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SYNERGISTIC ANALGESIC COMBINATION . 
gF OPIOID ANALGESIC AND CVCLOOxYGENASE-2 INHIBITOR 

5 \ \\\\\\ \\\\\ \\\\\ \\\\\ \\\\\ \\\\\ \\\\ \\\\ 

E.IELD OF THE INVENTION 

, The invention relates to analgesic pharmaceutical compositions·containing an 
' I ' ,': 

opioid
1

analgesi~ and a·cyclooxygenase~2 (COX-2) inhibitor. The invention also relates 

to methods of treatinS pain comprising administering such l'.'hmmaceutital 

10 compositions to human patients. 

BAQ«JROUND OF THE JNVENTJON 

There is ·a continuing need for analgesic medications able to provide high 
I I ' I I I I 

efficacy pain relief while reducing the possibility of undesirable effects. Non-steroidal 

15 anti-inflammatory drugs ("'NSAID'S"), including co~powids such as ibuprofen, 
' ' 

kctcprcfen and diclofenac, have anti-inflammatory actions and are e:ffoctive on pain 

·associated With the ~lease of prostaglandins and other mediators of i~ammation. 
• I' ' • ' ' 

For example, diclofenac: is considered to be ~ely patent and effe~tive as an 

analgesic and anti·infl~tory agent. Diclofenac is approved m the tJliited States for 
. ' 

20 the long-term symptDmatic treatment of rheumatoid arthritis, osteoarthritis and 

ankylosing spondylitis. It is also considered to be useful for the short-tenn treatment of 

acute musculoskeletal injwy, acute painful shoulder, postoper~~ive pain and 

· dysmenorrhea. However,'NSAID~S such as di~lofenac produce side effects in about 

20% of patients that require cessation af medication. Si4e effects include, for example, 
' . 

25 gastrointestinal bleeding and the abn~rmal elevation of liver enzymes~ 

The opioids are a group of drags, both natural and synthe~c, tbat are employed 

primarily as ·cen1:ally .. actlng analgesics' and are opium or morphi~-like in 'theU: 
properties (Gilman et al., 

1

1980, GOODMAN ANn rniMAN•s. nm: 
I • 0 I 

PHARMACOLOGICAL BASIS OF IHERAEEtmCS, Chapter 24:494-534, Pub. 

JO Pergamon Press; hereby incorporated by refe~ce). The opioids i~'Llde morphine and 

morphine-like horrtologs, including, e.g., the s~isynth~ti.c derivatives ~deine 
(methyl.morphine) and hydrocodone (dihydroh~deinone) among ~any other s~cli 
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derivatives. Morp~ne and related opioids exh.i'bit agocist activity at ~mtral nervous 
' ' 

syst~ or CNS (referring to the brain~ spinal cord)· p: (mu) opioid•receptors as well 
o '\ ! ' I J I ' ' I o I I I I I I 

as s~wing a.ffinicy for the o and· 'IC opioid recepters, to ·produce a i-mge of effects 

including analgesia, drowsiness, changes i~ mood and menUl cloudin&. In addition to 

s potent analgesic effects, the motphine-~lated opi~ids tmY also cause'.a number of 

undesirable effects, ~iuding, for example, respim.tt,cy depression. nausc:~ vomiting, 
.,• ' • \ ,. I I • ' • I'' ,: I I ,' 

dizzio.C:ss, mental c:loud.ing, dyspho~ pruritu.s, constipation. in~ased biliary'tract 
I I• 1 , ,1 

0 
I 1 I 

pressme, UrimnY ret.cntio~ and hyp~terision., The d~lopment of tolclrance to the, 
' o I I t I '

0 1 

opioid mugs and the risk of chemical dependence and abuse f'or these drugs is another 

10 undesirable effect. 

15 

20 

. Mmph.ine. whlch h~· been co~dered the prot~typic opioid analgesic, bas been 
. ' 

available in many dosage forms, including i.mmediarc release oml dosage forms, and 

mo1e ~~c~tly, fonnUlat~d into 12 ~r ·~antroiled rel~~ fa~~ati~DA (e.g.,'.Ms 

Co~li tablets, co~rci8lly availabie fro~ P~~ Ftcderi~k 6,mp,~y). Other 

opioi~ analgesics have been available: s$ inµnediate release oral dosap forms, such ~ 

, · hydromo~~ (e.g., Dita~•~ co~~y.~vail~I~ ~m ~~·~~tals). 
• ' I" ' I ,1'' I 1 I I I I 11 : I I 

More recently, mother controlled release opioid. analgesic, oxycodoi;uti has bec~e 

available C ~c••, '~Y a~ahle .. frozD: Purdue P~) .. ~ere arc; of 

co~e1 ~Y ,~th~r oral 'rarmutati~ -of ~edia~ ,~ase 8.nd ~!!hied riles~ _ 
o I I •I 1 1 1 1

1 
o I II" 

1 
' O I I ' 

opio
1

ids wmeb. are' comm~tally availab~ ,throughout the World. 

. : Prlar, publli;ations report thn~ ~gi:~c po~ ~~~be improved while 

-----~~d~~~ ~es~~~ eftec_~ -~t -~~~~:-~ op!aid ~.:an ~~~~~!!1-~,«cs_i~------ _______ __ 

·--- such as a.Cetylsalicylic S:Cid ~r ~etamlnop~ in ~ch a way as, to ~b~ a syn~gistic 
mmlamc Cffec~ allo~g f~, a n:'ductl~ ~ ~ to~ dase :of both the.NSAID and 

analgesic. F~ exam.pl~, u'.s: ~atent n~b~·4,569,93~~ issu~d to Bak~r mil. Oil 

30 

10 I I o I I I I I I 1' ' I I I 0 I I I I 

February 11, 1986~ descn"bes a coinbination of o~codone with ibupcofen in a nitio of 

axyc~d~ne/i~~~ro~ :from l :6 tQ ~o,ut l:400~· U.S. pa~en~ n~b~ 4,6~9,927·, is~d to 

Voss rui. on September i, 1987, desc~bes ~ c~n:ib~tion ~fthe Nsiun di~tob 
I • I I ' I I I : I" ,' I I \ o II 0 1 \ t lfj ~ I I ' I I 

and codeine in a weight ratio of.diclofenac to eadeine of about 1:1 to about 3·:.1. U.S. 
1 

I 1 0I 
1

1 
1 I• I 1 

1

1 1
1 1 1 1 I I 

patent num~er 5,190,947, issued to Riess. et al. on March 2,.1993, d~t:fibes. a . 

diclofen~ode·~ 'salt ([2·E2,6-.dichlo~opben~l)~~lno]·pbenyl}·ac~c aci4). :U.S. 
'I I I I •, I I: ' ' ' ' • •' - .,· • I 
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patent number 4,844,907, issµed to Elger et a.1. on July 4, 1989, describas a multiphase 

tablet combining a narcotic analgesic p}wse and an NS~ phase in separate layers. 

U.S .. patent nwnber 4,5,87,252, iss4ed to Amold ~Al. ·on May 6, 1986, describes a 

process fer treating pain using a combination of hydrocodone and ibuprofen. 

s No.n·steroidal, anti .. infiammatory drugs (NSAID'S) exert most of their anti· 

infl~11tory, analgesic and antipyretic activity and inhibit honnone .. induced uterine 

contractions and certain types of cancer growth through inhibition of px'Ost.aglandin G/H 

synthase, also kncwn as cyclooxygeaase. 

Fatty acid cyclaoxygenase1 (COX) was described es the source of 

10 prostaglandins, ihromboxanes, ~d a variety of other arachidonic acid .. , and higher . . 
desaturated fatty acid-deri'Yed biologically active hydroxylated metabolites. Beginning 

in the late l 960's, B. S~uelsson, S. BergStl'Om and their colleagues discovered the 

:hiological activity and elucidated .the structures of the products of eyC"looxygenase. In 

the late. 19~0 's El.lld early 19.70' s, J. Vane discovered that aspirin and other NSAIDs 

l~ ex~ their major biological activities by inhibiting cyclooxygenase. COX is d~y 

;responsible for the famµition of PGG and roH and these seive as tho intermediates in 

the synthesis of POD, PGE, PGF, PGI, and lXA. By the late 197Q's and early 1980's, 

it was appreciated that many hormones and other biologically active agents c:ould 

regulate the cellular ~ti.vity of COX. At flISt, it was assumed that COX induction was 

20 the simple result of oxidative inactivation of COX, which happens aft.Ir only .a ~ew 

substrati: tumovm. 'This is conunon among enzymes that ~orpo~ molecular ' · 

oxygen into their substrates.- the oxygen rapidly degrades the 'enzYm.e, Such eazymes 

are sometimes.referred to as suicide enzymes. In response to the rapid (within seconds) 
' . 

inactivation of cyclooxygcnase, its message is transcribed, and the etlZ)'me is rapidly 

2S induced to replace that lost due to catalysis. It ~ noticed by several groups. that 

cy~looxygenase was induced to a much greated degree than necessaiy to r~place the 
lost enzyme. Using an oligonw:leotide directed to the cloned COX-1 enzyme, i1 second 

band w.as identified on Northern blots under low stringency, TJlls gone was cloned and 

identified as a. secood COX en:zyme, named COX-2, and was found_.10 be largely absent 

30 from many cells under basal conditions but rapidly indw:ed by severaI cytokines and 

neurotransmitters. The expression of this en.Zym.e was fo1,1Dd to.be largely tesponsible 

3 
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far ~e previaus~y~observe~ _ex~ess COX actiyity in· actj.vated cells. The g~. for C0~-

1 and COX-2 ~ distiDct; with the gene for COX-1 being 22 kb and the message size 

2.8 kb wherea5 the gene for COX-2 is 8.3 kb·and the message ~ize 4.1. kb. ~ereas the 

COX-1 pro1'Ul~r does not conta:i.n recogmzed ~scription factor.binding sites;' the 
. . 

s COX-2 promoter contains' sites for NF-JCB, ~-2, Nf'-ll..-6 and glucocortic9ids (H.R. 

.. Hcrsc~ Cane. MetaS~ Rev. ·13: 256, ··1?94). There are some differences m the active 

sites ~fth~ ~es. Aspirin inhibits the cycl~oxygenase activicy of COX·l bl.It leaves 

intact its peroxidase activity, whereas aspirin converts COX-2 from a· cycloo.xygenase 

to a 15-lipoxygenase (E.A. Meade et al, J. Biol. Chem. 268: 6610, 1993). 
I I I I 

10 · · · - It bu been proposed. that ~e COX-1 is· responsi'blc, in many ;ells fer· · 

·. ·endogenous basal release of prostaglandin$ aad is important iii the physiologic~· 

functions of prosmgia.nd.im wbi~ in~lude the maintenance of gastr0ifttcsnnal int~cy 
. . 

. and renal· bleed flow. Inhibition of COX· 1 ca~ses a numbei'. of side effects including 

. iDhibition of pl.alcli::t aggrcgatign associat.ed With disorders of coagulation, and 

15 gastrointestinal toxicity·with the possibilitY ofulceratioi:is and ofheinorrhage. It"is 
. . 

~lieved that the 1astroimstinal toxicity is due to a decrease in the biosynthesis of 

· . prcstaglaiidins 'Which arc cytopratcctivc of the ga.Stri'c mui::csa. 

: A high i.JlcideDCe .of side effects has bistoric:ally beeu..assoc:iatad with chionic 
. , 

. u!c of classic cyclooxygeDBSe inhibitors,'all of which are about eqUipotent" fcr'COX·l 
. . 

20 . or COX-2. or which are ·cox-.1-s~lectiv.e. ~e renal to~city o~~ it usually 

becomes evident in patients ·who am already exhibit r=aI i.mufficieney (D. · · · 
' ~ I < o 

__ · --· ---------~--Kleinknecht, Sem.. Nephrol . .' 15:. 228, 199SJ,-By mi-~ the most prevalent !Ild mDrbid - --- ---------. ' . 
' °' • I I 

toxicity is gastrointestinal. Even with relatively nontoxic drugs such~ piroxicam, lJP . . 
. to 4 % of p~tic:nts experiem:e gross blee~ng and ulcertaion (MJ.~. I.angmep ct al, 

·25 Lancet 343: 1075, 1994). In the United States, it is e~ted that some 2000 patients 

. with rheumatoid arthritis and 20,000 p'~ents .with ~steoarthritis diC each year: due to 

gastrointestinal side effects related to the use of COX inhibitors." J.u the uK; about 30 

. % of the: annual 4000 peptic Ulcer-related deatbS are· attributable to cox inbibitcrs 
' . 

. , (Scrip 2162, ·p.11). COX iDhibit~ cause gastrointCstinal and renal toxicity due ·to the 
' . 

30 . inhibition of symh~sis of homc:Ostatic prosr.aglandins responsible' for epithelial m~us 

·.production and reDaI blood tl~w, respectively. 

4 
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· . The second form of cyclooxygenase, COX-2, is rapi~ly and readily inducible 

by a nwnber of agents including mitogens, endotoxins; honnones, cytokines and 

gro~ factors. 

It bas been proposed that COX·2 is mainly responsible for the pathological. 

s effects of prostaglandins, which arise when rapid induction of COX-2 occurs in 

respoc:;e to such agents as inflammatory agents, hormones, growth factors, and 
' ' ' 

cytok.ilies. A selective inhibitor ofCOX-2 therefore would ha.ve anti-inflammatotyi 

antipyretic and analgesic properties similar to those of a conventional non-steroidal 

anti-inflammatory drug (NSAlD). Additionally, a'COX-2 inhibitor would illhibit 

10 hormone-induced uterine contrac?ans and have potential anti-cancer ~eets. A C~X-2 

inhibitor would have advantages over NSAID'S sw:h as a diminished ability to induce 

some of the mechanism-based side effects. Moteover, it is believed tbat COX·2 

inhibitors have a reduced potential for gasaointestinal toxicity, a reduced potential for 

renal side effects, a ri:duced effect on bleeding times and a lessened ability to induce 

l!I asthma attacks bi aspirin•sensitive asthmatic subjects. 

Thus, compounds with high specificity for COX-2 over COX -1, may bti useful 

as alternatives to conventional NSAID'S. This is particularly the we when NSAID 

use is contra-indicated. such. as in. patients with peptic ulcers. gastritis, regional 

c.nteritis, ulcerative colitis, diverticulitis or with a recurrent history of pstrointestinal 

20 lesions; GI bleeding, coagulation disor~ers including anemia, hypoprothrombinemia, 

haemophc:lia or other bleeding problems; kidney disease, and patients .about to undergo 
' ' 

surgery or taking anticoagulants. _ 

. . Once it became clear that COX-1 but not COX-2 is responsible for 
' ' 

gastroi.atc:stinal epithelial prostaglandin production and a'major contributor 10 renal 

25 prostaglandin synthesis, the search for selective CQX;.2 inhibitorn became extremely 
' . 

active. This led very quickly to the recognition that several COX Uihibitors, icduding 

nimcsulide and Dup-697, which were known to· cause little or no gasttointestinal 

iriitation, are COX-2-selective. 

U.S .. Patent No. 5,409,944 (Black, et al.) describes certain novel alkane· · 

30 sulfonamido-indanone derivatives useful for the treatment of pain, fever. inflammation, 

arthritis, Cl¥1<=er, and ~ther disease states. Also discussed therein are compositions for 
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~e treatment of cycl,ooxygenase:-2-mediatcd diseases comprising the therelli-d~cribed 

novel ~-.sulfonamidoinclanonc'derivatives tog~ with a pain reliever inclu~g 

ac~phen or phenacetin; a potentiatOr inC"luditig ~eine; an H2-entagomst, 

aluminium or magnesium hydroxide, s.imctbicone, a Clcco.agCstarir mcluding ' 

phenylephrine, phenylpropano'lamine~ pscudaphcdrine~ o.xymetazol~e! epinephrine, 

·nap~linc, xylonetazo~.' propylh~e~e, or levo~oxy ephedrine;-~ antitussive 

including codeine, bydrccodone, car.unipben, carbetapentane or dextromethoiphan; a. 
' . 
diuretic and/or a sedating or non-sedating antihistamine. Whil~ Black et al. mention ~ · 

' ' 

use of an antiLUSsive dose of two opioid anal·gesics (codeine and hydrocodone), they do 

10 not describe or.suggest the use o!~ COX-2 inhibiiors with analgosically effective 

amaunt.S of any opioid an~gesics, · · 

' . 
SUMMAR¥ o/.mE JNYENTIQN · · 

lt is Ill; object of the present inv~on to provide a method atl.d pbarmacetitical 

15 formulation. (medicament) which allows for reduced plasma concentrations of 81! opioid 

=-gesic.. ~le still providing effective pain management:. · 

· It. is a futher object of the present iDventioo to pRwide ·a ~thod and 

pluunuiceutical f~ul~on (medicam~nt)·fa.r effectively treatins patients in· pain with 

· . an opioid apa!gesic which ach~veg prol~d and efi'c:ctive pain ~nt; while at 

~ the SBQU: time proyidcs the opportunity to n:duee side effects, depeadence and tDlcrance 

whicb the patien~ ~a¥ ~eri=n~e w~ subje~d to ~clanged treatment wi~ ~ -

opioid. . ________ ,,_., ... --------~ _________ ,, ____________________ -.. - -· -· 

-It is yet a further object to pMvide a method and pharmaceUtical formulation 
I I o • 

(medicament) for the cffecq'\r"e m=atment of pain 'in patients by ~enting the 
,' . 

2S analgesic effectofa.CQX-2 inhibitor. 

l'he in~~on.is ~c:ted tO the ~urprising synergy obtaine~ vi.a the 

a4nllnistrati.on, of an opioid· analgesic together with a cox-2· inhibitor. 

The pres~t invention is tclated in part to analgesic pharmacieuticar 

compositions ~omprisins a COX-2 inhibitor together With an opioid analgesic. The 

30 op~oid ~gesic and COX:-2 inhibitor caribe ac:lmWstered orally, via implant, 
. . . ' 

pareaterally, su~lingually. re~ly, topi~ly; via·inhala.ti~11y e~. ID other cmb':ldli:o.cnts 

" 
6 



. . . W099/ll799 PCJ'/US98/l!l516 

of the invention, the COX-2 inhibitor can be administered separately from the opioid 

analgesic~ as set forth in more clctAil below. 

The invention allows for·the use of low~ doses of the opioid· analgesic or the 

COX-2 inhibitor (referred. to as ·~apparent one .. way synergy" herein), or lower doses of 

s both drugs (referred to as .. two .. way synergy" herein) than would normally be required . 

when either drug is used alone. By using lower amounts of either or both drugs, the 
. . 

side effects associated with effective pain management in humans arc significantly 

reduced. 

In certain preferred embodiments, the invention is directed in part to synergistic 

to combinations of a cox .. :z inhibi.tor in an amcUllt sufficient to render a therapeutic 

effect together with an opioid analgesic, such that an an analgesic effect is attained 

wpich is at least about S (and preferably at least abcilit 10) times greater than that 

obtained with the dose of opioid analgesic alone, except for combinations of the Cox .. 2 

inhibitor with anti•tussive doses 'of hydrocodone or codeine. In certain embodiments, 

t5 _the synergistic combination provides an analgesic effect which is.up to about 30-:40 

-~s greater than that o~ with the dose of opioid mialgesic alone. In stich 

embodiments, the synergistic combinations display what is refe:rred to herein as an 

"apparent one-way synergy"~ meamng that the dose of COX-2 inhibitor syncrgistically 
' ' \ I 

llotentiate.s the effect of the opioid analgesif:; but the dose of opioid analgesic does not 

20 appear to significantly potentiate the effect of the COX-2 inhibitor. In certain · 

embodiments, the combination is administered in a single dosage fonn. In. other 

"embodiments, th~ combination is administered separately, preferably c:oneo~lal:Jtly. In 

certain preferred embodiments, the: synergism exhibited between the cox .. 2 inhibitor 

and the opioid amlgesic is such that the dosage of opioid analgesic would be sub· 

25 · thei-apeutic if administered without the dosage of COX·2 inhibitor. In other preferred 

c:mbQdiments, the present invention relates to a phmnac~utical composition comprising 

an analgesically effective dose of an opioid analgesic together with a dose of a cox .. 2 
. ' 

inhibitor effective to augment the anaJgesic effect of the opioid analeesic. 

Although certain embodiments afthe invention are directed to synergistic: 

30 · combinations of a COX-2 inhibitor together with an opioid analgesic, whm there is an 

apparent "one·way synergism", it is bi:lieved:that in actUaHty these combinations. 

7. 
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. ' 

. exhibit two-way synergism. meaning tbat the COX-2 inhibitor potentiates the effect of · 

the opioid analgesic, and the opioid anaigesic potentia~ the effect of the COX-2 

inhibitor. Thus, other embodiments .oft.he inv~tlon relate to·c~bh:mtio'cs of·a COX-2 

inhibitor IU:ld an opioid aaalgesic where the dose of each drug is redUc:ed due to the 

s synergism demonSU'ated between the dzugs, rind the analgesia derived from the · 

com'*18tion of drugs in reduced doses is swprisingly enhanced. · The two-way · 

s:yneriism is not always readily apparent in actual dosages due to· the potency ratio of 

the opioid analgesic to the c9x-2 inhibitor (meaning that the opioid generally di5plays 

much gn:mcr reJ~vc analgesic potcnq). 

10 In c~ prefm:ed embo,diments, the invention is directed to pharmaceutical 

fonnul~tions· com~g a .cox~2 inb.ibitoi: in an amount suffic:,ient to render a:< 
I I I I 

therapeutic effect tosether with: a therapeutically eff~v¢· or sub-therapeutic amount of · 

an opioid analge.sic _selected from ~e group consisting of alfentaDil,.allyiprodine, 

· alfhaprocline, anileridine, benzylnlorphine, bezitramide, buprenorp~e, bUtollJbano~. 

15 · clor:dtazenc:, cyc~cine, desomarp~ dextron;ioramide, dezocine, 'diam.promic;te, 
' .. 

:diamoz:phone, dJ1i~cadeine,. dihydromorp&inc, dimeno~ol, dizQsphcptanol, 

dimcthylthiambutcne, dioxaphetylbutyrate, clipipanone, eptaZac:m, eth~. 

ethylm.ethy~~butene, ethylmorphine, etonit.82ene fentanyl, heroin, hydroaiorphone, 
' ' 

bydroxypethidil1e, isomC1h.adone,- ketabemido:ae, leva.Uatphan. levoiphanol, levophcn-

20 acylmorphan. lofentanil, meperid.ine, mepta%inol, metmlcine, methadone, tnetopon, 
1 

1 1 
I 

morphine, myrophinc, aalbupbiDe, narcei:ae~ nicamarphine, narlevorphanal, 

__ ... - ___ _:_ ______ .Mmi_ct~ru:,.W_gmh.jn~, ~r;n!>J'Pbine,_DQrpipananc, opium,. ~~Qodo~-
. -

o~rpbone, papaveretum, pentazocinc, phenadoxone, pbenommphan, phcnazocine, . . 
pb.enoperidine, piminadine, :p~tramide, prophePtazinc, P?omedol, properidine, 

25 ~piram, propox:yphene, sufentanil, tilidine, trame.dol, salts thereof. complexes thereof; 

~s. of any of.the foregoing, mixed mu·agonistalantagonists, 111u .. antagonist co~­

bin.atioas, sal~ or complexes thereof, and the: like. In certain ~=fre~ embodimi:Dts, 

the opioid analgesic· is a mu or.kappa opioid agonist. Jn certain preferred embodb:Qe.nt.s, 
' ' ' 

the i~vention is directed. to phannaceutical fonnulations comprisins a ·cox .. 2 i.Dlµbitor 

JO in an amowit sllfficient to ~der a therapeutic effect together with ~therapeutically 

etfective 01'. sub·tbera.p¥c amount of~ npioid analge~ic·sel~d·ftom the group · 
'' 

8 
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consi~ting of morphine, dihydrocodeine, hydrcmorphone, oxycodone, oxymorpbone1 

' ' 

salts thereof, and mixrures of any of the foregoing. 

In cenain preferred embodiments, the invention is dire~tcd to phannaceutical 

fonnulations comprisin'g a cox.2 inhibitor in E1II amount sufficient to rend.Cr a 

s therapeutic effect together with a. dose of codeine which is anaigetic if administered 

with~ut the COX-2 inhibitor. Such' a dose of codeine is prefenblyfrom about 30 to 

about 400 mg. . 

In certain preferred embodiments1 the invention is directed to pharmaceutical 

formulations comprising a cox .. 2 inhibitor in an· amount sufficient to render a 

10 therapeutic effect. together with ~ dose of hyclrocodo~ which is analgetic' if 

administered without the CQX .. 2 inhibitor. Such a dose ofhydrocodone is preferably 

from about 5 to about 2000 mg, and preferably nt least about 1 S ing hydrocodone. 

The invention funher relates to a method of effectively treating pain in buinans, 

comprising administering to a human pati=nt a therapeutically effective amount of a 

15 cox .. 2 inhibitor together with a dose of an opioid an&lsesic, such that the comb~tion 

~rovides an analgesic effect which is at least about S (and preferably at least. about 10) 

times greater than that o~ned with the dose of opioid analgesic alone. In certain 

cmbodiments1 the synergistic c:ambination provides an analgesic effect which is up to 

about J0-40 times greater than that obtained with the dose of opioid analgesic alone. In 

20 certain preferred embodiments! the doses of the cox .. 2 inhibi'tOr and the opioid 

analgesic are administered orally. In further pr=ferred· embodiments, the doses of the · 

COX·2 inhibitor· and the opioid analgesic are administered in a single oral dosage foqn. 

· In certain preferred embodiments, the dose of opioid analgesic would be· sub. 

therapeutic if administeied withoqt the dose of COX-2 iilhibitor. In other preferred. 

embodiments, the dose of opioid analgesic is effective to provide an~gesia alone, but 

the dose of opioid provides at least a five-fold greater analgesic effect than typically 

obtained with.that dose ~~opioid alone. 

The invention further relates to the use of a pharmaceutical combinatfon of a 

COX·2 inhibitor together with an opioid analgesic to provide eff'ective pain 

30 management in hum~. ·. , 

The invention further relates to the u.Se of a COX·2 inhibitOr in the mmufacture 

9 
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~fapharmaceutical,prepai-ation conta.iDing a COX-2 inhibitor and an opioid analgemc ~. 
for the treatment of prilii. .· 

' ' ' 

·. . · , The .inv~ntion funher rel~ to~ use of an opioid analgesic; in the , · · 

manufacture of a pharmac~ical preparation coor.ainhlg a cox~2 inbi'bitor and:-an 

s opi~id analgesic for. the ~atment of pain. · 

The invention ~ also di~~ tc a method for p?avidicg efi'eative pain 

management iri hnrnans, comprising administering an analgesically effective· or sub--
' ' . 

therapeutic amoun~. of an opioid analgesic; end ~inistering an effective amount of a. 

COX-2 inhibitor ia 111 ~aunt. cffeCnve to aupnt the analgesic d'ect provided b)'. 

10 said opioid analgesic .. The COX-2 inhibitor can be administ~d bef0rc, simultaneously 
I ,1 e 

with, or~ administration of~ opioid analgesic1 • ~ loag as the dosing inteL'Wl of the 

cox .. 2 inhibitor overlaps wi$ the dosinginterYal ofthe'apioid analiesic (orits' 

~gesi~ ~). ·In other words, accardins to the method ~(the present: inventi~ in 

c:main preferred embo~cnts the COX-2 inhibitor aced not-be ~ .. in the · 

15 same .dpsagc fo~ ore~ by the s~ rou~ of !dmim~on as tht opioid analgesic. 
I I t • 

B.Afher1 the mctbad is dim:tcd to the surprising synergistic·andlor additive bcmefits 

~~cd in humans. '1'h~· anll~sically effective levels cf an opioid ana!leSic have 
' 

been !Jdmbllstere4 ~ ~ h~ and. prior ~ or during the dosage interval for the opioid 

~gcsic er. wl,Lilc. ~ hWmui:is cxp~ricacing ailalgesia, an cffectiye amount of'~OX-2 

20 inlµ'bitar ~ ausm=t the ~gesic effect aftbe opioid SDaliresic is ~stes::ed .. If the 

COX-2 is adminis~~ptj9r ~o the administratiou of the opioid a!Waesic, it is picfmed 
.. 

1 ~ / 1 ' I 1 o 

-· ________ --"'-~~ ~~-~agc _in~_for the two.drugs overlap,..i.e.1 such.that tbe.amilgesic..cffect-----~ 

av~ a~ lCast a portion of the dosage interval of the opioid ~gesic ·is at least partly 

BtTri~µtable ~ the COX-2 inhibiior. . . . 

· 2S . ln.!£11 additioaal method Of the invention, the surprisiD.g syncflistic and/o~ . ' 

~iti:ve benefits obtained in humans are a.cbieved when analgi:sicaUy.eff'ective levels 
• o t I I I 

of a COX-2 inhibitor have been adinicistered to ah~ and, durlna thC dosage 
.in~aJ £~ the cox .. 2 4ibi~itor or while the hU1'1U1n is experi~cin; analgeSiD. 'by virtue 

1 I o I 

of the administ;ratlon of a COX-~ inhibitor, an effective amount of an opioid anals~ic 

30 to augment the analgesic; effect of the COX-2 inhibitor is administcrmd. · · 

In .a fµrtb.er t:mbodiment of .the })resent invention. the invention comprises an 

10 
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'oral solid dosage form comprising an analgesically effective amount~f an opi~id· 

analgesic together with an amount of a COX·2 inhibi~r or pharmaceutically acceptable 

salt.thereof which augments the effect of the opioid analgesic: .. 

Optionally, the oral solid dosage fonn includes a sustained release earner which 

s causes the sustained release of the opioid analgesic, or both the opioid mla.lgesic and the 

COX-2 inhibitor when the dosage fonn contacts gasttointestinal .fluid. The sustained 

release dosage form may comprise a plurality of substrates which iDaJude the drugs. 

The substrates may comprise matrix spheroids or may comprise inert pharmaceutically 

acc~ta.ble beads which are coated with the drugs. The coated beads arc then preferably 

10 ovcrcoated with a sustained rele~e coating comprising the. sustained release carrier. 

· The matrix spheroid· may include the sustained release canier in the matrix it.self; or the 

matrix may comprise a nonnal release matri.-<'containing the drugs, the matrix having a . . 
coating applied thereon which comprises the sustained release curia:. In yet other 

embodiments, the oral solid dosage form comprises a tablet core containing the drugs 

1s within a normal release mattix, with the tablet core being coated with a sustaine~ 

;elease coating comprising the sustained release carrier. In yet further embodiments, 

the tablet contains the di'ugs within a sustained release matrix comprising the sustained 

release carrier. In yet furth~ embodiments, the tablet contains the opioid analgesic 

within a. sustained release matrix. and the COX-2 inhibitor coated into the tablet as an 

2.0 immediate release layer. 

In many preferred embodiments of the invention, the pharmaceutical 

compositions containing the COX·2 inhibitors and opioid drugs set forth herein are 

admiais~d orally. Such o~ dosage forms may contain one or both of t:he drugs in 

immediate or sustained release form. For case: of administration. it is prcfc:m:d that the 

25 . oral dosage fonn contains both 'drugs. The oral dosage forms may b~ in the fo:nn of 
' . 

tablets, traches, lozenges, aqueous or oily suspensions~ di~pcniible powders ar granules, 

emulsions, multiparticulate formulations, syrups, elixirs, and the like. 

The- phannaceutical compositions containing the COX-2 and/or the opioid drugs 

set forth herein may ~ternatively be in the form of microi::ianicles (ei.g., microcapsules, 

30 microspheres and the like), which may be injected or implanted int~ a human patient, 

or other implantable dosage fonns known to those skilled in tW: art ·of pharmaceutical 

11 
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formulation. For ease of administration, it is preferred that s~ch dosage forms contain 

both drugs.- · . · 

Additional pharmaceutical. compositio~ com~plated by, tb~ inventica :further 
I 

include transdemi.al dosage forms, supposiT.Orics, inhalation powderS or ~ys, and . . 

s buccal tablets. 
11 I 1 

The combination of cox~2 inhibitor and opioid analgesic may further be 
I I ' ' 

admiclstercd by diff'mnt routes of.. admi.uia11aricn. · · 

It should be understood that for.pUEposes of the present invention, the following · 

tmns have the following meomligs: 

10 . . The term "cffec:tive analgesia" is defined far purposes oftbe present in.\!entian 
. ' . 

a.it a sa.ti.sfactor,f reduction in or elimination of pa.fa, along with the process of~ 

tolerable level of side cffe~ts, as determUied by the human patient. .~ . 

·The term H~ctl'VC pain management" mCW•for putpOSCS Of the preseDt 

invention u .the objective evaluation or a human patient's respo~e (pam.expcrie~ccd .. 
' ' . . 

1s. . ~side effi:ct3)UI analgesic treatment by a physician as.well u1ubjective .. 
• ' I • 

·:evaluation of tbl:n.peudc treatment by the p"°cnt undergoing such ~t:Zncut. · The 

· ·skilled artisan will understand that eft"activc analgesia will vary according to mBZly 

factors, including individual patient variations. · _. ... . . · · 

Tb term "opioid analgesic" is defined for purposc;i .of the present invaiitio11 as . . . 
'. 

20 the drug in its base: form, or a pl:µumacc:utically acceptable salt or c:amplex thereof 
. ' 

·The term "COX-2 inhibitor" is defined for purposes of the present invention as 

--·-- ----- : .. the drug in its base form, or a phari:ne.ceutically .acceptable. salt.er .c~mplex.:thcrcaf~· ------
• • • I ' 

. The term "sustained release" is defined for pmposes of the present inveution as 

the release ~f the drug (opioid analgesic) from the tral1Sdennal formul~on at sucb a 

25 rate that blood (e.g., p•a) concentrations (levels)' are m~ within the 

therapeutic range (above tbe minimum effective analgesic concentration or 111MEAC") 
' ' ' ~ 

but below toxic levels over a period of ti.me of ab~ut ·12 hours or lo~er. 

The term "Steady state" ~s that th~ bfood plasma concen~tion cur.re· for a 

given drug bas been substantially repeated from dose to .dose. 

30 The ter.m "minimum effective analgesic cancc:ntration" is clefined for purpo~es 
. . 

of1his invention as the minimwn effective tlierapeutic:blood pl3Sma level of.the drug at 
' . . . . 

12 
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which at l~ast some pain ~ief is achieved in a given patient. It will be well understood· 

by those skilled in the medical art that pain measurement is highly subjective and great 

indiyidual varlatio11s may occur among patients; , 

DETAILED DESCRIPTION 

The COX-2 inhibitors which are useful in the present invention will have 

similar anti .. inflammatory, antipyretic and analgesic properties as compared to 

conventional non-steroidal anti·inflammatoey dnigs and in addition will inhibit 

hormone-induced uterine contractions and have potential anti-cancer effects, but will 

10 . have a diminished ability to indu~e some.of the mechanism-based side effects. In 

partic~ar. such ~OX-2 inhibitors should have a· reduced potential for gastrointestinal 

toxicity, a reduced potential for mial side effects1 a reduced effect on bleeding times 

and a lessened ability .to induce as$mn attJ.ck.s in aspirin-sensitive asthmatic subjects. 

COX-~ inhibitors have .been reported in the art and many chemical suuctures are' 

15 lqiown ~o produce inhibition of eyclooxygenase-2 .. For purposes' of the present .. 

·invention, the term c'CQX-2 inhibitor" is defined BS all compounds wbich \VOuld 

. possess COX-2 inhibitory actiyity and which prefembly have at least 9-fold greater 

specificity for COX-2 over.COX-I, either in-vitro (as dctcnnined, e.1·., by ICSO · 

measurements) or in-vivo (as ~ed. e.g., by EDSO·mea.sumn=ts)~ ·Such COX-2 

20 inbjbitors wm be useful in conjunction with the present invention and a.re considered tc 

be encompassed by the appended claims. ·Preferably, the COX·2 inhibitors used in the 

present invention demonsttme an in-vitro .ICSO and/or in-vivo EDSO ratio for COX-1 to 

COX·2 cf approximately 20-fold or greater, more preferably l 00-fold or greater, or 

most preferably in certain embodiments 1 OOO·fold or greater. 

2S . Certain preferred COX-2 iDhibitors include celecoxib (SC-58635), DUP-697, 

flos.ulide (CQP-28238), melo~icam, 6-methoxy-2 naphtllylacetic.a:Cid (6-MNA), Vioxx 

(MK-966), nabumetone (l>rodrug for 6 .. MNA), nimesulide, NS-398,.SC-5766, SC-

58215, T .. 614; or combinations tb~of. 

There are a number o.f COX-2 inhibitors in development as of. mid-1998. 

30 These include meloxic.am (commercially available in the U.K. as .of 1996 from · 

~oerhingel"'lngelheim); nimesulide. (launched in 1985 in Eurcp~ from Hesinn); 
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. ' 

nabumetone (6-MNA'is active metabolite) (commercially-available as Relafin™ iii the 
' ' 

' I ' ' 

. U.S.);.-eelccoxib (SC-58635) (NOA filing by Searle estimated' in sq,r.ember 1998); 

Via.xx (MK-966. L 745337) (NOA filing by Merck estimate~~ November 1998); 0.. . 

1367 (Chiroscience; in Phase I in the U.K.); T-614 (T~ in Phase II in Japan and 
' ' ' 

s Phase I in the U.K.); and SC-5766.S (MOasanto; in Phase I in the U.S.). · 

· . In ttials .discussed at the 1996 mmual meeting of the 'Amcncin. Colle~c ·.af 

Rheumatolcgy, celecoxib was· derz?.onstmted to be efacaciaus in pmenti arid' de:Wid of. 
I I I I 

gastroilltestiaal side effects iD normal valunteers (Scrip 2175, 25 October, 1996, ~· 15). 
' 

In srudies in noz:mal volun~ 128 subjecrs received celecoxib, 100 tng or 200 mg 

10 twice a day, or uaproxen, or plac;ebo, for one week. ·Jn the celecoxi"b groups a· 
·subjects who received placebo, there w= no gas1?ointc:stinal signs'or sympta!IlS, 

. · . whereas in lhe naproxm grciup,· lO % of subjects experienced- ~a~testinal signs and· 
. . , 

sympt~. Further, in normal volun~ cclccoxib ~used no ·B!tmfions in pla~ct 

function. Jn a Study in patic:ntti; 293 patients, with osteoarthritis received celecoxib, 40 

15 mg, JOO ma. ~r 20.0 mg, o.r pl~cbo twfc~ ~day for two Wc:eks. ~elccoxib red~ · -

' ."S)'tD~toms sigpifi~y, and dr~p..out rates in the higher dose celcQXJ"b innl~s were 

·lower than for. placebo. PBl:ic:nts with rheumatoid arthritis received cdecoxib l 00 mg, 

2~0 mg, or 400 mg, or placebQ,twice a day· for four weeks. As in pticuts with' ,: · 

osteoarthritis, symptom score~ were improved in patiQJ!.9·recciving celec~b"eompmed . . 
20 to p~ebo, and drop-our ratcs:~cre low=- µi pati~ts·taking celec°"1"b. · · 

· COX·2 inhibitors have been reported i.u the- art ~d many chemicll ~ are 
---- .. ---~-known.t.6 'produce inhibition of cycloo~ge~~"-· : __ ..:___........:.---...,.------

COX·2 mhibitors are described in t).S. Pa!=tNos. 5,616,801; 5,604.260; . -
S,593,994; S,550,142; S,536,752; 5,521,213; S,639,780; .S,v04.2Sl; 5,.552,422; 

I I I I 

2.'5 S,Sl0,368; 5,436,265; S,409,944; and 5,130,311, all ofwbich mmcarpo~d by 

·reference •. Many COX-2 inhibitors may· be described chemically:~ aryl' 5ulfomunides. 

Indeed, 'both. G:clc:c:o~b and.Vioxx,. which are considered to be "super-sele~ve", ·are 

arYl sulfonamides,~ more specifically, b~esulfonamide's~ ·these compound~ will . ' . . 

be useful in'the.method3·and c:ompositions of the prcsen~ ~01;1. However .. one 

30 skilled in the art ~11 ·appreciate that many additional COX·2 inhibitors have- been 

identified' in the llf!:. and woUld be useful in CDaj1.ll1Ction wi~ the ~ods and ' 
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compositions of the present invention. 

· . The use of strUcrure-activity relationships in ev~uating COX inhibitors iS 
proQlematic bccatise these cox· inhibitors are suicide e~s~ Thus, when anatyzed 

in an in-vitro assay, the JCSO value will change over time. For this reason, published 
. . , 

s IC50's for co~on COX inhibitors have been repon~ as values va:ying by more than 

two orders of magnitude from laboratory to laboratory~ This makes it difficult to 

compate the value for COX-I iilhiQition obtained from cne laboratory to the value fer . . 

COX-2 inhibition obtained from another laboratory. (See, for example D.E. Griswold 

and J.L. Ada.ms, Med. Res. Rev. 16: 181-206). Thus, it is preferable tbat when 

10 studying COX inhibitors to comP,are their rcl~tive potencies, comparisons only be made 

using results from the same assay,. conducted at the same time: Whan using previously 
'' I I 

generated data it is preferable to take data only from lists of s~ compounds that 

have. been generated by one group· so that the relative ·potencies may be determined. 

Table 1 below provides representative data for rc:prcsenta.tivc: NSAI])s and certain 

15 COX-2 inhibitor compounds. The dara have been collected from a !lumber of dii'.ferent 

· · sources, and were chosen from av~lable laboratories, using referenc1s which report on 

several compounds in the same pap~r, and which contain data that are relatively 

compatible to data obtained from certain other laboratories (i.e., within a reasonable 

range of variation, with the wu:lerstanding that· results from different laboraties can vary 

20 up to three order.3 of magnitude for agents that act as suicide enzymes). lt Should be 

kept in mind that most of the values reported in Table 1 are from in-vitro assays (e:ccept 

where potency is ~orled as mg/kg). The li~~e c?nfl~s that 11.tios of COX­
.I/COX-2 potency me generally kept in-vive, but this i.s not always true. For example, 

indomethacin is always CQX .. 1-selec;tive iii-vitro and in .. vivo, but D .. proxen, which is 

2S COX· I-selective in-vitro, is often (b~t not always) COX-2-.set~tiv~.in-viva·. In part, 

this is due to the highly art~cial in-vitrQ assay conditions ~ed.. n~ first two structural 

series were recognized as COX inhibitors that exhibited remarkably little ulcerogenic · .. ' 

wivity. These early compounds included the aryl sulfonamides nimesulide, NS·J98, 
' ' I ti I 

and CGP 2l3238 and the 1,2-diarylhetcrocy'cles Dup-697 and SC-58125. Griswold and 

30 Adams describe structure activity relationships in s~me detail (Med, Res. Rev.'1.6; 282· 

206, 1996). 
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Table 1 .• · Selectivity of selected eycloo~genase inhi~iton for COX·l ·and Cos:-2· 
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For e;qunple: as reported by Famaey JP, /nflamm Res 1997Nov,·46(11):437· 
' . 

446, rumesulide, a sulfoDanilide compound with anti-inflammatory properties, 

pcs~essed a pharmnco~ogical profile suggesting that it might be a selective inhibitor of 

COX-2. In several in vitro assays using either purified COX-2 and COX· I preparations 

s or cell preparations (both ftom animal and human origins) expressing COX-1 or COX-

2, ten out of eleven different groups demonstrated that mmesulide selectively inhibits . . 
COX-2. The COX-2/COX-1 illhib~tcry mtio was reported to vary, according to the 

assay preparation, from about 0.76 to 0.0004 i.e. a 1.3 to 2,512-foldhlgher selectivity 

for COX-2 than for COX-1. Further, .an in-vivo whole blood assay :performed on 

10 healthy volunteers demonstrated a significant fall in COX-2 PGE2 production without . ' 

any effect on COX-1 1;XB2 production· (subjects treated with nimesulide 00 mg b.i.d. 

for 2 weeks) versus no effe~ on COX-2 POE2 and an almost·total suppression of COX­

~ TXB2 in subjects treated with aspirin (300 mg t.i.d. for 2 weeks). Nimesulide can 

thus be considered a relatively selective COX-2 inhibitor. At the recommended dosage 

1s of 100· mg b:i.d., it is as eB'ecti.ve an analgesic .and anti .. infl~tory agent as cl~sical 

.NSAIDsi and a. well-tolerated drug with few side-effects according to large:-scal~· open 

studies and a global evaluation of a large number of controlled and non·contrcilled 

comparative uials. . 

A non-limiting list of opioid analgesic·druss·wbich may be utilized in the 

20 present inventioD include alfentanil, allylprodine, alphaprodine,.anilmidine, benzyl· 

morphine, bezitramide, bul>renorphinc:, butorphano~ clonitazene, codeine, c.yclazocine, 

dcsomorph.ine, dcxtromo~de, de~cine, diamprom.ide, diamorphone, dihydrc· 

codeine,. c:tihydromorpbine. cli.menoxadol, dimepheptanol, dimethytthiambutene, 

dioxaphctylbutyra.te, dipipanone, eptazocine, ethoheptazine, ethylmathylthiambutene, 

25 ethylmorphine, etonitazene fentanyl, heroin, hydrocodone, hydromQrphcne, hydroxy-. . 

pethidine, isomethadane, ketcb~idone, ~evallorphan, levorplumol,. levopbenacyl· 

morphan, lofentanil, meperidiDe, meptazi.nol, metazocine, methadone; mctopon. 
' I I ' 

. morphine, myrophine, nalbup~. narceine, nicomorphine. norlevorphanol, . 

nonnethadone, aalorphine, normorphine1 norpipanone, opium, oxyco~one, 

30 oxymorphone, pap~veretum. pentazocine, phenadoxone, J)henomcrJ>han, phenazoc:ine, 

phenoperidine, piminodine, piritramide, pro}'hcptazine1 prornedol, properldine,. 
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prop~.prop?xyphene, sufcnta.ni~ tilidinc:~ ~1~ salts thereof; compli"<es th~of; 
m.ixttm:.s of any of the foregoing~ mixed mu-agonists/~tagonism, mu-acr.agon:ist com-· 

b~tiom, .salts or complexe~ thereof. and the 1ike. In. certain pref=red embodiments, 
' ' 

·the opioid anaJsesic is a mu or kappa opioid agmtjst In additional preferred· ...... · · 

s embodimc:irts, the opioid analgesic is a selective kappa ,agonist . : . · · 

. . In cer.tain·preferred embodiments, the opioid ~gcsic is ~d~d from.codeine, 

hy~morpboac, hydrocod~· oxycodone, dihydrocod• dihydm~orp~e, · . · . · 
diam~rphone, morphine, Uamadol, oxymolphone salts thereof, or mixtUrcs therco~ 

' The prc=nt mvcntion provides for analgesic ~ans for or3I administration 

10 . . . that provide a combination of a ·~OX·2 inhibitor or a pharmaceuticilly acceptable salt 

thereof and an opioid analgesic ~r a phaniiaceutically ~cCptable salt thereo~· 'liTbe 

combiDation preferably provides a synergistic or at least additive effect for analgesic 

dosages.. · .. 
' ' 

Dosage levels of COX-2. inhibitor on the order of from 'about 0.005 mg. to about 

.15 140 mii per kilogram of body weisht per day are therapeutically etfecti\re in 

, . · _-.combination with m opioid· analgesic. Altcma!ivcly. about 0.25 mg to i&out 7 g per 

patient peniay ofa COX-2 inldbitar is admi:aiStered ill com~on with an· opioid 

BllBle;esic. For example, inflammation: may be effecti~y treaied by the admmiStration 

of from.about 0.005 to SO mg of the: COX·2 inhibitor per kilogram-of body wei~t per 

20 day, or alternatively abaut 0.2.s mg to about 3 .S g per patient per Clay. . 
I' '" ' I , I ' 

The ~ount of COX·2 inhibitor that may be 'combined with the camu m~als 

___ ... ta prcducc·a.siligle..dosqe.farm.Mving-CO:X.2~13itm:·~-opi~id aDalge!ic:in ~----···-·- - ____ , ..... 
... ' I • ' I 

combin~an will vary dcpi:nding ~pan the ·patient and the particulir mode of 
" 

administration. For example, a fannulatian intended for the oral a4nrlnistra~on 'of 
' ' 

humans may contain from 0.25 mg to S g of COX-2 inhibitor compounded with an 

appropriate and convenient amount of carrier mmerial which ~y.vary from about S tQ 

about 95 perc-of the total ~omposition. Unit· dosages will gen~!)' contain between 
' ' 

from about O.S mg to about 1500 mg ofa COX-2 iDlu'b.itor, and.typiCally 25 i:og, SO mg, 
' ' 

100 mg,.200 mg, 300 mi·400.mg;SOO mg, 600 mg~ 800 mg, cir 1000 mg, ·etc:, qp ~ 
.30 .. 1soo mg.· .. 

In one ~bodiment, the.COX·2 inhibitor is provided in: a ~d re~easc oral 
' ' •, ' 

18 
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dosage form with hydromorphone as the therapeutically active opioid in an amount 

from about 2 mg to about 64 mg hydromorphone hy~chloride.' Alternatively, the 

dosilge form may contain molar equivalent amounts of other·hydromorphone salis or· of 

the hydrom.orphone base. ln another embodiment, the opioid ~gesic comprises 
' ' ' 

morphine~ ~d the smtaiced release oral dosage fonns of the pre~t invention include 
I ' I ' I I 

from about 2.5 mg to about 800 mg morphine, by weight. In yet another embodiment, 
' . , r 

the opioid analgesic comprises oxycodone and the sustained release oral dosage forms 
. . 

include from about 2.5 mg to about 800 mg oxycodone. The opioid analgesic may 

comprise hydrocodonet and the sustained release oral dosage forms may include 

~gesic doses from.about 8. mg to about 50 mg.of.hydrocodon.e per.dosage unit.. The 

opioid analgesic may comprise tramadol and the Sustained release o~ dosage forms 

may include from about 25 mg to 800 mg trmriadol per dosage unit. The dosage form 
may contain more than one opioid analgesic to provide a subst.antially equivalent 

therapeutic effect. 

lS . · · Preferred combinations of the .inve~tion comprise an effective amount of. a 
. •' . 

:COX·2 inhibit.or selected from the group consisting 'of nimesul~de, melorican, and 

ilosulide, and mi effective amount of an opioid analgesic selected from the group 

consisting oftramadol. hydromarphone, morphine, oxycodone, hydracodone and 
. ' ' 

dihydrocodeine in the ratios set forth in Table I. ~n certain prefeJ:Ted embodiments. the 

20 ratio of the afore-mentioned opioids to the afore-mentioned COX-2 iuhibi~rs is set 

forth in Table I. 

19 



WO 99113799 PCTJUS98/J9!16 

TABLE I 

Ratios Qf Opiates to COX-2. ID~ibiton 
,,,,_ 
·,~ 

COX~2 JNBIBITORS ·" :. '•• ':· '.' ,, 
OPIATES· CELEC0."<18 PLQSUWDE )IMoUJil~I NA.lllJMrl'DNE NlntlWlllLIDE: " T6&4 MK.!!" 

MDRPIUNE 0.001•1 0.001-1 ' 0.0:1-~o IUlllDM U.UDl"5 0.001-1 0.001-10 .. . '· " 
Ml!:TllAOONE. O.llUDl•I ~l·I 0.01-10 UJIOOl-1 0.UUl•I O.uuDl•I 11;1101-1 

- '~INK 0.111-100 UJJOl•l Q.11111411 0.804-l D.01•1 ' 0.01"10 l•IUQ' 
,. 

LBVORl'ltANDI. O.lllK-1 0.0001-1 OJIDl-I 0.UUOUl4Wl DJllllliP'I U.UUDl•I O.OllOl•I 
'. 

10 HYPROMORPHONt Q;0003~ O.QO~l-I 0.00001•1 u.0001-0.1 O.DQGl·t O.OODl•l l).0001-l 

a111YCO~~NE o.uuJ.10 a.0001-1 . u. uuvl.•I U..0001·1 u.uuul-l G.OOOM 0.0001-1 
' ; " .. 

l:IYD~UCODONi: 0;001-10 0.0001-1 . 0.00011· 0.000(...l : D.uuDl-1 ILQODM 0.0001-1 

COIJEINt . o.o05·~u. WIOl;~ 0.001...20 0;001-1 a.0111·10 0.001·1 11.001-10 

In other words,. Table I describes test of ratios cf morphine:ealecoxfb from 
t o I I o t,• I I I' 'o • 

about 0.001 :lto about.I :1; far methadone; io flpsulide 1hc ratio is fram abo.ut 0.0001:1 
r, • e I I I 

·.. . . ' 
f.·· to about 1:1 .. and so on. 

' . . ' .. 
ID certain prefemd ~bodil;uentS acco~ ~ the pr=s~t invention, 11n:.oral 

dosage form is ~d which l~udes the foll.~~g opioid/COX·l ~"bitor.,~ .. 
, .- , \ I,; j. ,'" , I 1 'I ' 1 I , 

1
, 

combinatioris: Morphine 40 mg plus 40 mg flo~ide; mcl~e 4Q zng plus 6 mg 
'I I I o I 10 I ' ', I 

n~eSulide; oxycandon.e 20 mB plu.S 20 mg .flosulide~ axycodone 4Q.ms· plus 4 ing 

20 

nimesuluk; hydromarphonl: S mg pl~ 20 'mg flosuli~;.or ~ydro~g~ ~-mg pl_~~-- ___ .. ____ ... __ 

mg rume.sutide. 
' . 

The dosage administ=rcd .will, of course, vary clePendins up~ known factllrs 

such as the pharmacodymunic characteristics of each agent of the cambination and its 

mode and route of adininiStration and. upon-the age, health and weight of the patient. 
' ' . 

The dosage will also depend upon the uatW'e and cxtcat of ~ptams, concurrent 

treatment., if any~ ~uehcy of treatment ~d ·the des~d result. A comp~si~on 
30 · comprising any of the above-identified combinatiom. of opioid anal;~sics and GOX-2 

. ' ' 

inbibitor9 may be administered ill divided closes ranging from 2 to 15 tirn.es per day ~ in 

a sustained relcasc'form that will provide a rate of ~lease effective to attain the desired 
0 I I 

1 

1 
I 

1 
I 
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results. 

Tue optii:nal COX-2 inhibitor and opioid analgesic ratios are determined by 
\ 

stan_dard assays well known 'in the art for detennining opioid ~d an&J:sesic activity. 

For e.wnple, the phenyl-p-benzoquinone test may be used to establish ~algesic 

s effectiveness. The phenyl~p-benzoquinone induced writhing test in mice (H. Blumberg 

;t. al., .1965, Proc. Soc, Exp'. M~ 118:763-766) hereby incorporated ~y reference; and 

known modifications thereof) is.a standard procedure which may be used for detecting 

and comparing the analgesic activity of different classes of analgesic drugs with a good 

correlation with human analgesic aetivity. Data for the mouse, as presented in an 

10 isobologrmn, can be ~ed to .other speci~s where the orally effective analgesic dose 

of the indivldual·compouDds·are-knowc or·can:be·estimated. :The method consists of 

· reading the percent EDSO dose for each dose· ratio on the best fit regression an~lysis 

cUI'\le from the mouse isobologram, muJtiplyins each component by its effective 

.,. specieS'Close, and then forming 'the ratio of the amount of COX-2 inhibitor and opioid 

l.S analgesic. This basic correlation for analgesic properties enables es?mation of~ 

rmge of human effectiveness (E.W. Pelikan, 1959, The Phannacoloiist 1 :73; hereby 

incorporated by reference). 

Application of an cquiefrectivc dose substitution model and a 1.turvilinear 

n:gression analysis utilizing all ~e data for the individual compounds and various dose 

20 ratios for the combfua.tions establishes the existence of unexpectedly enhanced 

analgesic activity of combinations of COX-2 i~ibitor and opioid analgesic, i.e .• the 

. '. resulting activity is greater than the activity expected from the sum of'the activities of 

the individual components. 
' 

The present invention encompasses immediate rcicase dosage fo11n:9 of an 

2.S effective analgesic amount of a cox-2 inhibitor and opioid analgesi~ combination. An 

immediate release dosage form may be fonnulated a.s a tablet or multlparticulnte which 

may be encapsulated. O~er immediate release dosase forms known in the art can be 
. . 

employed . 

. Compositions of the invention present the opportunity for ob~ng relief from· 

JO moderate to severe pain ""1:th or without .i.nflammation. Due to the synergistic and/or 

additive effect..c; provided by the inventive cari:ibinalion of opioid analgesic and COX·2 
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inhibitor, it may be possible to use reduced' dosages of each of cox.2 inhibitor and 

. opioid.~gesic~ By 'usins lesser' amow:ns of other or ~oth CJruSs, tlie side e.ff'ei:tS 

assQ!=iated with each may be.reduced.~ .numb~ and d~gree •. Moreover, the inventive 

combination avoid.S side effects to which some patients ar= pa:nicularly sensitive. · 

s The present invention encompasses a method of inhibiting COX·2 and treatmg 

COX-2 mediated diseases comprising administ.ering to a patient in ~cd of such 
t I I 1 

trwment a no11-t1Jxic therapcuti~y ~ective amount of the COX-2 inhibitor ~d 

opioid analgesic combination of the present invention. These diseases include· 
' I 

moderat~ to severe pain aris~g from many cli:ffercn~ etiolosies, ~ncluding buu1ot 

10 liinited ta cancer pain and ~a~-sµrgical p~ feVet and inflmnm~on of a ~ety. of 
' • I I 

conditions including rheumatic fever, symptoms ~oi::iated witll intluema or other viral 

~t:lons;,. com.moo cold, low back and neck pain., dysmenorrhca, budach; tootha.c:he, 
' ' 

sprains and ~ myositis, neuralgia, ~vitis' -arthritis, includiiig rhewJiat<>id · 

arthritis, degenerative joint diseases (osteoarthritis), gout an4 lllk,ylosing spoadylitis, 
' -

is bursMs, buni.s, and ~uries. Further, ~ combinatjon of COX-2 mbibit'OI'. and opioid 

20 

., ' 

:analgesic is us~ ~ an alt=mative to convcati~nal no~stercidal ~ti·infl~ 

drugs or combinations ofNSAID'S with other drugs pe.rticUlarly where such non-
• ' I ' 

staoidaJ. acti-inflammotmy drugs ~y be c~otra-ind.icated mch as~ patieuts with 

peptic ul~~· s~~' rciiotlal cnteritia, .ulcemtive colitis, cUverticu1Jtis or wi~.a . 
rcwrren.t history of gastrointestinal. lesions; .QI blcediiig,·coagulation disorders 

including ~emia sue~ as hYJlopra~o~binemi~ haemophilia or other bl~cding 

---·--Pmblemsilcidne}Ldis~c~ thO&.prior to ~--or taking ~cOagWBnts. _. ---· ~----. - . . ' . 
· The susmined release dosage forms of the present inven~ou generally achieve 

' . ' 

and maintain ilmapcutic levels substantially wit4out ~cant incteases in the 
' ' ' 

15 i~ty and/or degree of concurrent side eiU:cts, such as nausea, vomiting or 
• I ' ' ' ' 

drawsin~, w~ are a~en ass~ci~tcd with high blood l~els of llploid a11algesics. 

There i~ al.so eyi~ce to suggest that the use of the pre.sent d~sage forms leads ,to a 

reduced risk·of drug addiction. 

' ' . '.The com~iDation of cox .. 2 inhibitor and oral opioid analgesics,~ b~' 

3o fomiulatcd.to provi~ for an increased durati.~n of anal~sic action allo\vmg o~e-daily 
do~iug. These fo~ulatio~ at comp~ble daily: da~ges ·.of co~veQtionaI immettiate 
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· release c:bug, are associated with a lower incidence in severity of adverse drug reactions . . . 

and can also be adminis~d' at a lower daily dose tb~ conventional oral medication 

while maintaining ~ain control. 

. The combination of COX-2 inhibitor and an ~pioid· Sllalgesic c= be employed 

s in admixtutes with conventionSI excipients. i.e., phannaceutically acceptable organic or 

inorganic carrier substances suitable for oral·, parenteral, nasal, intrav=ious, . . 
subcUWle:ous, enteral, or any othcf suitab.le mode of administration, known to the art 

Suitable pharmaceutically Kceptable carriers include but are not lb:nitod to water, salt 

solutiops, alcohols, gum arabic. vegetable oils, benzyl alcohols, polyethylene glycols, 

10 gelate, carbohydrates su~ as la~se, amylase or starch, magnesium ~tearate talc:, silicic 

acid,. viscous paraffin, perfume oil, -fatty acid· D10noglyccrides Bild diglycerides. · · 

pentaery~to1 fatty acid estcrs,.hydroxymethylcellulose, polyvinylpyrrolidone, etc. 

The phannaceutic~ preparations can be sterilized and if desired mixed with auxiliary 

agent.s, e.g .. lubricants, pn:smatives, ~tabilizers, wetting agents, emulsifieri salts for 

lS influencing osmotic pressure buffers, coloring, flavoring and/or aromatic sub.stm:Jces 

: and the like. They can also be combined where desired with other ac:Dve agents. e.g., 

other ~gesic agents. For parenteral application, particularly suitable are oily ·Or 

aqueous solutions. as well as suspensions, emulsi0ns, or implant~, ~luding 

suppositories. Ampoules are convenient unit·dosa_ges.· For· oral application, particularly 

20 suitable are tablets, dragees, liquids, drops, ~uppo.sitories,_or capsules, caplets.and 

gelcaps. The compositions intended for oral use may be prepared aceonting to any 

methOd known '11 the art and such compositions may contain one or.more agents 

selected from the group consisting of inert, non-toxic pharmaceutically excipients 
' . 

which are suitable for the manufacture of tablets. Such'excipients include, for example 

an inert diluent such as lactose; granulating and disintegrating age~ts such as 

cornstarch; binding agents such as starch; and lubricating agents such as magnesium 

~te. The tablets may be uncoated or they may be coated by known techniques for 

elegance or to del~y release of th~ active.ingredients. Fomiulations.for oral use may 

also be pmsented as hard gelatin capsules wherein the active ingredient is mixed with 

30 an inert diluent. 

Aqueous suspensions contain the above~identified· combination of dnlgs and 
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. thit mixture has one or more excipicn~ suitable· as suspending agents, for example 

. pbamlaceutically accepa.ble synthetic. ~ such as hydro"YPfOPylmethylcellulose or 

na~ ~- Oily suspensions may be formul~ted by·susp~ing the above~idcnti:fied 
combination. of drugs in a vegetable .oil or mineral ail .. The oily suspeasio~ may 

s contain a thickening agent such·as. beeswax. or cetyl alcohol. A syrup; elixir, or the like .. 

can be used wherein a sweetened vehicle is employed. Injectable suspensions m.ay·also 

be p~~~ irJ wl:llch c:ase appropriate l~uid carrie:S, susp~ agents and thC like 

may be emplQyed. It is also possible to ~the active c0mpouuds ~ use the 

obtain~d lyopbilized compounds, for example. for the prepsnt:ion of products for 

10 injection. 
' . 

·.The aietbod of'lreatment md phaimaceutical formulations oftbe pr=.se1W 

in~ention may further iDclude one or more drugs in· addition to a .COX·l inhibitor and · 

3Jl opiciid analglsic, which additional clrUg(s) may or may not act synergistically 
" I I I I 

therewith. :eiamptc:s of such additional drugs include ·flCl1·steraidal anti-inflammatory 
I 

1 
I 1 1 

I 

IS · · ~. including ibuprofen, diclafenac, naproxen, benaxaprofen.,· f'luibipro:fm, ' . , 
I I I I 

.~fen, flubufm, ketapr.ofen, indoprafen, p~fen, .:arp[t)fea, oxa~ 

pramoprofen, muroprofcn, trioxapro.fen, suprofen. miliioprofen., tiaprofenic· acid. 
tluprofeu, bUcioxic acid, indometbac~ snUndac, tolmetin, zomepirac, tiopinac;.zido­

uietacin, ~~m~· fciitiazac, clidauac, Qxp~. mcfcnamic Kid, meclof~ic ~~ 
20 flufenamic acid, Diflumic acid, tolfcnamic acid, ditlurisal, flu:fcnisiil. piraxic~ 

' ' 

s'!ldoxicam or isoxic;am, and tlu: like. Other. suitable additional drugs which may be 

____ _..·=i:u~d hi the.Jiosage.fol11Ul af ~ ~~ent invmtion in~lude ac~ upilin,--~---.-- -­
and ~th~ no.a~pioid analgesics . 

25 . coNmOLLEP RELEASE DQSAGE PQR¥S 
' ' 

. . . . . -..... The COX!"2 inhibitor and opioid arialgesic combination· cm:i1be fonnl.~l'ated ~a 
I ' I I I 

con~olled or sustained rel~e oral formu~on in any suitable tsbl~ti coaled tablet qr 
. mUltiparticulate formulation lcna~ to those skilled in the art. The sustained release 

·. dosage fomi may optionally include a sustained released carrier which is incorporated 
' ' ' 

30 into a matriX along with the opioid, or which is applied as a sustail'led release cpatllig. 

·. Th~ sustained release dosage f~mi may include the:.opio~d amlgesi' in susW.n~d 
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release form and COX-2 inhibitor in sustained release fonn or in immediate release 

form. The COX-2 inhibitor may be incaiparated into tlie SUStained release matrix along 
. . 

wi~ the opioid; incorpomted into the sustained release coating;· incorporated as a 

separated sustained release layer or immediate release layer; or ~ay be incorpomted as 

s a powder, granulation, etc., in a gelatin capsule with the substrau:s of the present 

invention. Alternatively, the sustained release dosage form may have~ COX·2 

inhibitor in sustained release fonn and the opioid analgesic in sustained release form or 

immediate release form. 

An oral dosage fonn according to the inve:atioil may be providad 8.s, for 

io example, granules, spheroids,, bea;ds, pellets· (hereinafter collectively rofc:rred to as · 
11multiparticulates~1 andlor. particles~ An amount-of the multiparticulatcs which is 

effective to provide the desired· dose of opioid over time may be placed in a capsule or 

may be incorporated in any other suitable oral solid fonn. 

In one preferred embodiment of the present invention, the sustained release 

15 dosage fonn comprises such particles containing or comprising the active ingredi~t., 

'?'herein the particles have diameter from about 0.1 mm to about 2.S mm~ prefembly 

from ~bout 0.5 miq. to about 2 mm. · 

In certain embodiments, the particles comprise nonnal release0 inatrixes · 

containing the opioid analgesic: with or without the COX-2. inhibitor.· These particles 

20 are then coated with the sustained release carrier in embodiments where the COX-2 

~bitor is immediately rel~d, the COX-2 inhibitor may be incl*d in si::parate 

normal release matrix particles, or may be co-administered in a diffetent iµimediate -

release c9mposition which is either enveloped within a gelatin capsule or is 

administered separately. In other embodiments, the parti~les compri1e inert beads 

2' which are coated wi~ the opioid analgesic with or without the COX·2 inhibitor. 

Thereafter, ~ coatins comprising the sustained release carrier is applied onto the beads 

as. an pvercoat. 

The p~clcs are preferably film coated with ~ material that peimits release of 

the opioid ~er salt) and if desired, the COX·2 .inhibitor, at a sustained mte' in ah aqueous 

30 medium. The film coat is chosen so as to achieve, in combination with the other stated· 
' . 

properties, a desired in-vitro release rate. The su.sWned release coating formu~ations of 
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. the present inv'ention s~o~d be ~able ~f producing a strong, .continuous film that is 

,. ~ot.b and elegant, eapable of supporting pigment.9 and other coatinl 'additiv~s, · · - · 

. " ·_.COATINGS 

:·The dosage forms of the: present inve.ntion.may optionally be coaled with.one or . 

·~ore •als. sui~lc for the-reg~a~on of release: or fortbe p~ction of the 

·formulation. In one embodiment, ~eatings are provided to ~t either pH-dependent 

or pH-independe~ release, e.g;, when exposed to pstraintestiual'fluld·. A pH- . . . 

10 ~c:pcn.dent coa~ s~s to ~c the opioid in desired mas C!f the' gastro-intestinal 

can ~c;t, e.g.,~ ~ach 'or ~1 intcstiue, sUc:h that an absorption p~file.is '' 
' -

provide4 which is capable.of providing at least about twel~ hour aad preferably up to 

tw~ty-four. ~o~ analge~ia. to a patient. When a pH~indep. coating is desired, the 
• 0 I •' 

.coating is 4-esi~d ta achieve ~ptin:ial release.regardless of pH-<haqses in the -

is envimnmmtal fluid, e.g., 1he OI uact.·. It.is alsci p~iblc to farmulate compositiqns 
. '• 

~bich release a portion ofthe. dose in. one desired area of the GI~ e.g., _the stomach, 

and release the remainder oftbe. dose.in another arm oftbe GI traa..#os.,-tbc small 
" 

inte.1tine. I I I,, ,1 I I I I ' I :;~· I . . 

Fomiuladcns ~~rding. to tbc ·blvcntioz:a tbat u~ize pH~eJ,~1 costiD~ tD 
' ' I ' 

20 obtain form~tiom xcay also imp~ a repeat-action effect. whereby unproteetcd drug is . 
. - . 

Coatccl over the en~c·coat ~ is rele:a:ied m the stomach. while the remainder, bq 
• ' I I ' 

-----~~d_by.Jb~·&;nte.ric~atiag,_is· released.flmiier d~Wn the ~tc!lllllu traet.._ .. ___ ----·--

Coatings wbi~ are· pH-dep~ent may be used m acc~rdance with the p~t 
. . . 

invention iricl~ s.bel~. cellulose acetate pbthalate (CAP); polyvloyl ace~ "phthalate 
I I I ' ' 

25 (PV AP), hyclJ'oxypropylmethylcdlulose phthalate, and metbacrylic acid ~er · 

. . ~opol}'met'S. ~ ~ ibe like. · 
I I I 0 . . . 

. . ' 
'. 

.. .. ,• 

In certain pref med embodiments, the substrate (e.g., tablet core be~ matriX · 

particle) conmining the opi9id analsesic 
0

(wifii or wi~ut the COX.2 ~6i~r) i~. 
I ' I I I 

coated with a hydraph~bic material s~lected from (i) an' alkyl.cellulose; (ii) an.~lic 
30 polymc~ or (~h1 mixtures then:of. The coating may be applied in.the form of'an 

· organic or aqueous solutiatt o~ dispersion. The ~oating may·be.~p'piied ta obtain a 
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weight gain from about 2 to about 25% Qf the substrate in order to obwn a desired 

sustained release profile. ·Su.ch fonnulations are described, e.g .• in detail in U.S. Patent 

Nos, 5,273,760 and S,286,493, assigned to the Assignee of the present invention ~d 

hen=by incotporated by r.eference . 

. Other examples af sustaiJJed re\ease formulations and coatings which may be 

used in accordance with the present mventioo include Assignee's U.S. Patent Nos. 
' ' 

' 

S,324,351; 5,356,467, and 5,472~712, hereby ~ncorporated by reference in their entirety. 

AJIQ'JceJlulose Polymers 

Cellulosic materials and polymers, including alkylcelluloses, provide 

10 bydrpphobic materials well suite4 for coating the beads according to the invention. 

Simply by way of example~ one preferred alkylcCllulosic polymer is ethylcellulose, . 

although the artisan will appreciate that other cellulose and/or alkylcellulose polymers 
' ' 

may be readily employed. singly ot in any combination, as all or part of a hydrophobic 

coating according to the invention. 

15 One c:ommercially~vailabJe aqueous dispersion of ethylcell1.\lcse is Aquacoat'J 

(FMC Corp., Philadelphia. Pennsylvania,.U.S.A.). "quacoatc is prepared by dis:iolving 

the ethylcellulose in a water-immiscible organic solvent and then emulsifying the 

same in water ~n the presence of a surfactant and a stabilizer. After homoseniuuon to 

generate submicron droplets, the organic .solvent is evaporated under vacuum to fcrm a 

20 pseqdolatex. The plasticizer is not incorporated in the pseudolatex· d~g the 

manufacturing phase. Thus, prior to using the same as a coatblg, it is necessary to 

intimately mix the Aqua.coat• with a suitable plasticizer prior to use, · 

Another aqueous dispersion of ethylcc:llulosc is comm~ially available as 
' 

Surelease® (Colorcon, Inc., W~st Point, P~nn.sylvania., u:s.A.). Thia product is 

25 prepared by incorporating plasticizer into the dispersion during the manufacturing 

process. A hot melt of a polymec, plasticizer ( dibutyl scbacate), and stabilizer (oleic 

acid) is prepared as a homogeneous mixture, which is th.en diluted with an alkaline 

solution to obtain an aqueous dispersion which can be applied direatly onto substrates. 
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1' I• •' '', 

. In other pre~d cm?adimenu of the present inventi~~ ·the hydrophob.ic · 

~~ .co~:ing the con,trolled release co~tins i~ a:~euti~y ac~ep~le 
acrylic polymer, including but not limited to aceylic acid and. methac,,Ylic acid".' · . 

s · copolymers, methyl methacrylate copolymers, ethoxyc:thyl methacrylates, cyanoethyl 

10 

· metbaaylat~ poly(acrylic acid), poly(methacrylic acid), medlacryli_c *id ~~de 
I I l I 1 

.copolYmer, poly(methyl ~ctbaco'la:te), pclynlcthacrylate, poly(methyl methacrylate) 

copolymer, polyacrylamide, aminoalkyl. ~tbac:Iyl~tc: cop'olymcr, poly(m~thacrylic acid 

anhydride)9 and glycidyl methaci:ylat.e copolymers. ·· 

· . ln·certain preferred embQdiments. the acrylic polymer.is.comJ#ised of one· or 
' . ' 

m9re ~or.do metbacrylate co~lymm. Animonia mcthacrylatc capolymers ·are well· 
' . ' 

knoW?l.in the art,_ and are described in.NF XVII 1:5 :fWly polymerized eopolrmcrs· of 

acrylic ~d methaceylic acid ~ers with a low content of qU8CCmal'Y ammoniUm groups. 
' ' ' 

la order ta obtain a desirable dissolution profile~ jt may bc-DCQISSIU)' to 

t5 . incorporm ~or mare ~ma mctbacrylatc copol~ having di:B'~g physical 
' . . 

' ' ' 

,PrOPerties, such as different molar ratios of the qwuemsry ammonium groups·to the 

i1eutral (meth)acrylic esten. · · · 

". C&:E'Ulin mcthacrylic acid·e~type polymm are useful far preparint'pH-
. . . ' 

dependent. ~atings wllich' may be used in accci-dance with tp.e Piesent invmitron.. · F 0r 
o I > I I 

20 example, ~are a family of copolymers ~thesizcd from di~lam.inoefhyl . 

metbacrylate and other~ methaccylic e.sws, also known as methacry~ic ac~d· · 
I II I I ' ', I I • 'I I I ' I 

____ !;AP!llymcr or_ polymeric. metbacrylatcs, ·ccmmcrcialiy availalile as E\1dmgi~.from------ .. ---- ··- --
- ' 

ROhm Tech, Inc. There m· several different types· ofEUdragi~. F01'.example, 
I • ' I 

E'*8gi~ E is· an example of a matbacrylic acid copolymer wbicb _swells and dissolves 

in acidic media. Eudiagit9 L is a methaciylic. acid copolymer whiC~does not S\\'~11 at 

. abou~.pH < 5.7 and is soluble'~t about pH> 6. Eudragit' S does nat-~ll'aiaboutpH 

..;: .6.S an~ is sol1:1ble ~ about pH> 7 .. ~udragit" RL and B~p• ~are· water 

. ~~llabie, and the amount ofwat~r.absorbed· by these polymers is pH·d~peJid~t; 
' ' 

however, dosage f'~rms. coated with Eudragit4' RL and RS are pH-~cpendent. 

30 . In certain preferred cmbodimenus, the acrylic coa'ting comprises a~ of ' 

two acrylic: resin lacquers commerciaily avaiiable from Rohm Phaxma under the · 
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Tra.denames Eudragiie RL301? and Eudragi~ RS30D, respectively. Eudragi~ RLJOD 

and Eud.ragit11 RS30D are copolymers of acrylic and m~cryli~ cstets with'~ low 

con~nt of quaternary anunonium groups, the molar ratio of ~oniUJll. groups to the 

remaining neutral fmeth)a.crylic esters being 1 :20 in Eudragitz RL30C and 1 :40 in 

s Eudfagiie RSJOD. The mean molecular·weight is about 150,000. The code 

designations RL (high penneability) and RS (low permeability) refer to the · 

permeability properties of these ag~u. Eudragit~ RLJRS ntixtures are insoluble µi 

water and in digestive fluids. However, coatings formed from the same ate swell1,1ble 

and pernu:a:ble in aqueous solutions and digestive fluids. 

io The Eudra.git' Rl/RS dis.persions of the present invention may be mixed 

together in any desired ratio in order. to ultimately obtain a sustained release 

formulation having a desirable dissolution profile. Desirable sustained release · 

formulations may be obtained, for instance, frOm a retardant coating. derived from 

100% Eu.dragi~ RL, 50% Eudragit8 RL and SO% Eudragiie RS, and:l0% Eudragi~ 

15 RL:Eudragiie 90% RS. Of course, one skilled in the.a.rt will recognize that other. 

;u:rylic polymers may also be used, such as, for example, :Eudragi~ L. 

Plasticizers 

In ~bodiments· of the present invention where the coating comprise~ an 

aqueous dispersion of a hydrophobic material, the inclusion of an effective amcnmt of a 

20 plasticizer ia the aqueous· dispersion of hydrophobic material will fLtrther improve the 

physical properties of the ~ained'reiea.se coating. Fer example, because ef.hYlce~lu· 

lose has.a relatively high glass transition temperature ~d does not form fl~xible 'films · · --­

under no.anal coating conditions, it is preferable to incozporate a plastici:ier into an 

ethylcellulose coating contai.ning sustained release coating before using the same as a. 

·coating material. :Generally, the amount of plasticizer included in a'coating solution is . 
bas~d on the concentration of the film .. former. e.g·., most often fr~m about 1 to about SO 

percent by weight of the ~lni-fonner. Concenttation of the plasticizer, however, can 

only be' properly determined after careful experimentation with the particular coating 

solution and method of application. 

30 Examples of suitable plasticizers for·ethylcellulose include water insoluble 

plasticizers such as dibutyl sebacai.e, diethyl' phthalate, tricthyl citrate, triburyl citr11.te, 
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. and tri.a.cetin. al~ugh it is possible that othef water-insoluble plasticizers (~ as 
' ' 

acetylated monoglycerides, phthalate esters, castor oi~,. etc~) may be used. ~ethyl 
o ' I I 

. · ci~te is an especially pf:ierred plnsticizcr for the &q\lCous dispersioi:is of etbf~:~ 
~ellulos~ of the present invention. · -~K·· .' 

s .Examples of suitable plDsdcizers for lhc acr)'.lic polyme13 Of the Pie.sent .. · . 
invention include~ but ~ ~t. li.mited to citric acid esters such is triotbyl Citrate NF 

I ·, I ' ' 

XVJ, 'uibutyl ~itrate, dibutyl phtha,\ate~ and possibly t ,2:..propylcnl! 11.lyccl. · Other .. . 

plastic~ which ha~ proved to b_e suitable f'or enhancing~ elasdcity of the films 

formed fram acrylic films such as Eudragit' RL/RS. lacquer solutions include · · 

10 '' poly~ylenc glycols, propylene slycol, diethyl !'hthal- cuter oil('and triacctin. 
' . 

T riethyl citrate is. an especially preferred plasticizer for the aqueous dbpersiaui bf ethyl 

=llulosc of the pres'cnt invention. · : · · 

. It JW fmthet been found that the addition of a small amount of tal~ reduces the 
• ' I 

· ~~~cy of the aqueous dispcr&ion to stick during ·processillg, and~ Is ~ p~lishing 

15 agent.. . ' . ' - . 

I I • ' ' 'I 

PROCESSES FOR PREPARJNG COATED BEAQS · 

. . When the aqueow dispersion of hydrophobic~~ is 1is.d to coat~ 
' ' ' 

pharmaceu~cal beads such. as nu pariel 18120 b=ds, a .plural it)' of tbe rcsul:taaf' · 
. . . , 

20 ~ilized solid control.I~ release beads may thereafter be placed in a gelatin capsule in· . · 

;.1, . '' 
~ ~ 

•' 

· an amount suf5cient to provide an effective controlled release dosfl;Wben insemed and · 

-----=--.··c~~ by·. an enviro~ntal fhµd, ~.g., gamic fluid or dis~~l~tici~ media.--:-: __ · --- ~- ____ .:. _____ _ 

The stabilize~ contrOlled release bead formulations of the J=sent inventibn 
' . . 

slowly release the therapeutically active egcn~ e.g., wheD ingestcd;and ~posed to 

25 p$ric tlµids, and then to intestinal fluids. The controlled .-elease profile afthe . 
' ' 

· furmula'f;ioa.s of the invention can be altered, for e~ple, by varyiqg the am~UIU Qf 

over~atiug ~th the aqueow ~rsion of hydrophobic material, Blteri.n~ the· manner 
in. which ~e pla.mcizer is added~ the aq~~ dis~erston of by~hobic ~eri~ by 

varying the amount ofplamcizer relative io hydrophobic material~ by the inclusidn of 
. ' 

30 additional ingredients or excipients, by altering· the mctbod· of xnmiufacturc, ~ ... ~ 
' ' 

~~lutioa profile of the ultimate product may also be modific4 tot example, by .. . , 
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increasing or decreasing the thickness of the retardant coating. 

Spher~ids or beads coated with a lhcrapeuticallf active agent an prepared., e.g., 

by dissolving the therapeutic:ally active agent in water and then spraying the solution . ' 

onto a substrate, for example, nu pariel 18120 beads. wing a Wuster insert. Optionally, 

s additional ingredients are also added prior to coating ~e beads in order to assist the 

binding· of the opioid to the beads, and/or to color the solution, etc. Far example, a 
' 

praduCt which includes hych:oxypropylmethylcellulose, etc. with· or without· colorant 

(~.g., OpadrY', commercially available from Colorccn, Inc.) may be added to the 

solution and the solution mixed (e.g., for about 1 hour) prior to application of the same 

10 onto the beads. The resultant co~ted subS1J'ate,.in this ~pie beads.~may then be 

optionally overcoa.ted with a barrie::r agent,. to separate the.therapeuticllly active agent 

from the hydrophobic.controlled release coating. An example of a suitable barrier 

agent is one which comprises hydroxyp~opylmcthylcellulose. Howe-ver, any film· 

former known in the art may be used. It is preferred that the barrier izent docs not 

1.s aff'ect the dissolution mte of the final product. .. 

.. The beads may then be overcoated with an aqueous dispersicm of the 

hydrophobic material. The aqueous di~ersion of hydrophobic mati¢a.1 preferably 

~r includes an effective amount of plasticizer, e.g. triethyl citrate. Pre-formulated 

aqueous dispersions of ethylcellulose; such as Aquacaait> or Sureleue"; may be used. 

20 If Surelease• is used, it is not necessary to separately add a plasticiar. Alternatively, 

pre-formulated aqueous ~ispersions of acrylic polymm such as Eudra~ can be used. 

The coating solutions of the preseilt invention preferably contain, in~.~on:~- _________ _ 

the ~lm-former, plasticizer, and solvent system (i.e., water), a colorant to proVide 

elegance and product distinction. Color may be added~ the solution of the thera-

peuti~ally ac~ve agent instead, or in addition to the aqueous dispemion of hydrophobic 

material. For exampl~, color be added to Aqua.coat9 via the use of alcohol or 

propylene glycol based color dispersions, m.illed aluminum 18.kcs and opacifi~ such as 

titanium dioxide by adding color with shear to water soluble polymer solution and then 

using low s~ar to the plasticized Aquacoa~ .. Altematively, any suitable method of 

30 providing color to the formulations o:fthe present invention·~y be wed. Suitable 

. i~gredients for providing color to the formulation :when an· aqueous dispersion of an 
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. . 
acrylic polymer is used includ~ titanium'.'dioxide and ~olor p~gmcnts, suc!l as iro11 oxide 

, _ . pigments. The iucori'oration of pigme.ats, may, however; iiicrease 'tb.e •d eff=t of 
' . . . 

the .c0Blin13~ .". , · · · ·1 ~":1. 

The plastici:d aqlieous dispersion of hydrophobic material m1.y be a~lied · .· 

.5 onto the substrate comprising the therapeuti~ally active agent by spn!)flng using any 

suitable. spray equipment known in· the art. In a prcfemd method.· a Wurster 

tluibd-bed system is used m w¥ch an mr jct, ~ccted 'from uncimeath, fl~~ r1le · 
' ' 

ccire mat.erial and effects dtying while the acrylic polymer coating is ~ray~ on. A 

sufficiciit amoupt of the aqueous dispemon·ofhydrophobic material tO obtain a 

10 predetemiincd controlled ~le* of said therapeutically active agent when said.coated 

subsr.ra.te b expos~ ia'. aqueous ~olutions, e.g~ lastnc .fluid, is ~f~ly applied. talcin~ 
·into ~~ount the physicaJ,cbaractCristics of tbe therapeutically active. qcnt. the nwmc:r 

of~~rpo~on of the plasticizer, etc. Aft.er coating with tbe'bydropn~bic·materi31, a 

~overcoat of a. mm-farmer, such as Op~, js optionally a)lPiied to th~ bc~ds. 
is This overcoat is provided, if at· all, in order to substantially reduce' asllomentiaJ?i of the 

-beads. 

The ri=le:ase oft.he thCrapeutically icti:vc· ag~t from the con.malled ~c . . 
fomiulation 9f the present invcntie>:n can be fi:zrtber influenced, i.e., ~usted' to. a desired 

. . 
· . ra~, by·the B#tion· of one or more release-mo4ifying agents, ar by ~dins Qne or 

. . . 
20 more pu.sagcways through the coating. The ntio of hydrophobic m•terial ta water . . 

·.soluble ~eriat is. det~d by, amo.DG· other factors,~ release~ ~quire~ aDd the 

__ ._ .. -_'.__ ... _ s'1\~~.iJ.~:tY. ~c~u~l.ille materials .sc:le=ctcd..~-:.. --·· __ ...:..____~---·---~--- ·~ -- -- -- . --- ·----.... -- . 
. The· release·modifyiag agents ·which function as po~ .. formeS may be organic or 

. . 
inorganic, and include materials that can be dissolved,· cxtraaed or leached from the 

· coating in the environmeat of us~. The pore·fonnets may comprise one or mc>ie . . . 
hydrophilic. matcrials such as hydmxypropylmethylcellulose. " ·. -. . . 

't I • 

The susti.im:d' rel~e ~eatings of the pras=t invention ~ Ilse iDcluqe erosion-

'· promoting. ascms such as starCb amf gum!. · .. · , · · 
1"1:1C sustainetf, release coatings afthe present irlveation can .. jlso include" ' 

I I 0 I 

30 materials useful for making microporous l~a in~ cn~nlneni of USf7, ~ as 

polycarbonates comprised oflinear polyester! of carbonic·.~d ~ which.carb~natc 
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groups reoccur in the polymer cbain. 

The release-modifying agent· may also comprise a semi-penneable polymer. 
. . 

In certain prefeired embodiments, the release-m~difyin~ agent ls selected frcm 

hydroxypropylmethylcellulose, lactose, metal stearates, and mixtures of any of the 

s foregoing. . 

1bt sustained release coatings of the present invention may also include an exit' 

means. comprising at least one passageway, orifice! or the like. The pqsageway may be 

fomied by such methods as those disclosed in U.S. Patent Nos. 3,84S,,70; 3,916,889; 

4,063,064; and 4,088,864 (all of which arc hereby incorporated by ref'1'Cl1Ce). The 

10 passageway can have any shape ~uch es round, triangular, square,· elliptical, irregular,. 

etc. 

Matrix Bead Foanulstions 

In other embodiments of the present invention. the Qonttolled"jelease . . 

formulatioti is achieved via a matrix having a controlled release coatiSlg as set forth 

is above. The p~t invention may also utilize a controlled release matrix that ~ords 

jn-yitrg dissolution rates of the opioid within the preferred ranges ancl that.releas~s the 

opioid in a pH~dependentor pH·ind=i>endent manner. The materials suitable for 

inclusion in a ccntrolled release matrix will depend on the method used to fonn the 

matrix. 

20 For example, a matrix in addition to the opioid analgesic and•(optionally) COX· 

2 ~y include; 
. . ' 

Hydrophilic and/or hydrophobic materials, such' &S gums, cellulose.etru:rs, ·-- -·- --

acrylic resins, protein derived materials; the list is not meant to be c:;cc:lusive, and any 

pharmaceutically acceptable hydrophobic material or hydrophilic material which is 

capable oqmpaning controlled release of the active agent and which melts (or .so~ens 

to the extent necessary to be extruded) may be used in accordance' with the present· 

invention. 

. Digestible, long cha.in (Cs-Cso• especially c1i-C4o). sub~tutcd or · 

unsubstituted hydrocarbons, such as fatty acids, fatty alcohols, glyqeryl esters of fatty 

30 acids, mineral and vegetable oils .and waxes, and stearyl alcahol; ._ polyallcylene 

glycols. 
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Of these polymers, acrylic paly~ers, ·especially Eud:ragite RsPO • the cellulbse 
I I 

I 
I 

I I 

~. esp~ially bydrO.xyalkylcelluloses and carbo~lcelluloses, mil preferred. 

. 'tlie !lral ~sage form may confai:n between 1%'Wl 80% (by w~ght) oBat least.one 

hydfophilic or hyqrophobic material. · . ·-· 

I I • 

' 

s When the hydrophobic matetjal is a hy~carbau, the bydrccarbOn preferably 
' ' 

. bas ~melting point of between 25 ~ 90 Cr ·Of the long chain hydrocarbon materials, 

' 

fatty (8lipbatic) alcobols are p~d. The oral dosage form may ·contain up to 60% . 

(by weight) of at]c~ one digeStible~ lens chain hydrocaibon. · · · ·· 

· . Preferably, the oral dosage fonn contains up to 60% (by weight) of at ~east one 

10 polyalkylene glycpl. . 

. · The hydrophobic material is preferably selected from' the group tcnsistimg of. · 
o 

I 

' ' 

~kylcelluloses, accylic and rnc:thacrYlic acid polymers and copolJl1llet'Sf shell~, zein, 
' 

' 

by~senated castor oi~, hydroge:nated'vcgetable 'oil, or mixtures thereof. ·In cermin 

prefemd .CQJ.b~diments oftbe picsent invc;ntion, lhe hydrophobic mamnal is a ' 

l~ .p~cally acceptable aciylic polymer, .including but not lilJlltecl to acr.;lic .acid 

: . ; ~ metha.ceylic acid capolymm, methyl metb.acryl~, methyl metha.Crylar~ .. 
. ' 

copol~~ .ethoxyetbyl,methacrylste:i, C)l1180ethyl metbacrylate, .amillaalkyl · 

i=thaciylate (;Opolymi:r, poly(acrylic acid), poly(mcthacrylic a~id), ~rylic.·~id 

,alkylami.D.e copol~, poly(mdhyl methacrylate), poly(metbaceylic ~id)(anhytlride), 

. -· . -

20 polymethacrylate, polyacr,ylamide, paly(~crylic acid. a:nbydride),~and glycidyl 

methacrylate copolymers. In otbcr .embodiments, the hydrOpbobic materiel is 'seleC'ted. 

_. --··--·- ·--.. fro~ rnar.Cri3.ls ~ as hyd~xyalk.ylcelb.µo~es. such as hyd~p~pylmethylcellulose' ·--·-·· .. -----· 

. ' 

. and miuurcs of the foregoing. · ·, 

~ by~ophabic maiCriais a?e water-.in.solu&le·with m~ or less 

:ZS pronounce~ hydropbllic and/or hydrophobic~. Preferably1 -~ hy~phobic 

~a.ls useful.in the invention.have a melting point from abo~t.3D~to abau~·~~O ~~. 

preferably from ab~ut: 45 to about 90 C. Specifically, the hydroph@.ie ·~~ ~y 

comprise natural or synthetic: ~es • fattY alcohols (such a5 !amyl, ~ycis~l, ·stmy1, . 

cety~ or prcferab~y .c~ostearyl alc~hoD, fa~ acfds, in.eluding but no~l~ited ~ fatty 

30 acid esters,.~tty acid glycerides (mono .. , di·, and tri-glycerides), hycirogena?ed fats, 

hy~carbons, nonnal waxes, steanc aid, steai'yl alcohol and hydrophobic.and 
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hydrophilic materials having hydrocarbon backbones. Suitable waxes include. for 

example, beeswax., glycowax, castor wax and carnauba ~ax. For purpo~cs of the 

pi:es~nt invention, a Wax-like substance is defined as·any material whicllis nonnally 

solid.at room temperature and h.as·a melting paint of from about 30 to @out J 00 C. 

s . Suitable hydrophobic materials which may be us=d in ~cordanc= with tbe 

presen~ invention include digestible, Ieng chain (Cg.C50, especially C12-C40), , 

substinJted or unsubstituted hydroc3:1"bons, ·such as fatty acids, fatty alcdbols, glyceryl 

estm of fatty acids, mineral and vegetable oils and natural and synthetic waxes. 

Hydrocarbons having a melting point of between 2S and 90 Care preftrred. Of the 

10 Icing chain hydrocarbon materials,. fatty (aliphatic) alcohols are preferrdd in certain 

embodiments. The oral dosage fonn m~y contain up to 60% (by weight) of at least one 

digestible, long chain hydrocarbon. · 

. , Preferably, a combination of two or more hydrophobic materials are included in . 
the matrix fonnulations. If an additional hydrophobic material is inclqded, it is 

15 preferably selected from natural and synthetic waxes, fa.tty acids, fatty'alcohols, ~d 

~xtures of the same. Examples.include ~eeswax, camauba wax, steaiic acid ancf 

stearyl alcohol. This list is not meant to be exclusive .. 

. One :particular suitable matrix comprises at least one water sobible hydroxyalkyl 

cellulose, at least one·C12 .. C3·6· preferably c 14.c22• aliphatic alcoh?l and, optionally, 

20 at least one polyalkylcne glycol. The at least one hydrox,yalkyl ccllul.tise ~ preferably a 
' ' 

hydroxy (Ct to C6) alkyl cellulose,, such as hydroxypropylceJlulose, 

hydroxypropylmethylcellulose and, especially, hydroxyethylcellulos•· . The amo\.lJlt Qf ·- __ _ ·-­
the at least one hydroxyalkyl cellulose in the present oral dosage form will be 

' 
d~ned. inter alia. by the precise rate of opioid releas~ required. ·1he at least one 

2.5 aliphatic alcohol may be, for ~xam~li:, l~uryi alcohol1 myristyl alcohol or stearyl 

alcohol In particularly prefcned 'embodiments of the present oral ~dlsage form, 
' ' ' 

however, the at least one aliphati~ alcohol is. ceiyJ·alcohol or cetostqryl alcohol •. The 
I ' 

amount oftbe at least one aliphatic alc:abol in the present oral dosag_a form will be 

determinedj as above, by the ~ecise rate of opioid release required.: lt will also depend 

30 on whether at least one polyalkylene gly~ol is present in or absent from the oral dosage 

form. In the absence of at least one polyalkylene slycol. the o~l dq1age fonn. 
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preferably cop.taias between 20% and 50% (by wt) of the at le.a.st one allpbati~ alcohol .. 

' ' 

' 

When at least one polyalkyleue glycol is present in the .oral dosage form,~~~ .. · 

coagbined weight of the.at least one ali~batic al~ohol ~d tbe at ieast one.polyamyl~ ' 

' . 

glycol preferably constitutes·betwecn 20% and 50% (by wt) of the total dosagt!"· 

· In one embodiment, the ratio of, e.g., the at least one hydroxyaJkyl cellulose or 

aayli.~ resin to thC at least- one aliphatic alcohol/ pclyalkyleac glycol daimuincs, ~.a 

consid~blc extent, the release rate of the opioid from the formulation. 'A .rati~ of the 

' 
' 

' 

at least o= hyd.roXya.lkyl cellulose to the at least ane aJij,hatic alcohollpolyalkylene 

· glycol of betweea 1 :2 and l :4 is preferred, with a ratio of between 1 :3 and 1 :4 beirig 

pamcularly pre&ned. . . ' 

.The at ~east o~e polyalkylene glycofmay be, for example, polfPro?yl~glycol 

' or. whlch is :preferred, polyethylene glyc:ol. The number. average mol1cular weight of 

·. the at least one polyalkylene gly~oi is prefa1ed between 1,000 and ·1·$,000 especially 

I I 

I 
' 

between 1,500 and 12,000. . "· 1. ·. · ·• • '· · ; • 

is . Ano~ suirable conttolled ~lease matrix would comprise an alkylcellul~se 

. '' 

_{especially ethyl cellulose),· a C12 to C36 aliphatic alcohol ad, opdoaally, a 

polyaJ.kYleac glycol~ 
' ' 

' 

. 
, Iu anotber p~fen'cd rmborumcnc. the matrix includes a pbarQaaceutically 

' ' 

· acceptable ~ombiDation of at least twci hydrophobic materials~· 

20 In addition to the above ingredients! a contro~d release mairpt· may ~o , 

contain suitable quantities· of otller matmals, ~-~· diluents, lubricants; bind~rs, 

_ . -·--.- ____ ---"'"...:grmiulating aids,.coloranu, tlavonnts and glidants that arc convendoo~ in the_~·---· --

25 

30 

. . 
' 

plw:maceutic:al ~ · · · · · 
', .. 

PRQCESSES FOR PRF.fAB.JNG MA..TJUX. BASEQ 'BEAPS .. · 

In order 1o facilitate tb.e preparation of a solid, ·cont:rOlled nlc:as~.' oml .dosage 

I 
1 

I 
' 

I 

fon:n. according to this invention., any method of preparing a inatM fonnul~tion ~wn 

' to 'those skilled in.the mt may be .~e~~ ~or example ~cgrporatieu in~ m~~lqiay be. 

effected, for example, by (a) formi'ng· granules comprismg at learione water ~olub.le · 

hydraxyalkyl.cellulose' and opioid of an opioid:salt; (b) mixing~ hydroxy~kyl . 

cellulose containing granules wi~ adeasrorie' C 12 ;.' c36 .lllip~tic alcohol; and (c) 

.36 
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optionally, compressing and shaping the granules. Preferably, the granules are formed 

by wet granulating the bydroxyalky,l cellulose/opioid 'With water. In a patticularly 

pref~!=d embodiment of. this process, the· amount of water a.d~d dUrlng ihe wet 

granulatj.on step is preferably between LS and S times, especially between 1.75 and 3.5 

s times, the dry v.ieight of the opioid. 

In yet other alternative embodiments, a sphcronizing agent, together with the 

active ingredient can be spheronized to farm spheroids; Microceystallina cellulose is . . 
preferred.· A suitable mietocrystalline cellulose is,. for example, the matarial sold as 

A vie el PH 10 l (Trade Mark, FMC Corporation). In such embcdimentS', in additiOll to 

10 the active ingredient and sphero~ng agent, the spheroids may also contain a binder. 

Suitable binders,· suc:h as.low viscosity, water soluble polymers, will be well known to 

those skilled in U:11: phannac;:eutical art. However. water soluble hyclro~}L lo.wer alkyl 

cellulose, such as hydroxypropylceJlulosc, are preferred. Additionally (ar alternatively) 

the spheroids may contain a water insoluble polymer, especially an ~i:ylic polymer, an 

is acrylic copolymer, such as a methacrylic acid-ethyl acrylate copolymer.- or ethyl' 

i:ellulose~ ln sui:h embodiments, the swtained release coating will genel9)ly mclllde a 

hydrophobic material such as (a) a wax, ei~er alone or in admixture witli a ~tty 

alcohol; or (b) shellac or zein. 

Melt Extcusjgn Matrix; 

20 Sustained· release matrices can. also be prepared via melt-granulation or melt-

extrusion techniques. Generally, mclt·gmnulation techniques involve melting a . ' 

· normally. solid hydrophobic material, e.g. a wax, and incoi:poratins ~powder.el! ~g _ _ __ _ 

therein. To obtain a sustained release dosage form, it may be necessmy to incorporate 

an additional hy~ophqbic subs~e, e.g. ethylcellulose or a wmer .. insoJuble acrylic 

polymer, into the molten ~ hydrophObic material.. Examples of'susllined release · 

fonnulations prepared via melt-granulation techniques are found i~ U.S. Patent No. 

4,861,,598, assigned to the _Assignee of.the present invention and hereby incorporated 

by reference in its entirety. 

The additio~al hydrophobi~ material may comprise one or mare water-insoluble 

30 wax~lilce ih~oplastic substances possibly mixed with one er more wax .. like 

thennoplastic substances being less hydrophobic than said one ,Qr more water-insoluble 
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wax4 like substances. ln order to achieve constant release, the individual wax-like' . 
' ' 

' ' ' 

substances in the formulation mould be substantially na.n-degiadable and 'irisol1:1ble in ' 

s~intestinal tlui~ dunng the initial ~=lease· phases. Usefuli~·msolu~Ie.~~lilce · 
substances may be those with a water-solubility tha1 is lower tJaan about 1 :s,aoo~(w/w). 

' ' ' 

. s ' In addition to the above ingredients, a sustained release0matrix 'ma)', also contain 
' ' 

suitabl~ quantities o! other materials, e.g., diluents, lubricailts, binders, granulating aids, 

coloranu, fiavorants and slidants th!1£ are ~anventional in the piarm.acC!atlcal art. The ' 

qUantitics of these additional materials will be sufficient to proVidc the desired effect t.o 

the desired formulation. . 
~ ' 

10 . In addition ~ the above ingmlien~s. a sustained release matrix incorporating ·me.it-
I ' • • ' ' 

extruded multiparticulatcs may also· contail,l suitable quantiti~ af other. mati:n•· ·e.g. : 

. dilucnts, lubricants, b~ers, smnulatins aids, c~lonnts, tlnvorams mid glidant.s that are · 
conventional in the phafmaceutical EUt in ~aunts up to ~out 50% by weight af the · · 

particulate if desired ' ' '•'' ' 

· Specific exampl~ of pharmaceutically acceptable carriers' aDd cxcipimts ~t 

• i:n&Y be iµ;ed ta f.ormul.ate oral ·dosage fonm are cksc:ribed in the Bansibook of .' · 

Ebann.aseutjsat ExdPi;nts. American PbanDaceutical Associatian (l98G); incorporated 

by reference herein. to~.":· 

' ' 

20 MeJt Ext~nriort Mulnpatriculate1 · · " · " 

' The 'prepmation of a. suitable melt~ed matrix. aecorcliag to the present 
' ' 

.:_ __ , ______ -~-. _.invention_~y.for.cxamplc..include. the St:ps ofblendiiig th~ op~aid aMlgesic, 
. ' - ' ' . 

together with at leas one hydropbnbic material and prl'ferably the'.edditiooal · 

hydrophobic material to obtaJn a ltamogencous mixture. 'The ~~eneaus DlixtUre is 

2S then heated to a ~pe~ sufficient to at le!J.St soften the ~·sufficiently to 

extrude the same .. The resulting homogeneous mixture is then ex~d to form strands. 
' ' ' 

The extrudate is preferably· cooled and eut' into multipm1iculates bl( any, me~ known 

in the art. The ~· ~ cooled ~ ~ into in~ltiparticulates. Tiie m~tiparticul~tes 
are tbea. clivici~d into unit do~es. The exa:udatc preferably bas· a di.Uneter of ~m about 

' ' I 

30 0. i to a~out 5 ~ mid prt1vides sustained· release of the. thc:rapc:u~c~y active agent' for · 

· a time ~od of from about 8 ta about' 24·ho,n. 
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An optional process for preparing the melt extrusions' of the p~scnt invention 

includes directly metering into an excruder a hydropho~ic material, a therapeutically 
' ' 

actiye agent, and an optional binde~ heating the homogenous mixture; exttuding the 

homogenous mixture to thereby.form strands; cooling the strands·cantaicing the 

s homogeneous mixture; cutting the strands into particles having a size from about 0.1 

mm to about 12 mm; and dividing said particles into unit doses. In this aspect of the 

invention, a relatively continuous. manufacturing procedure is realized. ·· 

The diameter of the extruder aperture or exit port can also be adjusted to vary 

the thickness of the. extruded strands. Furthermore, the exit part of the extruder need 

10 not be.round; it can be oblong,.rectacgular,.etc. The.exiting strands can be reduced to 

particles using a hot wire cutter, guillotine,. etc. : · · . · ·. · 

The melt exuuded multiparticulate system can be, far example~ in the form of 

granules, spheroids or pelle~ depending upon the extruder exit orifice. For purposes of 

the present invention, the terms "melt-extnided multiparticulate(s)" and "melt-extruded 

JS multiparticulate system(s) 11 and "melt..extruded particles" shall rct'or to a plumlitY. of 

~ts, preferably within a range of similar size and/or shape and containing one or more 

active agents and one or more excipients~ prefembly including a hydrophobic material 

as described herein. In this regard, the melt-extruded multipart.iculates will be of a 

range of from about' 0 . .1 to about 12 mm in length and hav~ a diam~r:r of from about 

20 0.1 10 about S mm. In addition. it is to be understood that the melti-ex:truded multipar­

ticulates can be any geometrical shape within this si~e range. Altecnatively, the 
' ' ' 

extrudate may simply be cut into desired lengths and div'ided into umt doses of the 

therapeutically active agent without the need of a sphcronization sr.ep. 

In one prefemd embodiment,. oral dosage forms are prepaud to include an 

effective amount of melt-extruded multiparticulatcs '¥.iithin a capsu~e. For example, a 

plurality of the melt•extNded multiparticulates may be placed in a:·aelatin capsule in an 

amount sufficient to provi~e an effective sustained release dose whml ingested nnd 

contacted by gastric fluid. 

In another preferred embodiment. a suitable amount of the inultiparticulatc 

30 eXtrudate is compressed into an o~ tablet wing' conventional tablctilig equipment 

using standard techniques. Techniques and cClmpositions far m,aking 'tablets 
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' 

' 
. (compressed ~d molded),,capsUles (hBrd and so~ gelati~) an'1pills are ~so described in Remin1ton's Pharmac.eutical ... ;cienc:s, (Anhur Osolt editor), ·1S53-IS93 (1980), fnc:oipontted ·by ref~ herein. , · · · : uw" . ' . In yet another preferred embodimeslt, the extrudate can< be sh.aped into· mblcts as s .set forth in U.S. Patent No. 4,957,68i (Klimesch. et. al.), described 'in additional de~l . above and hereby incorporated by reference.. .. I ' 

• 

• I 

I I 

I 

I Optionally, the sustained release melt-extruded xnultipatticulaie sy~ or , ·tai:,1~ can be coate~ or.~ gcla~ capsule can be ~er coa~ with· a.sustained rclCasc caating such as. the sustained release coatings descdbed ~o~e. Such coatings 10 preferably include a.sufficient amount ofbydrophobic material to obtain a \Wiabt gain 
' 

' ' 
, I 

1 
" le-vel ·from about 2 to ~bout 30 percent, although thc·ovcrcoat may be sr=tcr dtpcndµig upap ~e physj.c:al properties o~ th~ pan:icular opioid muilgesic compound utilized aad · the dcsiri:d Rlease rate, among other things. " • I '1 I ' '' 

The. melt-ext:rucW'~t.dosale foa:ns of the pr=sem invelnion· may ~er· 1s . include c:ambinatiom of.~elt-extruded multiparticula.tcs ~omainiug one or more ~f the 

20 

, .. ~pe~c:ally active agents di~closed:~ve·bi:fore beins encapculated.. ·.F~cm:. · . the lmit ·dosage fomis can also µiciude an ama1.111t of an immediaa. ielea.sc . . ' therapeutically ~tive aaent far prompt therapeutic effect. '1lie b$Dediate rel~e " t]wapeutically ~ve agent may.be incorpora!ed, e.g~, as sepma~pcllet:rwitbill:a gelatin capsuie, ~rmay bi:.c.aated on th= ~e of the mUltipaniWJaiea··afl:er .. 
' 

I 
• preparation of the dosage ~nm (e.g., controll~d release c:oa'1iis ~m~trix-based). The. 

• . , • 
• 

• ' r , , ' 

-- -· ---·· ----·-~,auit. dosage forms of the pr~sent .invention ·may also: contain a. co~bination:o(controlledw-, ----

30 

- -
' release beads a.lid matrix multiparticulatcs to achieve a desired eff«et. 

The.smtainedrelease formulatiam of the pn:sentJnventiodpreferably slqwly release.the thenpeutically ~tiv~ apnt, e.g.,, whC!n ingested sad'~ to gastric· . · fl~ and then to hltestiDal fluids. The sustaiu.ed rele~e profile af the .melt~extn1ded ' 

o 
I I 

' 

' 
formulations of the· invcntio~. c:an be. altered~ for cxa.mpJ~; by varyiOg ~e ~olDlt of •O 

I 
• 11 

I 
retardant, Le., hydrophoblc material, by va?ying the amount ofplasdci.ze:r.relative to ' . ' hYdmphobic material,_ by .the i.uclu;don of additional ingfedients or excipients, by ' · altaing '1tc method o.f manu~,. etc.·· 

·.In other embodiments of tJ;ie inventioD., the. melt exi:rude~. material is p~~ 
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without the inclusion of the therapeutically active .agent, which it addc:d thereafter to 

the extrudate. Such formulations typically will have the therapeutically active agent 
' . 

blen!l,cd. together with the extruded matrix material; and then the mixture would be 
' 

tableted in order to provide a slow release formulation. Such formulations may be· 

s advantageous, for example, when the therapeutically active agent. included in the 

fomn~lation· is sensitive to temperatures needed for softening the hydrophobic materiai 

and/ o~ the retardant material. 

10 

1!5 

-· 
DETAJLED DESCRIPTION OF PftEFERBED EMBQDIMEN]'S 

The followiJlg examples i~lustrate various.aspects of the present invention.. 

They are not to be.construed- to limit. the ·claims·.in any1 manner whatsoever.: 

EXAMPLES l -·1 

EvaluatiOn of Combjnatio~ of Momhine apd N!bymemoe 

<Example ll and Morohjne andMelo:glcgm <Example ll • 

In Examples l ·2,. COX·2 inhi~itor-opiate synergy were ~ned by examining 

nabum~one (Example 1) and meloxicam (Example 2) in a Phenylquinone. (PPQ) 

stretching (writhing) test. 

Nabumetone is not intrinsically COX-2-selective, but is evaluamd here because 

ir.s use is associated with extremely. low ulcerogenesis. Nabmnetone is a prodrug, 

giving rise to the 11ctual COX-2 inhibitor, 6-methoxy-2-naphthylacetic. acid (~MNA) ..... 

(see Table 1)- !he law ulcerogenic potential of na.bumetone may' be due to the pH­

depcndent formation of 6·MNA. This does not occur at iow pH val~cs. such as those 

2S found in the gastric mucosa. Thus, COX-2 selectivity appears to be functional .. In 

clinical trial~ nabumetone has been found to be quite efficacious, ~th extfemely little 

ulcerogcnesis. In a trial in. patients with osteoarthritis, nabumetone was compared to 

diclofenac. It wa.s found to be a.s ~fficacious as cliclofenac (it is· ~mely impotent., 

requiring 1500 mg daily), however, none of the 382 patients treated with nabumetone 

30 experienced ga.strcintestinal toxicity (S.H. Roth et al, J. Rheumatol. 21: 1118, 1994). In 

a report of 1-year follow-up ofpari.ents treated with nabum~tonc, the iricidence of ulcers 
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was only O.S % (PDR. 1995, p. 2396). · · 

M;thods: Isobclographic: analysis of drug intenlcdon w~ pcdarmed in°male ICR,~ce: 
' ' At time= 0, mcloxic:an1 or nabumetone or vehicle was administered p.a. At time (T) = 

5 9 mmutes; morphine or vehicle wa.s administered p.o. At T = 29 minutes, PPQ . . · 
' ' 

· (ph~l-p-benzylquirlone). 2 m8"1cg, ~ injected tp.· At T :or 36, ~utes. the number of . 
abdonlinal stretches was counted fo~ cach'mouse for 1 minute. At T -.i 40 minuteS,. 

' ' . 

stretches were again counted for 1 minur.e. There were 6 - 8 m!ce per dCJse . 

. 10· · The concenttatiens of morphine ~ed for its dosc:-resppnse ~.o:s. l, 2, and S mg/kg. 
The concen1:fations. of ~bumctone used for itS dose-response: - 20, SO, 100)~ · -· . 
300mglkg.· The concent:r;itioa.s of meloxicarn used for its dose-raspame were l, 3, 10" ' . . 
and so mg/kg. 

',\ I 
) 

,• r 

' '' 
,I' 

1.S The% inhl"bition of PPQ ~tching (writhing) test was·calculated as·follows: 
.. 

' . 
· • 1 - {[total# strctclies et two coUU'EiDgs with drug]l[total # ~es at two countings 
with vehicle]} X 100 · ·j,·· 

' .. \• 

20 EDSO (the dose.of drug that caused an inbibhion of SO %) ~ d~rmiucd by nonlinear 
regression. When com~inazions of m~C·aa.d meloxicam Or n•bumeto~ were .. 

___ . , ____ __: ___ ~@.~g, .tho:atiQ _was alway& set_at l ~10 or_l :.lD.0.0, .. rcspc:dblly. ~or tb..=-e -----­
combination studies, the following were used: morpbiilelnzb~e were 0.03613~, 

' . ' 
0.072172, 0.11100,·and O.J44/144mglkg, morphinc/melo'Xicam ~ 0.18/l.8,·0.36/3.69 

' . 
2.5 0.72/7.2, and t.44/i4.4..mglkg. The EDSO for~ dnig·i:D tbe-co"bina1'on was 

detemlined by simple calculation of the BIIJ.ount af each in the coz$inati~ at the EDSO 
l ' 

0 
I I ' I 

combination dose. The EDSO results for ~plc 1 (nahumetone);vmus D).oiphine are 
set forth below: ·· •"' 

·: 

30 nabumetone: morp~c EDSO = 1'.86 mglkg po (canfidence inter/'11.39·-2.S): 

nebumetone EDSO 92~1 mg/kg pa,(slight e1,.11ap·~1ati0t1) 
' . 
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'With combination dose-response nsing morphine:Dflbumctone 1:.1000 

EDSO morphine":='. 0.06 (confidence interval is 0.02 to 0.1 i) 

EDSO nabumetone =- 64.S. 

s As can be seen from th= EDSO z:egulu, nabumetone signifiuntly increased the 

pot~ of morphine. VJh,iJe morphine did not affect the potency of nabumetone in a 

statistieally significant manner, 'it did shift the ED50 results to an OXtent which suggests 

that increasing the ratio of nabumetone to marpbine may l'eSUlt in 'tWO-way synergy. In 

view of this res¢t, the ~ombi.nation of a much more potent COX·2-i,nhibitor such as 

10 cele~oxib will provide st.a.tisticallr significant two-way synergy. Ia such a combination, 

the opioid.will ~e seen to .significantly..potentiate.the-analsesic. effecticacy of. celecoxib. 

Th~ EDSO results for Example-2 {meloxicam) are set farth·below: 

is meloxicam: m.otpb.ine EDSO ::a 1.86 mg/kg po 

20 

' "' meloxicam EJ?SO 1 S.2 mg/kg po (slight extrapolation) 

with combinatiQn dose·response using motphine:meloxicam 1: I 0 

EDSO moiphine = 0.62 

. EDSO ~eloxicam = 6.22 .. 

As can be seen from the EDSO results1 melcxicam signlticautly increased.thri ____ _ 
' ' 

potency of~orphine, whereas morphine did not affect the potency afmeloxicam. 

Morphine did however, allow meloxica.m to reach better ~fficacy - 7~ %. vs 45 % 

25 inhibition. 
. .. -
' 

. ~e d11fa ob~ed from Examples 1 .. 2 are further representeitin Fig~e 1 ~ which 

is a giaph depicting the perc;ent inhibition (EDSO) plotted against th~ dose (mg/kg). 

Figure 1 includes plo~ of dose-response data for nabumetone, meloxicam and 
' ' c 

30 ~orphine alone, and fa+ combinations of oabumetone + morphine. ancl meloxicam + 

m?rphin.e. As can be seen from the results set forth in Figure l, mof}'hine did not shift 
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the do'se-rcspome for nab~ctone or mcloxicam. However, D~umetone and 
' 1 I ' I 

meloxi~ bath shifted the dose-re~onsc for morp~~ {indi=iied by ~e mows). 
' • •I • 

The interaction of morphine and :flusoli4c can be demo~ted via an ·~ 
s · isobolagnun. CS=, e.g., S. Loewe, Ph3rm. Rc:y .• 9; 237 (19S7))'::regarding the . 

' -

·.preparalion and basis of an isoboloirazn; hcreby·incorporat=d bf reference). · · 
' ' ' 

. '' ' Figure '2 is SD isobalogram· fpr nabumetone in' interaction with m~@hinc' ' 
(incJud~ are· 9S % confidence intervals) • The diagoDat llne ja~ ~ ED50 Val ties ~f 
the two drug3 given separately represeats the simple additivity of effects at different 

• I o I I 

. 10 component ratios. ED.!11 values falrling urtder the curve-(betweemthe line and the-origin) 
I ' I I 

, ~cate supcmdditivity. As can be seen from Figure 2, the coDibinarlon of · · ·· 

nabumetone and moiphine exhibited synergism supporting the ratios of the 

combinations of these drup set forth. in Tabl~ n. : · .. .. .. · 
. Figure· 3 Ls. m isobolograln ~or meloxicam in intera~~ ~~morphine 

&5 (mclwk!d are 9S % confidence intervals) . As can' be seen; ~m 1'i;ure 31· the: , 

20 

I I I I I I 

• · c;ombQiation of DDbm=toi:u: and mOiphine exhibited syn~ qporth1g tbe ratios Qf 
I I O I f 

0 

~ I 

the combiriations of these druss set forth in Table JI. · · 

. Jt is 'known ta the an: that data for the mouse, a.9 presentedtin an isob~logram, 
can· be transla~d to·ather species where the onlly cff'i:ctivc.an~gtsic dose or&·'· .. ' 
individ~ c~mpounds arc known or ·can..be e.ted .. ·Thereforeione of ordinary ~I 

I I I I I I I 0 • I II 

in the art will ap~ciatc that this basic correlation for anBlgesic prop~es enables 
-- ·-----~..'... ~ti~ off.he' raage·ofhuman effectiveness=-. _;... ____ ~-~-------__:..._---

, . 
. 

C0nclYsion ... ,.· 

2S 'While the invention lm been described and illustrated "With-ieference to certain' 
' ' '. prcf'erre~ embodiments. thereof, those s!Qllcd in the art will ·appreciate th&~ obvious' 

modifications can be made 'herein without departing from the spirit~ scope qfthe 

hlvcntion. Fbr ex~ple~ effective ~osages ~ th~ spcci~c p~logi~ responses 
I • , I , 1 

may·vuy depending upon the: ratios of~e particular opioid to p-*ular cox~2 
30 iah.ibitor used, as well as the fo~ulation ~·mode of ~strati~.' s~ ~tions 

arc crintemplatcd t.o be within i:he. scQpe of the appended claims .. · 
1 1 I 

1 
I 

11 

' . 
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WHAT IS CLAIMED IS: 

1. A pharmaceutical composition compnsmg a combination of a COX-2 inhibitor in an 

amount sufficient to render a therapeutic effect together with an opioid analgesic, except for 

combinations of the COX-2 inhibitor with an anti-tussive dose of hydrocodone or codeine. 

2. The pharmaceutical composition according to claim 1 wherein an analgesic effect is 

attained which is at least about 5 times greater than that obtained with the dose of opioid 

analgesic alone. 

3. The pharmaceutical composition according to claim 1 wherein the dose of opioid an81g~sic 

would be subtherapeutic if administered without the COX-2 inhibitor. 

4. The pharmaceutical composition according to claim 1 wherein the opioid analgesic and 

COX-2 inhibitor are administered orally, via implant parenterally, sublingually, rectally, topically, 

or via inhalation. 

5. The pharmaceutical composition according to claim 1 wherein the a therapeutically 

effective or sub-therapeutic amount of an opioid analgesic selected from the group consisting of 

alfentanil, allylprodine, alphaprodine, anileridine, benzyl- morphine, bezitramide, buprenorplmnc, 

butorphanol, clonitazene, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide, 

diamorphone, dihydro-codeine, dihydromorphine, dimenoxadol, dimepheptanol, 

dimethylthiambutene, dioxaphetylbutyrate,dipipanone,eptazocine,ethoheptazine, 

ethylmethylthiambutene, ethylmorphine, etonitazene fentanyl, heroin, hydromorphone, 

hydoxypethidine, isomethadone, ketobemidone, levallorphan, levorphanol, levophenacylmorphan, 

lofentanil, meperidine, meptazinol, metazocine, methadone, metopon, morphine, myrophine, 

nalbuphine, narceine, nicomorphine, norlevorphanol, normethadone, nalorphine, normorphine, 

norpipanone, opium, oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone, 

phenomorphan, phenazocine, phenoperidine, 
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piminodine, piritramide, propheptazine, promedol, properidine, propiram, pro­

poxyphene, sufentanil, tilidine, tramadol, salts thereof, complexes thereof; and mixtures 

of fil?.Y of the foregoing. 

6. The pharmaceutical composition according to claim 1 wherein said opioid 

analgesic is selected from the group consisting of mu-agonists, kappa-agonists, mixed 

mu-agonists/antagonists, mu-antagonist combinations, salts thereof, complexes 

thereof, and mixtures thereof. 

7. The pharmaceutical ~omposition according to claim 1 which is selected 

from the group consisting of a tablet; a multipaniculate formulation for oral 

administration; a solution, suspension or elixer for oral administration; an injectable 

formulation; an implantable device; a topical preparation; a suppos~tory; a buccal tablet; 

or an inhalation formulation. 

8. The pharmaceutical composition according to claim l which is a solid oral 

dosage fonn formulated as a tablet or a capsule. 

9. The pharmaceutical composition according to claim l, comprising a 

therapeutically effective or sub-therapeutic amount of an opioid analgesic selected from 

the group consisting of morphine, methadone, meperidine, levorphanol, codeine, 

hydrocodone, dihydrocodeine, hydromorphone, oxycodone, oxymorphone, salts 
-- - - - - ---- --- - -- -- - - --

thereof, and mixtures of any of the foregoing. 

l 0. The pharmaceutical composition according to claim 1 wberein said COX-2 

inhibitor is selected from the group consisting of celecoxib (SC-58615), DUP-697, 

flosulide (CGP-28238), meloxicam, Vioxx (L 745,337), 6-methoxy-2 naphthylacetic 

acid (6-l\lfNA), lVIK-966, nabumetone, nimesulide, NS-398, SC-5766, SC-58215, T-

614, salts thereof, and mixtures thereof. 
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11. The pharmaceutical composition according to claim l, comprising a 

COX-2 inhibitor in an amount sufficient to render a therapeutic effect together with 

a dose of hydrocodone or salt thereof, which is analgetic if administered without 

the COX-2.inhibitor. 

12. The pharmaceutical composition according to claim 11, wherein the dose 

of hydrocodone or salt thereof is from about 15 to about 2000 mg. 

13. The pharmaceutical composition according to claim I, comprising a 

COX-2 inhibitor in an amount sufficient to render a therapeutic effect together with 

a dose of codeine or salt thereof which is analgetic if administered without the 

COX-2 inhibitor. 

14. The pharmaceutical composition according to claim IJ, wherein the dose 

of codeine or salt thereof is from about 30 to about 400 mg. 

15. The pharmaceutical composition according to claim 1, comprising an 

opioid analgesic selected from the group consisting morphine, methadone, 

meperidine, levorphanol, hydromorphone, oxycodone, hydrocodone, codeine, 

and salts thereof, together with a COX-2 inhibitor selected from .the group consisting 

of celecoxib, flosulide, meloxicam, nabumetone, nimesulide, T6 l 4, MK 966, and 

salts thereof, in the ratios set forth in Table I. 

16. The pharmaceutical composition according to claim 1; wherein the dose 

of COX-2 inhibitor synergistically potentiates the effect of the opioid analgesic, but 

the dose of opioid analgesic does not appear to significantly potentiate the effect of 

the COX-2 inhibitor. 
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17. The pharmaceutical composition according to claim 8,wherein the 

oral solid dosage form includes a sustained release canier which causes the sustained 

release of the COX-2 inhibitor, the opioid analgesic, or both the opioid analgesic and 

the COX-2 inhibitor, when the dosage form contacts gastrointestinal fluid. 
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. · 1 S. A: metll;o~ of effectively ireating pain.in humac.s a?f ather mammals, 

comprising ~g to the pati~t ~ ~peuticall~ eff'ecti.!IJe ama~t of a cox .. 2 

inhl~tor togethez: with a d.Qse of an opioid analgesic. . . 

s · · 19 .· Tbc method of claim 18, whmin. the combin~on PJ:Ovidc:s mi. analgesic 

drect w]µclt is 81 least about S times greater than that obtained 'Yith the dose of ~;ioid · 
analgeSic alone. 

20. The method of claim 18,.wherein the ·dose of the c~x .. 2 inhibitor and the 

lil opioid analgesic vc adminfoteted ~raJly~ 

... . ' 

. 21. Tue metl:iad of claim 18,. w~ the do~c of the cox~2 inln"bitor ~the 

opioid ~geslc are administered ill a single· oral dCSl!ie f~ .. .'. : ·_ .· , 

' 1' 22. The method of claim 181 wherein the.dose of ~pioid ~c would~ 
.' . ~b-therapeutic if ~d '1itbout ~ dase of COX·2 inbiahor. 

~ I • 

· 2.3. . The meth~d of claim 18, whemn tbC; dose of op~d '1ia)gesic is eft"ective 

to 'provide aual~ia alone., but the dOsc of opioid provides at least a ·five..fold ~r . 
' . . . ' . •' 

2Q analgesic ~~ th8n tipi~y obtained with ~t dose of opioid alone. . 

'. ' .. , 

___ --.,. . ___ .... ~-.:__--2..4-ni.e.us~ DLa..pbarmaccuticalc:~·tion'af-aCOXtZ..iolll"bitor..togethcr --~ .. , .... ___ _ 
I • ... • - . ' 

with an opioid analgesic to provide effective pain management in1humans. 
0 I ' • I ' 

' ' 

25. The use of a COX-2 inhibitor in~ manufacture of a:phormaceutical 
. ' 

·prepmation containing a cox .. 2 inlu'bitor and a:n opioid analgesic~r the tr~ of 
0 

I I ' I I I 

pain,," • 'I 

' ' 

' . 
26. · The use of an opioid 8.nalgcsic in the manufa.ctllre of a phmmaceu~cal 

o
1 

I I 1
1 

·30 preparation containing a cox .. 2 inhibitor and U1 opioid analgesic for the tn:atment of . . . 
pain. 
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27. The method of claim 18, wherein the CO:X-2 inhibitor is administered 

before, simultaneously with, or after administration of the opioid analgesic, such that 

the d,osicg interval oft.he COX·2 ii:ihibitor overlaps with the d~sing interval of the 

opioid analgesic. 

28. A method of reducing the amount of opfoid req~d to treat a patient 
I 

affected with pain comprlsing co-~nistering with said opiold analgesic an effective 
. ' 

amount of a COX·2 inhibitor, to augment the analgesia attribufahle to said opioid 

an~gesic during at least a portion of the dosage interval of said-opioid analgesic. 

29. A method of rediicing the amount of a COX-2 inhibitor required to tre8t a 
~ 

patient affected with pain, comprising co-administering with said COX-2 inhibitor an 
' . 

effective amount of an opioid analgesic, ta augment the analgcisia attributable to said 
-

· COX-2 inhibitor during at least a portion of the dosage inteIVal~of said COX·2 

inhibitor. 

30. The pharmaceutical composition of claims 1-4, wherein said c;ombination consists 

essentially of rofecoxib or a pharmaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof. 

31. The pharmaceutical composition of claims 1-4, wherein said combination consists 

essentially of ce!ecoxib or a pharmaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof. 

32. The pharmaceutical composition of claims 1-4, wherein said combination consists 

essentially of meloxicam or a pharmaceutically acceptable saltcthereof and oxycodone or 

a pharmaceutically acceptable salt thereof. 

3 3. The pharmaceutical composition of claims 1 -4, wherein said combination consists 

essentially of 6-MNA or a phannaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof. 

49 



1------ ---

34. The pharmaceutical composition of claims 1-4, wherein said combination consists 

essentially of nabumetone or a pharmaceutically acceptable salt thereof and oxycodone or 

a pharmaceutically acceptable salt thereof. 

3 S. The phannaceutical composition of claims 1-4, wherein said combination consists 

essentially of nimesulide or a phannaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof 

36. The pharmaceutical composition of claims 1-4, wherein said combination consists 

essentially of SC-58215 or a pharmaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof. 

I 3 7. The pharmaceutical composition of claims 1-4, wherein said combination consists 
I 

essentia1ly of T-614 or a pharmaceutically acceptable salt thereof and oxycodone or a 

pharmaceutically acceptable salt thereof. 
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