,292,534 to Valentine & Valentine,

U.S Patext No. 5,415,871 to Pankhame ef al.

US Patent No. 5,427,799 to Valentine & Valentine.

U.S. Patent No. 5,451,409 to Rencher ot al

US Patent No. 5,460,825 to Roche.

US Patent No. 5,472,712 to Oshlack et al.

US Patent No. 5,518,730 to Fusz.

US Patent No 5,523,095 to Modh.

US Patent No. 5,536,505 to Wilson ef al.

US Patent No 5,858,344 to Moller & Cremer

Belgian Patent Application No. 900 824.

BEuropean Patent Application No. 0 147 780

Europesn Patent Apphcation No. 0 438 249

European Patent Apphication No 0 516 141

7
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European Patent Apphcation No. 0 875 245
European Patent Apphicathon No. 0 945 137
French Patent Apphcation No 2 584 604

Japanese Lud-Open Patent Application No. 560030402,

Japauese Layd-Open Patenit Apphication No. 60/072813

Japencse Laid-Open Patent Apphication No. 63/174925

Japancse Lasd-Open Patent Applhication No 10/298064.

Internahonal Pubhcation No. WO 8700044

Internahonal Publication No WO 89/08119

Internationa] Pabhication No WO 91/16920

Internahonal Pubhication No WO 93/10760,

International Pubheation No WO 93/10769

Internatronal Publication No. WO 93/12765

Intamstional Publicatron No. WO 93/17673

International Poblication No WO 95/14460

Interational Publication No. WO 96/16638

International Poblication No WO 98/01117

International Pubhication No. WO 99/51209

Attempta have been made to formnlate certun NSAIDs, omionds or other
smalgenc, antipyretie or ant-mflammatory drugs m aingle dusl-relesse componrhons
baving both en immediate-release fraction and & controlied-reloase, slow-release,
progranmmed-releaze, tmned-release, pulso-release, sustamed-release or extended-
release fraction of the drug. Such compositions have been disclosed, for example, for
NSAIDz generslly 1n the roferences individually cited immedistely below

US Patent No. 4,980,170 to Schnexder et al.

International Pubhcation No WO 95/12524

Such dnal-relcase compoaihions have illustratively boen disclosed for
ibuprofen m the references individually cited immedhately bolow

U S Patent No. 5,681,583 to Conte ef al.

Internstional Publication No WO 96/41617

Such dual-release compomtions have illustratively been disclosed for naproxen
i the references mdividually cited immediately below
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US Patent No. 4,888,178 to Rotim & March

US Patent No. 5,609,884 to Desat.

Sejectrve cyclooxypensse-2 mhibrtory drugs have not previoualy been
formulated 1n doal-release dossge forms. Certain drugs of tins class have a
sufficently long half-hfe, even when conventionally formmiated for oral dehvery, to
be surtable for onco-a-day admimistration. For example, Cenadian Patent Apphcation
No 2,254,061 discloses that the selective cyclooxygenase-2 inhibitor 3-phenyi-4-{4-
(metirylsulfonyl)phenyf}-SH-furan-2-one, also known as rofecoxib, has a half-life
sufficient to provide therepeutic benefit over a 24-hour penod.

SUMMARY OF THE INVENTION

According to the present mvention, the selective cyclooxygenase-2 mhibrtory
compound celecoxib 18 formulsted m an omlly dehiverable dosage form having dual-
release propertios such that onsot of therapeutic effect 18 more rapd, yet st the same
tume the durstion of thorspeutic affiect 18 Jonger, then 15 aciieved with known
fornmlstions of celecoxib.

An embodiment of the mvention 1s a composition compriming celecoxib that,
upon oral admmstration thereof to a subject, exhibrts pharmacokinetic properties
leading to (a) & grester muximum blood seram cealecoxib concentration (Coms) and/or a
shorter time following the admimstration to reach that maxymum (To), snd (b) 2
longex teymmal half-hfe of blood serum celecoxib concentration (T'n), than previons
compositions I 18 contemplated that a grester C,,, and/or a shorter Toy, (Le.,
mmediats relcase properties) are obtmned by providmg a first fraction of the
celecoxib 1n the composttion (i) mn the form of solid paricles compnaing celecoxib
havng a Dygg particle size less than about 1 ymm, or (ii) m the form of a solution of
colecoxib mn & pharmaceutically accoptuble solvent. It is contemplated thet 2 longer
Tz 18 obtaned by providing a second frachon of the celecoxib m the compomtion (i)
1n the form of sohd particles compnamng celecoxib having a Dy particle size grester
than about 25 um, or (i1) m the form of particles of any convenient Deo particle mze
providing controlled release, slow release, programmed release, tuned release, pulse
release, sustmined relcase or extended release of celecoxib. Preferably the Ty thereby
obtamed results in mamntenence of a therapeutic blood serum concentration of

celecoxib for st least about 24 houry followmg oral adomustretion.
9
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Accordingly, there 1s now provided a pharmaceutical composrhon compnsmg
one or more orally dehverable dose umits, each comprniming a first fraction of celecoxib
In an smount of about 10 mg to about 400 mg , fius first frachon bewng 1n solubion m 2
phammaceutically scceptable solvent and/or present in immechiate-relcaso solid
particles having a Dygo particle mze loss than about 1 pm, and & second frection of
celecoxab mn an amount of about 10 mg to about 400 mg, this second fraction bang
present 1n sohd particles having & Dyo particle mize grester than about 25 um and/or in
controlled-relcase, slow-release, programmed-release, timed-relesse, pulse-rolease,
sustaned-release or extended-reloase particles, wherem the first fraction and the
second fraction of celecouib are present 1n a ratio of about 10-1 to about 1 10 1 the
compoattion,

The dase umts compnzing the composition can be 1 the form of discrete sohd
articles such as tableta, pills, hard or soft capenles, lozenges, sachets or pastilles,
sltematvely the composition can be m the form of a substantially homogeneous
flowable mass, such as a parbcnlate or gramular solid or a hqund sospenmon, from
which single dose umts are measurably remavable.

In 2 particularly preferred embodiment the dose units are tablets oach
compnsng a first fracthon of celecondb m an amount of about 10 mg to about 400 mg ,
this first fraction beang present 1n immediate-release solid particles having a Dy
particle s1ze less than about 1 ym, and a second fiaction of celecoxib m an amount of
about 10 mg to about 400 mg, flus second frachion beang distributed mn a sustmned-
release matrx compnsmg hydroxypropyimethylcellnlose (HPMC) having a viscosity,
2% 1 water, of about 100 to about 8000 cPs, wheremn the first fraction and the second
frection of celecoxib are present m a ratio of about 10 1 to about 1 10 1n the
compomtian, The two fractions of celecoxib can be more or less homogeneously
distributed throughout each tablet, but preferably the two frachions are mchvadnally
contuined 1n dhscrete layers or zones of each tablet.

In another particularly preferred embodiment the dose umts are tablets or,
more preferably, capmies each compnising 2 first fraction of celecoxib m an amount
of about 10 mg to about 400 mg, this first fraction being presant 1n Mmmedhate-relesse
sohid perticles having a Dy particle size legs than about | um, and a second fraction of
celecoxib 1n an amount of about 10 mg to about 400 mg, this second frachon bemng
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present m a multiphaty of sohd beads each having 2 sustamed-relcase coahng that
compnses ane or more pharmaceutically acceptable swellable or erodible polymers,
wherean the first frachon and the second fraction of celecoxib are present m a ranio of
sbout 10 1 to sbout 1 10 m the compomton. Prefierred swellable or erodible polymers
are ethylcellulose and polymers snd copolymers of acryfic acsd, methacryhe acyd and
esters thoreof. Preferably the first fraction of celecoxib 1s present mn a mulhpherty of
sohd beads simiar m size to the beads contarmng the second fraction but having no
coating or having a coatmg that 18 not a sustmaned-release coating.

Also provided 15 s method of treating » medical condition ot disorder m a
mbject where treatment with a cycloaxygenase-2 mhibitor 18 uxhestod, compnmng
crally admmmstenng one or more dose units, typically 1 to about 4 dose umts, of &
composition of the mvention once a day

Other features of tus inventan will be m part apparent and 1n part pomted out
hereunatter

DETAILED DESCRIPTION OF THE INVENTION

The tarm “oral admmustration™ heremn includes any form of delivery of a
therapeutic agent or a composition thereof to a subject wherein the agent or
composihion 1s placed m the mouth of the sabject, whether or not the agent or
composttion 18 swallowed. Thus “oral admmnistration™ mcludes buccal and subhngnal
as well as escphageal adonumstration. Absorption of the agent can occur m any part or
parts of the gastrointestinal tract melnding the mouth, esophagns, stomach, duodenmn,
ileumn and colon.

The term “onlly delrversble™ herem means sntsble for oral admmistration.

A “salyject” herom to which a therapeutic agont ar composshion thereof can be
admmstered includes a lnxnsn patient of exther sex and of sty ags, and also mcludes
sny nonhurnan anmmal, perticnlarly a domestic or conpanion anmmal, illustratrvely a
cat, dog or harse.

The tem “dosc umt” herean mesns a portion of a pharmacentical compomtion
that contans an emount of a therspentic agent, in the present case celecoxib, suitable
for a sngle oral admmstration to provide a therapeutic effect. Typically one dose
ont, or a amall plurality (op to about 4) of dose un1ts, provides a sufficient amount of

the agent to result 1n the desired effect.
11
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The term “present 1n sohid particles™ as apphed to celecoxib herem
encompasses camposthons wherein the sohd particles consst essentislly of celecoxib
and compoattions wherem the solid particles compnse celecaxib in mtimate mxture
with one or more ather ingredients. These other ingredients can mclude one or more

therapeutic agents other than celecoxib and/or one or more pharmacentically
accoptable axcipients.

The terms “controlled-release”, “slow-release”, “progrannned-ralcase”,
“tumed-release”™, “pulse-relense™, “sustained-release™ and “extended-relesse™ m
relahon to particles or formulations herein have meanings as accorded m the above-
cated refeyences, the pertnent duclosure of all of winch 18 hereby meorporated by
reference. Switabls processes for prepanng such “cantralled-relesse”™, “slow-rolesse™,
“programmed-release”, “ttmed-release”, “pulse-release”, “sustmned-relesss™ or
“extended-relcase™ particles compnmng celecoxib useful in compomtions of the
present mvention inclnde those disclosed for other drugs 1n the above-cited references.

The term “excipient” heresn means amy subsiznces, not iteelf a therupeutic
agent, used as a camer or velucle for delivery of a therapeutic agent to a subject or
added 10 a pharmaceutical composition to mprove its handling or storage properties
or to permit or facilitate formation of a dose unit of the composition mnto s discrete
axticle such as & capsulo or tablet suitable for oral admmstration. Excipients can
include, by way of illustraion and not lunitation, diluents, disintegeants, bindmg
agents, adhemives, wething agents, polymers, lubricants, ghdants, snbstances added to
mask or counteract a disagreoablo taste or odor, flavors, dyes, fragrances, snd
substances added to improve appearance of the composition.

The term “substantially homogeneous”™ with refarence to a pharmaceutical
compontcn that compnses several components means thet the components are
sufficiently mixed such that indrvidual components are not present as iscrete Isyers
and do not form concentration gradients within the composition.

Novel pharmacentical compomitions according to the present mvention
comprise one of more orally deliverable dose umts. Each dose umit compnses
celecoxib mn a therapeunically effective total amount of about 20 mg to sbout 800 g,
partitioned between two fractions each of about 10 mg to sbout 400 mg as described
herein.
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It will be understood that a therapeutically effective amount of celecoxib fora
wubyect 1s dependent mter alia on the body weight of the subject. Where ths snbyect 15
a chuld or a small ammal (e.g , a dog), for example, an amount of celecaxib relatively
low m the disclosed range of about 20 mg to sbout 800 mg 1a likaly to provide blood
3  serum concentrations consistent with therspeutic effectiveness. Whero the subject 18
&n adult homaen or s large ammel (e.g., & harse), achnevement of such blood serum
concentrabions of celecoxib are hkely to requure dose wnits contammg a relatively
grester smount of celecoxib.
Typcal dose units m a composrtion of the mvention contam sbout 20, 25,
10 37.5, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350 or 400 mg of celecoxid. For an
adult human, & therspeutically effective amount of celecoxib per dose mut o 2
camposthion of the present mventson 1s typcally about 50 mg to about 400 mg.

1 Espocially preferred smonnts of celecaxib par dose uzxit are about 100 mg to about
s 200 mg, for example sbout 100 mg or about 200 mg.

® N In 0ue embodiment, the first fractiom of celecaxib m & composrtion of the
g nveation, whnch 13 the fraction providmg mmedisto reloass, 18 In the form of

- pasticles having s Dgp particle mze less than sbout 1 ym. Typically in thus

(] embodiment substantially all the particles are nanoparticles, Le, sohd particles of

T dusmeter less than 1 ym m the longest dimension of the particies. In sach parhcles,

11 20 celecouib can be present alone or m mhmats mixture with ane or more excipients.

td The effects oo pharmacokmeiic propertics of reducing particle mize from the
mucroparticle rangs (greater than 1 um diameter) to the nenoparticle range is generally
unpredictable for any particular drag or class of drugs. Accordmg to the prosent
mvention, celecoxib m nenoperticulste form exhibits higher Coux arud/or shorter To

25 than celecoxib m mcroparticulate form.

Considenng only the nanoparticulate component of & composthion of this

embodiment of the invention, average particle size 13 preferably about 0.1 to about 0 8
pm (sbout 100 to sbout 800 nm), more prafersbly about 0 15 to sbout 0.6 pm (sbout
150 to about 600 nm), and most preferably sbhout 0 2 to about 0.4 um (about 200 to

30 about400nm). Celecoxib can be 1n exystellme or amorphous form m the
nenoparticles. Processes for prepaning nanoparticles that involve milling or gnnding
typically provide the drug m cxystalhne form,; whereas processes that mvolive -

13
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precipitation from solution typically provide the drug m amorphous form.

In one embodiment, celecaxab nanoparticles have a surface modifymg agent
adsorbed on the surface thereof In another embodment, celecoxib nanoparticles are
contaned m a matnix formed by a polymer Preferably excipients are present and
most preferably include a water soluble diluent or wethng agent. Such a water soluble
diluent or wettmg agent asusts i the disperaion and dissolution of the cetacoxib when
a nanoparticulate compastbon 18 ingested. Prefersbly both a water soluble diluent and
8 wething agent are present.

Nanoparticles compnaing or consisting essentially of a celecoxib can be
prepared accordmg to any process previously apphed to the preparation of other
poorly water soluble drags m nanoperticulate form. Suitable processes, without
resinction, are illustratively disclosed for such other druge in the above-cited
references, the pertinent disclosure of all of which 18 hereby meorporsted by reference.

In enother embodment, the first fraction of celecaxib 1n a compositon of the
invention, which 13 the fraction providing ymmedhate release, 15 m sojution 1n a
pharmaceutically acceptable solvent. Polyethylene glycol, for example FEG-400, has
been found to be a suitable solvent, exther alone or 1n muxture with water
Nlustretively, s mixture of 2 parts PEG-400 to 1 part water has been found to bea
useful solvent base for tn orally deliversble colecoxib solution. Accordmg to the
present mvention, orally admumstered celecoxib 1n dissolved form exhibits lngher
Coax and/or shoster Ty then calecoxib m any other orally admmistered form so far
evaluated.

Although a celecoxib soluhion can be presented to the subject m bulk hqmd
form, 1t can alternatively be presented n pre-measured umt dose form, for example as
a soft capsule. Optiopally a pharmaceutically acceptable gelhng agent can be added to
the solution to form a gel. Softgels or gelcaps, which are soft capsules contmnmg &
gel, are therefore smisble dosage forms for composttions of the mvention.

When sdmmustered orally to a fasting adult human, a 100 mg dose wmt of a
compomton of the invention prefierably exhibits & Ty, of less than about 1.5 h, more
profersbly less than about 1 b and most preferably less than sbout 0 75 b, and & Coe
of at least about 100 ng/ml, more preferably at least about 200 ng/ml. Typically a
compomtion of the invenhion provides a blood serum concentration of celecoxib of at

14
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least about 50 ng/ml within 30 mumutes of oral admumstration, prefesred compositons
achieve such & concentration 1n as Irttle as 15 mumtes. This early nse m blood serum
concentration 18 behoved to be assocaated with the apad onset of therapeutic sffect
achicved by compositions of the present mvention.

In addition to the first fraction of celecoxib, which as explamed above 15 the
immediate-releass frachon, a composrtion of the invention farther comprses a second
fraction of celecoxib that 1s the controllod-reloase, slow-release, programmed-release,
timed-release, pulso-release, sustamed-release or extended-relesse fimchion. In one
embodnnent, tins frechon compnaes celecoxib microparticles having a Dgg particle
size greater than shout 25 um. Preferably the Dyg particle mze of thns fraction 18 about
25 pm to sbout 200 pm, more preforably about 25 pm to about 100 ym, for example
about 40 ym to about 75 pm.

Primary particles, goncrated for exsmplo by milimg or grindmg, ar by
precipitation from solution, can agglomernte to form secondary aggregate particles.
The term “particle nze™ as used horem refers to size, m the longest dinenmion, of
primecy particles, unless the context demands otherwise.

Proferably excxpaents are associated with or present m the prmsry
mcroparheles and thess exciprents more preferably include @ water soluble dilnent or
wetting agent or both.

In another embodiment, the second fraction of celecoxib 18 m the form of
particles of sy convenient size that are controlled-relcase, slow-reicase, programmed-
relesse, tmed-release, pulse-releass, sustamed-release or extended-relcase particles
prepared by any process disclosed for drugs other then celecoxib m the shove-cited
references, such process bemg adapted as necessary for the specific properties of
celecoxib.

The particles compnsing the second fraction of celecoxib can optionally be
chspersod as & suspension m & hqund diluent. In one embodiment of the mvention, the
particles compnsmg the second fraction are m atable suspension m a matnix solubon
compnang the first fraction of celecaxib. Thus suspension can be presented as a bulk
hquzd or can be mn a pre-measured dosage form such as soft capsules, optionally as
softgels or gelcaps as described above.

When admmystered orally to a fasting adult homan, a 100 mg dose umt of a
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composition of the mvention preferably exhibits a Ty of at least about 9 b, more
preferably at least about 12 h and most preferably at lesst about 15 b The Tia 18
preferably such as to mamtmn a biood serum concentration of celecoxib of at least
sbout 50 ng/mi, preferably at icast about 100 ng/ml, for about 18 h, more preferably
for about 24 h, following admmistration. This mamtenance of blood serum
concentration 15 believed to be associated with the long duration of therapeutic effiect
aclueved by oral admumstration of a single dose of a composttion of the present
ivenhon, In particuler, it 18 beheved that ting mamtensnce of blood seram
concentration 18 what ensbles a once-a-day admumustration regymen for preformed
campoartions of the mventon.

One embodiment of the mvention 18 & pharmaceutical composition compasmg
one or more ofally delivershle dose umts, each compnsmg a first frachon of celecoxib
1n mmediate-releass form m an amount of about 10 mg to about 400 mg, and a
second fraction of celecoxib 1n cantrolled-release, slow-release, progmmed-release,
tuned-release, pulso-release, snstmned-relense or extendod-rolease form 1n an emovnt
of about 10 mg to about 400 mg, fius compomtion providing, upan & mngle
sdmmustrahion of [ to about 4 dose umts to a subject, () a Con greater than sbout 100
ng/ml, (b) & Tooax shorter than about 1.5 h and (c) & Ty longer than about 9 h

A prefarred composion provides, upon & single adnumstrahon of 1 1o abowut 4
dose umits to a subject, (8) & Coex groater than about 200 ng/ml, (b) & Tney shorter than
sbout 0 75 h, (¢) a blood sermmn concentrahon of at least 50 ng/ml, praferably at lesst
100 ng/ml, within abouat 15 munutes sfter such sdmnistration, and (d) & Tyy; such that
blood serum concentration remams above about 50 ng/mi, preferably above aboat 100
ng/ml, for at least 18 b, preferably for about 24 h, after such admmstration. It 18
preferred that blood serum concentration dechms to a low level around or shortly after
24 h following admmistration, m other words thst the composiion provide & clearance
trme for celecoxid consistent with once-a-dsy admumistration.

A preferred compomtion has pharmacolanetic propertics sufficzent to provide
rapid onset of therapeutic effect within about 1 b, and a duration of therapeutic offect
of sbout 24 h, after oral edmimstration thereof to a subject havmng a cyclooxygznase-2
mediated disorder

A particularly preferred composition has the first fraction of celecoxib m ap
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immmnediate-releass form and the second fraction of celecoxib n a pulse-releass form
that relcases a pulse of celecoxib about 8 h to about 12 h after admimstrahon. Sucha
camposition 18 of especiat utility for treatment of conditions such as osteosrthmitig.
For example, adrumstration of such a composition at bedtme provides rapad anset of
pam relief and enables pam-free sieep, and the pulse-release charactenstic 18 tuned to
provide reduction m mommng stiffness

The weight ratzo of the first to the second fraction of celecoxibin a
compomtan of the mvention 18 abont 1 10 to about 10-1, preferably about 1 5 to about
5 1, for example about 1 1 or about 1.2

A composstion of the mvention can be a substarthally homogeneous flowsble -
mass such ss & particnlate or grapuiar sohd or 2 hqud, or 1t can be m the form of
cuzcrete articles such as capsules or tablots cach compriming a sngle dose unit.

In a composition that 18 3 substentially homogeneous flowable mass, amgle
dose umts are meamyubly removable nspg a smtable volumetnic messunng device
such as a spoon or cup. Smtable flowable masses mchude, but are not nmted to,
powders and gramules, Altamatively, the flowable mass can be a flaid suspension as
described above. In preparmg such a suspension, use of a wething agent such as
polysorbate 80 15 likely to be beneficial A suspension can be prepared by dispersing
nanoparticulate and/or micropartienlate celecaxib mn the hquid phase; alternatrvely the
perticulate celecoxib can be precipriated fram sohition n a solvent such as an alcohol,
preferably ethanol. The hquid phase preferably compnses a palsteble vehicle such as
water, syrup or fruit joice, for example apple puce.

Composttions of the present invention are useful m trestment snd prevention
of a vary wide rangs of disorders mediated by cyclooxygenase-2 Presently
contemplated composnions are useful for, but not limuted to, the trestment of
mflammshon i a subject, as an analgemic for example 1n the treatment of pam and
headaches, and as sn anfipyretic i the trestment of fover For example, such
compoetions sre useful to treat arthrite disordars, including but not limsted to
theumatoid arthritis, spondyloarthropathies, gouty arthritis, ostecarthntis, systenuc
lopus erythematosns and juvenile arthrihs. Such compositions re also useful m the
treatiment of asthma, broncinte, menstrual cramps, preterm lsbor, tendimtis, burartis,
allergic neunts, cytomegalovirus nfectivaty,-apoptosis meluding HIV-induced -
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apoptoms, lumbago, hver disease includmg hopatitis, skin-related conditions such as
psonaess, eczema, acne, UV damage, burns and dermatitis, and post-operative
unflammation mchading that following ophthalmic surgery such as cataract surgery or
refiactrve surgery Contempisted compomtions are useful to treat gastrointestinal
conditions such as mflammatory bowel disease, Crohn’s disonse, gastnhs, imtable
bowel syndrome and ulcerative cohtis. Contemplated composmtions are useful 1n
treating mflammation 1 such diseascs as mgraine headaches, penartentis nodosa,
thyroiditis, eplastic anermis, Hodgian's disease, sclarodoma, theumstic fever, type I
diabotes, neuromuscular yymchon disease meluding nryssthoma gravis, winte matter
discase mcluding mmitiple scieroms, sarcoidoms, nephrotic syndrome, Behcet's
syadrome, polymryomiis, gngrvitis, nephintis, hypersensitrvity, swellmg occurrmg
after gury mcludmg brain edemns, myocardial ischarms, and the like. Contemplated
compomtions are aseful m the treatment of ophthalmuc diseases, such a5 retumtia,
comyunctivihs, retinopathtes, uveitis, ocular photophobia, and of acute myury to the eye
tizsue. Comtempilsted composttions are usefill m the freatment of pulmonary
mflammmation, such a5 that associated with viral mfectsons and cystic fibrosis, and 1n
bono resorption such as that associated with osteoporoma. Contemplated
compositions are useful for the treatment of certam central nervoas system disorders,
such as cortical dementias includmg Alzhasmer’s disesse, nearodegenershon, snd
ceatral nervous system damage resulting from stroke, sscherma and trauma. The term
“treatment” mn the present context mcludes partzal or total inhibition of dementias,
mcluding Alzhemer's discase, vascular dementia, multi-mfirct dementia, pre-semle
dementia, aicoholic dementia, and semie dements.

Compostions of the mvention are especially useful as anti-mflammatory
agents, such s for the trestment of arthnitis, with the addvtional benefit of having
sigmficantly less harmful mde effects than compositions of conventional nonsteroadal
anti-mflammatory drugs (NSAIDs).

Contemplsted compomtons are useful m the trestment of allergic thmrhs,
respratory distress syndrome, endotoxn shock syndrame, and lrver disease.
Coatemplated composttions are useful 1 the trestment of paun, mehudmg but not
limited to postoperative pain, dental pam, muscular pan, and pam resulting from
cancer
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Contemplated composihons are uscful for, but not hmited to, treatmg and
preventing inflammation-related cardiovascular disorders m a sulyect. Such
compositions are useful for treatment and prevention of vascular diseases, coronary
artery disease, aneurysm, vascular rejection, arterioscleroms, atheroscleroms includg
cardhac transplant atherosclerosis, myocardial mfarchon, embolism, stroke,
thrombosis mncludmg venous thrombosis, angma mchidmg unstable sngma, coronary
plague mflammmation, bactenal-mdoced mflammation inclnding Chlamydha-mduced
iflaremation, viral mduced mflammation, and mflammation associsted with surgiceal
procedures such as vascular grafhng meluding coronary artery bypass sorgery,
revasculanzshon procedures including angioplasty, stent placement, endarterectomy,
or other mvasive procedures involving artenies, vemns and cepillanes. Such
compomhans are usefhl for, but not imrtad to, the treatment of angiogenens-related
disorders m & subyect. Compontions of the mvention can be admmmstered to a subject
1n need of mgiogeness inhibition. Such composttions are useful for the treatment of
neoplama, mcludmg metastams; ophthalmological conditions such as corneal graft
rejection, ocular neovasculanzation, retinal neovasculanzaton melndmg
neovasculanzation fvllowmg myury or infection, diabetc retnopathy, macular
degeneration, retrolental fibroplama and neovascular glancoma, ulcerative disesses
such as gesinc ulcer; pathological, bt non-malignant, condihons such as
homsngiomss, meluding mfantile hemagmomas, angiofibroms of the nasopharynx and
avascular necrosis of bone, and disorders of the female reproductive system such ss
endometnions.

Contemplated compositions sre usefhl for the prevention or treatment of
benign and mahgnant tumars/neoplsma mcluding cancer, such as colorectal cancer,
bram cancer, bone cancex, eprthelial cefl-denved neoplama (epithohal caremoma) such
a8 basal cell carcmoma, sdenocarcnoma, gastromtestinal cancer such as lip cancer,
mouth cancer, esophogeal cancer, small bowel cancer and stomach cancer, colon
cancer, hver cancer, bladder cancer, pancreas cancer, ovary cancer, carvical cancer,
hmg cancer, breast cancer and sk cancer, such as squamous cell and basal cell
cancers, prostate cancer, renal cell carcinoms, and other known cancers that effect
epithalial cells throughout the body Neoplasias for which compomitions of the
mvention are contemplated to be particularly useful are gastrourtestmal cancer,
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Barrett’s esophagus, hver cancer, bladder cancer, pancreas cancer, ovary cancer,
prostate cancer, cervical cancer, lung cancer, breast cancer and skin cencer, such as
squamous cell and basal cell cancers. Compostions of the mvention can also be used
to treat the fibroms which occurs with redistion therapy  Such compositions ¢an be
used to treut subjects having aedenomatons polyps, meludng those wath famihial
edenomatous polypoms (FAF) Additionally, such compomtions can be used to
prevent polyps from forming 1n patients at nsk of FAP

Compomtions of the present mvenhion possess anh-nflarmmatory, snhpyretic
and analgenic properties simnlar or supenor to those of compositions of conventional
nonsteroidal anti-nflammatory drogs. Contemplated compositions also mhibit
honmnone-induced uterme contractions and have potential anti-cancer cffects, but with
& dimmushed abihty to mdoce some of the machamem-baged side effects of
conventional NSAIDa. In particular, compomtions of the mnvention have rednced
potential for gastromtestinal toxicaty and gastromtestmal irstation ncludmg upper
gastrointestinal ulceration and bleoding, reduced potential fir renal mde effects such
as reduction 1n renal function leadmg to flmd retention end exacarbation of
hypertenmon, reduced effect on bleedhng timen mcluding mhibrtion of pistelet
finction, and possibly a lessened ability to mduce astiuna attacks m sspinn-smntive
asthmatic subjects, by companson with compomtions of conventional NSAIDs,

Contemplated composttions are usefisl for the relief of pam, fever and
mflsramation of a vanety of conditions melndmg theumane fever, symptoms
associzted with inflvenza or other viral infectiona, common cold, low beck snd neck
pam, dysmenorrhea, headache, toothache, sprams and strams, myositis, neumiga,
synovitis, arthriis, meluding rheumatod srthrrhs, degeneratrve jomnt diseases
(osteoarthritis), gout and ankylosmg spondyhtis, bursitis, burns, and myunes following
surgical and dental procedures. In addition, contemplated compomtions whibit
celluler neoplastic transformations and metastic tomor growth and hence can be used
mn the treatment of cancer, such as cancer of the colon. Contemplated compontions
are also of nse m the treatment and/or prevention of cyclooxygenase-medisted
prohferative disordess such as may occur in disbetic retmopathy and tumor
EngIOgeNesis.

Contemplated compositions mhibit prostanoid-induced smooth muscle
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coniraction by preventing the synthems of contractile prostancids and hence can be of
use 1 the treatment of dysmencarhea, premature labour, asthma and eoamophil-related
disorders. They also can be of use 1n the treatment of Alzhexmer’s disonse, for
decreasing bone loss particularly in postmenopsusal women (Le., trosiment of
osteoporosis), and for treatment of glaucoma.

By virtue of their igh cyclooxygenase-2 (COX-2) mhibstory achvity and/or
thesr specaficaty for inlnbition of cyclooxygenase-2 over cyclooxygenase-1 (COX-1),
compomtions of the invention arc useful as en alternative to conventional NSAIDs,
parbeunlarly where such NSAIDs are contraundacated, for example 1n pahents with
peptic uicers, gastrihis, regronal entents, ulcarstive colitis, diverticulihs or with a
recurrent hustory of gastromtestinal lemons, gastromtestinal bleeding, coagulation
dworders mclnding anemma such as hypoprothrombinemms, hamophtha or other
bloeding problems; kndney disease; or m patients prior to surgery or patients taking
saticoagulents. A brief descriiption of the potential utility of cyclooxygenase-2
mhibators 1 grven 1n an article by Joln Vane, Natyure, Vol. 367, pp. 215-216, 1994,
and m an arbele m Drug News and Pempectives, Vol. 7, pp. 501-512, 1994,

Prefizred usca for the phanmaceutical compositions of the present invention
are for the treatment of theumatoid arthnhis and osteoarthritis, for pam mansgement
genenally (perhculmdy post-oral surgery pan, post-general surgery pan, post-
orthopedic surgery pam, and acute flares of ostooartimtis), the treatment of
Alrhermer’s disease, and colon cancer chemoprevention.

By virtue of the rapid onset of therapeutic offiect exhibited by compomtions of
the mventiop, these compomtons have particulsr advantages over pnor forrmlations
of celocoxib for trestment of acute cyclooxygenase-2 mediatad disorders, especially
for the rehef of pmn. At the same tune, by virtne of the long durstion of therapeatic
offect exhibited by compomtions of the invention, these compomtions have particular
advantages over pnor formulations of celecoxib for treatment of chromic
cyclooxygensse-2 mediated disorders, where once-e-dsy treatment 18 especially
deamrable. Compositions of the mvesnttion are umquely advaniageous where &
combmnation of repad onset and Jong durstion of therapeuhc effect 15 requared.

The present compomtions can be nsed m combination therapies with oproids
and other analgemcs, ncluding narcotic analgesics, Mu receptor antagomsts, Keppa . . . -
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receptor antagomisty, non-narcotic (Le. non-addictive) snalgesics, monamme uptake
mhibitors, adenosine regulating agents, cannabmord denvatives, Substance P
antagomats, neurolamn-1 receptor aniagomsts and sodsum channel blockers, among
others. Preferred combmation tharapies compnise use of a celecoxib composition of
the mnvenhion with compounds selected from aceclofenac, acemetacm,
e-acetermdocaproac acid, acetammophen, acotarminosalol, acetamhide,
acetylsahcylssheyhe acid, S-adenoayimetinomne, alclofenac, alfentaml, allylprodme,
almnoprofen, sloxiprm, alphaprodme, aluminun brs(acetylsahcyiste), amfenac,
emunochlorthenoxszin, 3-ammo-4-hydroxybutric ecid, 2-aqmno-4-mcohne,
aminopropylon, smmopynne, amixetrme, ammmonnm saheylste, amprroxicam,
amiolmetn guacal, amiendine, aubipyrme, antipynne sahcylate, antrafemmne, apazone,
aspirm, bendazac, benorylate, benoxaprofin, benzpiperylon, benzydsmne,
benzylmorphine, beonoprofin, bertrannde, a-bisabolol, bromfenac,
p-bromoecetamhbde, S-bromosmbeyhe acd acetste, bromosaligenn, bucetin, baclone
acid, bucolome, bufexamar, bumadivon, tuprenorphine, butacetm, butibufen,
butophanol, calcram acetylsalicylate, carbamazepme, carbiphene, carprofen, carsalsm,
chlorobutanol, chlorthenoxszn (e}, cholme sahcylate, cinchophen, cimmetacin,
ciramadol, chidanac, clometacm, clomtazene, clonxm, clopiras, clove, codesne,
codeme metlry! bromnde, codems phosphate, codeme sulfate, cropropamude,
crotethermde, desomorphing, dexoxadrol, dextromoranmde, dezocine, dismpromda,
diclofenac sodum, difenamzols, difenprrammde, diffunusal, dihydrocodeine,
dihydrocodemnone encl acetste, diydromorphme, dihydroxyalummum
scetylsalicylata, dmenoxadol, dimepheptanol, dimethyltnambutene, dioxaphetyl
butyrats, dipipanons, diprocetyl, dipyrone, ditazol, droxicam, emorfizzons, enfenamic
stid, epinizole, eptazocine, ctersslate, cthenzannde, cthoheptanine, ethoxazene,
cthylmethyithambutens, ethylmorphme, ctodolac, etofenamate, etonitazens, eugenol,
felbinac, fenbufen, fanclonc acd, fondossl, fenoprofen, fentanyl, fentiazac,
fepradinol, feprarone, floctafeme, flufensmme acid, flunoxsprofen, finoresons,
flupirtme, fluproquazone, fwbiprofen, fosfosal, gentimc acyd, glafenme,
glucametacn, glycol selicylate, gumazulene, hydrocodone, hydromarphone,
hydraxypethidme, ibufenac, 1buprofen, ibuproxam, umdazole sahcylste,
indomethacin, indoprofen, tsofezolac, 1soladol, 1somethadone, 1somixin, 1s0xepac,
22
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1soxicam, ketobemmdane, ketoprofen, etorolac, p-lactophenetide, lefetamine,
levarphanol, lofentamt, Jonazolac, lomoxicam, laxoprofin, lysine acetylsahicylate,
magnesium acetylsahcylate, meclofenamc acd, mefenamc acid, mependine,
meptazmol, mesalamine, metazocms, methadone hydrochloride, methotnmeprazine,
metiazimc acid, metofohne, metopon, mofebutazone, mofezolac, momzone,
morphine, marphine hydrochlonds, morphme sulfite, morpholme sslicylate,
myrophine, nabumetons, nalbupiune, 1-naphtiryt sahcylate, napraxen, narcene,
nafopam, mcomorplune, mfenszone, mftume acid, mmesuhide, 5'-mtro-2'-
propoxyacctanihda, norievorphanol, normethadone, nonmerphine, norpipanione,
olsalazme, opmum, oxaceprol, cxametacme, oxaprozin, oxycodone, oxymorphons,
oxyphenbutszone, papaveretum, parmnyhne, parsainnde, pentazocine, pensoxal,
phenacetin, phenadoxons, phenazocme, phonazopyridme hydrochionda, phenacoll,
pheaopendine, phenopyrazone, phexyl acetylsahicyiste, phenyfbutazone, phenyl
sahcylate, phenyremdol, piketoprofin, pummodine, pipebuzone, prperylone, prprofn,
prrazolec, pinttramude, prroxicam, pranoprofen, progiametacin, proheptarms,
promedol, propacetamol, propiram, propoxyphens, propyphenazane, proquezone,
prouzimc acid, rarmfensrone, renmfentaml, nmarolrem motiisulfete, salacetarmde,
sahcn, sahicylamide, salicylamsde o-acetic acid, salicylenlfuric acd, salsalte,
salvenne, mmetnde, sodrom sahoyiate, sufentanil, sulfasalaxine, sulindac, superomds
dismutase, suprofen, suxibozone, talntfiumate, tenidap, tenoxicam, terofensmate,
tetrandrme, thiazohnobutazons, tiaprofeme acid, traranuda, tlidme, finondine,
tolfenamic acid, tolmetm, tramadol, tropemn, vimmol, xenbucin, ximoprofen,
zaltoprofien and zomeparec (see The Merck odex, 12th Editron, Therapeutic Category
and Biological Activity Index, od. S. Budsvan (1996), pp. Ther-2 to Ther-3 snd
Ther-12 (Analgesic (Dentgl), Analgenic (Narcotic), Analgenic (Noa-nareotic), Anh-
mnflammatory (Nonsteroidal)). Perticularly preferred combination therapies compnise
use of a celecoxab compomtion of the mvention with an opiosd compound, more
particularty where the opiond compound 15 codetns, mependme, marphme ora
denvative thereof The compound to be admimstered 1n combination with celecoxib
can be formulated separately from the celecoxib or co-formulsted with the celacoxib
1n a composition of the mvention. 'Where celecoxib 18 co-formulated wath & second
drug, for example an opioid drug, the sepond drug can be formmlated 1n immedate- - _ . .- ..
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release, sustained-release or dunl-relcase form.

A dose umt contammng a particular amount of celecoxib can bo selected to
accommodate any desired frequency of admimstrahion used to achieve a demred dmly
dosage. The dmly dosage and frequency of admmmsiration, and therefore the selection
of appropnate dose unit, depends on a vanety of factors, mcluding the age, weight,
sex and medical condition of the subject, and the nature and seventy of the condition
ar disorder, and thus may vary widely

For the treatinent of thenmatoud srthnhis or osteoarthritis, composttions of the
mvention can be used to provide a daxly dosage of celecoxib of sbout 50 mg to about
1000 mg, preferably sbout 100 mg to about 600 mg, more preferably about 150 mg to
about 500 mg, and st:il more preferably sbout 175 to about 400, for example about
200 mg. A deily dose of calecoxib of about 0.67 to about 13.3 mg/kg body wesght,
prafirably sbout 1.33 to about 8.00 mg/kg body weight, more prefershly about 2.00 to
sbout 6.67 mg/ky body waight, and still more preferably shout 2.33 to sbout 533
mg/kg body wesght, for example about 2.67 mg/kg body weight, 18 geaerally
appropnate when admrmstared m a compoamhion of the mvenhon. The duly dose cam
be admnmstered m gae or two doses per day, but wrth prefecred compoartions of the
mmvenhon one dose per day 1s effective. Administration of a compomtion of the
mvenhon at the rate of one 200 mg dose unit or two 100 mg dose units once a day 18
prefixred for most pstients, but soms patients mey benefit from admimstration of up
to double that dose.

For the trestment of Alzheymer’s disease or cancer, compositions of the
mvention can be used to provide a daily dosage of celecaxib of about 50 mg to about
1000 mg, preforably about 100 mg to about 800 mg, more prefirably about 150 mg to
sbout 600 mg, and still more preferably about 175 to about 400, for example shout
400 mg. A daly dose of about 0 67 to about 13.3 mg/kg body weght, preferably
about 1.33 to about 10 67 mg/kg body wesght, more preferably about 2.00 to sbout
8.00 mg/kg body weaght, and still more prefersbly about 2.33 to about 5.33 mg/kg
body weight, for example about 533 mg/kg body wesght, 18 genenally appropnate
when admmstered 10 8 compoartion of the invention. The daily dose can be
admmstered 1n one or two doses per day, but wath preferred compostions of the
uvention one dose per day 1s-effechve. Admmstration of a composition of the
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mvention at the rate of one 400 mg dose umt or two 200 mg dose vnits once & day 18
prefizrred for most patients.

For pam management, compomitions of the mvention can be used to provide a
daily dosage of celecoxib of shout 50 mg to about 1000 mg, preferably about 100 mg
to about 600 mg, more preferably about 150 mg to about 500 mg, and still more
preferably about 175 to about 400, for example about 200 mg. A daity dose of
celecoxib of abaut 0 67 to about 13.3 mg/kg body wenght, preferably sbout 1.33 to
about 8 00 mp/kg body wesght, more preferably about 2.00 to about 6.67 mg/kg body
weight, and still more prefarably about 2.33 to about 5 33 mg/kg body weght, for
cxample about 2.67 mg/kg body weight, 18 generally appropnate when admmmstered m
a composition of the mvention. The dmly doss can be admmustered in one ar two
doses per dxy, but with prefisred compomtions of the invention one dose per d=y 18
sffective. Admmstrahion of a composttion of the mvention at the rate of ono 200 mg
dose umt or two 100 mg dose units ance a dxy 18 proferred.

In general, a composttion of the mvention 18 preferably adommstered at & dose
smtnble to provide an average blood serum concentration of celecoxid of at least about
100 ng/ml 1n a subject over a penod of about 24 hours after adoymistration.

Whle ths amount of celecaxib m compositions of the mvention preferably 18
m s mnge disclosed heresn, ths composstions also may be useful for the admymstration
of an amount of celecoxib fallng outside the disclosed dosage ranges.

Excipients employed m a compostion of the inventon csn be sohds or hquuds
or both. The composthion preferably contains about 1% to sbout 95%, preferably
about 10% to about 90%, more prefersbly about 25% to about 85%, and still more
profarably about 30% to about 80%, by wexght of celecoxib.

A composition of the mveniion 18 preferably mads m the form of discrete dose
units each contemmg s predetermmed amount of the cyclooxypenase-2 inhibrtar, such
as tabiets, pills, hard or soft capsules, lozenges, cachets, dispensable powders,
grannies, suspensions, elrxrs or other hquuds, or any other form reasonably adapted
for oral admmstration. Such oral dosage forms can further compnse, for example,
buffermg agents. Tablets, pills and the like additionally can be prepared with or
without coatings.

Compositions of the nvention sustable for buceal or sublmgual admumstration
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mclude, for example, lozenges compnaing celecoxib m a fiavored base, such as
sucrose, and acacia or tragacanth, and pastilles compnaing celecoxib m an mnert base
such as gelatin and glycenn or sucrose and acacia,

Liqund dosage forms for oral admimstration include pharmaceutically
acceptable suspensions, syrups, and elixirs contmiming mert diluents commonly used m
tho art, such as water Such compomtions may also compnse, for example, wetiing
agents, emulsifymg and suspending agents, and sweeteming, flavarmg, and perfommg
agents.

Excipent-containmg composttions of the mvention can be prepared by any
suttablo method of pharmacy winch mchides the step of bringmg mto association the
exciment(s) with the celecoxib, m a combmation of dissolved, sespended,
nancparticulate, microparticulate or controlled-relcase, slow-release, programmed-
release, tmed-releass, pulse-release, sustamed-release or extended-release forms
thereof In general, such compostions are prepared by umformly and sntimately
sdmrxing the celecaxib with a iqund or finely divided diluent, or both, and then, 1f
necessary or demired, encapsulating ar shapmg the product. For example, a tablet can
be prepared by compressing or moldmg a powder or grammies of celecoxib, together
with ons or more axcypucnts. Compressed tablets can be prepared by compresaing,
a sutable machme, a free-flowmg composition, such as & powder or grannles,
comprimng celocoxib optionally mixed with one or more bmding agent(s),
kbncsnt(s), mert diluent(s), wetting agent(s) and/or duspersing agent(s). Molded
tablots can be made by molkhng, m & snteble machme, celecoxib moustened with an
mert hqmd dilnemt.

Compomtions of the present mvenhon preferably compnse celocoxib m a
deaired amount admixed with one or more excipients selected from the group
conmstmg of pharmaceutically acceptsble diluents, disrntegrants, binchng agents,
adhemves, wethng agents, lubnicants, and anti-adherent agents. In addstion, celecoxib
nanoparticles, micropariveles and/or controlled-release, slow-release, programmed-
reiesse, tmed-release, pulse-relense, sustamed-release or extended-release particles, if
present, can optionally contmn ans or mere matrix polymers and/or surface modifying
ageats. Celecoxib particles can be aggregated into beads which are enveloped ma
coating confernng controlled-release, slow-release, programmed-relsase, imed-
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relcase, pulse-release, sustamncd-release or extended-release propertics to the celecaxib
m such beads.

Through appropriaie selection and combmation of exciptents, compositions
can be provided exhibiting 1mproved parformance with respect to, among other
propexties, efficacy, buosvmlaininty, clesrance trme, stabahty, compatiahty of
celecoxib and carmer materials, safiety, dissolution profile, disintegration profile
and/or other pharmacolinetic, chemical and/or phymeal properties. The exapients
preferably aro water soluble or water dispersible and have wetting properties to offset
the low aquecus solulnhty and hydrophobueaty of celecoxib  Where the composthon
1a formulated as a tablet, the combmation of excaments selected provides tablets that
cen exhibnt improvement, among other properties, m dissolution and imntegration
profiles, hardness, crushmg strength, and/or faabibity

Compomtions of the mvention optionally compnse one or more
pharmaceutically acceptablo dihuents as excapnents. Swtable dilnents mclude, esther
mdividually or in combinsation, lactose USP; Iactose USP, anyhydrous, Iactose USP,
spray dnied, starch USP, directly compressible starch, manmitol USP; soriatol,
dextrose monohydrate; microcrystaline cellnlose NF, dibasic calcrum phosphate
dihydrate NF; sucrose-based dilnents; confectionar’s sugar; monobasic calorum sulfate
monolrydrata, caleiom solfite dilydrate NF; calcnmn lactate tnbydrate granmiar NF;
dextrates NF (e.g., Emdex), Celutab; dextrose (e.g , Cerelose); inomtol, hydrolyzed
cereal solds such es the Maltrons and Mar-Rex; amylose; Rexcel, powdered cellulose
(e.g , Elcema); calcrum carbonate; giycine; bemtomte, polyvinylpymrohdone; and the
like. Such diluents, 1f present, constrtute m total about 5% to about 99%, preferably
about 10% to sbout 85%, and more preferably about 20% to about 80%, of the total
weaght of the compomtian, The dituent or dituents selected preferably exhibit stutable
flow properties and, where tablots are desred, compresmibility

Lactose and microcrystalbms cellulose, exther individually or m combination,
arv preferrad diluents. Bath diluents are chemically compatible with celecoxib The
use of extragranmlar microcrystalhine celluloso (thet 15, microcrystalline cellulose
added to a wet granulated composihon after the drying step) can be used to mprove
bardness (for tablets) and/or dismntegration tme  Lactose, especially lactoge
monchydrate, 18 particularly preferred. Lactose typically provides.compomtbions- -

7

D



10

15

30

C-32801

heving suitablo reloass rates of celecoxib, stability, pre-compression flowability,
and/or drying propertics at a relatively low diluent cost. |t provides a hugh density
substrate that mds denmfication durmg granulation (where wet granulation 1s
employed) and therefore improves blend flow propertes,

Composthions of the mvention optionally compnse one or more
pharmaceutically acceptable cismntogrants as excaprents, particularly for tablet
formulatons. Surtable disintegrunts mclude, either mdvidually or in combmation,
starches, sodium starch ghycolate; clays (such as Veegum HV), ceiluloses (such as
punfied cellulose, methyicellnlose, sodum carboxymethylcellulose and
carbaxymethylcellnlose), algmetes, pregelstrized con starches (such as Natronal
1551 and National 1550); croacarmeliose sodrum, crospovrdone USP NF; and goms
(such as agar, guar, locust besn, Karaya, pectm, and tragscanth) Dismtegrants may be
added at any suitable step dunng the preparation of the compomtion, perticulsrdy prior
to granulation or duning the [ubncation step prior to compresmon. Such dimntegrants,
1f present, constitute m total ghout 0.2% to sbout 30%, preferably about 0.2% to about
10%, and more preferably about 0.2% to about 5%, of the total weight of the
compomtion.

Compositions of the mvention optionally compnse one or more

pharmaceutically acceptable bindmg agents or adhesrves as excipients, particularly for
tablet formulations. Such bindmg agents and adhesives preferably impart sufficient

cohesion to the powder beng tableted to allow for normal procesming operatrons such
23 siang, lubncshon, compresmon and packaging, but still allow the tablet to
dinntegrate and the compomtion to be absorbed upon 1ngeshion. Switable bmding
agents and adhesives mclude, exther individually or m combmation, acacia,
tragacanth, sucrose; gelatin; gincose; starch; celtulose matenals such as, but not
hmuted to, methylcallulose and sodium carboxymethyicellulose (2.g , Tylose); algume
acrd and salts of algimic acid, magnesrum alopunum silicats; polyethylens glycol, guar
gam, polysacchande acids, bentonrtes; polyvmylpyrrolidone; polymethacrylates,
hydroxypropyimethylceliulose (HPMC), hydroxypropylcellulose (Klucel);
etbylcellulose (Ethocel), pregelatimred starch (such as Natiomal 1511 and Starch
1500) Such bindmg agents and/or adhesives, if presont, constitute 1z total sbout 0.5%
to about 25%, preferably about 0 75% to about 15%, snd more preferably aboat 1% to
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about 10%, of the total weaght of the composihion.

Compomhons of the invention ophionaily comprise one or more
pharmaceutically acceptable wethng agents s excipieats. Such wettng ageats are
preferably selected to mantmn the celecoxib 1n close association with water, a
condition that 18 beheved to mmprove the relative bicavailabihity of the composihon.
Suitable wethng agents incinde, erther indrvadnally or 1n combination, olesc acd,
glyceryl monosicarate, sorbrian monooleats, sorbrtan monolsurste, tnethanolsmme
oleate, polyoxyethylens sorbatan monoolests, polyoxyethylene sarbitan monolsurate,
sodium oleate and sodium laury! sulfate Wething agents that are smome surfactants
are preferred. Such wetting agent, if present, constitute in total sbout 0.25% to abont
15%, proferably sbout 0.4% to about 10%, snd more prefersbly about 0.5% to about
5%, of the total wesght of the composition.

Compombons of the mvention opionally compnse one or more
pharmaceutically accoptable lubncants and/or glidants as excipionts., Suitable
lubticants and/or ghdants melude, esther mdividnally or m combination, glyceryl
bohapate (Compntol 888), stearates (magnesium, calcium and sodum), steane acid,
hydrogenated vegetable oils (e.g., Stexotex), talc, waxes, Stexrowet, banc acid,
sodrum benzoate, sodnan acetate, sodium fiurnarate, sodiom chioride, DL-leucme,
polyethylens glyeols (e.g:, Carbowax 4000 and Carbowax 6000), sodrum oleats,
sodmm lauryl sulfate and magnesium lanryl suifate. Such lubncants, if present,
constitute 1n total about ¢ 1% to about 10%, preferably about 0.2% to about 8%, and
mare preferably about 0.25% to sbout 5%, of the total weight of the composibon.

Other exciprents (such as anti-adherent agents, colorants, flavors, sweeteners
and preservatives) are known m the pharmaceutical art and can be melnded 1
compasttons of the mvention. For example, mon oxide can be edded to the
composttion o provide & yellow color

Althongh umt dose hard capsnle and tablet compositions of the mvention can
be prepared, for example, by direct encapsulation or direct compression, thoy
preferably are wet gramlated prior to encapsulation or compression. Wet granulation,
among other effects, densifies milled compomtions resuling m improved flow
properties, 1mproved compression charactersstics and easter metenng or weight

\Y

dispensing of the compositions for engapsnlation or tablethng. The secondaryparticle __ _, - - -
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mze resulting from granulation (Le., granule s1zs) 18 not natrowly critical, it bemg
mportant only that the average grarmle mze preferably 18 such as to allow for
comvement handhing and processing end, for tablets, to permut the formation of 2
durectly comprestible mixture that forms pharmaceutically acceptable tableta.

Tho dessred tap and bulk denmities of the granules are normally about 0.3 g/ml
to about 1 0 g/mlL

For tablet formulations, the complete mixture m an amount sufficient to make
a umform baich of tabiets 1s sobyected to tableting :n a conventional production scale
tableting mechine at normal compression pressare (for example, applymg a force of
sbout 1 kN to about 50 kN 1n a typoal tabletmg dic). Any tablet hardness convement
'with respect to handling, manufactore, storsge and mgostion may be employed. For
100 mg tablets, hardness 15 prefarsbly at lesst 4 kP, more preferably at least about
5 kP, and still more preferably at least about 6 kP For 200 mg tablets, hardness 13
preferably st least 7 kP, more prefirably at Jeast about 9 kP, end shill more prefershly
at least about 11 kP The mixture, however, 18 not to be compressed to such a degros
that there 18 subsequent difficulty m schneving hydmtion when exposed to gastne
fluid,

For tablet formulations, tablet fnshihty preferably is less than about 1 0%,
more preferably loss than 0 8%, and shil more proferably less than about 0.5% m a
standard test.

The first and second fractions of celecoxib can be mtunstely coformulated, for
example withm mdividual grapules that are subsequently encapsalated or compressed
mto tablets. Altemnatively, the firet and secand fractions of celecoxib cen be spatially
separated 1n a compomtion of the mvention. Hiustratively, withm a single hard
capsule there can be separate granules or beads, for example costed beads, contasmng
celocoxib m immediate-ralaase form or m controlled-rolease, alow-relesse,
programmed-releass, tmed-release, pulse-release, sustamed-release or extended-
release form. Withn e mingle umt dose tsblet there can be separste layers contauning
celecoxib 1 unmediate-release form o in controlled-relcase, slow-releass,
programmed-release, tunod-relcase, pulse-release, sustmned-release or extended-
release form. For example, a two-lxyer calecoxib tablet sumiler to that described far
naproxen in above-cried U S. Patent No. 5,609,884 can be prepared
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In a particularly preferred embodmment of the present mvention, the second
fraction of celecoxib 1w distnbuted in a sustained-release matrx compnsing HPMC

having & viscosity, 2% m water, of about 100 to about $000 cPs Compomtions of thus
embodiment of the mnvention are referred to for convemence herein as “duosl-release
mainix compomtions™ When formulxted as tablots, wiich are a preferred dosage form
for tns embodmment, sach compoartions are referred to herem as “dual-release matrrx
tablets”

A matrix compomtion of the mvenhon comprises HPMC m &n amount
sufficient to extend the release profile of the celecaxib. Typically such an amonnt 18
about 0 1% to about 40%, prefembly about 5% to about 30%, for exempls sbout 1096,
of the compomihon by waght Preferably tho weight ratio of HPMC 1o the sacond
fraction of celecomb 18 about 1 1 to about 1 12, more preferably sbout 1 1 to about
1.6.

HPMCs vary in the chan length of ther celinlomc backbone. This dzrectly
affects the viscomity of an aqueous dispersion of the HPMC. Viscosity 18 normally
measured at 2 2% by weight conceniration of the HFMC m water HPMCs havmg
viscomty, 2% 1 water, of lcss then sbout 100 cPs can be useful, for exsmple as
bmding agents, but tend not to have useful relcase-extendmg properties for
medicaments. Such HPMCs are smd to have good bmchng properties and less
demrable sustaining propertics. The term “bmding properties™ herem rofers W
suitsbiirty as a binding agent for tablet production by wet gramulstion, wherem, for
example, HPMC 18 dizssolved m water for spraying onto dry powders to be granuiated.
The term “sustaimng properties™ herein refirs to mutability as a relcase-extendmg
mainx. HPMCs with good sustemmg properties aye typically too viscous for nso 2s a
binding agent n wet granulshon techniques. According to the present mveation, the
HPMC(s) used to form the relesse-axtendmg matrix of a dual-release celecoxib
composition should have a viscosity, 2% 1n water, of about 100 to about 8000 cPs,
preferably about 1000 to sbout 8000 cPs, for example about 4000 cPs.

HPMCs also vary in the degree of substitution of avaulable hydroxyl groups on
tho cellulosic backbone by methaxyl groups and by hydroxypropoxy! groups. With
icreasing hydroxypropoxyl substitution, the resulting HPMC becomes more
bydrophilic 1n nature. _ 1t 1s preferred m dual-release matrix compositions of the
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present invenhicn to use HPMCs having about 15% to about 35%, more preferably
about 19% to sbout 30%, and most preferably about 19% to about 24%, methoxyl
substitution, and having about 3% to about 15%, more prefersbly sboat 4% to about
12%, and most preferubly about 7% to about 12%, hydroxypropoxyl substrtution.

HPMCs wiich are relatively hydropbilic i nature and winch may be used m
the present invention are illustratively svalsble under the brand names Mothocel™ of
Dow Chermeal Co. and Metolose™ of Shm-Etsu Chermcal Co. Bxamples of HPMCs
of a low viscosity grade, generally unsuriabls m compomitions of the present mnvention
except a8 bindmg agents, mcinde Methocel™ ES5, Methocel™ E15 LV, Methoce™
E50 LV, MethoceI™ K100 LV and Methocel™ F50 LV, whose 2% by waight
aguecus solntions have viscosities of 5 cPs, 15 cPs, 50 cPs, 100 cPs end 50 cPs,
respecirvely  Examples of HPMCs having medmam viscosity inchude Methocel™
E4M snd Methocel™ K4M both of whose 29 by waght squeous solutions heve a
viscomty of 4000 cPs. BExamples of HPMCs having lugh viscosity, generally
unsntable for use m compostions of the present mvention, metude Methoce™
B10M, McthoceI™ K15M and Methocel™ K 100M whose 2% by weight aqueous
Mhmvmuuoflo.mmlswoehndloommmmdy

Vanous HFMC products are described mn Formmulatig f 1)
mmmmwmmhmmcmmu
provided m Table 1, below

Table1 Properties of selected HFMC prodacts

Methoce™ E4MP | Nomipal Viecomity, 2% in Water | 4,000 cPs
(USP 2910) Methaxyl, % 28-30
% 7-12

Mothocol™ KAMP | Nommal Viscomty, 2% m Water | 4,000 cPs
(USP 2208) Methoxyl, % 19-24
% 7-12

MethoceI™ EIOMP | Nomunal Viscosity, 2% m Water 10,000 cP's
(USP 2910) Methoxyl, % 28-30
Hydroxypropoxyl, % 7-12

MethoceI™ K1SMP | Nomunal Viscomty, 2% in Water 15,000 cPs
(USP 2208) Methoxyl, % 19-24
Hydroxypropoxyl, % 7-12
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An 1llpstrative presently preferred HPMC with sustamed-release propertics 1s
one with substitution type 2208, denoting about 19% to about 24% methoxyl
substtution and about 7% to about 12% hydroxypropoxyl snbstrtution, and with &
nomunal viscosity, 2% m water, of about 4000 cPs. A “controlled relcase” grade 1s
especaally preferred, having a particle size such that at least 90% passes through a
#100 USS mesh scroen. An example of a commercialiy-availsble HPMC mecting
these specifications 18 Methocel™ K4M, of Dow Chemical Co

Without bemng bound by sny particular hypothems as to how the HFMC matrx
accordmg to the mvention provides supenor sustained-release cheractenstics, it 18
beheved that upon cral mgestion and contact with gagtromtestinal fnds, HPMC on or
close to the tablet surface partially hydrstes and therchy swells to form a gel Isyer
having the celecoxib dustributed m a throo-dimensional matnx therem, 1t 1s firther
beheved that Gus outer three-drmensional ge] matnx lxyer slows dissolution of the
tablet. As the outer gel layer slowly dissolves, dusperses or exodes, celecoxib 18
relessed from this Inyer mto the gastromtestmsl fluid where it 18 avazlshle for
absorphon. Meanwhile, hydration of the HPMC matnx gradually advances towards
the canter of the tablet, permiitmg farther relesse of celecoxib over ttme by the same
process hypothetically described sbove. Smee the celecaxib 18 distributed throughout
the tablet at a more or leas umfim concentration throughout the HPMC moatnx, &
farly constant amount of celecoxib can, accordmg to the present non-bmiting theory,
be relessed per umt time in vivo by dussolution, dispermion or evosion of the cuter
porticns of the tablet.

Overall release rate and consequently drug avalability are dependent on the
rate of diffumon of the drug through the outer gel layer and the rate of eromon of tns
layer of the tablet. Preferably T-90% (tho ttme required for 90% celecoxib relcase) in
vivo 18 less than 24 hours, 80 that a closrance tmes exists whereby the tablet 18 surtable
for once-a-day admmmstration.

In ancther particnlarly preferred embodiment of the present invention, the
second frachon of celecoxib 18 present m a nultiplicity of sohid beads, pellets or
granules each having a coating compnsmg a swellable or erodible polymer Such
beads, peflets or gramles are referred to herexn ss “beads™ ar “coated beads™ and are
typically denso, hard, substantially sphenical and of low fnabiity Compositions of -
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this embodiment of the mvention are referred to for conventence herem as “dual-
release coated bead compositions™ When formulated as capsules, which area
preferred dosage form for this embodiment, such compositions are refexred to herem
as “dual-release coated bead copsules”

In a dual-release coated bead compoattion of the present mvention, whether
encapsulated or tablsted, the first frection of celocoxib can be present m any surtable
mmmediate-release form but 13 prefarably in the form of nenoparticulate celecoxib and
ta prefersbly formulated nto beads of mmmlar nze to the costed beads containmg the
socond, sustemed-relesse, fraction of celecoxib  Such beads contamng the first,
numedisie-relesse, fraction are either uncoated or coatod with a matenial that does not
slow or axtend release of the celocoxib. The demsnds of a dual-releass celecoxib
compomtion are met surprismgly well by a dusl-ralease coated bead preparation
wherem the beads contammg the sustamed-release fraction of calecoxib are coated
with an erodible bamer layer compnismg at least ane swellable polymer that 12
substantially msoluble m gastromtestmal flmd. The beads optionally contamn
pharmaceutically acceptable excipients such as lactose esnd microcrystalhne cellulose
and are preferably about 0 1 mm to sbout 1 0 mm, more prefershly about 0.15 mm to
about 0.5 mm, m iameter For example, the beads can be of such a range of nizes
that they pass through a 0,425 mm meve but are retamed on 8 0.18 om meve. The
beads can be prepared by mixing and granmlstion of celecoxib with one or more
exciments, followed by extramon, spheromization, drying snd sieving the particles to
the desred mze range, followed by spplication of the swellable or exodible polymer
coatng to the beads contamung that fraction of the celecoxib that 15 desired to exhibit
sustained relcase.

In a sustemed-release coatmg prefiared according to the present invention, the
beads contmming the second fraction of celecaxib together wath one ar more
excipients are coated with one or more swellable or erodible polymers selected from
kydroxypropytmethyicelluloss (HPMC), hydroxypropyicellulose,
hydroxyethyicellulose, ethylcellulose (e.g. Surelease™), hydroxyethylmethyiceliulose,
methyicelluloss, and polymers and copolymers of acryhe acid and methacryhe acid
and csters thereof (0.g. Eudragit™ RL, Eudmgit™ RS, Budragit™ 1100, Budragit™
$100, Endrag:t™ NE) The swellable or erodible polymers can be combined with one --
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or more water-soluble substances such as sugar, lactose snd salts to form a partly

erodible film with a pH-independent or pH-dependent release rate.

Budragit™ of Robm Pharma 18 a trads name apphed to & rangs of products
useful for film coating of sustained-release parhicles. These products are of varying
solubihity m gastromtestinal fimds, Budragit™ RL and Budragif™ RS are copolymers
synthemised from acrylsc and methacryhic esters with a low content of quaternary
ammonnm groups. Eudragi(™ RL sand RS differ m the molar rahios of snch
ammomum groups to the remaming neutral (meth)acryhc acd esters (1-20 and 1 40
respectively) Eudragst™ NE 18 an aqueous dispermon of a nextral copolymer based
on cthyl scrylate and methyl methacrylate. Charactenstics of Evdragit™ polymers are
described m By 3 :

Beaic Info 2.

Ethylcellulose, avalable for example under the trade name Surelease™, 18
another sortable matenal which 18 avalsbls m different grades and m special quahties
for aqueous based barner coatings. Acconimg to the present mvention 1t 18 preferred
to ase ethyicellnlose having a viscomty of about 5 to sbout 15 cPs, but other types of
cellulose-based swellable or erodible polymers can also be used.

In tho coatmg procedure the swellable or erodible polymers are dissolved or
dispersed m a solvent or mixture of solvents such as ethanol, acetone, methy] mobutyl
ketone (MIBK) and water Plasticizers snd/or pigiments can optionally be used to
modify the techmeal properties or change the permeabthity of the coatmg. The coatng
praferably has virtually pH-mdependent parmeabihty properties throughout & pH
renge of shout 1 O to about 7 0. At lugher pH a reduction 1n the release rate of
oclecoxib can be observed, however, this 18 not due to properties of the polymenc
Inyer but resuits from reduced sololny of celecoxib at lugh piH valnes,

An 1llustrative suitable coetmg composition according to the present mvenhon
compnscs cthylcellulose and HPMC together with tnethyl citrate as a plasticzzer An
example of such a coating composition contams 90% polymer conmstmg of
ethylceliulose and HPMC in a weaght ratro of 55.35 to 80 10, wath 1096 tnethyl
ctrate,

Bach coated bead containing celecaxib represents an mdividual sustmned-

release umit, releasing the drug at a-mte that s preferably independent of 1ts position n
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the gastromtestinal tract. Overall dissohution profile and celecoxib availabihty are
dependent on the rate of drug diffusion through the sustamed-releage coating and on
the rate of eromon of the coating m the gastromntestmal tract.

In a proceas for prepanng a costed bead compomition, celecoxib and dituents,
proferably lactoss and/or mcrocrystalime cellulose, are muxed and granulated by the
following illustrative method. Celecoxib 13 added to s mixture of lactose and
mucrocrystaliine cellulose (e.g., Avicel™ PH-101, Avicel™ RC-581, Avice]™
RC-591 or s mxture thereof) in a total amount of 1000-4000 g snd dry-mixed m a
Ingh shear mrxer (e.g., Niro-Ficlder mxer) at a ligh mximng speed for 2-S mmmtes,
Water (300-700 grams) 18 added and the resulting mass 15 grannlated for 2-5 punntes
at ngh speed.

Extrusion of the resalting matenal can be performed for example m s NICA
E-140 extruder (Lejus Medical AB, Swedem) through a perforated scroen with drilled
onfices 0of 0.25-1 0 mm diameter The speed of the agitator and the foeder are
preferably set on the lowest values.

Spheronization of the resultmg extrudate can be conducted for example in a
NICA Marumenzer (Femro Mecano AB, Sweden) The speed of the Marumenzer
plate 1s preferably adjusted to 500-10,000 rpm.  Spheromzation contmnes for 2-10
mmutes, with about 1000 g wet extrudate on the plate at each yon.

Drymg of the resulting spheramzed beads can be performed 1n a fimdszed bed
dryer (e.g., Acromatic AG, West Germany) at an mlet tempersture of 50-90°C A net
device can be placed m the top of the flzdized bed to avod loss of beads to the
cyclone output. The batch 15 preferably divided mto sub-batches of 200-800 g. Bach
sab-batch 15 dned for 10-60 mmntes st an arr volume of 100-400 m*/h m order to
obtam mdividual beads rather than aggregates. If nccessary, the sub-batches arc then
mixed and the whols batch dned for 5-30 rmmutes to an end produst tempersture of
40-60°C. A yield of dry beads of 1600-2000 g can be expected.

Sizing of the resplting dry beads can be performed usming analyhical meves.
Two meves are selected from a set of sieve sizes, for example of 850 um, 600 purn, 425
pm, 300 pm, 250 pm and 180 pm.

Celecaxib beads manufactured as sbove can be coated with swellable or
erodible polymers to prepare sustained-release coated beads. Immediate-relcase beads
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are not so coated. Both sustmned-rolease snd mnmadiate-relesse beads are present m &
dual-release composition of the mventon. For example, Surclease™ or Budragn(™
RS can be apphed as a 10-20% by weight sohds dispermion, umng spray coahing
equipment (e.g., Wurster). The spray gun 1s mounted at a height of 025 cm to 5 cm
over the bottom of the bed. An cthanol/MIBK mixture 18 pumped through the system
pror to the start of the coating operation. Celecoxib beads are pre-hested at 50-80°C
with an arr velocaty of 100400 m*/h for 30-90 munmtes. The coatmg 15 apphied usmg
the following typical process parameters” atomizang pressure 1 0-3 O bar, aur
tempereture 50-80°C, axr veloerty 100-400 m*h and solution flow about 10-80
ml/mmmte.

The coated beads mannfactured as sbove, together with immediate-release
beads, are encapsulated by a conventional encapsulation process.

The present mvention also 15 directad to a therspeutic method of treatmg a
condrtion or disorder where trestment with & cyclooxygenase-2 mhibitor 18 mdicated,
the method compnmng oral admmustrehan of ona or more dose umts of a composition
of the mvention to a subject m need thereof. The dosage regimen to prevent, give
rehef from, or amehorate the condition or disonder prefersbly corresponds to the once-
a-day treatment discussed above, but can be modified m accordance with a variety of
factors ‘These inclade the type, age, weght, sex, diet, and medical condrtion of the
subject and the nature and scventy of the disorder Thna, the dosage regumen actually
employed can vary widely and cen therefore dsviate from the preferred dosage
regimens set forth above

Inttial treatment of a subject sufferng from a condition or digorder where
treatment with a cyclooxygenase-2 mhibrtor 18 indicated can begin with the dosages
mechcated above. Treatment 1s generally contnmued as necessary over a pexiod of
sevaral weeks to several months or yesm until the condition or disorder has been
controlied or emnated. Subyects undergoing treatment with a composition of the
mvenhon can be routmely momtored by axty of the methods well imown 1n the art to
determune the effectiveness of therapy Contmuous enalysis of such data permits
modification of the treatment regimen durmg therapy so that optmally effective
amounts of celecoxib sre admumstered at any pomnt m time, and so that the duration of
treatment can be dotermmed-as well In this way, the treatment regmmen/dosing
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schedule can be rationally modified over the course of therapy so that the lowest
amount of celecoxib exhibihing sahsfactory effectivencss ts admimstered, and so that
administration 1 contrmued only so long as 15 necessary to successfully treat the
condition or disorder

The present invention also 18 directed to use of compomtions of the mvention
1n preparation of modicaments useful m the treatment and/or prophylamns of
cyclooxygenase-2 meduted conditions and disgrders, m parbcular such conditions and
dworders where a combmation of rapid onset and long duration of therapeutic effect 18
desired or requured.
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WHAT IS CLAIMED IS

1

A pharmaceutical composihion comprising one or more orally deliverable dose
unuts, oach compnang a first fraction of celecoxib 1n m amount of about 10

mg to about 400 mg, said first fraction bemg m solution m a pharmaceutically
acceptable solvent and/or present m immedhate-release solid particles havmg &
Deg particle mze less than about 1 yom, and a second fraction of celacoxib m en
amonnt of ebout 10 mg to about 400 mg, sud second fracion bemg present m
solid particles having a Dy particle mze grester than abont 25 ym and/or m
controlled-relesse, slow-release, progmmmed-release, tmed-release, pulse-
release, sustamed-release or extended-relesse particles, wherem smd first
fraction and smd sccond fraction of celecoxib are present m a reti0 of about
10 1 to sbout 1 10 m the composttion.

The composition of Clamm 1 wherem smd first fraction of celecoxib 15 m
solution m a pharmacentically acceptable solvent.

The composition of Claxm 2 wheren said solvent comprises polycthylene
glycol.

The compoartion of Clamn 2 wherem particles compnaing smd second fraction
of calecoxib arc 1n stable suspension m & mainx solution compnang smd first
fraction.

The composition of Clarm 4 that 15 m the form of umt dose soft capenles.

The conypomtion of Claim 1 wheren sad first fraction of celecaxib 18 present
In immodiate-release solid particles having a Dyg particle mee less than about

1 pm.
The compoaition of Clarm 6 that 13 m the form of amit dose hard capsules.

The composition of Clarm 7 wherem said first fraction and smd second
fraction of celecoxib are present m separate gramules or beads withmn sad
capsules.

The composshion of Claum 8 wheremn smd second fraction of celecoxib 1s
present 1n coated grannles or beads having controlled-release, slow-releass,
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programmmed-release, itmed-release, puise-release, sustained-release or
extended-release properties.

10.  The compostion of Clzim 6 that 18 n the form of umt dose tablets

11  The compomtion of Claum 10 wherein said first fraction and said second
fraction of celecoxib are present m separate layers within smd tablets.

12  The compomtion of Clamn 11 wherein smud second fraction of celecoxib 18
present 1n particles having controtled-release, slow-release, programmed-
release, imed-release, pulse-release, sustamed-rolease or extended-relcase
propertics

13  The campositon of Clamm 1 wherean each of smd dose units contains
celecoxib m an amount of sbont 50 mg to about 400 mg.

14. The compostion of Clamm 1 further comprisng one or more opioid or
analgesic drugs.

15  The compoation of Clmm 14 wherem smd oproud or analgemic diugs are
selected from the group conmsting of narcohic analgencs, Mu receptor
antagomsts, Kappa receptor antagomists, non-nercotic analgesics, monamme
uptako wnhibrtors, adenosine regulating agents, cannabinold denvetives,
Substance P antagomsts, neurolammn-1 recoptor antagomsts and sodiam
chammnel blockers.

16.  The compositon of Clmm 14 wherem smd opsoid or analgemc drugs are
selected from the group conmsting of aceclofenac, acemetacm,
e-acetamuiocaproic acid, acetemmophen, acotsmmosalol, acetamlide,
acetylsalicylsahcyhic acd, S-adenosyimetinonine, sliclofonac, alfontaml,
allylprodine, almmoprofen, aloxprin, alphaprodine, alummum
brs(acetylsalicylate), amfenac, stmnochlorthenoxazin, 3-ammo-4-
Iydroxybutnc acad, 2-smmno-4-prcohne, anunopropylion, aminopynne,
smuxetrme, ammomum sahcylsto, ampiroxicam, amtohnetm guacil,
anilendine, antipyrme, antipynne sahcylate, antrafemne, apazone, espinn,
bendazac, benorylate, benoxaprofen, benzpiperylon, benzydamine,
benzylmorphine, bermoprofen, bezatramide, a-usabolo!, bromfenac,
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p-bromoacetamhdes, 5-bromosalicylic acad acetate, bromosahgenin, bucetin,
bucloxic acid, bucalome, bufexamac, bumadizon, buprenorpiune, butscetin,
butibufen, butophanol, calcium acetylsalicylats, carbamazepme, carbipheas,
carprofen, carsslam, chlorobutanol, chlorthenoxazin (e), cholme salicylate,
cinchophen, cinmetacin, ciramadol, chhdanac, clometacm, clomtazens,
clonxm, cloprrac, clove, codeins, codemne metiyl bronude, codemne phosphate,
codeine sulfate, cropropamide, crotetharmde, desomorphine, dexoxadrol,
dextromorarmde, dezocme, diampromude, diclofense sodium, difenamizole,
difenpiramude, diflunsal, dihydrocodems, dihydrocodeinone enol acetats,
dilydromorphme, dibrydroxyalummum scetylsalcylate, dimenoxadol,
dimepheptanol, dunethyitinambutene, dioxaphetyl butyrate, diprpanone,
diprocetyl, dipyrone, ditazol, droxicam, emorfazone, enfonemic acad, cpanzole,
cptazocme, etersalate, cthenzamide, ethoheptazme, ethoxazene,
ethyimethyltiusmbutens, etiryimorpinne, etodolac, etofenamate, etonitazene,
cugenol, felbmnac, fenbufin, fenclozic acid, fendosal, fenoprofen, fentanyl,
fentiszac, fepradmol, feprazone, floctafenine, flufenamic acyd, fimoxaprofen,
fluoresone, flupmrtine, fluproquazons, flurtnprofien, fosfosal, gentisic acad,
glafemne, glucametacm, glycol sahicylate, gauaznlene, hydrocodone,
hydromorphone, hydroxypethudne, ibufenac, ibuprofen, ibuproxam, imidazole
salicylats, indomethacm, indoprofin, 1sofezolac, 1scladol, 1somethadone,
1sonixin, 1soxepac, isoxicam, ketobemidone, ketoprofen, ketorolsc,
p-lactophenetides, lnfetarmne, levarphanol, lofentsm], lonazolac, lomoxicam,
loxoprofen, lysme acetylsahcylate, magnesiom acetylsahcylate, meclofensmic
ecid, mefenanic acid, mepending, meptezmol, mesalamme, metezocine,
methadone hydrochloride, methotnmeprazine, mettanme acid, metofolne,
metopon, mofebutazons, mofezolsc, morazone, marphme, morphine
hydrochloride, morphine sulfate, morpholine salicylate, nryrophme,
nabumetons, nalbuphine, 1-naphthyl salicylste, neproxen, narcemns, nefopam,
nicomorphine, mfenazone, mflomic acid, nmesulids, 5-mitro-2'-
propoxyecctamliide, norlevorphanol, normethadone, normorphine,
norpipanons, olsalazne, oprum, oxaceprol, oxametacine, oxaprozm,

oxycodone, oxymorphone, oxyphenbutazone, papaveretinn, paranyhne, _ . _ _ _ ___
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parsalmide, pentazocime, perisoxal, phenacetin, phenadoxons, phenazocine,
phenazopynidine hydrochlonde, phenocoll, phenopendine, phanopyrazone,
phenyl acetylsalicylate, phesrylbutazone, phexyl salicylats, phenyramudol,
piketoprofen, pummodne, pipebuzone, piperylone, piprofen, prrazolac,
pmtramide, prroxicam, pranoprofen, progiumetacin, proheptazine, promedol,
propacetamol, propiram, propoxyphene, propyphenazone, proquazoue,
protezmic acyd, ramifenazone, remifentaml, nmezolum metisulfate,
salacetarnide, sahicin, salicylamide, sahcylannde o-acetic acad, sahcylsulfime
acid, salgalte, salvarme, ermetnde, sodium salicylate, sufentaml, sulfasalazine,
sulmdac, suparomide dismiisse, suprofen, suxibuzons, talmflumate, temdap,
tenoxicam, terofenamate, tetrandrme, thiezolinobutazone, taprofentc acad,
tisrammde, hivhine, tnondme, tolfenamic acd, tolmetin, tramadol, tropesm,
viremol, xenbucin, ximoprofen, zaltoprofen and zomepuac.

The compoution of Clarn 14 wherein amd oproud or analgesic drugs are
selected from codeins, mependine, morphme and denvatives thercof-

A pharmaceutical composition compnsing one or more orally delrverable dose
umts, each compnamg a first fraction of celecoxib m immedhate-release form

m an amount of about 10 mg to about 400 mg, and a second fraction of
celecoxib m comtrolled-release, alow-releass, programmed-relesse, tined-
release, pulse-release, sustamned-release or extonded-relcase form mn an emount
of about 10 mg to about 400 mg, smd compomtion providmg, upon a smgle
oral admnmstration of 1 to about 4 dose umits to a subject, (a) a Gy greater
than about 100 ng/ml, (b) & T, shorter then about 1.5 h and (c) a T2 longer
than about 9 h.

The compostion of Claim 18 providing, upon a single aral administration of 1
to about 4 dose units to a subject, (a) 8 Couu grester than sbout 200 ng/ml, (b) &
T shorter than about 0 75 b, (c) a blood serum concentration of at least 50
ng/ml wrthm about 15 munutes after said admmstration, sand (d) & Tyz such
that blood seram concentration remams above about 50 ng/ml for at lcast 18 h
after said admmstratron

The composition of Clmum 18 that has pharmacokunetic properties sufficient to
42
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provide onsct of therapeutic effect withun about 1 b, and a durahion of
therspeutic effect for at least about 24 h, of oral admnistration thereof'to a

subject having a cyclooxygenase-2 mediated disorder

A pharmaceuticsl composition compnsmg one or more orally deliversble dose
umitz, each compnismg & first frachion of calecoxib in momediate-releass form
1n an amount of about 10 mg to ebout 400 mg, sad first fraction being present
m immediate-releass sohid particles having a Dgg particie miZe less thaa about
1 ym, and & second fimction of celecoxib 1n an amount of about 10 mg to about
400 mg, smd second frachion being dustributed 1 a sustained-release matrx
compnismg hydroxypropyimethylcelinlose having a visconty, 2% in water, of
about 100 to about 8000 cPs; wherem smd first fraction snd smd second
fraction of celecaxib are presant m a rato of about 10 1 to about 1 10 m the

composthion.
The composttion of Clamm 21 wherein smd dose umts are tablets.

The componihon of Claxm 22 wherem sad first fraction and smd second
fraction of celecoxib are mdividaally contmned 10 discrete layers or zones of
cach tablet.

A pharmaceutical composition compnang one ar more orally deliverable dose
umts, each compnising a first fraction of calecoxib mn an amount of about 10

mg to about 400 mg, smd first fimction beang present m immediate-release
solid particles having a Dgg particle mze less than about 1 jun, and a second
fraction of colecoxib in an emownt of sbout 10 mg to sbout 400 mg, smd
second frachon beng present in a multiphcity of solid beads each having a
sustamed-Telease coating that comprises cns or more pharmaceuticaily
acceptable swellable or erodible polymers, wherein said first fraction and saud
second frachon of colecoxib are present in a ratio of about 10 1 to about 1 10
n the composition.

The compomtion of Clmm 24 wherem smd dose tnts are capsules

The compoaition of Claxm 24 wherem sud first fraction of celecoxib 1s present
1n a multpheaty of solid beads similar m uize to the beads contaiming smd
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second fraction of celecoxib, but having no coating or hsving a coahng that 18
not a sustmned-relesse coating.

The composition of Clazm 24 wheren sard swellable or erodible polymers are
selected fram ethylcellulose and polymers and copolymers of scryhe acad,
methacryhe acid and esters thereof.

A method of treating a medical condition or disorder m a subject where

treatment with a cyclooxygenase-2 ihibrtor 18 indicated, compnsmg orally
admmstermg 1 to about 4 dose units of 8 compositron of any of Claums 1, 18,
21 or 24 ance & day

Tho method of Claum 28 wherein said condrtion or disorder 15 selected from
theumatond arthritia, ostecarthntis, cancer, Alzheimer's chssase and post-
surgical pain.
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ABSTRACT
Pharmacsutical compositions ave provided compnsing one or more orally
delivarable dose umts, cach compnising celecoxib in an smmechate-release fraction
and a controlled-relesse, slow-relcase, programmed-release, tmed-relcase, pulse-
release, sustamed-releaso or extended-releass frachion. The campomtions are useful 1n
treatment or prophylaxis of cyclooxygenase-2 mediated conditions and hsorders.
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FIELD OF THE INVENTION
The present mvention relates to orally daliverable pharmeacentical
composttions contaming celecoxib as an active mgredient, to processes for prepanng
5  such compositions, to methods of treatment of cyclooxygenase-2 mediated disorders

compnsing orally admmmstering such compositions to a subject, and to the use of such
campoartions m the manmfacture of medicaments.

BACKGROUND OF THE INVENTION
Numerous compounds have been reparted having therapenticaily and/or
10 WMMWMMM@.NMM
dusclosed as having utility m treatment or prevention of specific cyclooxyganase-2
L | mechated dusorders or of such disorders m general. Among such compounds are
3 substituted pyrazolyl benzenesulfonamides as reported m U.S. Patent No. 5,760,068 to
* f Talley ¢t al., mcluding the compound 4-{5-(4-methylpheny!)-3-(tnflucromethyl)- 1 H-
W 15  pyrazol-1-yi]benzenesulfonsrmde, also referred to heren as celeconb, winch has the
structure”

o
Celecoxib 18 a hydrophobic compound and has very low solubihity m water
‘ This property has presented practical afficalties m farrmlatmg celecoxib for aral
20 adoumstration, particularly where early onset of therapenhic effect 18 desired or
required. Furthermore, celecoxib has a relatively short half-hfe mn the bloodstream

following admmnstration to a subject. Thus property has favored celecoxib
admmatration regimens mvolving twice-a-day or more frequent admmustration.
A dosage form of celecoxib that mmmlitaneously overcames problems

25 associated with both of thege properties, thereby providmg rapud onset of therapeuntic
1
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effect coupled with once-a-dey admmstration, would represent a major advance 1n the -
art.

The formmlation of celecoxib for effechive oral admmmstration to a subject has
Iutherto been camplicated by the umque phymical snd chemical propertios of
colecoxib, particularly its low solubility and factors associated with its crystal
structure, mcluding cohesiveness, low bulk dennity and low compressibihity
Celecoxib 18 unnsually msoluble m aquecns media. Unformmisted celecoxib 15 not
readily dissolved and dispersed for rapid absorption m the gastromtestinal tract when
admumstered orally, for example in capsule form. In addition, unformnlsted
celecoxib, which has a cxystal marphology that tends to form long cobesive needles,
typacally fhses 1nio 8 monohtine mass upan compression 1n a tabletmg die. Even
when blended with other substances, the celecoxib crystals tend to separute from the
other substances and aggiomerats together durmg moxing of ths composition resulting
m a non-umformly blended compomtion contarmng undesirably large aggrogates of
celecoxib, Therefhire, 1t 13 dafficult to prepare a pharmaceutical composthion
contarming celecoxib that has the desired blend umforomty Further, handhng
problems are encountered durmg the preparation of pharmaceutical composthons
compnang celecoxib. For example, the low bulk density of celecaxib males it
difficult to process the emall quantitics required dunng formmistion of the
pharmeceutical composrtions. Aocordmgly, & need exasts for solutions to rumerous
problems associsted with preparation of smtable pharmacentical composians and
dosage forms compnang celecoxib, particularly orally deliversble dose umts.

In general, a nsed cxsts for crally deliversble formulations of celecoxib, such
formulstions possessmg one or more of the following characteristics relstive to
unfornmlated celecoxib or other celecoxib compostions

(1) mmproved solubnhty;

(2) shorter dusmntegration time;

(3) shorter dissolution tme;

(4) decroased tablet fhability;

(5) increased tablet hardness,

(6) mproved wettabity;

(7) umproved compressibility;
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(8) mmproved flow properties of hqmd and particulate solid compomtions,

(9) mproved phymcal stability of the fimshed compomition,

(10) reduced tablet or capsnle mze;

(11) mmproved blend umformuty;

(12) rxproved doseuniformty;

(13) mmproved control of weight vanstion durmg encapsulation and/or

tabletmg;

(14) mcrecased grannle density for wet granulated compositions;

(15) reduced water requurement for wet granulahon,

(16) redoced wet gramulahion tme; and

(17) reduced drymg tame for wet gramilated mixhmes.

More specafically, there exists an especaal need for orally deliverable
formulations of celecoxib, such formulations providing both rapad onset of therspeutic
effect and longey duration of therapeutic effect than unfornmlated celecoxib or known
formulahons of calecoxib. To the extent that rapid onset of therapeutic effect 18
related to pharmacokmenc parameters such as 2 ngh maxmm blood serum
concentrahion of the drug (Com,) and a short tne from oral adoumstrahon to reach
such maximom blood seram concentration (Tues), there 15 an cspecial need for omlly
dehiversble formulations of celecoxib, such fornmlations providing a grester Cog
and/or an eariser Ty, than unfornmmiated calecaxib or known formulstions of
calecoxib. At the same time, to the extent that long duration of tharapeutic effect 18
releted to pharmacokinetic parsmeters snch as long half-hit of blood serum
concentrahion of the drug after Cooy 19 reached, also known as ternunal half-hife (Tyz),
there 18 an especal need for orally deliversble formmlstions of celecoxib, such
formulabons providmg a Jonger Ty, than unformmlated celocoxib or known
formulations of celecoxib. A mngle composttion that satisfies both the need fora
greatar Coyy and/or an earlior Ty and the need for a greater Tz would dramatically
enhance the therapeutic utility of colecoxib 1n & wide vanety of situations.

As 18 mdicated hareinbelow, treatment with celecoxib 18 ndicated ar
potentially mdicated 10 & very wide mxray of cyclooxygenase-2 mediated conditions
and disorders. It would be of benefit to provide formmlations exhibiting
pharmacolanetics consistent with rapid onset and long durstion of therapeutic effect

3
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especially for treatment of disorders where early rehef from pam or other symptoms 18
desired or requared and where once-a-day edmmusiretion 18 requred or preferred.

Cyclooxygenasge-2 nhimtory drugs including celecoxib that are of low
solubnlity 1n water are convemently formulated m sohd particulate form. The
mdmvidual or pnmary particles of the drug can dispersed 1n 2 hqud medrum, &8 10 &
suspension formulstion, or cen be sggregated to form secondary particles or granules
that can be encapsulated to provide a capsule dosage form, or compressed or molded
to provide a tablet dosage form.

Numerous processes are known and used m the art for prepanng drug
formulstions baving pnmary particle sizos m a dosired radpe, or having a deswed
mean particle size, or having a particle mze distribution charactenzed by s paramater
such as Do, which 18 defined herein as 2 Imear measure of dizmeter having a valuo
such that 90% by volume of particles m the formulation, m the longest dimension of
the particies, arc smaller than that iameter For practical purposes 2 determmahon of
Dy based on 90% by weight rather than by volume 18 generully sustable.

For conmstency with pnor pubhcahons, the terms “nucroparticle”™ and
“nanoparticle” are defined herein as m U.S. Patent No. 5,384,124 to Courtealle et al.,
to refer to particles havmg respectively a diameter of between 1 pm and 2000 yum, and
a diameter of less than 1 pm (1000 mm). Ths preparation of microparticies snd
nanoparhicles, accorcng to U S Patent No. 5,384,124, “is pnncipally used to retard
dussolution of sctive prmeiples™ However, U.S. Patent No 5,145,684 to Liversxdige
et al. discloses nanoparticulate compositions saud to provide “unexpectedly ngh
bicavailahty” of drugs, particularly drugs baving low solubility m & hquid medum
such as water International Pubboation No. WO 93/25190 provides pharmacokmee
data from a mt study mdicating a mgher apparent rate of absorption from oral
admmmstration of & nanoparticulate (sverage particle size 240-300 nm) then from oral
admmstration of & muoroparticulate (particle size rango 20-30 pm) dispermon of
naproxen.

Numerous processes for preparstion of nanoparticulate composttions of
therspeutic agents aro known. Typacally these processes use mechamcal means, such
as mlling, to reduce particle 5126 to & nano (less than 1 pm) rangs, or precipatate nano-
s1ized particles from solution. Nlustrative processes are disclosed in the references

4
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individually cated smmediaicly below

U.S Patent No. 4,826,689 to Violanto & Fiacher
Above-cited U.S. Patent No. 5,145,684 to Liversidge ef al.
U.S. Patent No 5,298,262 to Na & Ragagopalan.

5 U.S Putent No. 5,302,401 to Livermdge ef al.
U.S. Putent No. 5,336,507 to Na & Rajagopalan.
US Puatent No 5,340,564 to lhg & Serpotdar
US Putent No 5,346,702 to Na & Ruyagopalsn.
U.S Patent No 5,352,459 to Holhster ef al.

10 US Patent No 5,354,550 to Lovreaich.
Abave-cited US Patent No. 5,384,124 to Courteulle et al.
n US Patent No. 5,429,824 to June. .
',:a US Patent No. 5,510,118 to Bosch af al
h) US. Putent No 5,518,738 to Bickhoff et al.
| 4 !-H 15 US. Patent No 5,503,723 to Ruddy & Bickhoff.
E; USS. Patent No. 5,534,270 to De Castro.
. US Patent No. 5,536,508 to Camal ef al.
ﬂ US Patent No. 5,552,160 to Livermdge ef al.
fg USS. Patent No. 5,560,931 to Fackhoff e al
i 20 US Puatent No. 5,560,932 to Bagolu ef al.
2 USS. Patont No. 5,565,188 to Wong et al

U.S. Putent No 5,569,448 to Wong et al.
U S. Patent No. 5,571,536 to EsckhofT ef al.
U.S. Patent No. 5,573,783 to Demeno & Stetako.
25 US Patent No. 5,580,579 to Ruddy et al
US Patent No. 5,585,108 to Ruddy ef al.
* US Patent No. 5,587,143 to Wong.
US Patent No. 5,591,456 to Franson & Suyder
US Patent No 5,662,883 to Bagein ez al
30 US Patent No. 5,665,331 to Bageh ef al
US PatentNo 5,718,919 to Ruddy & Roberts.
U.S Patent No 5,747,001 to Wiedmann ef al.

5
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Intemnational Publication No WO 93/25190.

International Publicahion No. WO 96/24336.

International Publication No, WO 98/35666.

Alernatively, celecoxib can be formulated m solution m » pharmaceuhcally
acceptable solvent such as polyethylens glycol having an average molecular weaght of
about 400 "PEG-400") Solution formnlstions typscally permit rapid absorption of
the chesolved drug, mn some cases giving even more rapid onset of therapentic effect
than 18 possible with nanoparticulate formulations.

Solutions and suspensions of nanoparticles and/or mucroparticles can be
formulated es haqund dosage forms, the requured dose baung measured, for example
usmng a cup, at the trme of adnumsiration. Altemnatively, solutions and suspengiong
can be fonmulated as flowable hqmds or as gels m unit dose articles such as sachets or
soft capsules. Sachets are opened snd only the contents admmmatered orally to the
subyect; sofl capsules are » more convemeant dosage form as the entire capsuls is arally
admmstered. Tymecally soft capmle walls xre composed predommantly of gelstin and
the tarms “softgel” or “gelcap™ are sometimes used to desaribe these formulations.

Anti-inflammatory, snfipyretic and analgesic drugs, for example nonsterosdal
snt-infismmstory drugs (NSAIDs) and opiouds have not frequently been foremlated
s rapid-release solutions, gels or soft capsules for oral adnumstration. However,
illostratyve processes for preparing such formulations are disclogsed 1n the references
mdviduslly cited mmedhately below

US Patent No. 5,859,060 to Platt.

Buropean Patent Apphcstion No. 0 945 131

Japanese Layd-Open Patent Apphcation No (03/106815

Extendmg the half-life of an orally admmistered drug is achievable by a
vanety of controfled-relcase, slow-relesse, programmed-relcass, tumed-release, pulse-
release, sustmined-rolease or extended-release technologies known m the art.
Tymcally such technologies nvolve formmlatng the drug m a polymer matrx from
which the drug 18 gradually released, or protecting the drug from mmmedhato rolezss by
means of a bamner lxyer which degrades over ime 1n the gastrointestmal tract.
Bxamples of bamer layars meinde liposomes, nznocapsules, microcapsules and
coatings on granules, boads or tablets Dosage forms can be hiquuds (e.g.,

6
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suspensions) or umt dose arhcles (e.g:, tahlets, capsules, soft capsules).

Ilustratrve processes that can be used are disclosed for controlled-relcase,
slow-ralease, programmed-reloase, imed-release, pulse-releasc, sustuned-release or
extended-release formulations of opioids, NSAIDs and other analgesic, antipyretic

5 end anti-ihflsmmatory drugs 1n the refereoces mdrvidoally cited mmmediately below

U.S. Patent No. 3,362,880 to Jeffres.

U.S. Patent No. 4,308,251 to Dunn & Lamparnd.

U S Patent No. 4,571,333 to Hmas & Kent.

U S. Patant No. 4,601,894 to Hanna & Vadmno.

10 USS. Patent No. 4,708,361 to Popescu ef ol.
U'S Patent No 4,749,575 to Rotman.
an U S. Patent No. 4,795,641 to Kashdan. .
f,ﬂ US Patent No. 4,803,079 to Hatas & Kent.
3 U S. Putent No. 4,867,985 to Heafiekd e¢ al.
] }'ﬂ 15 US Patent No 4,980,175 to Chavian & Mackles
;; US Patent No. 5,160,742 to Mazer of al
. US Patent No. 5,273,760 to Oshlack ef al.
fﬂ U.S Putent No. 5,275,820 to Chang.
E;" U.S. Patent No. 5,292,534 t Valentine & Valentine.
k) 20 U.S. Patent No. 5,415,871 to Pankhama ef a.
Q US Patent No. 5,427,799 1o Valentine & Valenhine.
U.S. Patent No. 5,451,409 to Rencher ef ol
U.S Putent No. 5,460,825 to Roche.
U.S. Patent No. 5,472,712 to Oshlack ¢ ol
25 US Patent No. 5,518,730 to Fmaz.
U'S Patent No. 5,523,095 to Mod.
) U'S Patent No. 5,536,505 to Wilson et ol
U Patent No. 5,858,344 to Miilier & Cromer
Belgin Patent Appheation No 900 824,
30 European Patent Applcation No. 0 147 780
Europesn Patent Application No. 0 438 249

Buropean Patent Apphcation No. 0 516 141
7
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European Patent Appheation No. 0 875 245

Europesn Patent Applhication No. 0 945 137

French Patent Apphcation No. 2 584 604.

Jepancse Lad-Open Patent Apphcation No. 56030402,

Jepanese Laid-Opon Patent Apphication No. 60/072813

Japanese Laid-Open Putent Appheshian No. 63/174925,

Japanese Lmd-Open Patent Apphcaton No. 10/298064.

International Publicsthon No. WO £7/00044,

International Pubhicatian No. WO 89/08119

International Pubhicstion No. WO 91/16920

International Pubhcation No. WO 93/10760

International Pubhcation No. WO 93/10765 . .

International Pubbicstion No. WO 93/12765

International Publicetron No. WO 93/17673

Internatyonal Publication No. WO 95/14460

International Publication No. WO 96/16638

International Publication No. WO 9801117

International Publication No. WO 99/51209

Attempts have bean made to formmlate certamn NSAIDa, opaoids or other
analgesic, sntipyretic or snti-infismmatory drugs in mngle dual-release compositions
havmg both s immechate-release fraction and a controlled-release, slow-release,
programmed-release, timed-roleass, pulse-rolease, snstained-release or extended-
release fraction of the drog. Such compositions have been dusclosed, for example, for
NSAIDs ganecally m the references mdividually cited ommediately below

US Puatent No. 4,980,170 to Schmeider e al.

International Publication No WO 9%12524.

Such dual-relesse compositions have illustratrvely been disclosed for
ibuprofen m the references individoally cited smmedhately below

US Pstent No 5,681,583 to Conte et al.

Intemshonal Pubhcaton No. WO 96/41617

Such dual-release composmtions have 1llustratively been disciosed for naproxen
m the references mdrvidually cited rmmediately below

8
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USS. Putent No. 4,888,178 to Roum & Marcin

U.S. Patent No. 5,609,884 to Desm

Selective cyclooxygenase-2 ihibriory drugs have not previously been
formulated m dual-release dosage forms. Certam drugs of tius class have &
sufficiently long half-life, even when conventionally formalated for oral delivery, to
be surtable for once-s-day adsmmstration. For example, Canadian Patent Apphoation
No 2,254,061 discloses that the selective cyclooxygenase-2 mhibator 3-pheryl-4-{4-
(methylmlfonyl)phenyl}-5H-firan-2-one, also known ag rofecoxib, has a half-life
sufficient to provide therapeutsc bepefit over a 24-hour penod. )

B SUMMARY OF THE INVENTION

Accarding (5'the present invention, the selective eyclooxygenase-2 inhibytory
compound celecoxib 18 formulated m an crally deliversble dosage form héving dual-
release properties such that onset of therapeutic effect 18 more rapid, yet at the same
trme the duration of therapeutc effect 13 longer, than 18 achioved with known
formulations of celocoxib.

An embodiment of the mvention 18 & composrtion comprismng celecoxib that,
upon oral admimstrahion thereof to a subject, exhibits pharmacokmetic propertios
leadmg to (a) 2 greater maxmmum blood sernm celecoxib concentration (Co) and/or a
shorter hme followmg the adnmmstration to reach that meximum (Ting), and (b) &
Jonger terzunal half-hfe of blood serum celecoxib concentration (T32), than previovs
compomtions. It 1s contemplated that & greater Coy, envd/or a shorter Toe (L2,
mmmecdhate rolease properties) are obtamed by providing a first fraction of the
celecoxib m the composthion (i) 1n the form of solid particles compnsing celecoxib
having a Dy particle atze less than sbout 1 um, or (1i) 1 the fiorm of a solution of
celecoxib m a pharmaceutically acceptable solvent. It 18 contemplated that a longer
T2 18 obtmned by providmg a secand fraction of the celocoxid m the composihan (1)
1 the form of sold particles compnamng celecoxib having a Dy particle size greater
than about 25 ym, or (ii) m the form of particies of any convenient Dy particle mze
providing controlled release, slow rolease, programmed release, tmed release, pulse
releass, sustmned relesse or extended release of celocoxid Preferably the Ty thereby
obtamed results mn mamtensnce of a therapeutic blood serum concentration of

celecoxib for st least about 24 hours following oral admimstration.
9
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Accordingly, there 18 now provided a pharmaceutical composition compnising
one or more arally deliverable dose units, each compnsmg & first frachon of celecoxib
m an amount of about 10 mg to sbout 400 mg , tns first fraction being mn solutwon 1n a
phmomnnyumimblenlvunmﬂorpuunmmd:mﬂmlohd
pearticles Having & Dy particlo sizs less than sbout 1 um, and & second fraction of
celecoxib mn an emomnt of sbout 10 mg to about 400 mg, this second fraction bemg
prosent m sohid particles having a Dy particle mze greater than about 25 ym and/or n
controlled-release, slow-relesse, programmed-relesse, imed-release, pulso-release,
sustuned-releage or extended-release particles, wheram the first fraction and the
second fraction of celecoxib are present m a ratio of about 10-1 to about 1 10 mn the
composthon.

‘The doso units compnaing the composihon can be in the form of discrete sohd
articles such ax tablets, pills, hard or soft capsules, lozenges, sachets or pastiles;
aliomatrvaly the composition can be m the form of & substantially homogeneous
flowsble mass, such as a partsculate or gramlsr solid or & hquud suspension, from
winch mingle doge umts are meusurably removable.

In a pmticulerly preferred embodiment the dose units are tablets each
compnsmg & first fraction of celecoxib m an amount of about 10 mg to sbout 400 mg,
thas first frachon beng present m mmedhste-release solid particles having a Do
particle size legs tham about 1 ym, and a second fraction of celacoxib n an smonnt of
about 10 mg to ahout 400 mg, fins second fractron bemg distributed 1n & suatained-
release matrx compnamg hydraxypropyimethyiceliulose (HFMC) having a viscostty,
2% m water, of sbout 100 to aboat 8000 cPs, wherem the first frachon and the second
fraction of celecoxib are present m a ratio of about 10-1 to about 1 10 m the
campaomticn. ‘The two fractions of celecaxib can be mare or less homogenseously
distributed throughout each tablet, but preferably the two fractons are mdividually
contmned m discrote layers or zones of each tablet.

In another particularly preferred embodiment the dose umts are tablets or,
more preferably, capsules cech compnsmg a first fraction of celecaxib m an amount
of about 10 mg to about 400 mg, this first fraction beung present m mmmedhate-release
sohd particles having a Dyg particls size less than about 1 um, and a second frachon of
celecoxib 1n an amount of about 10 mg to about 400 mg, tius second fraction bemg
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presert m a multphaty of sohd beads cach having a sustained-release coating that
comprises one or more pharmaceutically scceptuble swallable or erodible polymers,
wherein the first fraction and the socond fraction of celocoxib are present 1n a ratio of
about 10.1 to about 1 10 m the composition. Preferred swellable or arodible polymers
are ethylcellulose and polymers and copolymers of acryhc acid, methacryhic acid and
caters theroof  Prefernbly the first frachion of celecoxib 18 present m a mulitsplscity of
sohd beads mmilar m size to the bends contmmng the second fractzon but having no
coating or having a costing that 15 not a sustamed-releass coating.

Also provided 18 a method of treating & medical condition or disorderin a
subject where treatment with a cyclooxygenase-2 inhibitor 18 mdicated, compnamng
orally admimstenng one or more dose unts, typcally 1 to about 4 dose nmits, of &
compomtion of the mvention anco a day

Other features of fus 1nvention will be m part apperent and 1n part pomted out
heremafier

DETAILED DESCRIPTION OF THE INVENTION

The term “oral admmstration™ herein metudes any form of dehvery of a
therapeqtic agant or & compomtion therwof to a subject wherein the agent or
composition 15 placed m the mouth of the subject, whether or not the agent or
composrton 18 swallowed. Thus “oral admmmutration”™ includes buccal and sublmgual
as well as esophageal admmmtration. Absarption of the agent can oocur m any pert or
parts of the gastromntostinal tract inchuding the mouth, esophagua, stomach, duodenum,
ileum snd colon.

The term “orally daliverable™ heremn mesns surtable for oral admimstration.

A “subject” herem to which & therapeutic agent or composttion thereof can be
adnmimstered mclndes a human pahient of erther sex and of any age, and also meludes
any nonhuman anmal, particalarly a domeshic ar companion ammal, illustratively a
cat, dog or horse.

The term “dose umt™ heresn means a portion of a pharmaceuhcal composibion
that contains sn amomnt of a therapeutic agent, 1 the presant case celecoxib, sutable
for a mngle oral admmstration to provide a therapeutic effect. Typically one dose
umt, or a mall plurality (up to about 4) of dose umts, provides a sufficient amount of

the agent to resylt in the demred effect.
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The term “prescat 1n sohd particles™ as spplied to celecoxib herein
encompasses composthions wherem the sohd particles conmst essentially of colecoxib
and compomtions wheremn the sohd particles comprise celecoxib 1n inhmate mxture
with one or more other mgredients. These other mgredients can mechude one or more
therspoutsc agents other than celecoxib and/or one or more phatmeosutically
accepiable excipients.

The terms “controllod-reloase”™, “slow-release”, “programmed-releage”,
“timed-release”, “pulsc-release”, “sustmmed-releasc” and “extended-release™ 1n
relation to particles or fornmistions hevem have mesnings &s sccorded m the shove-
cited references, thepertment disclosure of all of which 18 hereby meorporated by
refercuce. Suhhlemhmsunh“mmﬂdw,w.
“programmed-relcase”, “hmed-relcase”, “pulse-release”, “sustamned releass” or
“extended-release™ particles compnsmg celecoxib useful 1n compomtions of the
present mvention meclude those dusclosed for other drugs 1n the shove-cated references.

The term “excipient” heroin means any substance, not 1tself a therapeuix
agont, used as s camer or vehicle for delivery of s tharapeunic agent to a subject or
added to a pharmacentical composrhon to muprove 1ts handhing or storags propectics
or to permt or facilitate formation of a dose umt of the compomtion mto a discrete
article such as a capsule or tablet surtable for omal admmstrabon. Exciprents cam
mcinda, by way of illustration snd not lnnttetion, diluents, dismtegrants, binding
agents, adhenives, wething agents, polymers, lubncants, ghdants, substances added to
mask or counteract a disagreeable taste or odor, flavors, dyes, fragrances, and
substances added to improve sppearance of the compombon.

The term “substanhally hamogeneous™ with reference o 2 pharmaceuntical
composrhion that comprises several componenty meana that the components are
sufficiently mixed much that mdivadual components are not present as discreto layers
and do not form concentraton gradients wathm the composition.

Novel pharmaceutical compesihions accordmg to the present invenhon
comprise one or more crally deliverable dose umts. Bach dose umt comprises
celecoxib m a therapeatically effective total amount of about 20 mg to sbout 800 mg,
partitioned betwoen two frachons each of about 10 mg to about 400 mg as described
heren.
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It wall bo undemstood that a tharapeutically effective amount of celecoxib for a
subject 18 dependent inter afia on the body weight of the subject. Where the subject 15
a chnld or & small ammal (e.g , a dog), for example, an emount of celecoxib relatrvely
low m the dusclosed range of about 20 mg to about 800 my 15 likely to provide blood
serum concentrations conmstent with therapeuhic effectvencss. Where the subject 18
an adult lmman or a large ammal (e.g., 2 horse), achievemnent of such blood serum
concentrations of celoecoxib are likely to require dose nmits contaming a relatively
greatar amount of celecoxib

Typical dose untts 1n a compoarton of the mvenhon contam sbout 20, 25,

37 5, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350 or 400 mg of celecoxib. Far an
adult humny, & therapeutically effective amount of celecoxib per dose umt m a
composition of the present mvention 1s typically about 50 mg to about 400-mg.
Especially preferred amounts of celecoxib per dose umt are sbout 100 mg to about
200 mg, for example about 100 mg or about 200 mg.

In one embodmment, the first fraction of celecoxib 1n & compositzon of the
mventon, which 18 the fraction proviimg immediate release, 15 m the form of
particles having & Dyo particle mze legs than shout 1 pm. Typcally m fhis
embodiment substanhally all the particlas are nanoparticles, Le., sohd particles of
diameter less then 1 pm 1n the longest dimenmon of the particles. In such particles,
celecoxib can be present alons or m mbmate mucture with cne or more excipaents.

The effiscts on pharmacokmnetic properties of reducing particle mze from the
mucroparticle range (greater than 1 um diameter) to the nanoparticle range 1s genonally
unpredictable for any particular drug or class of drugs According to the present
mvention, celocoxib 1 nenoparticulate form exhibits hagher Cop, and/or shorter Toe
than celecaxib m microparticalsts form,

Considermg only the nanoparticuiate companent of a compomtion of this
embodiment of tho mvention, sverage parhicle size 1s prefierably about 0 1 to about 0.8
ym (sbout 100 to about 800 nm), more preferably sbout 0.15 to about 0.6 um (about
150 to about 600 nm), and most preferably about 0.2 to about 0 4 ym (about 200 to
about 400 nm). Celecoxib can be m crystallme or amorphous form m the
nanopariicles, Processes for prepanng nanoperticles that involve millmg or gonding
typically provide the drug 1n crystallne form, whereas processes that mvolve
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precipitation from solution tymeally provide the drug m amorphous form.

Jn one embochment, calecaxib nanoparticles have & surface modifymg agent
adsorbed on the surfice thareof In another embodment, celocoxib nmoparticles are
contemed m & matnx formed by a polymer Preferably excipionts are present and
most proforably incinde & water soluble diluent or wettng agent. Such a water soluble
diluent or wetting agent agmsts 1n the dispersson and chssolution of the celecoxib when
a nanoparticulate compostion 18 ingested. Prefierably both s water soluble diluent and
s weting agent are present.

Nanoparticles comprismg or conmistimg essenhally of celecoxib can be
prepared acoardmg to any process previously spphed to the preparshon of other
poorly water soluble drugs m nanoparticulate form. Surtable processes, without
restnction, are illustratively disclosed for such other drugs 1 the above-cifed
references, the pertinent disclogure of all of which 18 hereby incorporated by reference.

In enother embodiment, the first fraction of celecoxib m a compomton of the
mvenhon, winch 1s the frachon providing immediate release, 18 m solubon 1n a
pharmaceutically acceptsble solvent. Polyethylene glycol, for example PEG-400, has
been found to be a smtable solvent, ather alone or m mixture with water
ustrahively, 8 muxtire of 2 parts PEG-400 to 1 part water hes been found to be a
useful solvent base for en orally delrverable celecoxib solution. Aoccording to the
present mvention, orally adminustered celecoxib m dissolved form exhibats mgher
Camx 2nd/or shorter Tiney than celecoxib mn any other amlly admmmstered form o far
evaluated

Although a celecoxib solution can be presented to tho subsect m bulk hqud
form, 1t can altemahvely be presented m pre-measured umt dose form, for exemplo as
a soft capsule. Ophonally a pharmaceatically acceptable gelhng agent can be added to
the solution to form a gel. Sofigels or gelcaps, which are soft capsules contmmng a
gel, are therefire smtable dossge forms for conrposrtions of the invenhon.

When adnnmustered omily to a fasting adnlt hnman, & 100 mg dosc umt of 8
composttion of the mvenhon preferably extubits a Toex of 1088 than about 1 5 h, more
preferably less then about 1 h and most proferably less than about 0 75 h, and & Corex
of at least about 100 ng/mi, mare preferably st least about 200 ng/ml. Typicallya
composttion of the mvention provides a blood serum concentration of celecoxib of at
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least about 50 ng/ml within 30 munutes of oral admmstration, prefesred compomtions
achiove such a concentration in as Inttle as 15 mmutes. This eady rise 1 blood serum
concentration 15 beheved to be associated with the rapid onset of therapeutic effbct
achieved by campositions of the present invention.

In addrtron to the first fraction of celecoxib, which as explamed above 15 the
immecdiate-release fraction, a campoathion of the mvention further compnises a second
fraction of ceolecoxib that 15 the controlled-relonse, slow-release, programmed-release,
tmed-release, pulso-relcase, sustamed-release or extended-release fraction. In one
embodmnent, tins fraction comprises celecoxib mcroparticles having a Dyg particle
s1ze groater then about 25 ym. Preferably the Dy particle mze of (lus frachon 1s about
25 pm to about 200 pm, more preferably about 25 um to about 100 um, for example
sbout 40 pm o about 75 pm. .

Prmmary parhcles, generated for example by milling or gnndmg, or
precipitstion from solution, can agglomerate to form secondary aggregate particles.
The term “particle sze™ as vsad herem refers to size, 10 the longest dimenmon, of
pnmary particles, unless tha contaxt demsands otherwise.

Preferably excipionts are associated with or present m the primary
mucroparticles and these excipients more preferably mcinde & water soluble diluent or
wethng agent or both.

In encther embodiment, the second firaction of celecoxib 19 m the form of
particles of any convensent mze that are controlled-release, slow-release, programmed-
releasc, imed-release, pulse-release, sustamed-reloase or extended-roleaso parhicles
prepared by xny process disclosed for drugs other than celecoxib m the sbove-cited
references, such process bemg adapted as necessary for the specific propertios of
celecoxib.

‘The particles compnmng the second fraction of eclecoxib can opticnally be
dispersed as a suspenmon 1n & iquid diluent. In one embodiment of the wrvention, the
particles compnsmg tho second frection are m stable suspension m a matrix solution
compnismg the first fractron of celecoxib Thus suspension can be presentod as a bulk
hqmd or can be m & pro-measured dosage form such as soft capsules, optionally as
softgels or gelcsps as described above.

‘When admmstered orally to a fasting adult homan, & 100 mg dose umt of a
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composition of the imvention prefirably exhibuts a Ti2 of at least about 9 b, more
preferably at least about 12 k and most prefierably at loast about 15 h. The Ty 18
preferably such ag to mamtain a biood serum concentration of celecoxib of at least
gbout 50 ng/ml, preferably at least about 100 ng/ml, for sbout 18 h, more preferably
for about 24 b, following adeumstrghon. This mamntenance of blood serum
concentratron 1a believed to be associsted with the long duration of therapeutic effisct
achucved by oral admimstration of a engle dose of a composition of the present
mvention. In parhicular, 1t 13 believed that tns mmintenance of blood serom
concentration 18 what ensbles a ance-2-day adnumstration regimen for preferred ™
compomtons of the mvenhon.

Onenbdmuggfhmunﬂmﬂdmhmm
one or more orally deliverable dose umits, each compnsmg a first fraction of celecoxib
1n immexhate-release form 1n an amount of about 10 mg to about 400 mg, and &
second fracton of celecoxib 1n controlled-relesse, slow-releass, programmed-relcase,
timed-release, pulse-release, sustamed-relcase or extended-release form m an amount
of about 10 mg to sbout 400 mg, tins compostion providing, upon a aingls
admmstration of 1 to shout 4 dose units to a subject, (8) & Ciux greater then about 100
ng/ral, () 8 Tyux shorter than about 1 5 h and (c) a Ty longer than about 9 b

A preferred compomition provides, upon a smgle sdmmstration of 1 to about 4
dose units to a subyect, (8) 8 Caxx greater than about 200 ng/ml, (b) & Ty shoster than
about 0.75 h, () a blood seyum concentration of at least 50 ng/ml, profersbly at least
100 ng/ml, withm about 15 mmmtes after such admmmastration, end (d) a Ty such that
blood serum concentration renans above about 50 ng/ml, preferably above about 100
ng/ml, for at lcast 18 h, prefarably for about 24 b, after such admmstration. It 1s
preferred that blood serum concentration dechns to & lJow level xround or shortly after
24 h following admmustration, 1n other words that the compomition provide a clearance
tme for celecoxib conmstent with once-a-day admmustration.

A profarred compomition has pharmecokinetic propertics sufficient to provide
rap1d onset of therapeutic effect withan about 1 b, and a duration of therapeutic effect
of about 24 h, after oral adpunistration thereof to a subject having a cyclooxygensse-2
medinted disorder

A particularly preferred composition has the first fraction of celecoxib m an
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immediate-release form aud the second fraction of celecoxib 1n a pulse-relesse form
that relcases a pulse of celecoxib about 8 h to about 12 h after admmstration  Such a
composrtion t3 of especial uhhty for treatment of conditions such s ogtecarthnitia.
For exemple, adnumstration of such a compomtion at bedtuna provides rapd onset of
pam relicf and enables pmn-freo sleep, and the pulse-relcsse characterisbe 18 trued to
provide reduchon m mormng stiffncas.

The weight ratio of the fint to the second fraction of celecoxib m a
composthon of the mvention 1s ebout 1 10 to about 10-1, preferably sbout 1.5 to about
5 1, for example about 1 1 or about 1.2

~A compostion of the mvention can be a subsiantially homogeneous flowable
mmhlq{Mmem:nMUlthUumbemmch
discrete articles such as capsules or tablets each comprnsing a mngle dose unit.

In a compostion that is & substantially homogeneous flowshle mass, mngle
dose umts are messurably removable using a sntsble volumetnc measanng device
such as a spoon or cup. Surtable flowable masses melude, but are not heuted to,
powders and granulea. Altematively, the flowable mass can be a fluxd suspension as
described above. In preparing such a suspension, use of & weitmg sgent such gs
polysarbate 80 18 likely to be beneficial. A suspenmon can be prepared by dispersing
nanoperbculste and/or meroparheulate celocoxib m the hquid phase; alternatively the
particulate celecoxib can be precipitated from solution m & solvant such as sn alcobol,
prefirably cthanol. The hquid phase preferably compuises a palatable veincle snch a8
‘wate, syrup or frart juice, for example apple juice.

Campomitions of the present mvenhon are usaful m treatment gnd prevention
of a very wide range of disorders medated by cyclooxygenase-2. Prosently
contemplated compositions are useful for, but not hmited to, trestment of
mflammation 1 & subject, as an malgesic for example m treatment of pan and
headaches, and as an antipyretic in trestment of fever For example, such
compositions are useful to treat arthritic disorders, meluding but not bomted to
rheumatoid sthnts, spondyloarthropatines, gouty arthntis, ostecarthntia, systenuc
lupus erythernatosus and juvenile arthrihs. Such compomtions are also useful mn
treatment of asthma, bronchitis, menstrual cramps, pretesm lsbor, tendmitis, burmtis,
allergic neuntia, cytomegalovirus mfectivity, apoptosis incladmg HIV-mduaced
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apoplous, lumbago, hiver discase including hepatrtis, slan-relsted conditions such as
psonasis, oczema, acne, UV damage, bums and dermatitis, and post-operative
mflammehon mcluding that following ophthalmic surgery such as cataract surgery or
refractive surgery Contemplated compositions are useful to trest gastromntestina)
conditions such as mflammatory bowel diseass, Crohn's discase, gasttis, imtable
bowel syndrome and uicerstive colitis, Contemplated compomitions are useful in
treating mflammation m such diseases as mgrains headaches, penertenitis nodosa,
thyrmditis, aplastic anenua, Hodgkin’s disease, sclerodoma, rheamanc fever, type 1
diabetes, neurommacular juncton disease meludmg myssthema gravis, winte matter
disease incluchng multiple scleroms, sarcoidoms, nepbronic syndrome, Beheet's
syndrome, polynryomtis, gmgivitis, nephritis, hypersensrivaty, swelling oocurring
after myury melnding bram edema, myocardial 1schemin, and tho hke. Contempiated
mﬁmmm&ﬂmtﬂofophthbnw“mhumﬂu.
comunchivitis, retinopatives, uvettia, ocular photophobua, and of acuts mjury to cye
tissus, Contemplated composiions are useful m trestment of pulmonary
mflammation, such as that associated with viral nfections and cystic fibross, and 1
bone resorptson such as that sssociated wath osteoporosis. Contemplated
composthons ere useflil for treatment of certam central nervous system disorders, such
as cortical demanhas mcindmg Alzheimer’s chsease, neurodegeneration, and central
narvous system damsage resultmg from stroke, ischerma and trauma. Tha term
“treatment™ m the present contaxt mcindes partial or total inhilntion of dementias,
nchihng Alzheumer’s discase, vascular dementia, nmilt-mfarct dementia, pre-senile
dementia, alcohoho dementia, and semle demenha

Composrtious of the mvention are especiaily useful as anti-mflammatory
agents, soch as fior trestment of arthrytis, with an additional benafit of having
agmficuntly less harmful mde effects than compositions of conventonsl nonsterosdal
ant-inflsmmatory drugs (NSAIDs).

Contemplated compostions aro useful m trestment of allergic riumtis,
respiretory distress syndrome, endotoxin shock syndrome, and liver chscase.
Contemplnted compostions are useful m treatment of pan, mcludmg but not mrtad
to postoperatrve pam, dental pam, muscular pam, and pain resultng from cancer

Contemplated compontions are useful for, but not linmited to, tresting and
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prostate cancer, cervical cancer, hmg cancer, breast cancer and skin cancer, such as
squamous cell and basal cell cancers. Composthons of the ixvention can also be used
to treat fibroma that occurs with mdiation therapy  Such compositions can be used to
treat subjects having adenomatous polyps, mchaing those with famuhal adenomatous
polypoms (FAP) Addihonally, such compositions can be used to prevent polyps from
formung m patients at nak of FAP

Compomtions of the present mvenhon possess anti-inflxmmatory, anhpyretic
and snalgesnic properties simular or supenior to those of compositions of conventional
nonsteroidal ant-uflemmatory drugs. Contemplated composihons also wnhibit
hormone-mduced utenne contractioiié and have potantial anti-cancer effects, but with
a dunumshed ability to mndnce some of the mechamsm-based side cffiects of
conventional NSAIDs. Iu particular, compositions of the invention bave reduced
potential for gastromtestinal toxicity and gastromtestuoal imitaton includmg upper
gastromntestma] ulcerahon and bleedmg, reduced potentaal for renal mde cffects such
as reduction 1n renal funchon leading to find retention and exacerbation of
hypertenmon, reduced effect on bleeding hmes inchudng mhibition of platelet
function, and poasibly a lessened ainlity to mduce asthuna attacks in aspirmn-sensitive
asthmahe sobjects, by compenson with composthons of conventional NSAIDs,

Contemplated compositions sro usefyl for rehaf of pain, fover and
mflammation of a vanety of conditions incinding rthepmatic fever, symptoms
associated with mfluenza and other viral mnfections, common cold, low back and neck
pam, dysmenorthea, headache, toothache, sprams and strains, myostis, nenralgia,
synovitis, arthntis, mchuhng rheumatoid srifwihs, degenerative joint diseases
(osteoarthnitis), gout and ankylosng spondyhtis, bursitis, burms, and iyuries following
surgrcal and dental procedares. In sddrtion, contemplated composriions inhibat
cellular neoplashic transformaetions and motastatic tamor growth and hence can be
used m trestment of cancer, such as cancer of the colon. Contemplated compomtions
aro also of use m treatment and/or prevention of cyclooxygenase-mediated
proliferative disorders such as may occur 1n dusbetic retinopathy and tumor

englogenesis.
Contemplated compositiong inhibit prostancid-indoced smooth muscle
contraction by preventing synthemis of contractile prostanoids and hence can be of use
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m (restment of dysmenorrhes, premature labor, asthma and ecoswnophul-related
disorders. Thoy also can be of use m treatment of Alzheymer's diseass, for decreasing
bone loas particalarly 1n postmenopausal women (Le., treatment of osteoporosis), and
for treatment of glaucoma.

By virtne of their mgh cyvlooxygenase-2 (COX-2) mhibrtory activity and/or
ther selechwity for mhibtion of cyclooxyganase-2 over cyclooxygenase-1 (COX-1),
compomtions of the mnvenhion are ngefill &5 s altematve to conventional NSAIDs,
particularly where such NSAIDs are contramghicated, for example m patients with
poptic ulcers, gastritis, regional entents, ulcerative colihs, divertcnhitis or with a
recurrent nstory of gastromtestinal lesions, gastrointestinal bleeding, cosgulahion
dwsorders meluding anemia such as hypoprothrombinenna, hemophulia or other ~
blesding problems, ladney dusesse; or m patients pnor to surgery or patients talnng
anticoagulants,

Preferred uses for the pharmaceutical compomitions of the presant mvention
are for the treatment of rhenmatoad arthritis and osteoarthnitis, for pain mansgement
genenally (particularly post-oral surgery pain, post-general surgery pain, post-
orthopedic surgesy pain, and acuie fisres of osteoarthritis), the treatment of
Alzheamer’s discase, and colon cancer chemopreventon,

By virtus of the rapid onset of therspeutic effiect exhibited by composibons of
the mvention, these compositions have particular advantagss over prior formulations
of celecoxib for treatment of acute ¢yclooxygenaso-2 mediated disorders, especaally
for the rehef of pan. At the same time, by virtue of the long duration of therapeutic
effect exhibuted by compomtions of the mvention, thess compomtions have particulsr
advantages over prior formulations of celecoxib for treatment of chromic
cyclooxygensee-2 medinted disorders, where once-s-day treatment 18 especaally
demrable. Compositions of the mvention are umquely advantageous whare a
combmation of rapid onset and long duratron of therapeutic effsct 18 requzred.

Tho present compositons can be used 1n combmation therspies with opioids
and other analgesics, inchiding narcotic analgesics, Mu receptor sntagonists, Keppa
receptar antagomsts, non-narcotic (1.e. non-addictive) analgesics, monamme uptake
mhibrtors, adenosine regulatmg agents, cannabinoid denvatrves, Substance P
antagonists, neurokimm-1 receptor antagonists and socium chennel blockers, among
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othars. Prefared combmation thezrapies compnse use of a composticn of the
mventon with one or mare compounds selected from aceclofenac, acemetacin,
e-acetamidocaproic acid, acetaminophen, acotamimosalol, acetamhde, acetylsalicylic
acid (aspirn), S-adenosylmetiuonme, alclofenac, alfentaml, ailylprodine,
almimoprofen, aloxiprin, alphaprodine, atummum bus(acetylsalicylsto), amfenac,
anmnochlorthenoxazin, 3-anuno-4-hydroxybutync scid, 2-ammo-4-picohne,
aminopropylon, aminopyrne, amrxetrina, smmomum sshcylate, smmroxicam,
amtolmetin guacil, amlendine, antipynne, antripynne salicylate, antrafemme, spazone,
bendazac, benarylate, benoxaprofen, benzpiperylon, benzydeanns, benzylmarpinne,
bermoprofen, bezitramide, a-bisabolol, bromfenac, p-bromoacetamhide,
5-bromosahcylic acad acetats, bromosaligenm, bucetm, bucloxic acad, bucolome,
bufixamac, bumadizon, buprenorpiuns, butacetin, butibufen, butophanol, caleran
acotylsshicylate, carbamazepine, carbiphene, carprofon, carsalam, chlorobutanol,
chlorthenoxazm, cholmne salicylate, cinchophen, cinmetacin, crramadol, chdanac,
clomstacin, clonitazene, clonoom, cloparec, clove, codame, codemne methyl bronude,
codame phosphate, codamo sulfate, cropropamide, crotethamnde, desomorphune,
dexoxadrol, dextromoramids, dezocme, dinmpromide, diclofenac sodiom,
difenamzole, drfenpirannde, diffumsal, dilydrocodeme, dihydrocodemone enol
soctate, diliydromorphine, diydroxyalumimm acetylsahoylate, dunenoxadol,
dimepbeptanol, dimethylthismbutens, dwoxsphotyl butyrate, dipmpenone, diprocetyl,
dipyrans, ditavol, droxicam, emorfazone, enfenmme acid, epinzols, eptazocine,
ctersalate, cthenzarmde, ethoheptanne, ethoxazens, ethylmethylthambutens,
ethylmorphine, etodolac, etofenamate, etonrtazens, sugenol, felbinac, fanbufen,
fencloze acid, fendosal, fenoprofen, fentenyl, fentinzac, fepradinol, feprazans,
floctafemne, flufenamic acid, flunoxaprofen, fluoresone, flupirtine, fluproquazons,
flarbeprofien, foafosal, gentinc acid, glafenme, glucametacin, glycol sahcylate,
goazaznlens, hydrocodone, hydramorphone, hydroxypethudine, ibufonac, ibaprofen,
ibuproxam, mmdazole salicylste, mdomethacm, mndoprofen, 1sofezolas, 1soladol,
1somethadone, sonmxin, isoxepac, ssoxacam, ketobermdone, ketoprofen, ketorolac,
p-lactophenetids, lefestamne, levorphanol, lofentaml, lonazolac, Jomoxicam,
loxoprofen, lysme acetylsalicylate, magnesium acetyisahcylate, meclofenannc acid,
mafenamic acud, mependms, meptazmol, mesalamine, metazocine, methadone
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hydrochlonde, methotnmeprazine, metsnmc sexd, metofohne, metopon,
mofebutezone, mofezolac, morazone, mosphme, morphme hydrochlonde, morphine
sulfite, morpholine sahicylate, myrophune, nabumetons, nalbuphme, 1-nephthyl
sahcylate, nsproxen, narceins, nefbpam, meomorphune, mfenazone, mhumic acad,
mmesulide, 5'-nitro-2'-propoxyacetanilide, norlevorphanol, normethadons,
nommorphne, norpepancns, olsalsmne, opmm, axaceprol, oxametacine, axaprozn,
oxycodone, oxymorphone, oxyphenbutarons, papaveretum, paranyhne, parsalimde,
pentazocine, penisoxal, phensoetin, phenadoxons, phenszocine, phenszopynidine
hydrochlorde, phanocoll, phenopendme, phenopyrazone, phenyl acetyleahcylate,
phenylbutazone, phenyt sahcylate, phenyramdal, piketoprafen, pmnodine,
pipebuzons, prperylons, piprofin, parazolac, pmtramde, piroxicam, pesnoprofen,
proglumstacin, probeptazme, promedol, propacetameol, propirem, propoxyphens,
propyphenazana, proquazons, protizime acid, renufensrone, rem: fentaml, nmazolram
motlsulfite, salacetanude, salicin, salicylarmde, salicylamdo o-acetic actd,
sahoylsulfunc scid, salsaite, salvenne, smetride, sodium sahcylate, sufentsnil,
sulfagalarme, subndac, superoxide dismutase, suprofim, suxibozone, talmflumste,
temdap, tenoxicam, terofenamate, tetrandrme, Guazohnobutasome, haprafemc acad,
turannde, thdme, tinoridine, tolfenarme acad, tolmetn, tramadol, tropemn, vimmol,
xenbucm, ximoprofen, zaltoproftn and zomopirao (see The Marck Tndex, 12th
Bdition, Therapeutic Category and Biological Actvity Index, ed. S Budsvan (1996),
pp. Ther-2 to Ther-3 and Ther-12 (Analgesic (Dentul), Anslgesic (Narcotic),
Amlgesic (Nop-parcotie), Anb-inflanmmatory (Nonsteroadal)).

Particularty prefemred combination therapios compnise use of & celecoxib
composition of the mvention with an opioid compound, mare partscularty where the
opiond compound 18 codems, meperidine, morplune or & denvahve thereof,

The compound to be admimstered m combmation with celecoxib can be
fornmlated separately from the celecoxib or co-formmulated with the celecoxib n a
compomtion of the mvention. Where celecoxib 1s co-fominlated with a second drug,
for exemple en opioid drug, the second drug can be formmisted in immediate-release,
rapid-onget, sustamed-release or dual-release form.

A dose umt contarmng a particnler amount of colecoxib can be salected to
accommodate any desired frequency of admmistration used to aclueve a desired daily
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dosage. The daly dosage and frequency of admmustratron, and therefore the selechon
of appropnate dose umt, depends on & vanety of fictors, including the age, waight,
sex and medical condition of the subyect, and the nsture and seventy of the condrtion
or cisorder, and thue may vary widely

For the trestment of rhenmatowd arthnha or osteoarthnhs, composttions of the
mvention cam be used to provide a daily dosage of celecoxib of aboat 50 mg to about
1000 mg, preferably about 100 mg to sbout 600 mg, more preferably about 150 mg to
about 500 mg, and ahll more prefarably about 175 to about 400, for example about
200 mg. A daily dogs of celecoxib of sbout 0.67 to sbout 13.3 mg/kg body weight,
preferubly about 1 33 to about 8.00 mg/kg body weght, mare preferably about 2.00 to
sbout 6.67 mg/kg body weaght, and still more prefarably about 2.33 to about 5.33
mg/kg body weght, for exemple sbout 2.67 mg/kg body wesght, 1 generafly
sppropnate when admmmstered m a composrtion of the mventon. Tho daly dose can
be admunistered m one or two doses per day, but with prefirred compomhons of the
mvention one dose per day is cffechve. Admmastration of a composthon of the
mvention at the rate of ano 200 mg dose umt or two 100 mg doso umis once a day 18
preferred for most patients, but some patients may benefit from adnnmstration of up
to double that dose.

For the treatment of Alzhexmey’s disease or cancer, compostons of the
mvention can be used to provade a duly dosage of calecoxib of about 50 mg to about
1000 mg, preferably about 100 mg to about 800 mg, more preferably about 150 mg to
about 600 mg, and sl more preferably ahout 175 to about 400, for example about
400 mg. A dmly dose of about 0.67 to about 13 3 mg/kg body weaght, prefersbly
about 1.33 to about 10.67 mg/kg body weaght, more preferably about 2.00 to about
8 00 mg/kg body weaght, amd still mare preferably about 2.33 to about 533 mg/kg
body weight, for example sbout 5.33 mg/kg body weaght, 18 gencrally sppropisto
when adrmmstered m a compomtion of the mvention. The dmly dose can be
adnumstered 1n one or two doses per day, but with preferred compositions of the
mvention one dose per day 18 effechve. Adnumistration of a compomtion of the
wvention at the mte of one 400 mg dose wut or two 200 mg dose umts once a day 18
prefirred for most paticats

For pun mansgement, compomtions of the mvention can be used to provade a
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dumly dosage of celecaxib of about 50 mg to about 1000 mg, preferably sbout 100 mg
to about 600 mg, more preferably about 150 mg to about 500 mg, and still more
profarably about 175 to about 400, for example about 200 mg. A dmly dose of
celecoxib of about 0.67 to about 13.3 mg/kg body weaght, prefirably sbout 1.33 to
sbout 8 00 mg/kg body weight, more preferably abont 2.00 to sbout 6.67 mg/kg body
waight, and still more preferably about 2.33 to about 5.33 mg/kg body weight, for
example about 2.67 mg/kg body weight, 18 generully appropnate when admmnistered in
a composaition of the mvention. The daily doss can be adnunistered m one ar two
doses per day, but with prefarred compomtions of the mvenhon one dose per day 18
effective. Admmstration of a compomton of the mvention at the rate of one 200 mg
dmmtwtwolOOmgdonmmeldnyup@ul.

In general, a composition of the mventon 18 preferably admimstered at a dose
surtable to provide an average blood scrum concentration of celecoxib of at least about
100 ng/m! mn a subyect over a penod of about 24 hours after admumstration.

While the amount of celecoxib m compositions of the mvention prafixsbly 1s
m a range disclosed harem, the compomtions also may be usefhl for the admmmstration
of an emount of celecaxib fallng cutmde the disclosed dosage ranges.

Excipients employed m a composition of the mvenhon can be sohds or hquuds
or both. The compomition prefarsbly contamas about 1% to about 95%, preferably
about 10% to about 90%, more preferably about 25% to about 85%, sud still mere
preferably sbout 30% to about 80%, by weight of celecoxib.

A compoertion of the mvenhon 1s prefierably made m the form of discrete doss
umts each contammng a predetermuned amount of the cyclooxygenase~2 mhibitor, such
as tahlets, piils, hard or soft capsules, lozenges, cachets, dispensable powders,
granules, suspensions, chxirs or other hiquids, or any other form reasonably adaptod
for oral admmstretion. Such oral dosage forms can finther compnse, for example,
buffering agents. Tabiets, pills and the like additionally can be prepared with or
without coatings.

Composthons of the invention suxtable for buccal or sublingnal admmstration
clude, for example, lozenges compnsing celecoxib in a flavored base, such as
sucrose, end acacia ar tragacanth, and pastilles compising celecoxib 1n am mest base
such as gelatin and glycenn or sucrose and acacia.
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Liquid dosage forms for oral admmustration mnclude pharmaceutically
scceptable suspenmons, syrups, and elxirs contmmng mert diluents commonly used 1n
the art, such as water Such compositions may also compnse, for exampls, wetting
agents, emuinfymg and suspending agents, and sweetening, lavonng, and perfummng
agents,

Excipent-contmmng compomtions of the mvention can be prepared by any
suxtable method of pharmacy which mclndes the step of brmging mto assocston the
exciment(s) with the celecoxib, 1o a combination of dissolved, suspended,
nanoparticulate, microparticulate or cantrolled-release, alow-release, programmed-
release, imed-release, pulse-release, sustamed-relesse or extended-relesso forms
thereof. In genaral, such compontions are prepared by umformly and intmately
admoxmg the celecaxib with a hqud or finely divided diluent, or both, and then, 1f
necessary or desired, encapsulating or shapmg the product. For example, a tablet can
be prepared by compresmung or molding & powder or granules of celecoxib, together
with one or more excyments. Compressed tablets can be prepared by compressmg, m
a suttable machme, a froo-flowmg compomtion, such as a powder or gramules,
compnmng calecoxib optionally mixed with ons or more bindmg agent(s),
lubricant(s), mest diluent(s), wetting ageni(s) and/or dspersmg ageut(s). Molded
tablets can be made by molding, m a smteble machine, celecoxib mmstened with an
nert iqund dileent,

Compomtions of the present mvention prefierably comprnise celecoxib 1n a
demired amount sdmuxed with one or more axciments selected from the group
consisting of pharmaceutically acceptable diloents, dimntegrants, bindmg agents,
adhemives, wettmg agents, lnbricents, and snti-adherent agents. In addition, celecoxib
nanoparticies, micyoparticles end/or controlled-release, slow-releass, programmed-
releage, ttmod-relcase, pulse-relcase, sustmned-release or extended-release particles, if
presext, can optianally contain one or more msinx polymers and/or surface modifying
sgents. Colecoxib particles can be aggregated mto beads which are enveloped m a
coating confixrmg controlled-releass, slow-releass, programmed-release, trmed-
relcase, pulse-release, sustamed-relesse or extended-reloase properties to the celecoxib
1 such beads.

Through appropnate selection and combination of excipients, compozitions

26




00SG50" 0220205

10

15

30

C-3280/2/US \'XK

can be provided exhibiting improved performance with respect to, among other
properties, efficacy, bicavailability, clearance tie, stability, compatibahty of
celecoxib and camner roatenals, safiety, dusolution profile, dunntegration profile
axd/or other pharmscokinetre, chemical and/or physical properties. The excipients
preferably are water sotuble or water dispersible and have wetting properties fo offect
the low aqueous solubihity and hydrophotucity of celecoxib  Where the composihon
19 formulated as s teblet, the combmation of axciments sclocted provides tablets that
can exhibit improvement, among other properties, 1n dissolution and disintegration
profiles, hardness, crushmg strength, and/or fnability

Compositions of the mvenhon optionally comprise one or more
pharmaceutically acceptablo dilnents as excipients. Switsble diluents mcluds, either
mdividually or in combmation, lactose, mcludmg lactose USP, anhydrous lactose USP
and spray-dnied lactose USP, starch, includmg starch USP and directly compressible
starch, marmitol, sorhitol, dextrose monohydrate; mcrocrystalime cellulose; dibame
calcrum phosphate dilydrate; sucrose-based diluents mcluding confectioner’s sugar;
monobasic calcmum sulfite monolrydrate; calcrum sulfite dihydrate; calcaum lactate
trihydrate; dextrates (2g , Emdax™); Celutab™; dextrose (e.g , Carolose™); mosttol,
hydrolyzed cereal sohds such as Maltron™ prodncts and Mor-Rex™: amyloss;
Rexoal™: powdered celluloso (a.g:, Elcema™); calcrum carbonate; glyemss bentonte;
polyvmylpymohidone; and the like. Such diloents, 1f present, constitute 1n total about
5% to ehout 99%, prefarably about 10% to about 85%, and mare preferably about
20% to about 80%, of the total weight of the composthon. The diluent or diluents
selected preferably exhibut smtable flow properties and, where tablets are demred,
compressibity

Lactose and microcrystalhne cellulose, either mdrvidusily or 1n combmation,
are prefarred diluents. Both dilnents are chemucally compatible with celecoxib. The
use of extragrammular mcrocrystalline ceflulose (that 13, microcrystalhne celtulose
added to a wet granmiated composrtion sfier the drying step) con be used to mprove
hardness (for tablets) and/or disintegration tme. Lactnse, especially lactose
monohykdrate, 13 particularly preferred. Lactose typically provides compomihions
having suitable roieese rates of celecomib, stabihty, pre-compression flowability,
and/or drymg properties st a ralshvely low diluent cost. It provides & lngh denmty
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substrate that suds dennification dumng granuiahon (where wet gramulation 18
employed) and therefore improves blend flow propestios.

Compomtions of the mvention optionally comprise ans or mare
pharmaceutically acceptable dinntegrants as exciprents, particularly for tablet
formulstions. Surtable dimntegrants mchide, erther mdividually or i combmation,
starches; sodum sterch glycolate; clays (such as Veegum™ HV); celluloses (such as
purified celiulose, methyicellulose, sodmum carboxymethyicellulose and
carboxymsthyicellulose); alginates, pregelatinized com sterches (euch as Nahonal
1551 and National 1550), croscenmelloss sodnum, crospovadone; and gnms (such as
agar, guar, locust bean, karays, pectn, and tragacanth gums). Dimntegrants can be
added at any sumtablo step durmg the preparation of the campomiton, particalarly prior
to gramniation or during the lnhncahon step pnor to compresmon. Such dimntegrants,
if present, constrtute m total about 0.2% to about 30%, profiershly sbout 0.2% to about
10%, end more preferably sbout 0.2% to about 5%, of the total weight of the
compomtion.

Compomtions of the mventon ophonally conprise one or more
pharmaceutically acceptable hinding agents or adhemves as excipients, particularly for
tablet formulations, Such binding agents and adhesrves prefersbly nopart sufficsent
cohesion to the powder bamg tableted to allow for normal processmg operations such
s nzang, lubncation, compression and packaging, but still ailow the tablet to
dinntegrate and the composition to be shaarbad upon mgestion. Switable bmding
agents and adhomves mmcinde, cither mdividually or m combmahon, acacia,
tragacanth, sucrose; gelstin, glocose; starch, cellnlose matenals such as, but not
kmrted to, methylcellulose and sodium carboxymethyicelluloss (e.g., Tylose™);
algimic acid and salts of elgmic acid, magnesium slomumum mhcate; polyethylons
glycol, guar gum, polysscchande acids, bentonttes; polyvinylpyrrohdone;
polymethacryiates, hydroxypropyimethylceliulose (HPMC); hydroxypropylceliulose
(Kiucel™); othylcelinlose (Ethocel™), and pregelatmized starch (such as National
1511 and Starch 1500) Such binding agents and/or adhesrves, 1f present, constitute m
total about 0 5% to about 25%, preferably about 0.75% to about 15%, and more
preferably about 1% to about 10%, of the total weight of the composrhon.

Compomitions of the mnvention ophonally compnse one or more
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pharmaceutically acceptable welting agents as excipeents. Such wettmg agents are
preferably selected to mamtam the celecoxib m close associahion with water, &
candition that 15 behieved to mprove the relative bicavailabibity of the composition.
Suitable wethng agents include, asther mdividoally or m combmation, oleic acid,

5 ghycayl monostesmate, sorbetan monooleate, sorbitan monalsnrate, tnethanolarmne
oleate, polyoxyethylene sorbitan monoolests, polyoxyetirylene sotbitan monolaurete,
sodium oleste and sodum laury! sulfite. 'Wettmg agents that are amonic surfactants
are preferred. Such wetting agents, 1f present, constrtute m total about 0.25% to about
15%, preferably about 0.4% to about 10%, and more preforably sbout 0.5% to sbout

10 5%, of the total weight of the composthon.
@mumofﬁemwmmum
pharmaceutically acceptable lubricants and/or ghdanis as excaments. Surtable

(2 Iubnicants and/or ghdants include, erther individually or m comhinahon, giyceryl

£9 behapate (Compntol™ 888), stearates (magnestum, calcrum and sodrum), steanc acad,

ri 15  hydrogeated vegetable oils (e.g., Sterotex™), takc, waxes, Stesrowet™, bonic acid,

| sodium benzoste, sodiom acetate, sodrom famarate, sodum chloride, DL-leucme,
polysthylene giycols (e.g:, Carbowax™ 4000 and Carbowax™ 6000), sodrum oleate,

) sodium laury! sulfiste and magnesium Lyt sulfite. Such Inbricants, 1f present,

3 constitute m total about 0.1% to sbout 10%, preferably about 0.2% to about 8%, and

2] 20 more prefirably sbout 0.25% to about 5%, of the total weaght of the compomtion.

Q Other excipients (snch 22 anfi-adharent agents, colorants, flavors, sweeteners
and preservatives) are known m the pharmacentical art and can be meluded m
compomtions of the mvention. For exampls, won axde can be added to the
compomition to provide a yellow color

25 Although unit dose hard capsule and tablet composriions of the mvention can
bo prepared, for example, by direct encapsulation or direct compresmon, they
proferebly are wet granulated prior to sncapsulstion or compresaion. Wet granulation,
smong other effects, denmfies milled compozitions resultmg 1n improved flow
propertics, improved compression chamctenstics and easier metermg or weight

30 dspensing of the compomitions for encapsulation or tableting. The secondary particle
size resultng from granulation (1e., gramule mze) 15 not narrowly cntical, it being
mmportant only that the average gramile size preferably 1s such as (o allow for
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convement handhing and processing and, for tablets, to parmut the formation of a
directly compressible mixture that forms pharmaceutically acceptable tablets.

The dosred tap and bulk densrties of the granules are normally ebout 0.3 g/ml
to about 1 0 g/ml.

For tablet formmulations, the complete mxture m an amount sufficient to make
a umform batch of tablets 18 subjected to tabletmg m a conventional production scale
tabletmg machms at normal compression pressure (for example, applying a force of
about 1 kN to about 50 kN 1n a typical tableting dic). Anyhblnhudnuleunvu_nﬂn
with respect to handhng, menufucture, storage and ingestion may be employed. For
100 mg tablets, hardness is proferably at least 4 kP, more preforably at least about
5 kP, and still mare preferably at least about 6 kP For 200 mg tablets, hardness 1
profemably at least 7 kP, more prefierably at lcast about 9 kP, and shll more-preferably
at least about 11 kP The mixture, however, 15 not to be compressed fo such a degree
that there 18 subsequent difficuity 1n acineving hydration when exposed to gastric
flud.

For tablot formnlations, tablet friability preferably 18 less than about 1.0%,
maore preferebly less than 0.8%, and still more preferably less than about 0 5% m &
standard test.

The first and second fractions of celecoxib can be mhmataly coformulated, for
exsmple withm mdividual granmiles that are subsequently encapsulated or compressed
mto tablets. Alternatively, the first and second fractions of celecoxib can be spatially
separated mn a compoarhon of the invenhon, Ihustratrvely, witinn a angie hard
capsule there can be separate granules or beads, for example coated beads, contmmng
celecoxib m rmmediste-releass form or 1n controlled-release, slow-release,
programmed-release, ttmed-releaso, pnlse-relesse, sustamed-release or extended-
relense form. Withm a smgio umt dose tablet there can be separate layers contamming
celecoxib m mmediate-release form or in controlled-release, slow-release,
programmed-release, ttmed-release, pulse-release, sustmined-release or extended-
release form. For example, a two-layer celecoxib teblet simular to that described for
naproxen m above-cited US Patent No 5,609,884 can be prepared.

In a particularly preferred embodiment of the present mvention, the second
fraction of celecoxib 1s distributed m a sustained-release matrix compnsing HPMC
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baving a viscomty, 2% m water, of about 100 to sbout 8000 cPx. Campositions of this
embodiment of the invention are referred to for convenience heren ag “dual-release
mainx compomtions™ When formuiated as tablets, winch are a preferred dosage form
for fins embodiment, sach compositions are referred to herem as “dual-release matnx
tablets”

A matnx composttion of the mvention compnses HPMC m an amount
sufficient to extend the release profile of the celecoxib. Typically such an smount 15
about 0 1% to about 40%, preferably about $% to about 30%, for axample ahout 10%,
of the composrtion by weight. Preferably the weight rhio of HPMC to the second
fraction of celecaxib 1s shout 1 1 to about 1 12, more preforshly about 1 1 to about
16.

HPFMCs vary m the cham length of their cellulomc backbone. This directly
affects the viscomity of an aqueons dispermion of the HPMC. Viscosity 18 normally
mossured ut a 2% by weight concentration of the HPMC 1 water HPMCs having
viscomty, 2% 1n water, of less than about 100 cPs can be nseful, for example as
binding agents, but tend not 10 have useful release-extending properties for
medcaments, Such HFMCs are smd to have good binding propertics and less
demrable sustexmmg properties. The term “bmdmg properties™ herem refers to
smtalnhty as 2 bidmg agent for tablet production by wet grarmishon, wheren, for
example, HPMC 18 chssolved m water for spraymng cuto dry powders to be gramlsted,
The term “sustammg propertics™ herem refics to smtsbibity as a release-axtending
matrix. APMCs with good sustainmg properties sre typecally too viscous for use as a
binding sgent 12 wet granulation techimques. According to the present mvention, the
HPMC(s) used to form the release-extendmg matrzx of a dual-release calecoxib
composthon should have a viscoarty, 2% m water, of sbout 100 to sbout 8000 cPs,
prefarably about 1000 to about 8000 cPa, for example about 4000 cPs

HPMCs also vary mn the degree of subshitution of available hydroxyl groups on
the cellulogic backbane by methaxyl groups and by liydroxypropoxyl groupa. With
mcreasing hydroxypropoxyl substitution, the resultng HPMC becomes more
hydrophnl:c m nature. It 18 prefierred m dual-release matnx composttions of the
present invexion to use HFMCs having about 15% to about 35%, more preferably
about 19% to about 30%, and most praferably about 19% to shout 24%, methoxyl
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substitution, and having ebout 3% to about 15%, more preferably about 4% to about
129, and most preferably about 7% to about 129, hydraxypropexy] substitution.
HPMCs winch are relshively hydrophilic 1n nature and which msy be used m
the present invention are sliustratrvely available under the brand sames Methocel™ of
5 Dow Chemcal Co. and Metoloso™ of Shun-Ets: Chenucal Co  Examples of HPMCs
of a low viscosity grade, generally unsmitable m composttions of the present inveation
axcept as bnding agents, mclnde Methooel™ ES, Methocel™ E15 LV, Methocel™
B50 LV, Methoce]™ K100 LV and Methocel™ F50 LV, whose 2% by weight
aqueous soluticns have viscostics of § cPs, 15 cPa, 50 cPs, 100 cPs and 50 cPs,

b 10 respectvely Examples of HPMCs having modrom viscosity melude Methooel™
~ B4M snd Methoce™ K4M both of whoss 2% by weight aqueous salutions have a
n viscoarty of 4000 cPs. Examples of HPMCs having high viscosty, generally
o umstable for nse 1n compositions of the present invention, mehido Methocol™
H E10M, Methoced™ K15M and MethoceI™ K100M whose 2% by weght aquoous
i 15 mmwmmmumomwmmmm

CJ mwmwumhmmmu

'Eg provided m Table 1, below
\
£l 20 Table 1 Properties of selected HPMC products
“ Methocal™ B4MP | Noounal Viscosty, 2% m Weater | 4,000 cP's
(USP 2910) Methoxyl, % 28-30
% 7-12
Methoce[™ K4AMP | Nommal Viscomity, 2% m Water | 4,000 cPs
(USP 2208)  Methoxyl, % 19-24
Hydroxypropoxyl, % 712
Methoce™ BIOMP | Nommal Visconty, 2% 1n Water 10,000 cP's
(USP 2910) Methoxyl, % 28-30
% 7-12
Methoce™ K15MP | Nomnnal Viscosity, 2% m Water 15,000 cPs
(USP 2208) Methoxyl, % 19-24
Hydroxypropaoyl, % 112

An ilustrative presently preferred HPMC with suatained-releass properties 18
one with substitution type 2208, denoting about 1936 to about 24% methoxyl

substitution and about 7% to about 12% hydroxypropoxyl substitution, and with a
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nonnnal viscomty, 2% 1n water, of about 4000 cPs. A “‘controlled reloase™ grade 15

especially preferred, havimg a particle srze such that at least 90% passes through a
#100 USS mesh screen. An example of a commercially-available HPMC meeting
these specafications 18 Methocel™ K4M, of Dow Chemucal Co.

Without barng bound by any particular hypothems aa to how the HPMC matnx
accordmg to the 1nvenhion provides supenor sustaxned-reloase charactenstics, it 18
believed that upon oral mngestion and contact with gastromtestinal fhnds, HPMC on or
close to the teblet surface partiaily hydrates end thereby swells to form a gel lnyer
having the celecoxib distributed m a three-cimennonal mairrx therem. I 1s further
belioved that fhus outer three-dmmenmonal gel matnx layer slows dissolution of the
tablet. uumwh;{mwmmwmwu
released from thus layer into the gasiromntestmal find whexe 1t 18 availabie for
sbsorption. Meanwhile, hydration of the HFMC matnx gradually advances towards
the cextter of the tablet, permmtting further release of celecaxib aver tiume by the same
process hypothetically described sbove. Since the celecoxib 18 distributed throughout
the tablet at a more or less uniform concentration throughout the HPMC matrix, &
farrty constant amount of celecaxib can, according to the present non-lmmtng theory,
be released per umt ttms ix vive by dissolution, disperaion or erosion of the ounter
portions of the tablet.

Ovenall release rate and consequently drug avalshility sre dependant on the
rate of diffumon of the drug through the outer gol layer and the rate of erosion of this
Inyer of the tablet. Preferably T-90% (the tme required for 90% celecoxib releass) in
o 13 less than 24 hours, so that a clearance tyme exists whereby the tablet 18 mutable
for once-a-dxy admmustration.

Dual-relcase matrix tablets of the mvention can be preparad for example by
co-compressmg & first granniated mixtore contmmng celecaxib m nanoparticuliate
form with a second gramlated mrxture contaamng celecoxib m an HPMC matrrx. The
first graypulated mixture can bo prepared according to mnformation provided
heremsbove. The second gramulated mixture can be prepared illustratively as follows.

A mixer (e.g., a 60 L Baker Perkins blender) 15 loaded with lactose,
mcromzed celecoxib, microcrystalhne cellulose (e.g , n Avice]™ product), HPMC
(e.g , Methocel™ K4M), and a bmder (2.g., Pharmacoat™ §03), preferably in this
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order These matenals are mixed, for example for three minutes with a slow main
biade setting and a alow chopper blade sething, to form a dry powder mxture.

The dry powder muxture 15 wet granulated, convemently n the same blender
with the mam blade and chopper blade on a fast speed settmg. Water 18 added 1n an
amount and at & rate appropnate to the amount of dry powder maxture, iflustratively at
about 1-1.5 kg/munute for about 3 mmtes. The resultmg wet granulated muxture is
blended for an addiional pentod of time to ensure umform distribution of water m the
gramation. The wet granulated mxture contains ebout 30% water by weight.

The wet granulated muxture 18 dried, for example m sn Aeromatic fluid bed
dryer with inlet sur temperature set at about 60°C, to reduce the mmsture content to-—,
about 1% to sbout 3% by weight. Moistnre content of the gramles can be mamitared,
for examplo using a Computrac Mosture Analyzer -

The resultmg dry granmles are mulled and screened, for exanple by passng
through a Fitzpatrick mill (D6A) with 20-mesh acreen, knives forward and mediem
speed setting (1500-2500 rpm).

The resniting screensd granules are placed in a muter, for example a Paterson-
Kelley 2 culne foot V-blender Talc 18 added to the grannles and the granules are
blended for about 5 nunutes. Magnesium stearate 1s than added to the granules and
the gramules are blanded for sbout 3 munutes, The resultng hubncatad gramiles are
ready for co-compresmon together with the first gramulated mxture to form doal-
release matnx tablets.

In another particularly preferred embodiment of the present imvention, the
second fraction of celecoxib 18 present m a multipheity of solid beads, pelicts or
granules each having a cozting comprismg a swellable or erodible polymer Such
beads, pellets or granules are referred to herein as “beads™ or “coated beads™ and are
typically dense, hard, substanhally sphencal and of low fnsbility Compomtions of
this embodiment of the invenhion are referred to for convemence herem as “dual-
release coated bead compomitions” When formulated as capsules, which are 8
preferred dosage form for thus embodiment, such compositions are referred to herein
as “dual-relcase coatex! bead capsules™

In a dual-release coated boad compomtion of the present invention, whether
encapsolated or tableted, the first fraction of celecoxib can be present mn amy sntable
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mmedigto-release form but 15 preferably m the form of nenoparticulate celecoxib and
18 proferably formulated wnto beads of smmilar s1ze to the coated beads contaming the
second, sustamed-release, fraction of celecoxib Such beads contaming the first,
mmediate-release, frachon are exthar uncoated or coated with a matenal that does not
slow or extend rolesse of tha celecoxib. The demands of & dual-release celecoxib
compoartion are met surpnamgly well by a dual-release coated bead preparstion
whesein the beads contammg the snetamed-relcase fraction of celecoxib are coated
with an erodible bamer layer comprising at least one swellable polymer that 18
substantiaily insoluble in gastrointestmal flmd. The beads optionally contmn
pharmacentically acceptable excipients such as lactose and microcrystalime collulose
£nd are preferably sbout 0.1 mm to about 1.0 mm, more prefarsbly about 0.15 mm to
about 0 5 mm, m diameter For example, the beads can be of such a rnpe of mzes
that they pass through a 0.425 mm meve but aro retamed on & 0 18 mm meve. The
beads can be prepared by nuxmg and granulahon of celecoxib with one or more
excypsents, followed by extruman, spheromzation, drymg and meving the particles to
the destred mize range, followed by applicstion of the swellsble or erodibls polymer
costing to the beads confammg that frection of the colecoxib that 1s desired to axinint
sostamed relosss,

In a susimned-relcass costing preforred according to the present mvenhon, the
beads contammg the second fraction of celecoxib together with ane or more
exopients are coated with one or more swellsble or erodible polymers selected from
Eydroxypropyimethylcellulose (HPMC), hydroxypropyicelluloss,
hydroxyethylocllulose, ethylcellulose (e.g. Sareloase™), hydroxyetiyimethyicellulose,
methyicellulose, end polymers end copolymers of acrylic acad and methacrylic acad
and esiers thereof (e.g. Eudragit™ RL, Budragit™ RS, Eudragit™ 1100, Eudragi(™
8100, Budragif™ 'NE). The swellable or erodible polymers can be combined with one
or more water-soluble substances such as sugar, lactose and salts to form a partly
erodible film with a pH-mdependent or pH-dependent release rate.

Endragif™ of Rolm Pharma 18 a trade name apphed to a range of products
useful for film coating of sustained-release parhicles, These products are of varying
solubnhty m gastrointestinal finds. Budragit™ RL and Eudragit™ RS are copolymers
synthesized from acryhic and methacrylic esters with a low content of quatemary
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ammonrum groups. Budragit™ RL snd RS caffer m the molar ratios of such

sammonium groaps to the remaming neutral (meth)acrylic acid esters (1:20 end 1.40

rempectively) Eudragit™ NE 18 sn aqueous disparsion of a noutral copolymer based

on ethyl acrylate and methyl methacrylate. Charactenstics of Endragit™ polymers are
g ~ . . - \ . loaaen form: m

Baaic Info 2

Ethylcelluloge, available for example under the trade name Surelease™, 13
another suitable matenal which 1a available 1n chfferent grades and m special quahhies
for aqueous based barer coatings. Amdmhthepruunmvu:m:tupd—mad
to use cthyicellulose having a viscomty of sbout 5 to sbout 15 cPa, but other types of
cellulose-based swellable or exodible polymers can also be used.

In the coating procedure the swellsble or erodihle polymers are dussolved or
disparsed 1n a salvent or muxture of solvents such as ethanol, acotons, methyl 1sobutyl
kstons (MIBK) and water Plashcizen and/or pigments oan optionally be used to
modify the techmeal properties or change the permeability of the coatmg. The coatmg
preferably has virtually pH-independent permeability propertics throughout a pH
range of sbout 1.0 to about 70 At lngher pH a reduction in the relesse mte of
celecoxib can be obsarved, however, this 15 not due to propertics of the polymexio
layer but results from reduced solubility of celecoxib st high pH values.

An ilinstrative sutable coatmg compoaihon sccorhing to the present mvention
comprses ethylcellnlose and HPMC togethar wath tnethy] citrate as a plasthiciver An
example of sach a coatmg composttion contams 90% polymer conmstmg of
ethyicellulose and HPMC m a weight raho of 55.35 to 80 10, wath 10% tnethyl
citrato.

Each costed bead contammg celecoxib represents sn mdrvidual sustamed-
releaso umit, roleasmg the drug at a rate that 15 prefersbly independent of its pomtion 1n
the gastromtestmal tract. Overall dissolution profile and celecoxib availabnhity are
dependent on the mte of drug diffumon through the sustained-release costmg and on
the rate of erosion of the coating 1n the gastromtestmal tract.

In a process for preparing a coated bead compomtion, celecoxib and diluents,
preforably lactose and/or microcrystalime celinlose, are rmxed and grannlated by the
following illustrative method. Celecoxib 15 addad to a mxture of lactose and
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microcrystaling cellulose (e.g , Avicel™ PH-101, Avice[™ RC-581, Avicel™
RC-591 or a muxture thereof) m a total amount of 1000-4000 g and dry-muxed m a
Iugh sbear mixer (e.g., Niro-Fielder mixer) at a Ingh moung speed for 2-5 mmutes.
Water (300-700 grams) 13 added and the resulting mass 18 gramulated for 2-5 momtes
at Ingh speed.

Extrusion of the resultimg matenal csm be performed for example m a NICA
E-140 extruder (Legjus Medical AB, Sweden) through a perforated scroen with drilled
onfices of 0.25-1 0 mm chameter Ths speed of the agrtator and the feeder are
prefexably set on the lowest values.

Spheromizatiiit of the resulting extrudate can be canducted for example m a
NICA Marumenzar (Ferro Mecano AB, Sweden). The speed of the Maromenzer
plate 18 preferably adjusted to 500-10,000 rpm. Sphercnization continues. for 2-10
mmntes, with about 1000 g wet extrudste on the plate at each run.

Drying of the resulting spheromzed beads can be performed m a findized bed

dryer (e.g., Acromsatic AG, West Garmany) at an mict temperwtare of 50-90°C. A net
device can be placed m the top of the fhmdized bod to avoid loss of beads to the
cyclone output. The batch 18 preferably drvided mto sub-batches of 200-800 g. Each
sub-betch 15 dried for 10-60 mimutes &t an mr voluma of 100-400 nr’/h m order to
obtam mdvidunl beads rather than aggregates. If necessary, the sub-batches are then
nuxed and the whole batch dned for 5-30 minutes to an end product temperature of
40-60°C A yield of dry beads of 1600-2000 g can be expected.

Simng of the resulting dry beads can be performed usng anatyhcal meves.
Two sicves aro sclected from a set of meve sizes, for example of 850 um, 600 um, 425
pan, 300 um, 250 pm and 180 pm.

Calecoxib beads mannfactured as above can be coated with swellable or
erodible polymers to prepare sustained-relogse coated beads  Immediate-reloase beads
are not 80 conted. Both sustamed-release and immedhate-release beads arc present m a
dual-release composttion of the mvention. For exemple, Surclesse™ or Budragif™
RS can be apphed as & 10-20% by weight solids dispermon, using sprwy coating
equipment (e.g, Wurster) The spray gun 15 mounted at a height of 025 cm to 5 cm
over the bottom of the bed. An ethanol/MIBK mixture 18 pumped through the systam
pnior to the start of the coahng operation. Celeconub boads are pro-hested at 50-80°C
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with an air veloctty of 100-400 m>/h for 30-90 minutes. The coating 15 apphed usmg
the following typical process parameters atomizing pressure 1 0-3 0 bar, air
temperatore 50-80°C, arr velocity 100-400 m*/h and solution flow about 10-80
ml/mmmte,

The coated beads mannfactured as above, together with immediate-release
beads, are encapsulated by e convenhonal encapsulation process.

Tho present mvention also 18 directed to 2 therspeutic method of treatmg a
conidiion or disorder where treatment with a cyclooxygenase-2 mhubitor 18 mdicated,
the method comprising oral admmstration of one or more dose units of a composihon
of the mvention to a subject m need thereof The dosage regrmen to prevent, give -
rehief from, or amshorate the condition or disorder preferably corresponds to the once-
e-day treatment chscussed above, but can be modified m accordance with & vanety of
factors. These mclude the type, age, waght, sex, diet, and medical condrtion of the
mubyect and the nature and seventy of the disorder Thus, the dosage regzmen actually
employed can vary widaly and can therefore deviate from the preferred dosage
regumens set forth above.

Imhal treatment of a subject suffering from a condition or disorder where
troatment with a cyclooxygenase-2 mhilntor 18 indicated can begm with the dosages
inchcated above. Treatment s generally continued as necessary over a peniod of
several weeks to several months or years until the condihion or disarder has been
controlled or eliminated. Subjects undergomg treatment with a compomtion of the
mvention can be routinely monitored by any of the methods well known m the art to
determumne the effectivencss of therapy Contimuous enalyms of such data permuts
modification of the treatment regimen dunng therapy so that optmnally effective
amounts of celecoxib are admmustered at any point 1n time, and 50 that the duration of
treatment can be determmed as well. In this way, the treatment regymen/dosing
schedule can be rationally modified over the course of therapy so that the lowest
amount of celecoxib exhibiting satisfictory effectivencss 13 admimstered, and so that
admmmistration 15 continued only s0 long as 1s necessary to succesafully treat the
condition or disorder

The present mvention also 18 directed to use of composttions of the mvention
1 preparshon of medicaments usefil 1n the treatment and/or prophylaxis of
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cyclooxygenase-2 mediated condrtions and disorders, in particular such conditions and
disorders whery a combination of rapid onset and long duration of therapeutic effect 18
desired or requred.
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WHAT IS CLAIMED IS

1

A pharmaceutica] compomton compriaing one or moro orally delrverable dose
umts, each compnamg a first fracthon of celecoxib m an amount of about 10

mg to about 400 mg, smd first frachion bang m solution 1n a pharmaceutically
accepiable solvent and/or present m mumediate-release sohd particles having a
Dygg particle size less than about 1 pym, and a second fraction of celecoxib 1 an
amount of about 10 mg to about 400 mg, smd second frachon bamg present 1n
sohd perticles having a Dy particle size greater than about 25 ym and/ar 1n
controlled-relcase, alow-release, progremmed-relesse, timed-reloase, pulse-
release, sustamned-release or extended-rolesse perticles, wheremn smd first
frachion and smd second frection of celocoxib are present m & aho of sbout
101 to about 1 10 m the compomtion.

The composthon of Clam 1 wherem sad first frachon of celecoxib 1s 1
soluhon m a pharmaceutically acceptable solvent.

The compomition of Clarm 2 wherein smd solvent compnses polyethylene
glycol

The composition of Clanm 2 wharein particles compnsing saxd second fraction
of colecoxib are 1n stable suspension m 2 matnx solution comprismg sad first
fraction.

The composrtion of Clamm 4 that 15 m the form of umt doge soft capsules,

The compomition of Clarm 1 wheremn said first frachion of calecoxib 15 present
m mmmodiste-release sohd particles having a Dyg particle sizs less than about
1 pm.

The compoarhon of Clam 6 that 18 m the form of umt dose hard capsules.,
The compomtion of Clann 7 wherem smd first frachon and said second
fraction of celecoxib are present m separate granules or beads within said
capsules.

The composrhion of Claim 8 wheresn smd second fraction of celecoxib 18
present 1n coated gramules or beads having controfled-release, slow-release,
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13

14.

15

16

programmed-release, tmed-releass, pulse-release, sustmned-release or
extended-release propertics

The compomtion of Claun 6 that 13 m the form of unit dose tablets.

The composition of Claim 10 wherem smd first fraction and smud second
fraction of celecoxib are presont m separate layers withm smd tablets.

The composition of Clarm 11 wherein said second fraction of celecoxib 1s
preseut m particles having controlled-release, slow-release, programmed-
ralease, tmed-release, pulse-release, sustamed-release or extended-releass
properfics. —

nemmofmmlwhﬂu(ddmddmmum
celecoxib m an emount of sbout 50 mg to about 400 mg. p

The compomtion of Claum 1 finther comprsng one or more oproid or
analgesic drugs.

The compomtion of Clmm 14 wheremn said opaoad or analgesic drugs are
sclected from the group consisting of narcotic analgemics, Mn receptor
antagomsts, Kappa receptor antagomsts, non-narcotic analgesics, monamms
uptako mhibitors, adenomne regulsting agents, cannainnotd denrvatives,
Substance P antagomsts, nearolimn-1 receptor antagomsts and sodrum
channel blockers.

The campomtion of Claum 14 wherein said oproid or analgemc druge are
sclected from the group conmsting of aceclofenac, acemetscin,
e-acotarmdocaproie acid, acetamnophen, acetsmnosalol, acetanihda,
acetylsahicyhe acid (aspirm), S-adenosylmethionme, alclofenac, alfientanil,
allylprodme, almmoprofen, aloxipnn, alphaprodine, alommum
bis{acetylsalicylats), amfenac, aminochlorthenoxazin, 3-amno-4-
hydroxybutync acid, 2-ammo-4-picolme, ammopropylon, amunopynne,
amuxetrine, ammonmm salicylate, amprroxicam, amtolmetin guacil,
amlendme, antipynne, antipyrme sahcylste, antrafenne, apazone, bendazac,
benarylate, benoxaprofen, benzpiperylon, benzydamine, benzylmorphme,
bermoprofen, bezitramude, a-nsabolol, bromfensc, p-bromoscetambide,
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5-bromosalicylic acid acetate, bromosahgempn, bucetin, bucloxic acid,
bucoloms, bufexamac, bumeadizon, buprenorphine, butacetm, butibufen,
butophanol, calcium acetylsahicylate, carbamazepme, carbiphene, carprofen,
carsalam, chlorobutanol, chlorthenoxazm, choline salicylate, amchophen,

5 cimmetacin, ciramadol, chdanec, clometacm, clomtazene, clonxm, clopirac,
clove, codene, codeine methyt bromude, codeme phosphate, codeane sulfite,
cropropamids, crotetharmde, desomorplune, dexoxadrol, dextromoramde,
dezocme, dismpromde, diclofenac sodmm, difenamizole, difenpiramide,
ciffumsal, dihydrocodeme, dibydrocodeinons enol acetate, dihydromorphine,

10 dihydroxyalununum acetylsahcylate, dmenoxadol, dimepheptanol, -
dimethyitinambuteno, dioxaphetyl butyrate, diprpanone, diprocetyl, dipyrons,
ditazol, droxicam, emorfazone, enfienanuc ecad, epinzole, eptazocine,

] cteraalate, cthenzammde, ethoheptazms, ethoxazene, ethyimethyltinambutene,

o etisytmorphuns, etodolsc, etofenamats, etonitezens, sugeool, felbuac,

ri 15 fenbufen, fenclozac ecd, fendosal, fenoprofin, fentanyl, fenhazac, fopradinol,

“d feprazone, floctafonme, flufenamic acid, flunoxaprofen, fluoresone, flupirtine,

. finproquazone, flurbrprofen, fosfosal, gentisic acid, glafemns, glucametacin,

= glycol salicylate, gnmazlens, hydrocodone, hydromorphone,

£ hydroxypettudme, ibufensc, ibuprofen, ibuproxem, mmdazole sahoylate,

) mdomethacm, mdoprofin, 1ofezolac, 1soladol, 1somsthadans, 1anixin,

0 180X €pac, 1soxicam, ketobermdons, ketoprofen, ketorolec, p-lactophenetide,
lefetamme, levorphanol, lofentaml, lonazolac, Jomoxicsm, loxoprofen, lymine
acetylsalicylate, magnesium acetylsalicylate, meclofenamic acid, mefenamic
acid, mependms, meptazmol, mesalamms, metazocins, methadone

25 hydrochlonde, methotnmeprazne, metiazmc acid, metofolme, metopon,
mofebutazone, mofezolac, morazone, morphine, morphine hydrochlonde,
morphme sulfiste, morpboline salicylste, oxyrophne, nabumetons, nalbuphine,
1-naphthyl sal:cylate, naproxen, narceme, nefopam, mcomorphms, mfenazone,
mflumc acid, nmesuhde, 5*-mitro-2"-propoxyacetamlide, norievorphanol,

30 normethadone, normorphime, norpipanone, olsalazine, opinm, oxaceprol,
oxsmetacine, oxaprozn, oxycodons, axymorphone, axyphenbutazone,
papaveretum, paranylme, parsahmide, pentazocine, perisoxal, phenacetin,
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phenadoxone, phenazocme, phenazopyridine hydrochlonde, phenocoll,
phenopenidme, phenopyrazons, phenyl acetylsalicylate, phenyibutazone,
phenyl salicylate, phenyranudol, piketoprofen, pummodme, pipobuzone,
pperylons, pprofen, pimazolac, pintremide, prroxicam, pranoprofin,
proghumetacin, proheptezme, promedol, propacetamol, propiram,
propoxyphene, propyphenazons, proquazane, prohizimie acid, rammfenazone,
remifentanil, nmazolmm metilsulfate, salacetarmde, salicin, salicylanmde,
salicylanmde o-acetc acad, sahcylsulfunc acid, salsalte, salverme, smetnids,
sodmm salicylate, sufentaml, solfksalazine, suhndac, superoxide dismmtase,
suprofen, suxibuzons, talmflumate, tenydap, tenoxicam, terofenamate,
tetrandrine, thiazohnobutazone, tiaprofemc acd, haramuds, hlidme, tmondine,
tolfenammec acad, tolmetm, tramadol, tropesm, viamnol, xenbuem, ximoprofen,
zahtoprofen and zamepmac.

The compomtion of Claim 14 wherein smid oprond or analgesic drogs are
selected from codeme, mepenidme, morphine and dertvatives thereof.

A phermaceatical composition compnising one or more orally dehverable dose
units, each comprumng a first fraction of celecoxib 1 :mmediate-release form
m an amount of about 10 mg to sbout 400 mg, and a second fraction of
celecoxib m controlled-release, slow-relcase, programmed-release, timed-
release, pulse-ralease, sustemed-relesse or extended-release form 1n an amount
of about 10 mg to about 400 mg, sad compomtion providmg, upon a smgie
oral adeumstrahion of 1 to ebout 4 dose umts to a subjeot, (8) & Coux greater
than sbout 100 ng/ml, (b) & Tyey shorter than about 1.5 h and (c) a T longer
than shout 9 b

The composrtion of Claum 18 providing, upon & mngie oral admmustration of 1
to about 4 dose umts to a subject, (8) 8 Coper grester than sbout 200 ng/ml, (b) a
T shorter than about 0 75 h, {c) a blood serum concantration of at least 50
ng/ml withmn about 15 mmutes after smd admmstration, and (d) a T1; such
that blood serum concentration remams ahove sbout 50 ng/ml for at least 18 h
after saxd admmustration.

The compomtion of Clamm 18 that has pharmacolanetic propertics sufficient to
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provide onset of therapeatic effect withm about 1 b, and & dorahion of
therapeutic effect for at least about 24 h, of orel admmstration thereof'to 2

subject having a cyclooxygenase-2 mediated disorder

A pharmaceutical compomtion comprsing ane or more arally dehverable dose
unrta, each comprising a first fraction of celecoxib m immediate-release form
m an amount of about 10 mg to about 400 mg, smd first fraction bemg present
m mmedate-release solid particles having a Dy particle size less than about
1 pm, and a second fraction of celecoxib m an amount of about 10 mg to about
400 mg, smd second fraction bemg distributed m a mstamed-reloase matrx
compnemg hydroxypropylmethyicellulose having a viscoaty, 2% m water, of
about 100 to about 8000 cPs, wheremn smd first frachion and smd second
fraction of celecoxib are present m a ratro of about 10 1 to about 1,10 m the
compomtion.

The compomtion of Clarm 21 wherem smd dose umis are tablets.

The compomtion of Clann 22 wherein said first fraction and said second
fraction of celecoxib are mdrvidually contamed m discrete lnyers or zones of
each tablet.

A pharmaceutical composition compnmmng one or more orally daliverable dose
tnts, each compnmng a first fraction of celecoxib m an amount of about 10
mg to ahout 400 mg, sxd first fraction bemng present m mmmediate-release
solid pexticles having a Dgg particle mze less than sbout 1 um, and a second
fraction of celecoxib 1n an amouat of about 10 mg to about 400 mg, smd
second frection bemg present m & multriphcity of solid beads each havmg a
sustmnod-relesse coatng that comprises one or more pharmaceutically
scceptable swellable or erodible polymers; wherem said first fractson and suid
second fraction of celecoxib are present in a ratio of about 10 1 to about 1 10

m the composition.
The composition of Clmm 24 wheremn saxd dose units are capsules.

‘The composrtion of Clamm 24 wherein saxd first frachion of celecoxib 15 present
in a mmltiphicity of sohd beads srmilar m mze torthe beads contaning sard
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second fraction of celecoxib, but baving no coating or having a coating that 18
not a sustamed-release coahng.

27  The compostion of Cluum 24 wharem saud swellable or erodible polymers are
sclected from ethylcellnlose and polymers and copolymers of acrylic acid,

5 methacryhe acid and esters thereof.

28 A method of treating & medical conchhon or disorder 1n a subject where
treatrnent wrth & cyclooxygenase-2 mhibrtor 18 mdicated, compnamg orally
admmstarng [ to about 4 dose umts of a compostion of any of Clams 1, 18,
21 or 24 once a day

~
10 29 Tho method of Clamm 28 wheremn smd condifion or disorder 15 selected from

rhmmmduﬂ:numﬂms.mwam-ndm
0 surgical pain, -
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ABSTRACT
Phaemmacentical compontions are provided compnang one or more orally
deliverable dose units, cach comprnmng celecoxib m an mmediate-release fraction
and a controllod-releass, slow-relesse, programmed-release, tmed-raloase, pulse-
releass, sustained-release or extended-release frachon, The composrtions are useful 1n
treatment or prophylaxis of cyclooxygensse-2 medisted conditions and disorders.




