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The invention relates to anal gesic pharmaceutical conpositions containing
an opi oi d anal gesic and a cycl ooxygenase-2 (COX-2) inhibitor.
The invention also rel ates to nmethods of treating pain
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analgesic and anti-inflammatory agent. Diclofenac is approved in the United States for

20 the long-term symptomatic treatment of theumatoid arthritis, osteoarthritis and - |
ankylosing spondylitis. It is also considered to be useful for the short-term treatment of
acute musculoskeletal injury, acute painful shoulder, postoperative pain and
dysmenorrhea. However, NSAID’S such as diclofenac produce side effects in about
20% of patients that require cessation of medication. Side effects include, for example,

25 gastrointestinal bleeding and the abnormal elevation of liver enzymes.

The opioids are a group of drugs, both natural and synthetic, that are employed
primarily as centrally-acting analgesics and are opium or morphine-like in their
properties (Gilman et al., 1980, GOODMAN AND GILMAN'S, THE
PHARMACOLOGICAL BASIS OF THERAPEUTICS, Chapter 24:494-534, Pub.

30 Pergamon Press; hereby incorporated by reference). The opioids include morphine and
morphine-like homologs, including, e.g., the semisynthetic derivatives codeine

(methylmorphine) and hydrocodone (dihydrocodeinone) among many other such
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Prior publications report that analgesic potency may be improved while
reducing undesirable effects by combining an opioid with an NSAIIS or an analgesic
such as acetylsalicylic acid or acetaminophen, in such a way as to obtain a synergistic
analgesic effect allowing for a reduction in the total dose of both the NSAID and

25 analgesic. For example, U.S. patent number 4,569,937, issued to Baker gt al. on
February 11, 1986, describes a combination of oxycodone with ibuprofen in a ratio of
oxycodone/ibuprofen from 1:6 to about 1:400. U.S. patent number 4,690,927, issued to
Voss et al. on September 1, 1987, describes a combination of the NSAID diclofenac
and codeine in a weight ratio of diclofenac to codeine of about 1:1 to about 3:1. U.S.

30 patent number 5,190,947, issued to Riess et al. on March 2, 1993, describes a
diclofenac-codeine salt ({2-[2,6-dichlorophenyl)-amino]-phenyl]-acetic acid). U.S.



2 pat ent nunber 4,844,907, issued to Elger et al. on
July 4, 1989, describes a nmultiphase’ ’ tabl et combining a narcotic
anal gesiﬁotygﬁﬁgand an NSAI D phase in separate |ayers. PCT/USIS/19506 S.
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oxygen into their substrates — the oxygen rapidly degrades the enzyme. Such enzymes

are sometimes referred to as suicide enzymes. In response to the rapid (within seconds)
inactivation of cyclooxygenase, its message is transcribed, and the enzyme is rapidly

25 induced to replace that lost due to catalysis. It was noticed by several groups that
cyclooxygenase was induced to a much greated degree than necessary to replace the
Jost enzyme. Using an oligonucleotide directed to the cloned COX-1 enzyme, a second
band was identified on Northern blots under low stringency. This gene was cloned and
identified as a second COX enzyme, named COX-2, and was found to be largely absent

30 from many cells under basal conditions but rapidly induced by several cytokines and

neurotransmitters. The expression of this enzyme was found to be largely responsible



3 for the previously-observed excess COX activity in”
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i nhi bi t ors useof classic cyclpexyigeppse idibitops, all pf whichrd ablirbéquipotent £os@0OX-1
gasby oi ntes toL' %X&,n& v&hefalagre M-‘fisgl)éctgvue? \*’ﬁlllet r@gal toxicity occurs, it usually
becomes evident in patients who are already exhibit renal insufficiency (D.
Kleinknecht, Sem. Nephrol. 15: 228, 1995). By far, the most prevalent and morbid
toxicity is gastrointestinal. Even with relatively nontoxic drugs such as piroxicam, up
to 4 % of patients experience gross bleeding and ulcertaion (M.J.S. Langman et al,
25 Lancet 343: 1075, 1994). In the United States, it is estimated that some 2000 patients
' with rheumatoid arthritis and 20,000 patients with osteoarthritis die each year due to
gastrointestinal side effects related to the use of COX inhibitors. In the UK, about 30
% of the annual 4000 peptic ulcer-related deaths are attributable to COX inhibitors
(Scrip 2162, p.17). COX inhibitors cause gastrointestinal and renal toxicity due to the
30 inhibition of synthesis of homeostatic prostaglandins responsible for epithelial mucus

production and renal blood flow, respectively.



30 I nhibition of synthesis of honeostatic prostaglandi ns responsible
for epirthelial nmucus producti on and renal bl ood fl ow,
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The secon orm of cycl ooxygenase, COX-2, is rapidly and readily inducible
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20 lesions; GI bleeding, coagulation disorders including anemia, hypoprothrombinemia,

haemophelia 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
gastrointestinal epithelial prostaglandin production and a major contributor to renal
25 prostaglandin synthesis, the search for selective COX-2 inhibitors begame extremely
active. This led very quickly to the recognition that several COX inhibitors, including
nimesulide and Dup-697, which were known to cause little or no gastrointestinal
irritation, are COX-2-se1ec':tive.
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, cancer, and other disease states. Also discussed therein are compositions for
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pai n, fever, inflammtion, arthritis, cancer, and ot her disease
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anal gesic, while still providing effective pain managenent.

It is a futhamownsekanyopiidanalgesisent i nvention to provide a nethod and
pharmaceutical fornulation (nmedicanment) for effectively treating patients
in pain with an opi oi d anal gesi ¢ which achi eves prol onged and

effective pain managenent, WSUMMARYOF THE INVEENTEON ti me provides the
R o the' pat fent &t st of e RSB G Tb P dED GO § BRPg PO GRtmer et
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for the eff eendlgesici whil¢ stémrowﬂlqgafftccm\re pairt inetagembnt. augnenti ng the 25
anal gesic effect ﬂ isa fu%%r ogject oryt}?e present invention to provide a method and -
pharmaceutical formulation (medicament) for effectively treating patients in pain with
an opioid analgesic which achieves prolonged and effective pain management, while at
20 the same time provides the ‘opportunity to reduce side effects, dependence and tolerance
which the patients may experience when subjected to prolonged treatment with an
opioid.
It is yet a further object to provide a method and pharmaceutical formulation
(medicament) for the effective treatment of pain in patients by augmenting the
25 analgesic effect of a COX-2 inhibitor.
The invention is directed to the surprising synergy obtained via the
administration of an opioid analgesic together with a COX-2 inhibitor.
The present invention is related in part to analgesic pharmaceutical
compositions comprising a COX-2 inhibitor together with an opioid analgesic. The
30 opioid analgesic and COX-2 inhibitor can be administered orally, via implant,

parenterally, sublingually, rectally, topically, via inhalation, etc. In other embodiments



The invention is directed to the surprising synergy obtained via the
admi ni stration of an opioid anal gesic together with a COX-2 inhibitor.
The preswatggiizmgention is related in part to anal gesi ¢ phapranesssiesab
conpositions conprising a COX-2 inhibitor together with an opioid

anal gesic. The 30 opi oi d anal gesi ¢ and COX-2 inhi bitor can be
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o analgesic,assetf&l{hihhﬁoriaﬂé’t@ﬂ‘bélﬁgq the COX-2 inhibitor can be
adm ni stered separately fromthe opiol anal gesic, as set forth
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required ] when either drug i's used alone. By us anount s
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' certain DB TEr ABratsd B SR e En mowbemER I SURPSATe Sgnificali 1 t o
syner gi sti C rédiced. conbi nations of a COX-2 inhibitor in an anpunt

sufficient to render a therapeutic . effect together with an
opi oi d anal gesi c Ins¢rain pigferred ambedimentsgibs inventidrois dirpesedhint partrte gynergistic

whi s at -abo 2 eferabl v at |east about 10) tinmes greater
t harC{Bt hat cloﬁm%ﬁ{an@lti’s &t)%?gl&?]% glh\?é} tt%ﬁ " %nem%%uggs‘gﬁm(?‘bti 3 ir%f"éﬁﬁ?iﬁ%éag PG one,
except for cffebi gétherreithai opled &igedic, such that an an andld¥siei dfRtt Wattdined
anti-tussive doses of %dr ocodone or codeine. In certain enbodinments, 15

the syner gi SYBigh BHlsast P8R (FrdrrEblast leashatgut1Q tarasazeategythathets up to
abpuft 30- 40 ohtained with the df)éer&%gﬁfc?ﬁ}a@'esirc %’ﬁe,terﬁﬁéptg&c%h{ﬁ%ﬁ%§ g'f tilg %OQ.QS € of
opi oi d anal gesic alone. In su engodi ment’s, the synergistic

conbi nat i ongnitibig wiyh avhiatussive dosésaufhgdrocoddneioe kodente. dh certain embodimentsappar ent
one- way syneﬁ?g]}é;', meani glg that the dose of COX-2 inhibitor syner_gi stically
pot dAt i at es RHLYHETEECCOpPingtion pRYidetrnanalegeis effectyrhich is up 4 akows 8048 oi d

anal gesi ¢ dQRgesRt t obt ol g@% : t the effect
of the COX-2 i n%bﬁt‘%gtrlén tﬁ ocea?{t} g?ﬁ{h tﬁ@déée%lof’ fo e %f‘?ﬂ%‘ﬂoﬁg h‘l?%%hcorrbi nation
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t he conbi nat,j on i

O ol R ALY P GRS B
i nhibitor  potentiates the cBf@ét of R PRIi@hshigHIR] BRAThEddss of bpiBid dMalgeliBosammge of
opi oi d anal gesi ¢ woul d be sub-
20 appear to significantly potentiate the effect of the COX-2 inhibitor. In certain
embodiments, the combination is administered in a single dosage form. In other
embodiments, the combination is administered separately, preferably concorhitantly. In
certain preferred embodiments, the synergism exhibited between the COX-2 inhibitor
and the opioid analgesic is such that the dosage of opioid analgesic would be sub-
25 therapeutic if administered without the dosage of COX-2 inhibitor. In other preferred
embodiments, the present invention relates to a pharmaceutical composition comprising
an analgesically effective dose of an opioid analgesic together with a dose of a COX-2
inhibitor effective to augment the analgesic effect of the opioid analgesic.
Although certain embodiments of the inventioL are directed to synergistic
30 combinations of a COX-2 inhibitor together with an opioid analgesic, where there is an

apparent “one-way synergism”, it is believed that in actuality these combinations



25 t herapeutic if adm nistered wthout the dosage of COX-2 inhibitor.

In other preferred enbodi nermts, the present invention relates
to a phaggaceut i cal conposition conprising an_anal gesical ly
ef fecti v&%948"8f an opi oi d anal gesic together with a dosBCOfUSI/BEE

i nhibitor effective to augnent the anal gesic effect of the opioid
anal gesi c. Al t hough certain enbodi nents of the

i nvention areghidlit t06@E shRersiiMCMBiriag hatfle COX-2 intiRIFRIpBREHQESHO Eidt GOX- 2
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t he opioid ' : afé@?f‘c Lohhbitor (nmeaning that the opioid
general ly di sph%e;ﬂt&ragmt% rrué%tbg ater relative anal gesic potency). 10
I n aertain pref elneetamineftirred einboditteeats] the émiehtioh is direitedwtiphamiseutical
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al | yl pr odi nexn opioid analgesic selattpd fpmatic gepp aomsisting df aiéntdndnaisiprodipsi ne,

bezi tram de, ,hupr enor phj n ut orphanol ,, 15 . cl oni tazene, cycl| azoci ne,
desonor phi nealpqﬁg’if’ﬁ’r’ﬁn%}dﬁﬂ?@@ CB@Q TRkine, Bﬁzgﬁaﬁ‘?‘g?ﬁbé}@{emm ine, u.torp Ol,
di angr phone, ci¢Hifayehe 05RA2bdHo, dENobRBHARD Bkt dMorardliddERISAAL tianthdRRABE P anol ,

di met hyl t hi anbut ene, "di oxaphetyl butyrate, dipi panone, eptazocine,
et hohept azi rddamorphone, dihydrocaseing| dﬁhyglrynmmhawbdﬁtmexadet, dinhapbepsanalie,

etoni tazene f.en |, . heroi.n I r phne . hydr oxypet hi di ne,
i somet hadon e‘{’mﬁ%‘?'a@b/‘m W5 ,‘hol’x@?}é&lg‘fr%ﬁ%n %%fﬁé‘{}%r}ep FRipRoCIney eé\‘%‘ﬁﬂtéﬂxg’z 0

acyl nor phan, ethydinethlyRiiambuteRy) efhly BhdiphineREindGardne fentdB1, HéRH, RodronRipheeNe,

met opon, _or phi ne, nyrophine, nal buphi ne, narcei ne,

ni conor phi ndydreypethidinshiserethadone, ketobemidongJeyallormbanilevorphanek fsrvpphen-

nor ngr phi ne, aCQHﬁﬁl&%?%?&tanﬁmn%@ricﬁ)ﬁg ﬁl%gt%ﬁol, metazocine, methadone, metopon,

morphine, myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol,
normethadone, nalorphine, normorphine, norpipanone, opium, oxycodone,
oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan, phenazocine,
phenoperidine, piminodine, piritramide, propheptazine, promedol, properidine,

25 propiram, propoxyphene, sufentanil, tilidine, tramadol, salts thereof, complexes thereof;
mixtures of any of the foregoing, mixed mu-agonists/antagonists, mu-antagonist com-
binations, salts or complexes thereof, and the like. In certain preferred embodiments,
the opioid analgesic is a mu or kappa opioid agonist. In certain preferred embodiments,
the invention is directed to pharmaceutical formulations comprising a COX-2 inhibitor

30 in an amount sufficient to render a therapeutic effect together with a therapeutically

effective or sub-therapeutic amount of an opioid analgesic selected from the group



oxynor phone, papaveretum pentazoci ne, phenadoxone, phenonorphan,
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In certain preferred embodiments, the dose of opioid analgesic would be sub-

therapeutic if administered without the dose of COX-2 inhibitor. In other preferred
25 embodiments, the dose of opioid analgesic is effective to provide analgesia alone, but
the dose of opioid provides at least a five-fold greater analgesic effect than typically
obtained with that dose of opioid alone.
The invention further relates to the use of a pharmaceutical combination of a
COX-2 inhibitor together with an opioid analgesic to provide effective pain
30 management in humans.

The invention further relates to the use of a COX-2 inhibitor in the manufacture



25 enbodi nents, the dose of opioid analgesic is effective to provide

anal gesi a al one, but t he dose of opioid provides at lLeast a

five-fold greater anal gesic effect than typically obtained with
that dosW®118@%i d al one. The invent i BRTUSPHHSI6 r el at es
to the use of a pharmaceutical conbination of a COX- 2 i nhibitor

together with an opioid analgesic to provide effective pain 30
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9 for the treatment affpaim. phar maceut i cal preparati on containing a COX-2
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opi oi d anal ¢hesppeutiTpmo@mf 2n ppipidisnalgesic and béminitdring sneflectivesimuet of
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anal gesic effects). In other words, according to the method of the present

i nventi on, ith, or after administratipn of the ppisidcanalagsieds detigras thesdasing imeeabof théni bi t or

need not be(‘?gﬁj L& | .. Sa gsage, form or,_ even by the
sane route of a mhﬁq;og{;fogﬁe%l%}ﬁt‘gg’ %‘%goscl)n %’f"%"%ﬁgﬂ‘@@g&&@ analgesic (orits Rat her,

the met hod ismalgesieeffeets).t In dthee vaiids) hécordife BYHERBIHSH bE thrpekdsent iavkhiibh ig
benefits ed in humans, when anal gte)si cally effective

. obt ai n¢ i 1 !
| evel s of aﬁeﬁﬁpéfﬁemﬂgﬁgmﬁf’%%cox‘z inhibitor ne g admimistered indhe o 4
humgg, and, ' ' i . . . OPLOLd -
anal gesi o or ok Bl R Ly b R Bk B0l 8L sk MRPRAASIE. oo
of COX-2 20 Rather, the methoBiis directed tathg seuptising syrengiktireamidfor eddides bafefitshe opi oi d
anal gesic is,admnnistered.,|f the, . X-2 is .adm ni stered prior
to the adm PSP B vhe plEsrieelly effegie Ieyga? pf WP@@MS@&"W
that the dospgRadminftydd af}ﬂﬁaahmd,tlsﬁﬁr% Hﬂ&u&é‘?ﬁé §Bagd inferval bpigl the

anal gesic effect . over at least a portion of the dosade iInterval
of the opi oiaalges¢ gewhile thehumar is gxpericnsing gnalgesia, an effective amount of COX-2
20 inhibitor to augment the analgesic effect of the opioid analgesic is administered. If the

COX-2'is administered prior to the administration of the opioid analgesic, it is preferred
that the dosage intervals for the two drugs overlap, i.e., such that the analgesic effect
over at least a portion of the dosage interval of the opioid analgesic is at least partly
attributable to the COX-2 inhibitor,

25 In an additional method of the invention, the surprising synergistic and/or
additive benefits obtained in humans are achieved when analgesically effective levels
of a COX-2 inhibitor have been administered to a human, and, during the dosage
interval for the COX-2 inhibitor or while the human is experiencing analgesia by virtue
of the administration of a COX-2 inhibitor, an effective amount of an opioid analgesic

30 to augment the analgesic effect of the COX-2 inhibitor is administered.

In a further embodiment of the present invention, the invention comprises an

10



attributable to the COX-2 inhibitor. 25 I n an addi ti onal
met hod-of the invention, the surprising synergistic and/or
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effective levels of a COX-2 inhibitor have been adm nistered to
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of the admi woraselid desageform comprising am pislgesicallneffastiveanowns ofamopividof an

opi oi d anal gesi c.30 .+ 10 augnept anal.gesi ¢ effect. of the X- 2
i nhi bi t or i%"%&?ﬁ‘%?%f‘é?re‘ﬁ‘.‘h%“’g" refa cot2 bbby o PhagmesratoallyAEERRRNR  of
the present shipiRRdof Mhichtalgmemty GetefRM STIRPSPi6id anMPesic. , ,
10 ) oral solid dosage form conprising an anal gesically
ef fective ampunt Qutionallyshedirg] solid dosage formzinelndps gisystainefbretease cantdr whiclanount

of a.COX-2 inhihitor or | I Pt P .sal 1.t her eof
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over coat ed Wy Ari hs LEIGRSE : | IS '
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- . t
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conpmsi t i onsingnddise pdlerge lager. COX- 2 i nhi bitors and opioid drugs set forth

herein are . ' X
In many preferred embodiments of the invention, the pharmaceutical

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

administered orally. Such oral dosage forms may contain one or both of the drugs in

immediate or sustained release form. For ease of administration, it is preferred that the
25 oral dosage form contains both drugs. The oral dosage forms may be in the form of

tablets, troches, lozenges, aqueous or oily suspehsions, dispersible powders or granules,

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

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

set forth herein may alternatively be in the form of microparticles (e.g., microcapsules,

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

or other implantable dosage forms known to those skilled in the art of pharmaceutical

i1



adm nistered orally. Such oral dosage fornms may contain one or both of the
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"effective pain nanagenent” neans for purposes of the present

i nvention as t heTobjeswt effective phin managenasnt zméeamsdor pyeosesnf'tke presspbnse (pain

experienced.15 . ver sus si.de. ef f.ects) to anal gesic ireat nent a
WEpfign g3 FFAINE e SioR or % hihan Gyt AiSinSe R FTPRRRSHY

physi cian a

trea§ ment byeishesidadffts) tdiaRedio (BAmBHCEY 4 pHy8iciat well @@ subjective =~ skilled
artisan will understand that effective analgesia wl| varépaccordl ng to
many evaluationof therapeutiesatiaen yy ithrnatipetvmtergeipg sueh eabment; The .

The term " oRi LG | 5 of ept
I nvention agk @59a&1@§1 Qﬁﬂ@e ﬁgqﬁﬁkﬂ%gvggéaé&g %Bﬁ]ﬁ%o ac%ﬁglrg%%ﬁ?i cally
accept abl e dadtdrsdncladinp irdividund patizht variations. The term " COX- 2
inhibitor” is defjned for, purposes, of the tgr esent ipvention,as

the drug in its BR8EmoPRioidpnaleesnis detinad ERPYsen o PSP ‘%"éﬂi‘_”b‘?s conpl ex
thengof . the dru% in its base form, or' ahﬁﬁ&éhﬁ@a‘ﬁ?ta@é%?agle[sﬁ%3?§<ﬁ’ﬁplh§ﬂ{é?éco£ned for

pur poses of the present I nvention as el ease of the drug
(opi oi d anal gesi dhe tarmtiGO¥E-2tinkibisat&risrdéfinfed fonpuagosespfabe prassnt mvention as

the drug in its base form, or a pharmaceutically acceptable salt or complex thereof .

The term "sustained release” is defined for purposes of the present invention as
the release of the drug (opioid analgesic) from the transdermal formulation at such a
25 rate that blood (e.g., plasma) concentrations (levels) are maintained within the
therapeutic range (above the minimum effective analgesic concentration or “MEAC”)
but below toxic levels over a period of time of about 12 hours or longer.
The term "steady state" means that the blood plasma concentration curve for a
given drug has been substantially repeated from dose to dose.
30 The term “minimum effective analgesic concentration™ is defined for purposes

of this invention as the minimum effective therapeutic blood plasma level of the drug at

12



25 rate that blood (e.g., plasma) concentrations (levels) are’

mai ntai ned within the t herapeutic range (above the mi ni mum

ef f ecti vevansligemi c concentration or "MEAC') b wcTIgES98Mo416Xi C

| evel s over a period of tinme of about 12 hours or |onger.

The term "steady state” means that the blood plasnma concentration curve for

a |ve dru has bee hstagntially repeated from dose to dose.
30 it &1 at legy ﬁﬁﬁﬁﬁ ‘fegé%i‘ BUven Ratiang s vall oe well woderstoed” i s

defined for ective

t her apeutic %tg%%gﬁglse%n tlhg\l/nee IChcgl Q’Eﬁ%%%h@%/s%%ﬂéﬁ?xs%g}ﬁ?&ﬂﬁéﬁbﬂﬁﬁ EJCL

12 individual vanaWnsmtayaacmlxrmmngspanmmal nrelief is achieved in a
given patient. It will be well understood by those skilled in
the nedical art that pain measurement is hi ghly subj ectlve and -gr eat

I ndi visdual variations may occur px PHIES

DETAI LED DESCRI PTI ON inhi bi tors whi'ch are
useful in the presetCOR2dnhibisers whidh anevssful in the present inwntibh svill have

ti-infl A A L dt
Conventi onal i epERbERERNE PR e Rap e R e cABMER on wi ||

./

i nhi bi t convenuonéquroﬁla&emwqﬁﬁ@ﬁldﬂhﬁﬁb@&k&é&%ﬁ%@addm% widinh@ue potenti al
anti-cancer effects, but will 10 have a dimnished ability to

i nduce sone diomhee~rrdu¢¢dmtesmebastmngmmdéwcemtmal anti-cancer effects, bysawitli cul ar,
such X-2 | Lt.orsS. v otenil t roi.nt esti nal
t oxi cf&?y a ;“;aggcéigm%sﬁgg%&ﬂﬂ?m%u?ee% S?hlaalé 353‘9?8%32 §-dPfect on
bl eedi ng ti megarticular, such cox-amxmtdrmemqﬁvab kdduted ﬁd@edtxﬁﬂfb? Sastidiednall t acks
in aspirin-sensjtive asthmatic subjects COX-2 ‘i nhi bitors have

been repor t edtoXity.aedyced H‘Pfﬂmiﬁﬁfﬂf Tenad ﬁ*idé gffecss, puedugedeffest en bigeding times k nown
to produce I il iLdsfedGbify fd RAEIERAR Sirkis FO LRI BRASRSe gium&?c RLRRARN

i nvention, the term tor |ch

woul d COX-2 inhibfteshati bech repuittet iid 1he Yrtaad inand yhéxmdal\&ﬁ-uahrepafef erably
have at |east, 9-fold reaﬁﬁ{b,. specificity for COX-2 over COX-1
ei t het® in-vi tifovede P itipn of cyclooxygenased. For purposes °fthﬁ\9§'§?nteﬁent s) o

b (as dﬁt’&]tmqﬁgm “_@OX-@YI_!}@&Q'_’ MﬁHécﬁ@t%esent rnven gn and are

inhibitors will be useful in conjunction wt
consi der ed t gpossess COX-2 mhlbi@rsemiyitpas&wﬂicby)rdfemblamawatéehsw-ﬁmlmgreater

demonst rat e PO (7 SCPd0v e GPRT P i ndguteremingd 6B BERCR0 10

measurements) or in-vivo (as determined, e.g., by ED50 measurements). Such COX-2

20 inhibitors will be useful in conjunction with the present invention and are considered to
be encompassed by the appended claims. Preferably, the COX-2 inhibitors used in the
present invention demonstrate an in-vitro IC50 and/or in-vive ED50 ratio for COX-1 to
COX-2 of approximately 20-fold or greater, more preferably 100-fold or greater, or
most preferably in certain embodiments 1000-fold or greater.

25 Certain preferred COX-2 inhibitors include celecoxib (SC-58635), DUP-697,
flosulide (CGP-28238), meloxicam, 6-methoxy-2 naphthylacetic acid (6-MNA), Vioxx
{MK-966), nabumetone (prodrug for 6~MNA), nimesulide, NS-398, SC-5766, SC-
58215, T-614; or combinations thereof.

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

30 These include meloxicam (commercially available in the U.K. as of 1996 from

Boerhinger-Ingelheim); nimesulide (launched in 1985 in Europe from Hesinn);
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COX-2 of approximately 20-fold or greater, nore preferably 100-fold or

greater, or nost preferably-in certain enbodi nents 1000-fold or
greater. 25 Certain preferred COX-2 inhibjto i ncl ude
cel ecoxiB‘%(%G?'é%m 5), DUP-697, flosul i de (C@@@%&%ﬁ?“‘

mel oxi cam 6- net hoxy-2 naphthyl acetic acid (6-MNA), Vioxx

(MK-966), nabunetone (prodrug for 6-MNA), ninesulide, NS-398, SC 5766, SC
58215, T- 6141'ab\ﬁﬁet6ﬂ=!7%|-' VA BRGHREESite) (commercially available as RERBHM ftfe @
nunber of COX-2 inhibitors in develo mgrgt as of }r'rid-lla958. 30 e These

i ncl ude el &b danelecesimBE a3 )N afilingbxSearle estiamatkddn Septenibed t998);f r om
ogcT 1 noer- gl ik es, 483 0 F iRy B el Gumipted in Sovapier fag B oo 1

(commer ci al |1B6RChitoablescenin Mabef inAbEUIK.), 6 14 T oyama; in Phase Il il/Jsbah-ang €l €COXi b
(SC-58635) (INDA fili ng by Searle estimated in Septenber 1998); )
Vi ox® ( MK- 9dthasq linthes) Mmsmm%(mmmmﬁmﬂ@ma. Novenber 1998)

D 1 . ' [ Qo l in.the U K ) .T-614 (Toyans;
in Phase Il in Jﬁﬁﬁlna“%‘%{"g%ﬁ £ 9594 fhelt rfs‘g"u“ﬁg?ﬁg“’%‘.%’)°?“ e A
(Monsant o; iRheBRimatsdody, talecoRi® s Demonstrated to be efficacious in patidtsdnd@evoidlbs cussed
at the 1996 annuyal neeting _of .the Anerjican Coll ege o :

meet, f
Rheunat ol ogy82sEunissial fdqetlectrdnpamamnal yokugteers (Baipli7s 2cPookeri 1996ap-iléht s and
devoi d of S | ' . S .ef f " al unt eer
(S\ér: p 2175,In§%1d1 s%%%%@ﬁ‘%@s‘%%.ﬁtzﬁg@"&g Q@eﬁéd c%i;etcg’fltr)l’ﬂlsog}u esqur#lé’;or mal >
vol unt eer s, tdRB asialp erataproxers er plackbogfor onsivkek. 10 thetgleosxiB @fbupParkD

twi ce a day, or naproxen, o% %a ebo, for one week. |In the cel ecoxib groups
and subjects who Legelved RIFCrRos Hietrapierp ng gat9intestias! S1gRs pesyFRptoms,

gastr oi nt estyadas i BB HafoxYERER B % of sub;ects ex eriemrgggéoi}x@smgsigﬁs%gx en

group, 20 % of subjects experienced gastrolntestinal® signs an
synpt ons. Fuymiptoms. iFurthen; ineriormall wolindesrs celeaixitcaxsdd maltsmtdomonpldteletat i ons i n

pl at el et . function. | study i.n patients, 293 tient W th
osteoarthri fpaction.. In %é‘&dwpé‘@m@??@e“%g w“:?‘ ostepgythrifig secpiyed 8&3%8” , or

pl aggbo twi GRg,d00ag, bE2OC B, SMPRIcEho RAEEL Y B FiRAMERE Celecoxib reducedSY TPt ONB
significantly, and droE-out rates in the higher dose cel coxib groups were

| over than fSymPIREsEBticanty. aaf deopnut mates o tihehighed dasetdelcoxibgroupsdiened

celecoxib 1 Dt . r 4 . or placebo. t.w-ce a day for
four weeks. qgg I n p%){ Pleaﬁ?bso ’ v]\ﬁl%nqgvvﬂg rhe%mato%%rgﬁgxgé?c[eﬁlf ?f ?‘%?"’%Wt%% scores
wer e i npr ovedointg, patdEmgsorptaebo/iwite £ 8dyefofiub week¥D Alsafl patints with t 0- pl acebo,
and drop-out rates_were |lower in patients_ taking celecoxib.

COX- 2 i nhi biSEPEUMHEFeSYTRIM seqsey Ve improverbinpatientnreceiving celsenni egmpared,ict ur es

are a9 to placebo, and drop-out rates were lower in patients taking celecoxib.

COX-2 inhibitors have been reported in the art and many chemical structures are
known to produce inhibition of cyclooxygenase-2.
COX-2 inhibitors are described in U.S. Patent Nos. 5,616,601; 5,604,260;

5,593,994; 5,550,142; 5,536,752, 5,521,213, 5,639,780; 5,604,253; 5,552,422;

25 5,510,368; 5,436,265; 5,409,944; and 5,130,311, all of which are incorporated by
reference. Many COX-2 inhibitors may be described chemically as aryl sulfonamides.
Indeed, both celecoxib and Vioxx, which are considered to be “super-selective”, are
aryl sulfonamides, and more specifically, benzenesulfonamides. These compounds will
be useful in the methods and compositions of the present invention. However, one

30 skilled in the art will appreciate that many additional COX-2 inhibitors have been

identified in the art and would be useful in conjunction with the methods and
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known to produce inhibition of cycl ooxygenase-2. COX- 2
I nhibitors are described in U S. Patent Nos. 5,616, 601; 5,604, 260;
5, 593, 9%ip 99113980, 142; 5,536, 752; 5,521, 213; 5, 639, 780; 5,PUSHBE9ISI6

5,552, 422; 25 5,510, 368; 5, 436, 265; 5, 409, 944; and 5, 130,311, all of
whi ch are incorporated by reference. Many COX-2 inhibitors may
be described chepjcally as aryl sul fonam des. | ndeed, both

cel ecoxi b affRMRASHICRS OLKE PFFSEteVEBR™ dered to be "super-sel ective", are

aryl sul fonam d A : : t@g@ ' :These
conmpounds wi | | eﬁe%%fw&%rgagtg%?urﬁﬁihéfysth #é%néﬁqg%géan g%‘%%ﬁ‘t;i ons of the
present i nvprobleoratic Hecvansesthesedl(@X Bthibitors are shicide enzyirmest Maus mheniahdlyzedpr eci at e
t hat many addit.ional COX-.2 inhibjtor ave been ] identified in
the art andMWiPYiERa3eeMHA fdgﬁ Vble}ﬁ mﬁe 408 OYsTiine: HoT His FaRAD aﬁﬁw}ﬂeg

14 5 IC50’s for commof @R iHitiRRShRE bhdErePoRAGE Eﬁh@é’%ih%%& more than

The use of structure-activity relationships 1 n evaluating inhibitors is
probl emat i ¢ tweodesef magsitnde®om lahodatorytoslaboratosui Thid enakeviy dficulfous, when

anal yzed i LRA,Vi1ro.assay, t | C50, val ue wi |l chapge over
time. For tﬁ?’gpfff%%oVﬁP“eg{i]fb‘lF@%‘hle‘aLg’"mn °%¥ameld§?5“ §ng ’8%“6?9%’?9#@()&“? i bitors
have been r eppt-beschiBiRiol sbwided Yr@ﬁ%nﬂﬁxeﬁéb%fo?yk@&nfor example D.E. GM&vdMd ders of
magni tude from [ aboratory to | aboratory. This makes it difficult to

conpar e t he andJ.LeAflgns, B4 Res. Riev.0i6t i 184-206). al st isipoeferahls thatlydeat ory to the
val for . -2 1nhibition.obtained from another | ratory.
(Sei(,? for eSW¥re CQ)E%E%% |c8mpare9he1r refa%v%ﬁ%te'fwl_sf °°R3§H§?nsl\9élgy%ﬁ8§& Rev.
16: 181- 206)sing bdsbits frbmitke RfRfaCHRN AN atiieAmbYime. When GdinigretigusdX
inhibitors to conpare their relative potencies, conparisons only be nade

usi ng resul Bsneratedraty it ispraterablestayakedstacndy Eamdiststaf sevszalsompondsiwén usi ng
previ ously : t dat.a i 1s preferabl ake.data only
fromlists (1)1 ve been ,ggﬁlef%‘gff%%‘% O%&g%%ttﬁat tﬁe tetatRE poteﬁ%gs 1%@’6‘ %n&ﬁg 3y mgje%f

Seve e enerated by one
group so t hJablelebeldl piovides Rpieeeitathe daR)foPRpfteéntitive NSAIDs and certain ~ Table 1
bel ow provi des representative data for representative NSAIDs and certain 15

COXJ2 i nhi biGQ¥-2dBhbberfampounds. dbe data v tsee roliester Stomanymben o dHfRMEr  of
di fferent sources, \zlx\?]d w%r%(alf&s%& FomPRIiI L BbGARRE ufsﬁlg BbAkdsich lepBiPbAt Or i es,
I C t on SeveFal conp

usi ng references repor ounds Tn the sane
paper, and skverdl compbarids infthe aathdipdperrand whichtdontainydata that are relativelyonpat i bl e to

data obtained fr certai n,ot({}gr Iabora%gri s (i,.e,, vm',&hi n a reasonabl e
range of varPBPF ?t‘?/\ﬁsat‘%obctﬂﬁe R Fertaim gt blafwatonp%@awg _f”r%‘fﬁ"?:ﬂ“f’?xgr ent
| aboraties Gafke\W@¥rifon, with the ulBerbi@ndihg B&t RESIR ForPbifftRAN abbidGed b vagent s
that act as suicide enzynes). It should be

20 up to three orders of magnitude for agents that act as suicide enzymes). It should be

kept in mind that most of the values reported in Table 1 are from in-vitro assays (except
where potency is reported as mg/kg). The literature confirms that ratios of COX-
1/COX-2 potency are generally kept in-vivo, but this is not always true. For example,
indomethacin is always COX-1-selective in-vitro and in-vivo, but naproxen, which is

25 COX-1-selective in-vitro, is often (but not always) COX-2-selective in-vivo. In part,
this is due to the highly artificial in-vitro assay conditions used. The first two structural
series were recognized as COX inhibitors that exhibited remarkably little ulcerogenic
activity. These early compounds included the aryl sulfonamides nimesulide, NS-398,
and CGP 23238 and the 1,2-diarylheterocycles Dup-697 and SC-58125. Griswold and

30 Adams describe structure activity relationships in some detail (Med. Res. Rev. 16: 282-
206, 1996).
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kept in mnd that nost of the values reported in Table 1 are fromin-vitro
assays (except where potency is reported as ngtkg). ‘The

literat U{V%‘ggﬂ?%:l)r ns that ratios of COX- I /CO)&@%SZI%% are
y Kep ,

gener al | in-vivo, but this is not always true. For ‘€

I ndonet hacin is always COX-1-selective in-vitro and in-vivo, but naproxen,
which is 25 COX- 1-selective in-vitro, is often (but not always)
COX- 2-sel ective in-vivo. In part, this is due to the highly

artificial in.yitro assay conditions used. The first two structural
series wer eﬂ?i‘o‘gn?“i@&”%" st fvslopxyaenaseinhibiterpior COXJradiGen-y little

ul cer ogeM T Dng actooxA Ly These MWe aryl
sul fonam des ni mesul i de, Ngs388. cso.uv @Nd CGP 23238 and the
1, 2-di armmmﬁ—e—rwmw 36 T Adans

descPibe strycture activi t¥4meét ati onshi r!%mm some det ad.i6 (Med. Res. Rev.
16: 282- ﬁ‘i{,‘ﬁ: 206, 1$36). 725 0.36 -t

£ 72.8 .. 0,067 i
15 92 Table 1. i1el ectivity obssel ect eds
cycl,goxygenad® rhhi bitors fd8 COX-1 and Gdk-2 017 2 Dr ug
oY co%éz 5 oox-1uoofg2 b Ref
| C50, [err] MD'If IC5(!)}62[err]M g!: o‘f)é?p‘lrln :
hclotenac A N 5
1. 67 278% 208 0. 004 o s 1 5
32. 451yl kg 148 ny/ kg 1.0s 0. o m
Salicylate ) P 0.012 72515 c
0. 36 fndomettacin 4 135 | bup?’:gbf en <%.:)ll3 21 85
72. %0 0. (39@0721‘8 0.00891 0.15 ¢
. 0.67 mg/k 33
9.2 S-ketoprofen 1§' 3?! OTag/ * 0.5 0,61 r: n
Napr oxen Tenidap d398 473 28. hos £
0.17 Piroxicam g5 1) 17.7 > 500 <0.035 Oa 6
: 147 me/kg 0.76me/ke 14 m
2.072s Meloxicam 0. 3327 45 13 k
6.6 3.297 mgikg 0.12 mg/kg 1.7 20 m C
Ni lid 70 1.27 55 b
15.6 mesiice 289.2 0.52 0.56 177 B .n
NS-398 > 100 0.1 > 1000 g
30 75 - L7 42 b
16.8 0.1 168 N
6-MNA 64 94 0.7 A
240 35 7 . H
278 187 1.5 4
35 CGP 28238 (flosulide) 723 0.015 5000 .
SC-58125 > 100 0.09 > 1100 j
38.7 027 143
Celecoxib . 15 0.04 375 o
(SC-58635)
40 Vioxx 369 1.5 246 n
(L 745,337 .
Dup-697 0.8 0.01 80 d

a O. Laneuville et al, J. Pharmacol. Exp. Ther. 271: 927, 1994

b J. Barnett et al Biochim. Biophys. Acta 1209: 130, 1994
45 ¢J. R. Vane and R. M. Botting. Inflamm. Res. 44: 1, 1995

d L. K. Gierse et al, Biochem. J. 305: 479, 1995

e T. Klein et al, Biochem. Pharmacol. 48: 1605, 1994

f B. Battistini et al, Drug News Perspect, 7: 501, 1994

g R. A, Copeland et al, Proc.. Natl. Acad, Sci. USA 91: 11202, 1994
50 h E.A. Mead et al, J. Biol. Chem. 268: 6610, 1993

i P. Patrignani et al, J. Pharmacol. Exp. Ther. 271: 1705, 1994

§ P. Isakson, et al, Adv. Prost. Throm. Res. 23: 49, 1995

k M. Pairet, et al Inflamm. Res. 47: 270-276, 1998

1J. A. Mitchell et al Proc. Natl, Acad. Sci. USA 90: 11693-11697, 1994
55 mG. Engelhardt et al Inflamm. Res. 44:423-433, 1995

nP. Patrignani et al J Phys Pharmacol. 48: 623-631, 1997

oTD Penning et al J Med Chem 40:1347-1365, 1997
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0. 11 Fog example, as reported by Famaey JP, Inflamm Res 1997 Nov;46(11):437«

> 1000 446, nimesulide, a sS8fdhhnilide compound with@nti-inflammatory properti .

0.0015 *2870089 P IR gory properties, e 20

2.35 ng/ kg possessed a pharmgobgical)piofile suggesting that it might b8 a3elective inhibitor of m

S ket obr of .. 0.11 . .
0 6? OPTOTENeox.2, In several in vitro assays usipg githes purified COX‘gand%ox'l_ P’GP??Qﬁm‘S
‘11; g’ 5 or cell prf:paratioQ:r,> @8%1 from animal and huntan ong1<nos) 61?5859118 C&.rl%'@aa 0

1.07 ng/ kg 2,ten out of eleverDdifférentygrieyps demonstrated that nimesulidé selectively inhibits m 25
Vel oxicam  cox.a, The COX-2/CORE{ inhibitory rati dto Viry, Accord;
13 -2, The - -1 inhibitory ratio was reported to vary, according $o ®§/ kg

(73-012 O/ K9  assay preparation, ffogl?a%gut 0.76 t0 0.0004 i.e. a '8 to %,ng—fold higher sel‘é'cﬁﬁ%ul i de

9.2 for COX-2 than fogCEX-1. Further, an in-vivo whole tlgod/ assay performedon n

NS- 398 > 10(2r .. . 9’(}13 . .

100010 healthy v%lugﬁers demonstrated a significant fall in COX-2 2 production \yghout
%67573 any effect on C0X412TXB2 production (subjcts treated w%tlé nimesulide 00 mg b.i. ﬁ

6- IVNA for 2 weeks} versus n@qffect on COX-2 PGE2 and an almosgtptal suppression of COX-

g 57 1 TXBﬁn subJects/. treated with aspirin (300 e t.i.d. for 2 weeks). N1mesu1%égan

278 thus be consideredbélatively selecnve COX-2 inhibitor. |At'the recommended dosage 35
CGP 28238 (flosulide), 72. 0. 015

500015 of 100 mgb.i.d,, it is as effective an g)@lggggggd anti-inflammatory agent as.claggigal

g 803 NSAIDs, and a v%bll%%paxed drug with few side-effects i%grdmg to large-scale open

Cel ecoxi b studies and a global evaliiftion of a large number of controlled 8dld non-controlled

375 0 . (SC. 58635) 40 Vi 0xx
369 comparative trials. 1.5 246 n

(L 745.337) A non-hmmn% 4518 Bi0id analgesic drugs which maﬁb&txlxzed in the

0.01 ' d 0. Laneuville

et akg J. Pharesent ddventiominciidealfenganil; alyditrodis@ Sdphaprodine, amlendme, hgnayl- Bar net t

et al Biochim 1209: ,130 R. Vane and
R M Bot t1 ndoried B bupfemoiphiEguorphano! tlonitazene, gpdgind g Telafieine

al, Bi ochem désom%ggunéla&trola%émde dezocine, dlampr@mfﬁe, dthRbiphse, aihydﬁ'- oc hem

Phar macol . 48: 16 il f B. Battistini et al, Drug News

Per spect . 7: celine, dibgdromorphine, dimenoxadgl, rdxmﬁphem@p@l dimethyithiagmbutepe,c . Nat | .

oo Scu: o BhgiiepdRiShe, SR, opangine pplafte, A kden .

Exp. 25her . 2%thylnotPhine Jéddiitazene fentany!, herom,JhyH}'ocd)db@KS@ldronﬁirpbdne, WdvoxyPr ost .
Throm Res. 23: 49, 1995 Pairet, et al Infla Res. 47:
270-276, 199@ethidine, isomethadone; kefobemidqpe bﬁ@lqrplem lgvorphanol, leyephenaglay  sci

USA 90: 1 169%1&61@%?&0&':1?3%‘41, mepc_:ndme, meptazinol, metazocine, methadone, metopon,

morphine, myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol,

normethadone, nalorphine, normorphine, norpipanone, opium, oxycodone,
30 oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan, phenazocine,

phenoperidine, piminodine, piritramide, propheptazine, promedol, properidine,
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16 WO 99/13799 For exanple, as reported bypgg{lyg R151
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purified Comﬁtmmbf@@xoiﬂprfapmlag,lmsd ﬁlu-agomsts/amagmasts, m—e@agcanstoom- (both

fromani mal and. human ori Xpressi X~ 1 ten
out of el eveﬁ"ﬁﬂqnf’efaétﬁto '@&‘Eﬂﬁé‘ ?gﬁfdﬁ ggeel%gt H&feffﬁ'mfﬁfﬁeéé“’s"&%msvm y

i nhibits the opioid a.r&@gﬂ@ls i o efpd bpfel dgohidli 1RIal@Hi¥ndl phédferatas reported to
vary, according to assay preparation, fromabout 0.76 to
0.00% i.e. anhod&ncms zhmld@naigw@hersels@ive&pm agynist. for COX-2 °
than for COX-1. FRurt

heal thy vol unt eer® g ??BREE? etdeeg’\q’?&'é'ﬁ‘eélﬁ h\ecog?ﬁ‘??‘?&se%’iacﬁs %?;%rﬁéﬁo%?%duct i on
wi t hout hydromorph@x[hy hﬁfr&ﬁﬁbné? Bx§&fode, I?ﬁ?ﬁro@é&%&ﬂih?&oﬁﬁ%ﬂlﬂ}t s treated

with ninmesulide 00 ng weeks) versus no effect on
COX- 2 PGE2 adl@marphanmhlm ahmg@qimmrﬂwnesal@@@reo or mixtures thergofrxB2 i n

subj ects treated d | can
t hus be consi dere m%ﬁpb | vgl0 l(l% érvaga%gz grre?%ﬁe{%’?t ormﬂ%dwEiﬁ(!‘bjé&‘il o
recoforended dRsmGeidé 2 combinaticf ofibCEI)XQZ iBhibitor or a ;thanﬁaoaﬁncﬁﬂj' ecdeptableaalt

anal gesic and anti-inflamuatory, agent as cl assi cal E&AI Ds, and

a wel | -t ol er theeaf and ap qmqmaaaéwsaoaémﬁ@lca@caﬁcm@eﬁfﬁt thsregk- dB%1 e open
studi es and @ocf%lﬂg?dn p?&@)lab'l?'g*&@d&f ts?eér@fsﬁ@o{éf"&@tradg tive QL& Gh ﬁ'ﬁlg@&g

non-control |l e
non-|i m tingdbdages. of opioid anal gesi c drugs which may be utilized in the 20

present invention_incl de al f nil,. all Ipr | I ne

ani | eri dine, benz?Ps“‘ge Tevels 5t COX- gl‘ﬁ;\“mﬂrﬁé 8 tolrtl g’ﬁf’b‘ﬁ"’“%gwgﬂgr%ﬁt?%é
but ogphanol , 1@69% fI4Fam SOSHAY Woight per d’a?y%éﬁ@papeuucall effectxveﬂxesom)r phi ne,
dext romor am de e200| ne, di anproni dé, di anorphone, dr o-

codei ne, di hycmbmnnqntwnﬂean afiioid aoalgesid. Al@hnmmle'p&mubo 25 mgfétahwtﬂfﬁ pSFbut ene,
patient per day of a COX-2 inhibitor is administered in combination with an opioid

analgesic. For example, inflammation may be effectively treated by the administration
of from about 0.005 to 50 mg of the COX-2 inhibitor per kilogram of body weight per
20 day, or alternatively about 0.25 mg to about 3.5 g per patient per day.

The amount of COX-2 inhibitor that may be combined with the carrier materials
to produce a single dosage form having COX-2 inhibitor and opioid analgesic in
combination will vary depending upon the patient and the particular mode of
administration. For example, a formulation intended for the oral administration of

25 humans may contain from 0.25 mg to 5 g of COX-2 inhibitor compounded with an
appropriate and convenient amount of carrier material which may vary from about 5 to
about 95 percent of the total composition. Unit dosages will generally contain between
from about 0.5 mg to about 1500 mg of a COX-2 inhibitor, and typically 25 mg, 50 mg,
100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg, etc., up to

30 1500 mg.

In one embodiment, the COX-2 inhibitor is provided in a sustained release oral
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COX- 2 i nhi bitherapetic teffector der of from about 0.005 ng to about 15 140
mg per kilogram of body weight per day are therapeutically effective in
conti®nati on wi t h Bapfen a?neblaﬁwge%ﬁhexnvmm@rmpmeaxyeffmwnmwm to about
79 per 2 hl b| adm ni,stered in
conbi nat i on WLF %’h&%{ &H%teaq{mg% fbup %ggxi»iﬂ'(gsq m?—sg é?be fcan. a0t | anmrat i on
may be ef f ecllosubidey andaareffebtby atdoentadiah Bpidid fialglsic selected from the g@bup r om about
0.005 to 50 .of tr} COX- 2 hi bi tor per kil ogram of body wei ght per 20
day, or alt SPHSIFHRES W%G?l‘th iromorphone, mepphire, 9xyrodonsehydsagadent anser  day.
rTere e?ima?lr gt Qinydrdcodeint i Bk tffos SO RYTAR CIHRLASS p?é&’emd tegl%o&’lﬁ{eﬁls,e{he

20 ratio of the afore-mentioned opioids to the afore-mentioned COX-2 inhibitors is set

forth in Table I
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consi sting,of tranmadol, dr opor phone, npr phi ne
e, hydr odBaean B’i"?gm%d embodiments aﬁ‘f‘ﬁ&\ég e resent igyeptigst, pa pral o set
id/EOR-2Bhibitor ratio of

Ta . s
o) alfiede fol it

Rtdwhich iR 8 TORMIE G;Sig

ds to the afore-nentione

combinations: Morphine 40 mg plus 40 mg flosulide; morphine 40 mg plus 6 mg

nimesulide; oxycondone 20 mg plus 20 mg flosulide; oxycodone 40 mg plus 4 mg

COX-2 inhibitors is set

nimesulide; hydromorphone 5 mg plus 20 mg flosulide; or hydromorphone S mg plus 4

mg nimesulide.

The dosage administered will, of course, vary depending upon known factors

such as the pharmacodynamic characteristics of each agent of the combination and its

mode and route of administration and upon the age, health and weight of the patient.

The dosage will also depend upon the nature and extent of symptoms, concurrent

treatment, if any, frequency of treatment and the desired result. A composition

comprising any of the above-identified combinations of opioid analgesics and COX-2

inhibitors may be administered in divided doses ranging from 2 to 6 times per day or in

a sustained release form that will provide a rate of release effective to attain the desired
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forth in Table I.

19 . TABLE | Rati os of Opiates to
COX- 2 | nRicsh97¢5 COX-2 | NHI BI TORS 5 OPI ATES PCT/US98/19516
CELECOXI B FLOSULI DE  MELOXI CAM NABUMETONE NI MESULI DE T614 MK966
MORPHI NE 0. 001-1 0.001-1 0. 05-50 0.0005-1

0. 001-5 0.001-1 0. 001- 10 METHADONE 0. 0001-1

0. 0001-1 re@lt@l 10 0. 0001-1 0.001-1 0.0001-1 0.001-1
MEPERI DI NE

0. 01-10

1 100 The Opital GO Rt nd opio gkttt grgeiiled by

0. 00001- 0. 0lstandard @S2yd well kndwiDRQfe drt fod dEX@Adinihg opioid and analgesic activity.

10

15

20

25

30

For example, the phenyl-p-benzoquinone test may be used to establish analgesic ,
effectiveness. The phenyl-p-benzoquinone induced writhing test in mice (H. Blumberg
et al., 1965, Proc. Soc. Exp. Med. 118:763-766) hereby incorporated by 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 activity. Data for the mouse, as presented in an
isobologram, can be translated to other species where the orally effective analgesic dose
of the individual compounds are known or can be estimated. The method consists of
reading the percent ED50 dose for each dose ratio on the best fit regression analysis
curve from the mouse isobologram, multiplying each component by its effective
species dose, and then forming the ratio of the amount of COX-2 inhibitor and opioid
analgesic. This basic correlation for analgesic properties enables estimation of the
range of human effectiveness (E.W. Pelikan, 1959, The Pharmacologist 1:73; hereby
incorporated by reference).

Application of an equieffective (iose substitution model and a curvilinear
regression analysis utilizing all the data for the individual compounds and various dose
ratios for the combinations establishes the existence of unexpectedly enhanced
anélgesic activity of combinations of COX-2 inhibitor 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 release dosage forms of an
effective analgesic amount of a COX-2 inhibitor and opioid analgesic combination. An
immediate release dosage form may be formulated as a tablet or multiparticulate which
may be encapsulated. Other immediate release dosage forms known in the art can be
employed.

Compositions of the invention present the opportunity for obtaining relief from
moderate to severe pain with or without inflammation. Due to the synergistic and/or

additive effects provided by the inventive combination of opioid analgesic and COX-2

21
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conbi nati ons: Mrphine 40 ng plus mg flosulide, norphine 40 ng plus 6 ny

ni mesul i de; oxycdﬁx&cpmeﬂtdnwghm womasmim@gdpﬂ@hlb@mg&ﬁxmmeﬁ’gﬂgol us 4

LT3dr onor phon90§'£ﬁngsﬁl§é Idgfgdses SRR Onest%lﬂ%tg%: pa er?t(i’ng% dresd 1 de; or

The dosage agipfinghGoR9ot thera ﬁafncsmyéﬁe%nvyaﬁmap&e@mzumﬁmdﬂmm factors
such as the pharnmacodynam ¢ characteristics of each agent of the

conbi nati on wcﬁdmndgesw combination of thg peesemtdnvestiens Dresadifgasesipslids on and upon

th heal t . of |
al 0 depena THHRAE R ar ar Lietp SRERDlteont ctologios inc Mg ipAAS®

treafpment, | ﬁmﬁé‘tﬁo dah@sl pﬁn ad phst-surgialai, fmdaﬁdmﬂd&smnmdoﬁaa'mnﬂew of A
corrp05|t|on nprising any of the above- |dﬁnt|f|ed

conbi nat i onsc%lﬂl"tmﬁ mchxdmarha:é%qne#‘&ﬁéye@s@n? associated with in ugrzR Op PhgT draley be
admi ni ster ed as s e (?rggxogg 8510 Ql&lxie_rcgghﬁ &ﬂm@n&r#ﬂ@ﬁsneﬁ&{chg%fotﬁichbn

a sust ai ned pI’OVI a rate rel ease effective to
attain the dq&alhﬁﬁhd strains, myosms, neuralgla, synovitis, arthritis, including rheumatoid

arthritis, degenerative joint diseases (osteoarthritis), gout and ankylosing spondylitis,
15 bursitis, burns, and injuries. Further, the combination of COX-2 inhibitor and opioid
analgesic is useful as an alternative to conventional non-steroidal anti-inflammatory
drugs or combinations of NSAID’S with other drugs particularly where such non-
steroidal anti-inflammatory drugs may be contra-indicated such as in patients with -
peptic ulcers, gastritis, regional enteritis, ulcerative colitis, diverticulitis or with a
20 recurrent history of gastrointestinal lesions; GI bleeding, coagulation disorders
including anemia such as hypoprothrombinemia, haemophilia or other bleeding
problems; kidney disease; those prior to surgery or taking anticoagulants.
The sustained release dosage forms of the present invention generally achieve
and maintain therapeutic levels substantially without significant increases in the
25 intensity and/or degree of concurrent side effects, such as nausea, vomiting or
drowsiness, which are often associated with high blood levels of opioid analgesics.
There is also evidence to suggest that the use of the present dosage forms leads to a
reduced risk of drug addiction.
The combination of COX-2 inhibitor and oral opioid analgesics may be
30 formulated to provide for an increased duration of analgesic action allowing once-daily

dosing. These formulations, at comparable daily dosages of conventional immediate
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vari ous doseggig’ ﬁk&uybhﬂﬁg%, ggﬁ'?%érm% e co@?éﬁ%‘%ﬁ@dégs@gﬁl | shgg&f he

exi stence of pentesrptheited datly aeithasters Hydroxymethylcellulasa glotyednydpyarstidong, pteof
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The present invention enconpasses i medl ate rel ease dosage fornms of an 25
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with or wi thqut Rtk AMRILLAfks sRUSnl Bidr Bnd AOGEE Fok SraPRSHhiBktion, particularly

20 suitable are tablets, dragees, liquids, drops, suppositories, or capsules, caplets and

gelcaps. The compositions intended for oral use may be prepared according to any
method known in 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
25 an inert diluent such as lactose; granulating and disintegrating agents such as
comstarch; binding agents such as starch; and lubricating agents such as magnesium
stearate. The tablets may be uncoated or they may be coated by known techniques for
elegance or to delay release of the active ingredients. Formulations for oral use may
also be presented as hard gelatin capsules wherein the active ingredient is mixed with
30 an inert diluent.

Aqueous suspensions contain the above-identified combination of drugs and
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other viral be prepared, in whitlhés€ hpprtisriateclofid earfiers,Guspeailing agéntoud th€ike pai n,
dysnenorrhea, headache, toothache, sprai ns and_strains,

nyosi tis, nandabegmploxsdnbisialse possible tq freeze—dry theagtivrcomnoynds asdpse the
arthritis, dgge ' l1Qj ' S Ll d

ankyl osi ng spongﬁl?ﬁh\sﬁ?zeﬁgbr%mmdgﬁ%n .féé?&%ﬁe;ﬁﬁ?*ggﬁgfﬁﬁ’%‘é?} Furt her,

t he wonbi natinntimf. COX-2 i nhi bitor and opioid anal gesic is
useful as an alternative, to convent iH%naI non- st er ai dal o?[t}%l -i nflanrmatory

drugs or conbi nat ifsHacthtd qigarEeat g RhagRacerucaH oFaUiBas € ERTF ner e such
non- inventioR o 2 iR oh0bd AT GHn RCOR.FRBbIGE ) col

such as in patients W eptic ulcers, gastritis, regional
enteritis, . wnoopicid evadgasizl which additiomal tirag(s) ntay ©r oray wot det syrm@fgistically recurrent

hi st f tr0j tinal |esions; bl.eedj ng, ¢ | at.i.on di sord
Mol udl ng. adBrie T oRpes gt i RP Bl e e et A PR SR BEREPIb L eodi ng
probjsenms; Ki ghagi iﬂ&lﬁ@iasﬂsupmg? Qichifeifat, daproXidh HRhYxaBfofdrd Ruftpdftnl coagul ant s.

The sustai ned rel ease osage forns of the present invention generally
achi eve fenoprofen, fiubyfemakaterapient indopapfentpitoptofere Farpeofitss P¥APIOZINT 'y wi t hout

S ani T cant LR EARSSmulboldiE SRuceprofio, st BN Rh YapfHGHiE 5t

concurrent suc ausea, 1 h

drowsi ness, fifir6feneloRicieid, ikdsmethadit bulthdad, BirfdlinDkafpitacRIpiadfzidpi oi d
anal gesi cs. . . There is_al so evidence to suggest that the use of
the present WeReigeacemeiaging engpzas, slidanac, oxpinac, mefenamigierid anedleffnagyic agidy

addi 410N, fyfenamic acid, niflumic acid, tolfenamic acid, diflurisal, flufenisal, piroxicam,

sudoxicam or isoxicam, and the like. Other suitable additional drugs which may be
included in the dosage forms of the present invention include acetaminophen, aspirin,

and other non-opioid analgesics.

25 N L SE DOSAGE FORM
The COX-2 inhibitor and opioid analgesic combination can be formulated as a
controlled or sustained release oral formulation in any suitable tablet, coated tablet or
multiparticulate formulation known to those skilled in the art. The sustained release
dosage form may optionally include a sustained released carrier which is incorporated
30 into a matrix along with the opioid, or which is applied as a sustained release coating.

The sustained release dosage form may include the opioid analgesic in sustained
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The conbi nation of COX-2 inhibitor and oral opioid anal gesics may be 30
fornmul ated to provide for an increased duration.of anal gesic action

al | owi ng woog1348é | v dosi ng. These fornul ati orscT/m$9saesear abl e
dai |l y dosages of conventional imediate )
22 rel ease drug, are associated with a |ower incidence

in severity of adverse drug reactions and can al so be
adni ni st er edrefaseforgasd Q@gﬁynlgb%@ ip pestpivediclesseiformuer inimmediatei relgaseon

whi | e mai nt agf3j,n § Ak : : . ' ,.Qn,0f COX-2
I nhi bitor anf ahq‘gg?jo%ﬁgﬁ%ﬁgérs?@' t():ealﬁc%rgorgtr?% l‘“&ﬁ’/‘ehﬁ %ﬁﬁe&&mﬁgﬁ%ﬁg‘&ﬁﬁ ures
wi t h convent withahe epicidpinesrpsrated.isto thedustained eildase edating;daezpiratal @s #r gani ¢ or

i norgani c carrier subst ancgs % itable for oral, parenteral, nasal,

i nt ravenous, Separated sustained AFRS damedigtedplgase layier; op ay b dacomeratedae node
of adm ni str gty ; h : . AE-Tel eutically
acceg{nabl e Cgfpkﬁg?ré I nC lljcige%ﬁ'?n g?%alath%%apﬁl%wftg etsgy%/vat ero?ﬂ%z:tﬁ %@P
sol uti ons, almvehtidrs , Algumativelybthe sustzsinet ralehe dosdge folnemay havel thoGONG?2

pol yet hyl ene,gql.ycols, 10 el at.e, carhohydrates suych, as | actose,

anyl ose or st‘"%‘%??,r ‘%ﬁﬁ%@ﬁﬂ?@?é&f’h@é‘ t{x%mgg?igpqlg@;%m sustained release foem gr

vi scous par athinediafageibad8ot.! . fatty acid nonogl ycerides and diglycerides,
pentaerythritol fatty acid esters, hydroxynethylcell ul ose,

pol yvi nyl pyrrol i démeralalosage form according to Thednydntiomaeg bt preddedmgfar at i ons can
be sterilized and if desired mxed wth ayxiliar \ agents, e.g.,
| ubr }uiant s, PrEsRPETTY S%P%grtog%? %&Q@pg ,letﬁﬂ’tefeﬂ‘??&%ﬁ’élﬁ?tg{elympf‘?ﬁsr s, salts
for 15 “multpatiRlatesd) 2A8/FP phrficles. CAR WnBurd 'k fRmiultifRtiQllateOwhich &vOr i ng
and/ or aromatic substances ) and the like.” They can al so be
conbi ned whereHedivsite prpvide the desined dase of opicidgwent time may be placed in a capsule et her

anal gesi ¢ agents. .For renteral, a bcati.on. . particularly suitable are

oily or n.laysoe ‘n‘f%%%%gg‘ %‘glofﬁefgﬁgb&aofl\ﬁﬂl? R’é@' suspensi ons, enul sions,
or inplants, incl uflbsOpreferred embodimeftWiFRRSIréseht iRPentiONRR BBk ReléAABY €Ni ent
unit dosages. For oral application, particularly 20 sui table are

tabl 8t s, dr agewsge formpampsisesugh partislen pantainisg oreompsisingthe eqtive ingsedients s and
gel caps. The Lt ) ' a ordi ng
To any | wiRRRRRe phRSRe hRUCIARC! fim 30l 0 B oS ARER R
contai n one dironnaboat Q.§emh o about 2 mm. selected fromthe group consisting
of inert, non-toxic pharmgceutically excipients whi ch are

suitable for the hl‘h?ﬂﬂagb? qdirgents, A particlessompriss aqrpakisleass malfReke, f or

exanmpl e 25  contajning tﬁ@oﬁiﬂﬁragxgﬁkéi&'%h os WetHow thd @?kgfﬁhibgbﬁ NEledd hdrbiciedd

di sintegrating agents suc cornstarc I ndi ng agents such
as sarch; ante thembedapsitwittytha gestdisedsiglehseaarrien gnasbadiments where the COXtZar at e.

ol cgance o TUUBIEAY BRESSE TPt E DXL R BRE R SREgt FACRNPG f or

oral use mMay normal release matrix particles, or may be co-administered in a different immediate

release composition which is either enveloped within a gelatin capsule or is
administered separately. In other embodiments, the particles comprise inert beads
25 which are coated with the opioid analgesic with or without the COX-2 inhibitor.
Thereafter, a coating comprising the sustained release carrier is applied onto the beads
as an overcoat. _
The particles are preferably film coated with a material that permits release of
the opioid (or salt) and if desired, the COX-2 inhibitor, at a'sustained rate in an 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 sustained release coating formulations of
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al so be presented as hard gelatin capsules wherein the active ingredient is
m xed with 30 an inert diluent. Agueous
suspensi ons contain the above-identified conbination of dr

23 WO 99/13799 that mixture has one or nore exci p?‘gﬂi@&éﬁﬂ Sabl e as
suspendi ng agents, for exanple pharmaceutically acceptabl e
synthetic guns such as hydroxypropyl net hyl cel | ul ose or ~natural
guns. O |y sHspRESt Qﬂéntfﬂi%h@iﬁd%%&}kbﬁ%?ﬂr&ﬁmﬁé‘ﬁ@@?]@ E&x&h@uﬁﬁ&@ﬁt’i@em ified
conbi nation of drugs in a vegetable oil "or mhera . The oily.

suspensi ons mptlﬁand elegant, capablaiofisuppotting Ipignienty and ethier ecm:hg additessswax or

cetyl al cohal or the like can be used wherein
a sweet ened Y8R 3:(} i gaéﬁﬁ?%yé?f I nj ectabl e suspensi ons may al so
be prepared, in which case appropriate liquid carriers, suspending agents

and the like may be eanoEed. It is also possible to freeze-dry
the active conpounds and use the bt ai ned | yophilized ‘conpounds,

for exanple, for e t s for 10

The net hod of tre-g 4o {g%a E] qug ceu @geéﬁg?&am?é? geg?ét%fgﬁ%?lg%%rnt

i nvention WBxyioerﬁthlﬁis su'tﬁlblldﬁﬁ tlmegmaudmdfeeldﬁsu%fdrmeqﬁdkm@mﬂt& a COX- 2

I nhi bitor and an gpioid anal gesic, which additiagnal @g(s) may

or may not af?!'mél%@? dJneps etabcpcyment coatings are propided iy ReFmiteitheRRtkdensnd
ddi t | st el t
addi ti ona uﬂ;jkﬂ—? dd@fé g@lﬁ:&g&g S LD &Q&'t%%ﬂ&!) il 0‘42?11¥‘df1| \ pH: or of e agen S

including ib I cl of enac;’ nap rOR

f enogor of en, ddpaimﬁxematxkpkmsmtﬁ eeleasé md opiotlf iardesiftidraegas of the gagtrr-intestinad,
oxapr ozin, r anopr of en, .mur oprofen, trioxaprofe ) supr of en,
ani nopr of en, (GD) HaftaR %n‘ihE s‘&Eﬁ“EP or small intestine, such st a dhso R PERYCISaci d,

| ndomet haci nprogidkd QAR ?ms {BhETEbE ﬁovﬁ%ﬁ?ﬁleﬁ&%oﬁt't&&\z@ﬂ&g gﬁ g‘ 'ferabl?' up to

met aci n, acehetacin, fentfazac, oxpl nac c acid,
mec| of enani ctvmt)dfouﬁhbur analgesxaftb afpetienti mmaq}H-mdéﬂenduntc‘anmg is desiréds thenri

d, difl fl|uf I [ i
and the | ketoBpbindeSaren st e el oo mgwdom ofpiyngs i 0 oo

i ncl ided i n thgrofReRARNSQ e, thé G t}sctptt%ﬁ.% pdsSIBRh ifSHhulAAE EdtBigbsitions
acet am nophen, aspirin, and ot her non-opi oi d anal gesi cs. 25

CONTROLLED REhighStedsosparioroftie dose in one desired area of the T drago.ga therftomachor  and
opioi d anal ggsf ¢ COTRL NALLAR G B LOLIT258Y oBe B tract, e.g., the small

intestine.

Formulations according to the invention that utilize pH-dependent coatings to

20 obtain formulations may also impart a repeat-action effect whereby unprotected drug is
coated over the enteric coat and is released in the stomach, while the remainder, being
protected by the enteric coating, is released further down the gastrointestinal tract.
Coatings which are pH-dependent may be used in accordance with the present
invention include shellac, cellulose acetate phthalate (CAP), polyvinyl acetate phthalate

25 (PVAP), hydroxypropylmethylcellulose phthalate, and methacrylic acid ester

' copolymers, zein, and the like.

In certain preferred embodiments, the substrate (e.g., tablet core bead, matrix
particle) containing the opioid analgesic (with or without the COX-2 inhibitor) is
coated with a hydrophobic material selected from (i) an alkylcellulose; (ii) an acrylic

30 polymer; or (iii) mixtures thereof. The coating may be applied in the form of an

organic or aqueous solution or dispersion. The coating may be applied to obtain a
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controlled or sustained release oral formulation in any suitable tablet,

coated-tablet or mul tiparticulate formulati on known to those
skilled %Jgng?grt. The sustai ned rel ease dospgRUSSHIvs1ERY
optional 'y Thcl'ude a sustained rel eased carrier which is incorporated 30

into a mtrix along with the opioid, or which is applied as a sustained
rel ease coating. The sustai ned rel ease dosage form may
i ncl ude t he weight gaindrea gwut 2 td sbostizYapfibg substrate in order to obtain a desired

rzgl ease for rﬂ“ﬁ?in‘?drfe}mg’ﬁeg %ﬁg}f %’%@aﬁ&g a@&saigew%g'%&o#ﬁéﬂﬁéﬁﬁﬁt%;idbi t or

may be i ncomnpgr 3had 760had iSIXB6A0S taadined tb tHectsignt®si tha prebani fhvention and
with the opioid; incorporated into the sustained rel ease coating;
i ncor por at echereby dncorporated by referensgar at ed sust ai ned rel ease | ayer ‘or

I edi ate rel eas ayer: or ' { : . gﬁgper, ,
granal ation, etc.eo,d"?%xﬁmﬁlgf %@%tagg%g%%géﬁq{'ﬁfaaﬁ%@%ggg%r ?(‘a“gncgf%t e present
i nvention. Alsb@inRbbrdmics withhBe présenainventiondhetadees dipnegeUSo Patentljohiave t he
COX- 2 inhibitor in sustained release formand {he opioid

[ 0
anal gesi ¢ i nS,3s3%; #.386.4¢], @ad &47 %7 14, ereby incorporated by;r QIIPEFRIHER: f or m
An oral dosa ]‘o m é g to the invention may be provided as, for 10
E1Iui0 [4) . .
exanpl e, gra%&!e%ﬂ—s%w , beads, pellets (hereinafter collectively
referred to as  Cellulosic materididiard godyrers lihcdtdisg dlkgnellubosep pravidd es. An anount
of the nultiparticul ates_which is . ffective t rovi de the
desi¥ed doseh¥skorhebisimeatesias well snited £ cpating the hepds gregrdingfo Jhe.Aygation:
may be incor LD o AQmBl) ﬁ% StefehaPhiRyRERI d1¢méaE Bthylcellulose,
I n one pref egl?&ﬁgﬂ%%g?rrent (ﬁofst e |§r esen%l inV%Sirﬁét)iljoﬁr;:‘T1 t he gustai ned rel ease
15 doslggagh themriisampill apgseciae thapetheri celledssezadtonplitylegllypsenolymetsi ng t he
active ingredient, . Wherein the particles hav i rom
about 0.1 rmeybapadily smploysd, S’Bé@f"é F%ﬁyfomb%’anon’ asallofp otg%%{g?&g{og{cmn to
about 2 mMm cording to the inventlod, C€rtai n enmbodi ments, the particles

conpri se nor‘r:r?aaltmgg? ease matrixes . containing the opioid o
anal gesi ¢ Wi th orOné tdmmercialp-avaiable aquaousi dispersionins sthyjsahuelpss is Agppcoat

are then coa L th ust ai ned.rele ar,ri ' ' re the
O 2 0 Cqm Pfap RSP AR 57505 duBlogt s BEEBABS WSl ©
may be incl U%deth?célﬁﬂ’&@ﬁ £ water-immiscible ofg@#iioBblvet hedithen smuilsifyingahe i cl es, or
may be co-administered in a different i nmediate

. rel ease
conposi ti on wAmein Waterdh thearesenseaif o surfaciint pnda sabjlizess Aftethoyuegenizaiion ©
admi ni stered _separatel.y. |.n eohedi gent & pcflﬁl{' {E&tumQB6inse | nert
beads 25 géner F‘&W‘éﬁpg dﬁogg%;gﬂevﬁr q ‘g%e o:‘)lﬁc?iv%&gzﬁa ggglpc W th or without
the @OX-2 i nipsdddbRtex. The plasticizer is not incorporated in the pseudolatex during the -

Ao

manufacturing phase. Thus, prior to using the same as a coating, it is necessary to
intimately mix the Aquacoat® with a suitable plasticizer prior to use.
Another aqueous dispersion of ethylcellulose is commercially available as
Surelease® (Colorcon, Inc., West Point, Pennsylvania, U.S.A.). This product is
25 prepared by incorporating plasticizer into the dispersion during the manufacturing
process. A hot melt of a polymer, plasticizer (dibutyl sebacate), and stabilizer (oleic
acid) is prepared as a homogeneous mixture, which is then diluted with an alkaline

solution to obtain an aqueous dispersion which can be applied directly onto substrates.
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Thereafter, a coating conprising the sustained release carrier is applied
onto the beads as an oveércoat: The

parti cl es“?orgegll%ef erably filmcoated with a materi al thaw&%%ﬁ ease

of He opioid (or salt) and if desired, the or, .at
a sustained rate in an aqueous 30 medium The filmcoat is chosen so
as to achieve, in conbination with the other stated properties,
a desired in-Ad¢vli©Pslgease rate. The sustained rel ease coating fornulations’

of o . . 25
the present i nventlpgHies pistargdismbedimenisof gt presorfinyentjor the hydnephobisnt i nuous

fi1mhat i S paterial comorisin® HAVHeAA 2RI 3Rine SR ARG 0L iSHRRL LA, P OTENt S

and ot her coati ng a -free.

5 acrylic polymer, including but not limited to acrylic acid @A hhdWa0rylic acid -

The dosage fornms, of the present invention may optionally be coated with one
or S copplymersymethyl miethagylategopalymsrs, elhaxyethylimathagpilais. evapestsd or f or

-

are brovi ded PBaerb i, pely(eprytic acid) POYRHE R acld) FacRIR A SR amBET | 1O°
rel ease, e. g.copelyster,pohamethyl methasylar), pobaidtinatyldté, poty(méthplHnethikrylate)
dependent coating serves to rel ease the oPi oid in desired areas of th

gast r o- i nt est $pgiymer, polyacrylamide, aminqafiyt methacrylate qopalymer palyimethacrilig aci

I ntestine, su g?ﬁﬁg_,ﬁ | | | provi ded which is
capabl e of provi gl nz’ %? ea t%ﬁ%ﬁ?%ﬁ@b@'@m and preferably up to

twent §0- f our hour anakgas ipeefércedenbetinents, thdlaerylia pplyinendepmpdsadtofonadr ng i s
desired, the . oat l?geg i s, desi g}{led t,od%%?yie optimal rel ease
regardl ess of PPTEACHACR Befigcy L qagolymers. “Ammopiog: fie FoRplymerg a5 welk he g
tract. 1t 1 ple ReRSDLAI b2 deREBU AYF RVIPATLA] lfmerized copolymers i Ch

rel ease a portion of the dose in one desired area o tract, e.g.,

the stomach, acrylic and methacelie acidl estersewitthae lovesrmtentiefl quatertaeamimoniuimrgravpst her
area of the G tract,,e.d.,, the small .. . . ntestine,.

For nul ati ons accor i%ﬁ“?‘g‘ﬁl’tﬁléaidﬁ\s}g%{lq ‘B?F°PW_8P pf&ql?’i‘%aygiirﬁfﬁfféﬂé?lt coati ngs
to 2055 RS pbtd tWoB nftré SifhofiRYmethy1atdBEFolyrAers BRER didfefin®phyeichect -
wher eby unprotected drug is coated over the enteric.coat and is

rel eased i n t Prepertiowsedh aswiffarent mpdarratingiof therquatsmianpmmonium groups t¢thet ect ed
by the enteri ' | ased further down the gastrointestinal
tract. ﬁe“?‘gﬁ"&@?#ﬁg"s&vﬁﬁ

i'ch are pH dependent nay be used in
accordance with theeffigemethacrylic acid ester-type polymers are useful for preparing pH-

dependent coatings which may be used in accordance with the present invention. For

20 example, there are a family of copolymers synthesized from diethylaminoethyl
methacrylate and other neutral methacrylic esters, also known as methacrylic acid
copolymer or polymeric methacrylates, commercially available as Eudragit® from
Réhm Tech, Inc. There are several different types of Eudragit®. For example,
Eudragit® E is an example of a methacrylic acid copolymer which swells and dissolves

25 in acidic media. Eudragit® L is a methacrylic acid copolymer which does not swell at
about pH < 5.7 and is soluble at about pH > 6. Eudragit® S does not swell at about pH
< 6.5 and is soluble at about pH > 7. Eudragit® RL and Eudragit® RS are water
swellable, and the amount of water absorbed by these polymers is pH-dependent,
however, dosage forms coated with Eudragit® RL and RS are pH-independent.

30 In certain preferred embodiments, the acrylic coating comprises a mixture of

two acrylic resin lacquers commercially available from Rohm Pharma under the

28 ,



i nvention include shellac, cellulose acetate phthalate (CAP), polyvinyl
acetate phthalate 25 (PVAP), "hydroxypropyl net hyl cel | ul ose pht hal ate,
and net hggoyhiee aci d ester copol yners, zein, moTdusdsassiske.

In certain preferred enbodi nents, the substrate (e.g., tablet core bead,
mat ri x particle) containing the opi oi d anal gesi c (wi th or

w t hout the COX-2|%%|g Ri:ﬁ oated with _a hyd hobi ¢
materi al selFEderagnes Ft§) 0Dapd Endmegit]] %%%OD (rﬁpyc‘ﬂg{ﬁlyacﬁug{qg 30D

pol ymer; or ﬂg@é, e the form
of an atd Eﬁ&raéﬁ %%@m%?%oﬁgﬁg%gﬁ %taa&l gn%o nggset?lg%n l?he coating
may be appl cedertof glrtanaryammonium groups, the molar ratio of ammonium groups to the

26 . ight gain from yt _2.to 5% t he

subst rate | Ferinia eyl tneion iReds bine 138 tn ElerafiefREHID 86 180 e
profile. Sumdiagrmb@@m On5e Aes HEREMlARFGght & £bout 19,008t ank cb& U.S. Patent
Nos. 5,273,760 and 5, 286, 493, assigned t0 the Assignee of the present

i nventi on adesignations RL (hxgllnpq:rmybxhw& andRS fowpetmeabiity)refec to the

Useq i n-aceaRmARLR PoRRRof et Agrny Alren RLTRS RiueRas igRbltn s °°
Pat ent NOS. water and in digestive fdids. %&we@r,%&xfk@ fornf28%om thé ganzelgfe sherisbny

i ncorporated by reference in their entiret A kyl cel I ul ose
Pol ymers  and permeable in aqueous Soiﬂhbma;@dcgen’a‘t'%ﬂméﬂ s and poI ymars i ncl udi ng

al ky] cel | ul oses vi,de. hobi ¢ mat e ited for
coa +ng t he beadgﬁgg%ﬁaﬁﬁtég‘r’ﬁ? ‘Pﬂ’eﬂﬁ’ g Cgpesent imvert {“m may\g‘éfr%ﬁ# by way of
exanpl e, onegogeiit &f drgdiesitddyrheeinl iy 3d GltiRRAtYFBHtainS saithiieCRldate Ose,

al though the artisan will appreciate that other cellul ose and/or

al kyl cel | ul é@@%oyrmmg a desirable dissolufipsy piofile: daesirpble suptairsdaaleasei ngly or in
any combi ”a‘f&?xgﬂat%%s Ha b8 b«Q%g& 31 m?tmbéédﬁ&%c}@éa@?m coating deriv ??ry ating

according to avai |l abl e

agueous di Spe0%i E:ualragﬁt”mhyb%ﬂlddbdgﬁlg&u #d AQUSERRAdIRY, and 10% Eudragxt‘"( FMC
Corp., Philadel phia, Pgnns yl vania, U S g Aquacoat[err] ﬁ'@ pared by
di 5431 vi ng RL:Eudragit® 90% RS- Qf] WF@%IW’EIF’SQ mﬁhea%tlbﬁecqweéba [PLRET or gani ¢

sol vent and 1y (Gl ¥ A1 bd\ed, guch s, for exarfAHSEIdfbgt@tzer 0 the presence

of a surfactant a st zer A onbgeni zat |

gener at e sulBlasticizersdr opl ets, the orgam c solvent is evaporated under vacuum
to forma 20 udola X. The asticjzer, is not |nco orated in the
pseudol at ex duri Mg ’F‘ﬁ adiments o}'glepresentﬁﬁ h?’Fl‘kf OAURECOMATES 4y or t

using the sa@Beds dRp&sdh 'oﬂghydrb?ho%xd‘xﬁﬁtgﬁa‘i%h‘ iricfusion of an effective ainB{uht'HITae' y nix
t he Aguacoat [lerr] with a suitable plasticizer prior to use.

20 plasticizer in the aqueous dispersion of hydrophobic material will further improve the
physical properties of the sustained release coating. For example, because ethylcellu-
lose has a relatively high glass transition temperature and does not form flexible films
under normal coating conditions, it is preferable to incorporate a plasticizer into an
ethylcellulose coating containing sustained release coating before using the same as a

25 coating material. Generally, the amount of plasticizer included in a coating solution is
based on the concentration of the film-former, e.g., most often from about 1 to about 50
percent by weight of the ﬁlm-former. Concentration 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 sebacate, diethyl phthalate, triethy! citrate, tributyl citrate,
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Anot her aqueous di spersion of ethylcellulose is commercially avail able as
Surel ease[err] (Colorcon, Inc., Wst Point, Pennsylvania, U S A-:). This

product s 25 prepared by incorporating plasticizef,.]
di sper si &P%@P?%g t he manufacturing pr ocess.£g\+lﬁ(§)§ntr’?egﬁt of .a

pol ymer, plasticizer (dibutyl sebacate), and stabilizer (oleic

acid) is prepared as a honbgeneous m xture, which is then diluted with an
al kaline  and triacetin, altlicbigh it i9 possiblenthitaitiier Waterans6RLE: plastbREsi(@ehwhi ch can be
applied directly onto substrates.

27 acetylated monoglxgsrides, phthglajgasiess, castor oil, etc.) may be used. [Tsiethyher
preferred e | ; X el | ' _
mat eri al co%@s‘?ﬁg%%?glfag%ﬁl%ﬁ?{eﬁé {rlcelTég\gggh%:gﬁb?‘%sgﬁ sfpg%éwngﬁggﬁggeut ically
accept abl e cellulose of the mregeyt ineeniohymer, i ncluding but not linmted to acrylic

acid and nmethacrylic aCit}d]%E . .copolynmers, nethyl nethacryl ate
copofyners, et hoks@nnlss ohswitable plastigizess f°§¥}/'§r?6’éflhﬁ??1)’mefs of the presegit hacr yl at e,
poly(acryli L) at=Ye | o) 0 VAN [ | am de
copol yner, 3‘8 ytlgﬁ‘éﬂ?%la’?r&éltpﬁgcr ylFtéitt% ,o %g{g%%%t %%)ry agtsgl,qetg)glcy a;”i’rée]t&ﬁyl

met hacr yl at eXVI, tributyl citrate, dibptyll pithalatepaidypassibily 4 (B-pepylane glgedlk Yitheret hacr yl at e
copol yner, pqly(nethacrylic aci ) anhydride), .and gl yci dyl

met hacr yl at é’?%%‘ £y "é‘?i‘a’i r°veddt° be suitablq for gnhapcing,thg elasticityaf 88 nent s,

the acrylic Bghdifim L&yEORHY S8aOtudMPAeRI/RS lacquer solutiod§3h&udd™ONI 0
met hacryl ate copol yners. Ammoni o net hacryl ate cgpol yners are well

knowf in t hepodyethylennglysole, propderietglybol, diekly] hthhlamscastor bi}, qud|tsiapetin.z €d

copol yners . . . acr.ylic and thacrylic acid esters w | ow
content of affé?léyrlrﬁwtedﬁ%?ﬁpﬁﬂ%&rgﬁ ged plasticizer for the agtieous %‘SPFFS’(S’P%{&EQ obt ai n
a desirabl e gdiigosd wth@ﬂe%pﬁ]w@mnjt may be necessary to 15

I ncorporate two or nore ammoni o net hacryl ate copol yners having differing

physi cal It has fpnthep beani feund thatdhe adslititinfdf arsmall amohetrof tale redycestthe he
guat er nary annmpni. u [0 to the . . neut r al th) pl.l c esters.
Cortai et NARRIH P At RiRGus b hno stick dheipe prpEiinecnd PRI  0° L

depemsdent caodgentngs which may be used in accordance with the present

i nvention. For 20 exanple, there are a famly of copolyners
synt hesi zed from di et hyl am noet hyl
PROCESS P C

When the aqueous dispersion of hydrophobic material is used to coat inert
pharmaceutical beads such as nu pariel 18/20 beads, a plurality of the resultant
20 stabilized solid controlled release beads may thereafter be placed in a gelatin capsule in
an amount sufficient to provide an effective controlled release dose when ingested and
contacted by an environmental fluid, e.g., gastric fluid or dissolution media.
The stabilized controlled release bead formulations of the present invention
slowly release the therapeutically active agent, e.g., when ingested and exposed to
25 gastric fluids, and then to intestinal fluids. The controlled release profile of the
formulations of the invention can be altered, for example, by varying the amount of
overcoating with the aqueous dispersion of hydrophobic material, altering the manner
in which the plasticizer is added to the aqueous dispersion of hydrophobic material, by
varying the amount of plasticizer relative to hydrophobic material, by the inclusion of
30 additional ingredients or excipients, by altering the method of manufacture, etc. The

dissolution profile of the ultimate product may also be modified, for example, by
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nmet hacryl ate and ot her neutral nethacrylic esters, also known as

nmet hacrylic acid copol ymer or pol yneric nethacryl ates,

comer ci alW¢yoamisadd abl e as Eudragit[err] from Relargsegesié nc.
There are several different types of Eudragit[err]. For exanple, ‘
Eudragit[err] E is an exanple of a nethacrylic acid copolynmer which swells
and di ssol ves 25 , I n aci'gi .media.. Fudragit[err] L is a nethacrylic
aci d copol ynePCIEANRg LT flgereasing E&%‘Fﬁ‘eﬁtdthemm ant coatigout pH < 5.7 and is

sol ubl e at about . ' . L3 H

< 6.5 and is sol uﬁﬂg:ﬁ:'gt)tﬁi Sé’ggﬁfd@gﬁ%@%ﬂ Iazuﬁldgrg%glﬁttl{%g&ra ?Y%f 3’?-%“‘%%%%‘?? [gérr] RS
are water by dissolving theslickapbitesallpactivelagersim water add thext grayddpsthe beldtityy t hese
pol ymers is pH dependent . H ver, dosage forps coated with
Eudragi t[ err]°%2 ﬁ’d“ﬁg for exammls. An eprst g beags, using & Wuster insert. Optipnallyt ai n

pref ersr ed enbodidBaRt ifgreliets aferatdo! MAAELH AT Elg'iﬂeso%ds% g}qﬁ} wpaﬁsiQtf the
two acrylic resin |lacquers commercially avail able from Rohm Pharma under
t he binding of the opioid to the beads, and/or to color the solution, etc. For eRdinple, a

Tradenanes Eudragitlectr. 30D, and Eudr agi rr] RS30D, respectively.
Eudragit[err ]Prﬁg‘g’é[’}hm% I’L‘fl‘lﬂés gydrgmr%vg% {CL%EF%P@ S[ols] ?‘§°@Ptyacr ylic
and met hacryl (G &galfy®, WnitherdiallpWailable from Colo%ﬂ%lﬂ@.s mi3) bEH@R O Eey ammoni um

groups, the nolar ratio of ammoni um groups to t remai ni ng

neutral (et H9ohuiopland thesphitign puxedde.g:, 26r abautHulthug)yiriof tr appliedit®eBf thecsathe 40 i n

5 Eudr aqi r D..Th n,nol ecul.ar wei ght is_abaut ,150, 000.

The ¢Qde St He%egacféspri% gg"é‘%ﬂl‘%“ﬁ§°%°as(‘ﬁ?ﬁ&%e’ﬁ‘éh%%?‘ﬁ’%k§ﬁésaﬂ“ay nHeow

per meabi | i t y)optiehslty éverdolied with a barrier agerR &b REFRAtS fHe YhePdpeRedally astivelagkhtese

agents. Eudra it_[terr] RL/RS m xtures are insoluble in wat er and
|

in di gestive Femitkeshydrephebis conteallst relepse centingd Anresnmpln of & auitablerbartisgel | abl e

and per neabl e, j.[, : . | ' ' fiLui
The Eudr agi [ealgreFt ‘%ﬁ#ﬁ%u%@g%‘ séleg ﬁgdtg%rﬁgq%%@eé%l}ul?sgvglf?twle%%, ?{ﬁ’f lbne' m xed
t oget her in afoymeldsionadn thatartanaybeaisedr It iDprefeiredriiatthy bakibPddeneddey abri ned

rel ease formyl ati on having a desirable dissolution profile.
Desi rRbl e sustffchibg dissolutignyrate of the final prodpgfy my| at i ons may be obt ai ned, for

instance, froma rg{a4 8t bo ' 0 enersi 0%
Eudragit[err] RL, 56’% Eu r'i};l)gtiﬂt[erg‘]léil ﬁke\gﬁgﬂ%‘o}o@ﬁ%‘rsggf’?’f‘é’?Pf&%s, and 10%
Eudr agi t [ er r ] hytiophobic matézial. Elik aqyedysatisperstilofRgdropiobiomaterial ppeferablyi | | ed i n
the art wll gecogni,ze that. ot her ; . . acryl jc pol rs. may also be
used, such as, H%H‘élﬁgmf‘& e%ﬂ'& AEgrEy of plastipizer, e.g. tiethyl °“ratélngr§tsff”€?‘ém

I n enbodi ment guebustdigeRidds 8Pkt 1@&%&%&’9@5@&9&@599}:’&1@95&,%Eé@s%d.an

aqueous di spersion of a hydrophobic naterial, the inclusion of an effective

amour®0 of a If Surelease® is used, it is not necessary to separately add a plasticizer. Alternatively,

pre-formulated aqueous dispersions of acrylic polymers such as Eudragit® can be used.
The coating solutions of the present invention preferably contain, in addition to
the film—former, plasticizer, and solvent system (i.e., water), a colorant to provide
elegance and product distinction. Color may be added to the solution of the thera-
25 peutically active agent instead, or in addition to the aqueous dispersion of hydrophobic
material. For example, color be added to Aquacoat® via the use of alcohol or
propylene glycol based color dispersions, milled aluminum lakes and opacifiers such as
titanium dioxide by adding color with shear to water soluble polymer solution and then
using low shear to the plasticized Aquacoat®. Alternatively, any suitable method of .
30 providing color to the formulations of the present invention may be used. Suitable

ingredients for providing color to the formulation when an aqueous dispersion of an
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20 pl asticizer in the aqueous di spersion of hydrophobic materi al
w Il further inprove the ‘ physi cal properties of the'sustained

rel ease ' For exanpl e, because ethylcellu- /US9§/? ghas a
rel ati veﬁg%h}ilggl’%ggl ass transition tenperature and does notpci:ror m fsgxi bl e-

filmns under normal coating conditions, it is preferable to

I ncorporate a plasticizer into an et hyl cel | ul ose coati ng

cont ai ni ng swugliapolyther slusasincindat tanigmbdid:ddeandohg pigneenssa sizhas iron dkide
coating material . Gﬁlner al lo\rlé‘th?‘ anount of plasticizer jncluded in_a
coating sol (A§BFHL. sThe incorporation of pigments, may.howeyiclbrrepsstherstasd efiors of
filmforner, m&editing "0St often fromabout 1 to about 50 per cent
by wei ght of the filmforner. Concentration of the plasticizer, however,
can dhk plastcizadageeduy dispereiombfigdrefhbbic neseri may &g pppliedent at i on
withst he parotniocgl ar, coati ng. utjon and nethod of application.

. _sql
30 to the-gubsiite Sorgprivpg waﬂ?egpav%éﬁy BFIVE AGCIR by SPIRKIRE USing Als e

i ncl ude wat egithls dRipment known in the 8t A8 tird SMEH AFulidput yI sebacate,
di et hyl pht hal ateg,yr%yr)iqg%phyeln cic"[“rmaltne,etributpygﬁfzﬁtfrdts?ate‘l,na ufl

29 fluidized—bed systearis usediin sdidhran aixlj¢thinjegted iftom sndenesthpfledizesthe ot her

e B 28 and 6 RSB gerge e R SESRd R, Arv ot iy
citrate is amfRsde %aﬁdtwfaﬁa&@édwdisﬁérﬁaﬁ bShydeSphbBIE niadt@iab b8 2 di Sper si ons
of ethyl cellul ose of the present invention. 5

Exanifl es of Predetesminsd sprtentied release of said therapenticallyi astipoagentwhensaid doatedr esent
i nvention include,. but are not linmted to citri.c.acid esters su S

e eyt ol it Bbos § alkous STLAGE, ¢ 8, it bR e b pRet Pl o o
and possi bl yint, aécdin®héIph iy atterisfts Itthe therapeutically acHVésdent iteahisnnehi ch
have proved to be suitable for enhancing the elasticity of the filns

formed from efdrsprpasation|ofgheqlasticizer, etadARET qoptng YVitktherkgdiophepie matesinliei ons

i ncl ude 10 I Y. Y | .l

pht hal at e, c%lgtp %rrovgl%%/t%ggﬁhrﬁ ?‘l&ggeclg’tsﬁgl.k%o&rdgm’ 18%980'%}%6%? klﬁdqéﬁepaé% %s'i S an
espemsi al | y prigs everenat Blpasiided] ifat alf, it ordéreto achsemtisiydiederagzlongration ef thel
cel | ul ose of tge present invention. . It has further been
found that tP@d%ddition of a small amount of talc reduces the

tendency of the agjigoise St HRMhRtilally Sbhvagtht HROMBTLORFARN RllegsaNd acts as
a polishing 15 agent. ; : PROCESSES FOR
PREPARI NG CChfilla@in’df3he present invention can be further influenced, i.e., adjusted to a desired
rate, by the addition of one or more release-modifying agents, or by providing one or
20 more passageways through the coating. The ratio of hydrophobic material to water
soluble material is determined by, among other factors, the release rate required and the-
solubility characteristics of the materials selected.
The release-modifying agents which function as pore-formers may be organic or
inorganic, and include materials that can be dissolved, extracted or leached from the
25 coating in the environment of use. The pore-formers may comprise one or more
hydrophilic materials such as hydroxypropylmethylcellulose.
The sustained release coatings of the present invention can also include erosion-
promoting agents such as starch and gums.
The sustained release coatings of the present invention can also include
30 materials useful for making microporous lamina in the environment of use, such as

polycarbonates comprised of linear polyesters of carbonic acid in which carbonate
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When t he aqueous dispersion of hydrophobic. material is used to coat inert
phar maceuti cal beads such as nu pariel 18/ 20 beads, a plurality of the
resul t antw@6v/13799 stabilized solid controlled rel ease b®&TLSA#IP516

thereafter be placed in a gelatin capsule in an anount
sufficient to provide an effective controlled rel ease dose when ingested
and contacted by an environnental fluid, e.g., gastric fluid or

di ssol uti on grewsgeoccur in the polymer chain.  The st abilized controlled rel ease
bead fornul ation f fgﬁ%g oLV, ' . i ase the
t herapeutically 3%%‘8‘%&?9‘2%, agéeﬁlt eén@%oéneps?tseeasgﬁl eg?;%%jsﬁe 01?@&25
gastric fluids, dadeitdirprefarddrembotinmnts, tHeweldmse-niddifyingragemnt!is seiected| fems e
profile of the f ormul ati ons o{ t he invention can be altered,
for exanpl e, Duipoxyarapyleethylecliyinsedactese, metal stearates, a“‘ﬁ'\?@‘r’%%?ﬁ?@' °§F{eh t he
aquequs di spg, -oﬂ{é of hydrophobic material, altering the manner

in wWhich the plfasti ci zer is added to the aqueous. di spersion of hydrophobic
mat eri al, by The sustained salgaseigpatings afitheipresenf inyentivhinayzadso inghdg anaxitt o

hydr ophobi ¢ material,, by the inclusion of 30 . ditional ingredients
or exci pi ent BEANFOMPHENE AHICHT, BOGRASFASEVEY: Oﬁlﬁﬁwa&edw&?ﬂm@?s%%aym%bc
di ss 0: uti g” Rirf2kd b st thdifiodd|ab tHEBE &isd16:RH We U ST DYtedl 1965. BR457990;13,996,889.07
exanpl e, by
i ncreasi ng 0#,062,064asd 4988864 (alli of hichsaroheretyeinc@perattd by refergn¢e)gThe
Spheroi ds or beads coated with a therapeutical ly active nt . repar ed,
o g 0 0% O pasiigeusy; O BpR TPt DR S tare oty r Rl i o e
and then sprgying the solution onto a substrate, for exanple,
nu pariel 18/ 20 beads, using a Wister insert. Optionally, 5

x| Beg uRtighsso added prior to coating the beads in order

addi ti onal i Matwx]Bead orm
i ndin f_the Qi d and/or to
gmblggxt;ﬁ]eg)&(sacg‘ tli?e ex?r%sent ft)lgén%on, thg c&r%t%(l)lgcﬁ ?e‘ﬂéas

col or the sol uti ol OtBFe

hydr oxypr opy kgraiulitios € dcilevsdvia @intatrinvhdvingd coittolledieleass aating as set forth

(e.g., Opadry[err], commercially available from Col orcon, In 23{,?'&5 be
addedS t o t heabove. The presentimieptioromanalgo uilizeasontrolind ralFass gatx é*.a, @IS about 1

hour) prior to pl: J f e :
resul t ant coﬂ%@&dﬁé@%gﬁ%&i"g ?pzﬁgglérrp %le Brggeége ?Q!#%{?; ?ﬁeﬁaggﬁwe;ﬁ%
optional |y owpioidmtasH-defendant bapHiindepagient mariner. SEipa mategialstseitabiefonpeut i cal | y
active agent . . frqm the hydro bic controlled r se,coati ng.
An exanpl e ofinciusien ’f‘é‘tﬂ"é‘f‘?}&ﬁr’iﬂ@se matrix wﬁpgepen%%ﬁp rqeghoa%ccgiqff?ﬁn BSnori ses
hydr oxypr opyl pethyl cel | ul ose. However, any film former known
inthe art may bée used. It is preferred that the barrier agent does not 15
af feab the di ssol Fot exampit, e notrix ineditioalto theogioid analgesic and (optionally) COX- The

beads may then be, overcoated with an aqueous dispersion of the
2 may include:

to assist the
a ct V\%i ch incl udes

Hydrophilic and/or hydrophobic materials, such as gums, cellulose ethers,
acrylic resins, protein derived materiais; the list is not meant to be exclusive, and any
pharmaceutically acceptable hydrophobic material or hydrophilic material which is

25 capable of imparting controlled release of the active agent and which melts (or softens
to the extent necessary to be extruded) may be used in accordance with the present
invention. )

Digestible, long chain (Cg-Cs, especially C12-Cyq)s substituted or
unsubstituted hydrocarbons, such as fatty acids, fatty alcohols, glyceryl esters of fatty

30 acids, mineral and vegetable oils and waxes, and stearyl alcohol; and polyalkylene

glycols.
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hydr ophobi ¢ material. The aqueous di spersion of hydrophobic materi al
preferably further includes an effective anmount of plasticizer,
e.g. triethyl citrate. Pre-formul ated aqueous_di spersi ons of

et hyl cel MA¥887such as Aquacoat[err] or Surelease[err], HaYyVP&1R&d. 20
If Surelease[err] is used, it is not necessary to separately add a

pl asticizer. Alternatively, pre-fornul ated aqueous di spersions
of acrylic poly -

The coating sol Ht@ ??ﬁgyg? yr?&gﬂéﬁggg*gtﬂrﬁ{,gﬁ ?glrllyb%rl&e*?%?aliﬁ/o cf)hﬁtcgl}ur%?sei n

add| ti on t oethers, especially h}tdrmtyalikymmdmmand qakmyalkylzei}ulosmdresmtfmcﬂ, system

e., wate ol or nt to rovide e ce d product
d| stincti onrﬂ‘EBTa&)ﬁosﬁﬁ? Btaf‘bbet“ﬁ%‘msl(ﬂ’ Gial Wgﬁ‘y"feﬁé’}ﬁ@? ge
peutically Q@atloﬁﬁhagﬂ’ﬁdrbmgﬁ%term in addition to the aqueous dl spersion
of hydrophobic material. For exanple, color be added to

Aquatoat[err] vi &Vhenshelsyiraphobic mﬂmal isra hydrocarbon, the hydraspshon peefighblyol  based
col or di spersions

1t ani u o 02 BBSPEOY AOPUTBr s e OF e b Redroben Batgiate

sol uti on andaty@ Ih? atic) alcohols are MSfeﬂGd | W&Hﬁﬁfsa%%ﬁxbﬁaﬂ:&ﬁilh(ﬁpw&%
Aguacoat | err ernatively, any suitable nmethod of provi di ng

color to thé YWPlﬂhi)@fmdwt orfe digastible dorgiehaimiyidmcadannay be used. Suitable
ingredi ent's for g oviding ool g korthe for il Al ian WARRGATARWESHe

di spersion of an

31 10 polyalkylene g]ycolacryl I ¢ pol yrrer is used include titanium di oxi de
and col or pigments, such as iron ox ﬁ gnents.  The
i ncor poration of TﬁP@M@ﬁP@‘”%?‘“‘ﬂW?@FabIM selacied rom the Eroup spsisting of ¢ of

the coating., nglcelluloFes ac;;ylg: and mﬁth-gaxg'llg laéﬁ%b%?pm?%f‘ﬂ o] SHPRICSL A O

hydr ophobi ¢ ter substrate conpr|5|ng

t he t her apetiydegthatedabtovel, a)gémgerhyeds&gayblagﬂtmmguaayhereof Incertain suit abl e
spray equi pment known in the In a pref \Wir st er

f1 ui di zed- baefegyed "éﬁ‘?qdémﬁg%‘lftﬁ?lp’iﬁﬁ“&’f?vﬁ‘ﬁ‘%r \?‘r" %01’}}0&?}%‘8?%’331??%m under neat h,
fl u'lg' zes t maceutically accgﬁg%reg&gg@ga%e@maﬁﬁgw ﬁotqﬁaﬁeaqo Whiticadidie

acrylic pol coating 1| fici ent _anount of
t he agueous aahdmwmr}chm acifl chyrdympisgbethylmbacndhte,tmetbﬂmthacaﬂ&@

predeterm ned controlled rel ea said t ach i Ve agent when
sai d coat ed Sopolymers, et °xy§ﬁ*5L?‘F fages,egy% gﬁ' F@g'ﬁ f@geué%%f’!lﬁ}?'l ons,
gastric fl U'Iﬂethéc?ylﬂfe%t)ﬁ‘dlﬁhéry {3&9@&%1@ acxH)’?‘Fbl@&nethacryhc acid), méthdceytiR@eidu nt t he

physi cal characteristics herapeutically active agent, the rranner
of i ncor por alkdamise colbtéyrp*tramh’@leﬂéﬂ medxaerylamx raty(msthernylic agid)ianhydride)
hydr gphobi ¢ ter

as adry[e L ym?tbac%?tlebwlﬁ aIcVI%S? |p8b}d’f18t VgCE dzm‘,i}l S’E‘L‘E&) aanh'gw%l ; rrg\r/,er (S:gg[]
i s provi ded, mithadtylafd dopoliferr ueéthéxcenmaﬁﬁ@w; tlﬁhbr&rof;l&dﬁkﬁﬁaﬂggl iosadecadd on of
the from materials such as hydroxyalkylcelluloses such as hydroxypropylmethylceltulose
and mixtures of the foregoing.
Preferred hydrophobic materials are water-insoluble with more or less
25 pronounced hydrophilic and/or hydrophobic trends. Preferably, the hydrophobic
materials useful in the invention have a melting point from about 30 to about 200 C,
preferably from about 45 to about 90 C. Specifically, the hydrophobic material may
comprise natural or synthetic waxes , fatty alcohols (such as lauryl, myristyl, steary],
cetyl or preferably cetosteary! alcohol), fatty acids, including but not limited to fatty
30 acid esters, fatty acid glycerides (mono-, di-, and tri-glycerides), hydrogenated fats,

hydrocarbons, normal waxes, stearic aid, stearyl alcohol and hydrophobic and
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beads. The rel ease of the therapeutically active agent
fromthe controlled rel ease ) formul ati on of the present

i nventi ojyecwmskb® further influenced, i.e., adjusted to a @e3rUsesi19516

rate, by the addition of one or nore rel ease-nodifying agents, or by
provi di ng one or 20 nore passageways through the coating. The
rati o of hydrophobic ma,teF_lia,I 0, Wa oluble material is

ter g D .
det er mi ned” ByfAro atspipls payiag pyfirecarhapcbacidopes, Suitable waxes ipslude. 401d t he
solubility LSl t PRLL L
The rel ease- mﬁ&?ﬁ%@%ﬁ%@fa&h@?ﬁ funé‘%@g?\naggig%%’??r@ru%’f? or?aﬂ;/e be organic
or present inyentiomi, 8 wazdlike suhstanckeis nefiradi s lasy mamtialowhich és mnsaly ved,

extracted or | eached fromthe . .coating.in e envir nt of
s, “The. poPLifoREh tTrRAncs i s retinespotfigt gromtabou " fo sbagg WEELT | | o
matefials such aguihpill IAYRhORY mFRkAKHEE MhPBEused in accordance with the The

sustai ned rel ease coati'ngs of the present 1'hvention can al so I ncl ude
er osi on- present inventiqrinciode digestiblentong shaih (G Csp,aspdeiatiy € 190F)), .

The sustai nedq r.el ease coatin f the present invention.cgn. also ipclude 30
mter i al o | SURHIRE R TORPOC R AT Y PHOPEOCHGPIBBREYDT Use,
such as esters of fatty aBfab MRigéAPARAVREet1EBild ffiChalfrallahd SAfthdt|waked.er s of
carbonic acid in which carbonate

32 Hydrocarbons havipgaupeltingpaintef betweeh @5 pold YA€l are preferred. Of the

The rel ease; nodif.yi.ng_ agent ;. al ri en - per neabl e, pol ymer.

In &rtain b‘%"&r%?‘%é‘ag@ﬁ%gm W&n%%/lgl,s’ é%é&ﬁllgﬁﬂz g“ﬁt?@ﬁ ¥y P%g“%géﬂfeﬁ“g“ sgl ect ed
from embodiftitBfsOANE bRAPYAES foyih Gelyl ddh@Efup toFOYODS welEdt)f aSleatioates, and
m xtures of any of the 5 f or egoi ng. The

sust ai ned r digestihte, den dbaigdygrocarien.pr esent i nvention nay al so include an
exit co s S | r:. 5. £8,:,0r the
i ke. The passagg%g‘%ganﬁya %ﬂl&a&ﬂg OP{WA &ar?&d? 218%0 y%z%g%\gﬁn%lf ﬁ%dg&gas:e%tlﬁose

di scl osed i thelindirix Porildtiohl SIf ai addifional RydropHdbiz, diékial is included, itis 4, 063, 064;
and 4,088,864 (all of which are hereby incorporated by reference The 10
paséhgeway emfemblyselssipd Sommatuealand aaitheig naxes falgaids fattsaigohals, ad |  pti cal |

[ other enSUaTRS R ospiby Bemelssnptuts beslf A OB AAND,
f or mul at i on stearyhsaloolesle @his list is notaheank toHwxolysige.cont rol | ed rel ease coati ng as
set forth . One particular suitable matrix comprises at least one water soluble hydroxyalkyl
cellulose, at least one C19-Csg, preferably C; 4-Coo, aliphatic alcohol and, optionally,
20 at least one polyalkylene glycol. The at least one hydroxyalkyl cellulose is preferably a
hydroxy (C to Cg) alkyl cellulose, such as hydroxypropylcellulose,
hydroxypropylmethylcellulose and, especially, hydroxyethylcellulose. The amount of
the at least one hydroxyalkyl cellulose in the present oral dosage form will be
determined, inter alia, by the precise rate of opioid release required. The at least one
25 aliphatic alcohol may be, for example, lauryl alcohol, myristyl alcohol or stearyl
alcohol. In particularly preferred embodiments of the present oral dosage form,
however, the at least one aliphatic alcohol is cetyl alcohol or cetostearyl alcohol. The
amount of the at least one aliphatic alcohol in the present oral dosage form will be
determined, as above, by the precise rate of opioid release required. It will also depend
30 on whether at least one polyalkylene glycol is present in or absent from the oral dosage

form. In the absence of at least one polyalkylene glycol, the oral dosage form
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15 above. The present invention may also utilize a controlled

rel ease matrix that affords in-vitro dissolution rat-es of the
opi oid W be preferred ranges and that rel eases the opioi d
ina pH ependggnt or pHindependent manner. The materi al s PEOUSAK1%816 or

inclusion in a controlled release matrix will depend on the nethod used to
formthe matri x. 20 For exanple, a matrix in

addition to mﬁaabblwnﬂxmlbaﬂv@emﬂﬂ%and 50% by afkhe)at ﬁ@éi-one ahphanc alcohol2 MBY
i ncl ude: 1—ry philic and/or lFagdro hobic materials, such

as guns, cel Vit deast gng polyalkylene gly°°1 is preggnyt {n the ofabdesage fopngthen theder i ved

materi al s; tdagblded welcht

phar maceuti cal | yeacgegglt gﬂ& Hﬁ@%& ﬁalﬁ:ﬁa&‘eﬁ%«%ﬁﬁ théi&qeag‘pynerpo}y a!?‘VFFé‘F erial
whi ch is 25 glycol prefemhhjahmsnmfes rbaqmem 208G and)ﬁd)%cqb)iwc) olf ﬁieeat.‘iladd%ﬁ d he active
agent. and whi ch Txg he extent necessary to

be extruded) may ‘EPdf’ﬂe’%ﬁrfSBFa@ﬁr?éé %tpﬁattlFPét gpeéggmxyalkyl cellulose or

i nventi on. acrylic resin to the at least oneigfstic! eghecially
Cl2- 40), sulggyt ftetﬁneg oera cast one lg%a?ﬁgﬂléé‘?%lﬁﬁggéég/{yr o%%g%%ssé’ %uch as
fatty aci ds,considersblaexteitthe relepsy rate 9ﬂthespxexﬂ§rouf thﬁd'dirmulaﬁﬁn A ratio ofthié ds,

3} Sg(r)fils and af Fegsetto%g )gdrgi)}aﬁ(y?cglu\f\%e fo the aﬁ%as%%gg e;hphanc ﬁcoq\%l/polgaqulerg %gl kyI ene

O these pOlgIWbl&ﬁb&ﬁédﬂﬂZh:ﬂQ'¥f§9ﬂr§ferr€c§%ﬁ'aathﬂlé’o@é@{'éﬁ'ltiﬁ'fdrll43?1'5 - the
cel | ul ose ethers, especial I'y hydroxyal kyl cellul oses and
car b‘@xyal ky |regticularly peeferredr e pref erred. The oral dosagé form may

Fydr ophi ' or - hy 4t Shifat oie peatbYiet Brlcolmaltbe, Bl poemppyisne sty ophobi c
material is oz Wyidi BoreEfRd, p&lb@th?l)ﬁﬁ’é gl?@dlbqfﬂc RiRbee addthoe molecular welght ohas a
mel ting point of between 25 and the I ong chain gl rocarb

material s, theatleastone pojyatkyleng gmcghame&rreéwsmn é 089 endo} % @rqsm!aall?he or al
dosage form | 60% (by weight) of at |east one
di gesti bl e, neﬁﬁgfrgg?aﬂ%%?%(gar bon. Preferably, the oral

dosdge for m cont ainother fuitable@Oftrdlied reteisy li’dalnmoﬂﬁ chifipiide afRtkylddllulose
pol yal kyl en e, hydrophobic material is

e
pref erabl y é&&ééﬁ@ﬁethﬁcfﬁﬁlﬂ%)g’lr%mto&méiihgh%tw ghol and, optionally, a
al kyl cel | ul IkyBgE ¥lyes). and net hacrylic acid polyners and copetyners,
shel | ac, zelcb%%gl i 3@)&: hydr ogenat ed castor oil, hydrogenated vegetabl e
oi I, or mixtures In hentheypreférredeentiodinment, the matrix includes a pharmaceutically

acceptable combination of at least two hydrophobic materials.

20 In addition to the above ingredients, a controlled release matrix may also
contain suitable quantities of other materials, e.g. diluents, lubricants, binders,
granulating aids, colorants, flavorants and glidants that are conventional in the

pharmaceutical art.

25 PROCESSES FOR PREPARING MATRIX - BASED BEADS

In order to facilitate the preparation of a solid, controlled release, oral dosage
form according to this invention, any method of preparing a matrix formulation known
to those skilled in the art may be used. For example incorporation in the matrix may be
effected, for example, by (a) forming granules comprising at least one water soluble

30 hydroxyalkyl cellulose and opioid or an opioid salt; (b) mixing the hydroxyalkyl

cellulose containing granules with at least one Cy, - C» aliphatic alcohol; and (c)

36



preferred enbodi nents of the present invention, the hydrophobic material is

als5 - pharmaceutical ly acceptable acrylic polyner, including but not
limted wwoewrsyde ¢ acid and nmethacrylic acid eepalsy®®sss net hyl
met hacryl ate, nethyl nethacrylate copol yners, ethoxyet hyl '
met hacryl ates, cynaoet hyl nethacrylate, am noal kyl nmet hacryl ate

| , l | I d 1 th [ id), th | i d
a1 Kyl am e OBAEFPfrstioe i PP s Pisforain B BERHEL Ry fomed
aci d) (anhydgy d@d grafiflating the laycﬁ@*}béﬂ@i E@ﬁ[déé/@{nﬁicﬂ Wik %Qﬁf.yﬂnaar}}aﬂ?mﬂaﬁlg

) gl yct dy met hacryl at e

pol y(net hacrylic acid anhydride), "and
copol yner s. pieferxsd ismbodimizntiofithistpsocesshthe hywnngfoater addddaturiag theswetel ect ed

f terial h_as. h | kyl cel ul gs; h. )
ny r oy pr op BRIEHYY 161 fegIEabY betwees 1. s 3 ipen rpeiialy tspwaond Fdgel ng

Preferred hygee by Gueigtt 8F thlopiofd.€ water-insoluble with nore or less 25
pronounced hydrophilic and/or hydrophobic trends. Preferably, the
hydr ophobi ¢ In yet other aiternative bobodiments, a spherhmizing\agertt togetherwdthatherel ti ng

poi nt from about. 30..to abput .200. C . referahl.y from about 45 to
about 90 C. *SP&T4T it cgn 8? WQCWHFQMBPEWF&?’Q‘?i@?"r‘?ﬂ{ﬁ%&%% cehuﬂ’]_se IS conpri se
natural or gl iLsuayRMmiclodktdllmt eQRMdse if $4CRaffle! Be MhteriaBold & VI,

stearyl, cetyl referably cetostearyl alcohol), fatty acids,

or
i ncl udi ng buy¥viesbPH|10i(Trade Marl;, %M@Cgmoration). In gughcemehodisents, innadditiondp d
| i d [ -gl ' hyd ted fats,.
oL oo PR e PR b NS B TIPSR el R o

and __ Suitable binders, such as low viscosity, water soluble polymers, will be well Rfbwn to
hydrophilic materials having hydrocarbon backbones. Suitable waxes include,
f or those gkilleshinghe phagdagshtical psh.c Haprvercuatersoluflphydrxydaveralivd wax. For

purposes of Liif,e. such a5 h{’,&ﬁ?’@’ﬁ?‘?ﬁwﬁ%‘%‘ﬁ%ﬁ? F{,eip?&erre%. Vmﬁiﬁdggﬁy gdigft& T g@%]l}i)s

defined as any nateria

t enper at ur e thewphreRisanayrbohtainga waterihsobiiblé petpmed) especidlly awadidinpolyifiél, &1 5
Sui t abl e hydro&hobi C mater'hal s which _may be used in accordance with the

pred®nt i nv@RDIERORoENETgRIch aYa Bethaerylic pqidrsthyhagrylate copatymer, exgibd a) | y

Cl12- C40), lulose. T Bhﬂ%’gd iy ' gtwﬁl]r Pemgsych as
fatty aci ds,ce a(tmtey %F%cg%gﬁs,l g yétgr%‘ll%ﬁé&%fegge%% steréséﬁgr?ﬁ)?at tuy aci ds,
m ner al and hydpphatiit marriklsuelnas (aha waseitherchlangrvi freddntixweeceih a fatty

Hydr ocar bons oint of between 25 and 90 C are preferred.

O the 10 A o; 3‘8@33@5‘% ?I’fn%i}ﬁr ocarbon materials, fatty (aliphatic)
al cohol s ar eygf g_,ttg;s;ﬁ@ﬁ%ﬁxcer tain enbodi ments. The oral dosage
formmay contain up to Yo (by weight) of at |east one
di g@sti bl e, | ongSustainpd tejedsowalrigesran also be prepared via melt-granulation or melt-
extrusion techniques. Generally, melt-granulation techniques involve melting a
normally solid hydrophobic material, e.g. a wax, and incorporating a powdered drug
therein. To obtain a sustained release dosage form, it may be necessary to incorporate
an additional hydrophobic substance, e.g. ethylcellulose or a water-insoluble acrylic
25 polymer, into the molten wax hydrophobic material. Examples of sustained release
formulations prepared via melt-granulation techniques are found in U.S. Patent No.
4,861,598, assigned to the.Assignee of the present invention and hereby incorporated
by reference in its entirety. |
The additional hydrophobic material may comprise one or more water-insoluble
30 wax-like thermoplastic substances possibly mixed with one or more wax-like

thermoplastic substances being less hydrophobic than said one or more water-insoluble
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Preferably, a conbination of two or nore hydrophobic materials are included
I n the matrix fornmulations. 1f an additional hydrophobic

material | S.i ded, it is 15 preferably sel ected_f al and
synt heti(}{/é&é(@g,b&lf atty acids, fatty alcohols, and PC&RJ%%E{% af

t he sanme. Exanpl es include beeswax, carnauba wax, stearic acid and
stearyl alcohol. This list is not nmeant to be excl usive.

One parti cuhak-1ikeisksbinCesTah bidér RARREVS@Rstaht rkIBRS] the a4 waz e e
hydr oxyal kyl ) cel | ul ose, at |east one Cl2-C36, preferably
Cl4- C22, al syistances inkhedhanulatioa shoyd be mebistaptiallynon-degradable andsinsaluble i

B0 VoL €N e e Yo ERR RS RA Ceruf oSttt SR o7 A0 Y

hydr oxy pr opyghiseinkés| @ebe those with a water-Solubility ikt @1y waEhayatoat | :5]006 ewand,
especi ally, hydroxyethyl cellul ose. The anmbunt of the at | east

one hydroxyal ky| Indditigngs thejahoye ingisdientsa susteined srlepse matrix meylsq camgain

det er m ned, _j i -Qci Se I o]l . l,yed. The
o o A b Yokl o688 3F LR, WRlS il SAARaiENE

al cohol , nyrcb®ianks, fhwedind andrglidhmathat are conventional in the pieifhceutital pAr Theul arly
preferred enbodi ments of the present oral dosage forn . however,
the at | eastduesiitiespf thesgrapdditignal mrlalsswlaévafﬁmeébmlrm@e the desired 8H64t toy| cohol .
The . 1he at | east one aliphatic alcohol in the present
or al dosageﬂ?eo?er%ﬂgve){épﬁgg&m{ determ ned, as above, by the precise
rat @ of opi dnddditidretaske sbogeiingedientst a nistdined|raleasd eperirdind@rporating mebn “whet her

at | east one pol vyal kl.yl en | ycol, is present, in or. absent fromthe oral
Gosage. < oxbidel e ol sisn b SRbe e SRR YA Péne
glycol, the @pals, daRa%s, B, granulating aids, colorants, flavorants and glidants that are

35 preferably contains between 20% and 50% (by wt) of
the at | eastconventional phtht pharmhesyhiodl art in amounts up to abhen 086 by waight afitke

pol yal kyl ene gl |...s.present in the oral dosage form then the
conbi ned M|p§ﬂ{°¥@fog‘fﬂ rg | east one aliphatic alcohol and the at |east one

pol yal kyl ene S eciﬁcexmxﬁldé%@khﬁﬁﬁée%ﬁé&iy)ﬁc@éﬁ%lééaﬁe%mﬁﬁé gfitsdffe and 50%
(by wt) of the total do I n one enbodi nent, the

fatio of . o.meybesed arformiae orhdosagelfory atekdgtcribed inthoHandhook of ~
| i i | . Lohati c..al hol. /. A |
o i nes BhgtuBackiifeaPixRARE A3AGicR) PRABRL B ARORsdRR 16 ot YOO

opi oi d fr omuyhefefentdhtdréihi on. A ratio of the at | east one
hydroxyal kyl cellulose to the at |east one aliphatic al cohol/polyalkyl ene
gl ycol of between 1:2 and 1:4 is preferred, with a ratio of between 1:3 and

1:4 peing 1 : L th preferred. The at
Ieas2 one po e}é SI&%E ?jt—olgﬁn% be, for exanple, polypropylene glycol

The preparation of a suitable melt-extruded matrix according to the present

invention may, for example, include the steps of blending the opioid analgesic,
together with at least one hydrophobic material and preferably the additional
hydrophobic material to obtain a homogeneous mixture. The homogeneous mixture is
25 then heated to a temperature sufficient to at least soften the mixture sufficiently to
extrude the same. The resulting homogeneous mixture is then extruded to form strands.
The extrudate is preferably cooled and cut into multiparticulates by any means known
in the art. The strands are cooled and cut into multiparticulates. The multiparticulates
are then divided into unit doses. The extrudate preferably has a diameter of from about
30 0.1 to about 5 mm and provides sustained release of the therapeutically active agent for

a time period of from about 8 to about 24 hours.
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or, which is preferred, polyethylene glycol. The nunber average nol ecul ar

wei ght "of the at |east one polyal kyl ene glycol is preferred
bet ween wad®A3=med 15, 000 especially bet ween 1pEDUSEARSTE2, 000.
15 Anot her suitable controlled rel ease matri x woul d
conpri se an al kyl cel |l ul ose (especially ethyl cellulose), a Cl2

to C36 aliphatic aI cohol, and Snfogt I onal al kyl ene

. . ol
gl ycol . An optional process {ot, prspanitie tﬁ? E‘Fa]é FxiEionsphte H&%P’}i IRYEBLOR 1 i x
i ncludes a ﬁﬁ@ﬁdﬁ@‘&ﬁ'b'&lyqﬁétbﬂ to an extrude holit frafedlh RRrdRM@ly 2t | east
two hydrophobic materials. nfomo ¢ ra%ﬁf‘dri]} addi tal onto tﬁﬁ l‘%i?;
i ngr edi ent s ,activecagant; ed anbptiohal dirslerrdieating thahormwoous mixture; extrudingtieai n
sui tabl e quahgt ities of other uent | uhri cant's, binders,

granul ati ng Fpgenous ¥t @ therg 3%%?1‘{@‘15%8%‘?3 %sﬁt(agx § Fogtaining ey nyent i onal
in the homo eneoﬁbﬁ:'iﬁﬁ‘éeéﬁtﬁ@he 8t dnds intd Barticles having a size from about 0RROCESSES
FOR PREPARI NG TRl X - BASED In order to
facilitate trm tpaqurl&mrandfdmdlagwbaldipamgm intd inetjduseﬂ dathds aspectiof thesage

f orm accordi.n .0 ventj on t hod of aring a matrix
formul ation 'R ﬁéﬂn’area‘hvgyc°n“n?8ﬁstlﬁﬂé‘éac YringpagFed et‘ galized hay be used. For

exanpl e incor por ateQhamhdterlof theBrirhidef af@Mur®6r exit port can also b&hdi8GELE vabpr
exanple, by (a) form ng granul es conprising at | east one water soluble 30

hydr oxyal kylth@t’f!mkmb%‘s?é ﬂwﬁﬁ@@ﬁd(ﬂfrdn@r F@nh@pxom, (ﬁles%ﬂttpﬂﬁ ebtheexithdeg nedde
ggr 8xyal Ky alx}oﬁhgfqugd,axlt 'fﬁdxs ?a&{{ﬁr? 10! e & thx%ﬁdsV@ah%e%duc&at%t one

36 parnclesusmgaho@mrb@ﬁ@érj ghillexmEpétessi ng and shapl ng the granul es.
Preferably, the gmanul es are forned glpanul at i ng t he
hydr oxyal kyl cel | eae@mﬁm@djnwﬁpmwg@rsystm calbeaufqrueéem 1 ip the form 'of

e L

wet 'S {1 nes,
especi al |y bie preeent lnvéﬁtxcandlﬂexﬁasﬂmelt-extmdddl meldpartitidatels)’ awél"gxhlt-emﬁ-udeﬂe

opi oi d. ), her alternpatjve enpodi

sphéefoni zi ng‘n}i’é‘@hﬁ“"u‘@&j&t%@ vﬂnfjhmte 'ié"‘m‘g1 Pam“?es shallire %tola;@ fﬂy&%t can be
spheroni zed \ff DR |y

preferred. A swlt%%}'e m éfrﬁggr ysglt%?s?’ﬁrgy%%ﬁdd(%ggﬁ%sah %?tﬁgix o 01.mto ee

mat eri al  sol abtias agents and one or mémexelbleﬁtd freferably mdhdiﬂgmmydﬂéwhblﬁbmamiat i on).
'n such enbogl({gcr}ltb dhercmaﬂl regar& the melt-extruded multiparticulates will be of a

range of from about 0.1 to about 12 mm in length and have a diameter of from about

20 0.1 to about 5 mm. In addition, it is to be understood that the melt-extruded multipar-
ticulates can be any geometrical shape within this size range. Alternatively, the
extrudate may simply be cut into desired lengths and divided into unit doses of the
therapeutically active agent without the need of a spheronization step.

In one preferred embodiment, oral dosage forms are prepared to include an

25 “effective amount of melt-extruded multiparticulates within a capsule. For example, a
plurality of the melt-extruded multiparticulates may be placed in a gelatin capsule in an
amount sufficient to provide an effective sustained release dose when ingested and
contacted by gastric fluid.

In another preferred embodiment, a suitable amount of the multiparticulate

30 extrudate is compressed into an oral tablet using conventional tableting equipment

using standard techniques. Techniques and compositions for making tablets
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10 the active ingredient and spheroni zing agent. the spheroids may

al so contain a binder. Sui t abl e bi nders, such as | ow viscosity,
wat er sol yners, will be well known to ARbs/dsid | €d in
t he phar rracgﬁplggéal art. However, water sol uble hydroxy Iovver aﬁ(

cel l ul ose, such as hydroxypropyl cel lul ose, are preferred. Addltlonally (or
alternatively) the spheroids nay contain a water insol uble
pol yner, espeanpdessgd and moldgd), capsuiky/(ierd, and i3oft Relatin) and pillsrayd dlsd des¢ribesiner
such as a nethacryli h | at e copol yne

. ricks ORmTal it S 3 S P L 98 |

cel | ul ose. I'AEBS aofutical peien
general |y i nglitiGaRd by refe encehm.e“hydrophobl c material such as (a) a wax,
either alone or in ad?'nextrure wth a fatty al cohol ; or (b)
shel | ac or zein. Inyet another prefeired emBodimenstj tha exfatdatexcad be shaped mto tablets as

Suet g med 1 eLeBas O YERS KSR DRSS L ARl ©

techni ques i h4QL %1 KRty iR rpbrated by reference. NOr Ml Iy solid hydrophob| c
material, e.g. a wax, and i'ncorporating a powlered drug

therein. To obt ai(Baptamailustﬂmmmnnét%mndbsagﬂedmuMpamcumsybbmﬁecessary to
I ncor porate

dit |
et hyl cel | ul otgglegrca’éb%(fa&%n?rqg%gﬂlﬁtggaaﬂ’rl‘%//?arngjp2}%‘%‘“ oSatet aﬁﬂ%%ﬁtam?% o the
ol ten wax h&%mdgsdﬁﬂh%b @ﬁﬂau@ﬁ%@lﬁﬁb‘é%o&fn §H§s€ﬁbé@%oﬁ@| S1tH @oatings

formul ations prepared via nelt-granulation techm ques are found in U S
Pat elft No. preferably includga séﬁcxsggmoagfsqf@mémph@m mateialdp ghtain %welgmam esent

| nvention an %P%bo#pgg%ﬁ(& ﬁoep% ent a&/hog%e ovércg%fn?aa/% ?ealté} deﬁ&dﬁ'&t irety.

The additional matert a
wat er - i nsol U@dﬁ tB@phystcal proplmsblf (7Y ﬁaﬁﬁﬁfiﬁ@ﬂn@iﬂ&hﬁlgéﬁ&&iﬂmﬂﬁ uﬁl(i@ﬂlahdiy m xed

with one or nore wax-|ik t hernopl asti ¢ substances being | ess
hydr ophobi ¢ E}’ﬁéﬁs@élrﬁeiﬁﬁéat%@nﬁﬁg athgrthings.i nsol ubl e

37 NS rﬁaqrﬁ{ﬁi{ const ant
rel ease, the indi wecfnel ¢ e#hlﬁ?d&ggéﬁgﬂggﬁheé@%& %E(E:rgfsoﬁl n-the tormul ation

shouisd be suimsluda t:dnﬁblhaudn@ of sieltressialet mxmipirtidaﬁoﬂs «¢bhteining one or more of the
gastroi ntestj nal fIU|ds durin itial release phases.

wat er - i nsol ulbFEPGically agtive agents J‘S°?°S°‘P ahowe gﬁ@é’ﬁ%"%‘ﬂf‘ﬁﬂs ES%‘W"?
wat er - Sol ubi {le ¥ iH&Y %e bstmbs QBAlsd fRBINaERPMHhovht oF qugmééﬁfa\@ reledse ¥

In addition to the above ingredients, a sustalne el ease matrix nmay al so
cont ai n therapeuncaléwaqtlabb@nqﬂmmrqmptﬁsraybum d¢ffect. riktteemnedinte glegse,  di | uent s,
| ubri cants, R}Fnders ranul ati ' ol or ﬁ%t flavorants

d
L o r Sant seRaR I RARE afnt Bl Bt MRomaratedh e e eatRie PGS MU

guanid Ej I efo Oﬁﬁlétz}?&%sxﬁg%'ﬁda? BRoI&E & thakiitfabk bf the Sauditattichlatidtafie0 provide the
esired effec o]
preparation of the dosage forms (e.g., controlled release coating or matrix-based). The

unit dosage forms of the present invention may also contain a combination of controlled
release beads and matrix multiparticulates to achieve a desired effect.
The sustained release formulations of the present invention preferably slowly

25 release the therapeutically active agent, e.g., when ingested and exposed to gastric
fluids, and then to intestinal fluids. The sustained release profile of the melt-extruded
formulations of the invention can be altered, for example, by varying the amount of
retardant, i.e., hydrophobic material, by varying the amount of plasticizer relative to
hydrophobic material, by the inclusion of additional ingredients or excipients, by

30 altering the method of manufacture, etc.

In other embodiments of the invention, the melt extruded material is prepared
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the desired fornulation. 10 In addition to the above ingredients, a

sustai ned rel ease matrix incorporating mel t- ext ruded

mul ti part wisléerizesy My al so contain suitable quantities of ethgisediRised i al s,
e.g. di luents, lubricants, binders, granulating aids,

colorants, flavorants and glidants that are conventlonal I n the

phar maceutlcal art_in anpunts up to about 50% by vvelght of the
particul ate |"“I1 ﬁ‘é‘sﬁ‘er ’@61“5195 of the therapeutically activeggent; whish ésadded thereafter to

phar maceuti c ggmgﬁétfoln? 1&@8@1‘3&\}3'&%&3&%}?{%1%&8 %ggnbf may be

used to formnu ate oraI ar e scribed Tn
Phar maceut i ¢ alendadtogatieertvaith thaaxtrudadh miztrix rzesal] andahen%s atixtaie viould BH86) ,

i ncor por at ed by r.eference herein. Mel t EXtrusion
Mul tiparti cuftableted in order tOP“’Vldcas OW releasg 8"?}%@#?&# §t“fh§ﬁ“6?la%9“§mab’é’l§l e

nel t - gxtrudedy Vs on may,
for eiarrpl e, q| ‘;r% ag%ia“ aﬁe st 3@5%%%%2 ag%v%aggngﬁ%lfxg%hszﬁ%é

t oget her wi t Horatuldtioa $¢ sensmvétgndempﬂmbfes neaaltzé forabftaring the afdroplibic thierial

addi ti onal dr ophqbic material to obtain a honbgeneous

ni xt ure. The%@fﬁﬁ&&ﬁﬁ\?ﬁg}iﬁ?’i‘?ﬂfﬁe is 25 then heated to a tenmperature
sufficient to at least soften the mxture sufficiently to

extrude the sane. The resultl ng hom)geneous mxture i's then extruded to
form strands. DS Qb1 KRR BEINZS8d cut into

mul ti particul ates = t he ar The strands
are &Bol ed and cutrg%/h(’?g’ ?ﬁaﬁlgrefﬁ%?%tfé'§“°“fﬁ§pq‘?§l°?f}ﬁ£’?sie§ﬂp‘é?‘é‘g

are then di viTdeglardeMoPtolidi conslRe & lintih eheDidimy o4 RARELWRRLtvEas a di anet er
of from about 30 0.1 to about 5 mm and provi des sustai ned rel ease of
the therapeutically active agent for atinme period of from

about 8 to about 24 hours. M
38 An %r%‘zsp'}'o%ess for preparing the nelt
extrusi ons of theEvaRa€oh of h&tion of ine bugietondi rectly netering

into an extruder ah drohoblc rraterlal a theraeutlcaIIy
acti V& agent (Examnie g andMeloxigam;(] ks m xt ure;
extrudi ng the _ hom)genous mxture to thereby form strands;

cooling the strands containing the 5 ' honbgeneous m xture; cutting
the strands into DaEkimples]-BpQOKE inhibitaeogiste rsymbgwtvexe eitammed by examiningm t 0

about 12 mm agd dividing sald particles_intqQ unit dose In this aspect of
t he etone (Example 15 and meloxicam (Example 2) ina Phenqumnone (PPQ)

stretching (writhing) test.

20 Nabumetone is not intrinsically COX-2-selective, but is evaluated here because
its use is associated with extremely low ulcerogenesis. Nabumetone is a prodrug,
giving rise to the actual COX-2 inhibitor, 6-methoxy-2-naphthylacetic acid (6-MNA).
(see Table 1). The low ulcerogenic potential of nabumetone may be due to the pH-
dependent formation of 6-MNA. This does not occur at low pH values, such as those

25 found in the gastric mucosa. Thus, COX-2 selectivity appears to be functional. In
clinicat trials, nabumetone has been found to be quite efficacious, with extremely little
ulcerogenesis. In a trial in patients with osteoarthritis, nabumetone was compared to
diclofenac. It was found to be as efficacious as diclofenac (it is extremely impotent,
requiring 1500 mg daily), however, rone of the 382 patients treated with nabumetone

30 experienced gastrointestinal toxicity (S.H. Roth et al, J. Rheumatol. 21; 1118, 1994). In

a report of 1-year follow-up of patients treated with nabumetone, the incidence of ulcers
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invention, a relatively continuous manufacturing procedure is realized.
The di anmeter of the extruder aperture or-exit port can also be adjusted to

vary the thickness of the extruded strands. Furthermore, the
exit par WOIYBRE extruder need 10 not be round; itPCHHSHAMI ong,
rectangul ar, etc. The exiting strands can be reduced to

particles using a hot wire cutter, guillotine, etc. The

mel t extrudgds gul ol PRIPDRUISS &, 235¢)em can be, for exanple, in the form of
granul es, spheroids or pellets depending upon the extruder exit orifice.

For purposes of the present invention, the terns "nelt-extruded
mul tiparticylate(s)". and "nelt-extruded. 15 . mul tiparticulate
Systents) " MidhodsttobdopeaiE atdpis i ntacton vprperi B e Kokl o
units, pref onghlel Oiddlbhcan bAMBEmelons biWehitle WisZamatisiéed po) ndinwid) =

cont ai ni ng one or nore active agents and one or _nore

exci pi ent s, Ipniefies,andrphinged webiclywas ddpinisteted pioc Atell =29 giinutes, PPQ - as

descri bed her.ein nthisr rd,. the nelt-.extrudec (W) LG tes w il
e of & - Bhenytp-bihayihof 57 bl s Mt T, WA ae Wbt Yok kB .1
have a di amgb@smihl dtreRAtsalRWbumBd for each mélisd fdrQ raiad! AD TR0 mfhotedgh tion, it
is to be understood that the nelt-extruded nultipar-, ticulates
can be any gtetekesiwaerapgarhenyatediforj minute. Thefemere dndanicaperdosat i vel y, the
extrudate may sinply be cut into desired | engths and divided into unit
doses of the t herapeutically active agent w thout the need of a
sphgg oni zat i'Th cehdBtrations of morphine used for its ddse-respense wete0.5.6 2earkiciimpkpt , or al

dosage forns_are prepared_ to include an 25 ef fecti unt of
mel t - ext r udddesaneenpations 85‘!‘“3’}’-5@‘% P?ﬁdrfo@t%d&ﬁg'tﬂslé‘?“s?wfe@)?aﬁl1@5})&&3

plurality ofobhedPhiic CtchitiRidn b hliD@Edh GHlaFHAR B xddfordk Ik by gel atin
capsule in an anount sufficient to provide an effective

sust ai ned r eindadenglse when i ngested and contacted by gastric
fluid. In anot her preferred enbodi nent, a suitable
anount of the nultiparticulate 30 extrudate i s conpressed into an
oral,st abl et HRioRGIERAYEHE PIAPStetdhit) @hrithitg et wWaSBALulated as follows:  USI ng
standard t echni ques. Techni ques and conpositions for maeking tablets

39 (conpressed and nol ded), capsul es (hard and soft

gel atin) and_pil re. al so scribed . I n ] 'S

Phar maceut | o3 iRt 7 tuaibesavit dps o siplhE R Efg deines

i ncor por at edyigly vérélen e0cwd herein. I n yet anot her
preferred enbodi nent, the extrudate can be shaped into tablets as 5

set forth in U S Patent No. 4,957,681 (Klinmesch, et. al.), described in

addi 2%i onal dﬁr)?é tthe dose of drug that caused an inhibition of 50 %) was determined by nonlinear

regression. When combinations of morphine and meloxicam or nabumetone were

administered, the ratio was always set at 1:10 or 1:1000, respectively. For the
combination studies, the following were used: morphine/nabumetone wete 0.036/36,
0.072/72, 0.1/100, and 0.144/144 mg/kg, morphine/meloxicam were 0.18/1.8, 0.36/3.6,
25 0.72/7.2, and 1.44/14.4 mg/kg. The ED50 for each drug in the combination was
determined by simple calculation of the amount of each in the combination at the ED50
combination dose. The ED50 results for Example 1 (nabumetone) versus morphine are

set forth below:

30 nabumetone: morphine ED50 = 1.86 mg/kg po (confidence interval 1.39 —2.5)
nabumetone ED50 92.1 mg/kg po (slight extrapolation)
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above and hereby incorporated by reference, Optional |y,
t he sustained rel ease nelt-extruded - -nultiparticul ate systens or

tabl ets o¥@IUEB78Dat ed, or the gelatin capsule can be fart POTNEI¥EI6 With a
sust ai ned rel ease coating such as the sustained rel ease '
coatings described above. Such coatings 10 preferably include a

sufficient anount of hydrophobi.c terial to obtai.n a i ght i

| evel from about 2 to“ég&&‘%%*’%&g&ﬁ?@%fﬂ&%wq "&19@?‘3%9&?9%‘9@0 be
greater dependi ng ED50 morphikt?©0.06 NRoiiiéhiCiglerval RRUAtbBSIHF t he _
particul ar opioid anal %gm c conmpound utilized and t he desired
rel ease rate, anong oERSP nghumeiene=64.5. The nel t-extruded
unit dosage fornms of the present invention may further 15 i ncl ude
conbi nations of nmelt-extruded nultiparticul ates containing one or nore of
the s tAkRaRBeseh Gl the BDIS0 Y&uRY aabiindbeGi@sRanap aicteabel the € bei ng
encapsul ated. Furthernore, . ..the unit dosage fornms can_ al so '
i ncl ude an 29tsBAY obmorphine mHieamuphias didnet affect the potency qfinabumetans incdl | v
active age ntsf ft@tricaﬁ? ngiﬁc&mga@%’f tiafa i BEEDsHE TR Bl %Ec%%ﬁg ests
t her apeuti caﬁy active agent nay be T ncorporat edl, e.g., as separ §%3 pellets
Wi thin a 20 that increasip@|tied datio 6ubuinton®fo MBiphine neyaésall ivtwd-hay syHek@cin of t he
mul tiparticul ates after L reparation of the dosage forns (e.g.,
control | ed rvatveakbisssst the combipation %Paaag@dyqrerﬂ@nt COX-2 inhibitor gi¢h@s qosage

f f th - LR 3l ' ' ' : trolled
ol Bse beadeiaigt Sl pRVRRARIRY s e 303 oo h 0 P0uinfi 1011 ©
The sust ai neahe opibidasgid beceamtb aighificanthyf patdntiagertiesamalgesicefferticary gficeleesall v

slowy 25 rel ease the therapeutically active agent, e.g., when

i ngested and exposed to gastric fluids, and then to intestinal
fluids. The sustaiagthgoGbems forlti@hble® @eldx o seCaokth WERW:

formul ati ons of m%ven@%n rcan gee a teerxgk%, orseexanpl e, by varying the
anount of retardant, i.e., hydrophobic material, by varying the
amount of plasti.cizer relati 0 hydr ophobi ¢ material, by the
i ncl¥si on of® 8’6‘F?‘P0né’i‘°’?lﬂﬁerEﬁ?éﬁtls%cﬂ’g/g%e? pients, by 30 altering

the method of manuf actyul@sicadt ED50 15.2 mg/ke po (slight extrapolafioff her enbodi nents of
the invention, the nelt extruded material is prepared

40 wi thout the inclusion of.the therapeutically active

agent, which is added thereatter to . the .extr -1.9MiCh
formul ati ons typicall ng}l ﬁoﬁ%ﬁ%vgn??ﬁsg rﬁ?@flsaepuéhqgi%‘gﬁi’@e'@gﬁq\?ﬁg&algﬁt
bl ended together w th Bis® erphineled.6mtri x material, and then the m xture

woul d be tableted in order to provide a slow rel ease
for Il ati on. Such for ER¥xmelpeicamy i

As can be seen from the ED50 results, meloxicam significantly increased the
potency of morphine, whereas morphine did not affect the potency of meloxicam.
Morphine did however, allow meloxicam to reach better efficacy — 72 % vs 45 %

25 inhibition,

The data obtained from Examples 1-2 are further represented in Figure 1, which
is a graph depicting the percent inhibition (ED50) plotted against the dose (mg/kg).
Figure 1 includes plots of dose-response data for nabumetone, meloxicam and
30 morphine alone, and for combinations of nabumetone + morphine and meloxicam +

morphine. As can be seen from the results set forth in Figure 1, morphine did not shift
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5 advant ageous, for exanple, when the therapeutically active agent

I ncluded in the formulation i's sensitive to tenperatures needed
for softgRrjfgsigee hydrophobic materi al and/ orpdhesdsabsigdant
mat eri al . DETAI LED DESCRI PTI ON OF PREFERRED :
EVMBODI MENTS 10 The foll ow ng exanples illustrate various
aspects of the present invention. They are not to be construed

to limt ththedbse-reBpanse fonyabusretme onmeioxivame However, nabumetone and

EXAMPLES 1 - . ] Eval yati on, of Conbi nation of Morphi ne and
Nabumet one E‘Sl%xmm botheshiftadh the 49seaeRpoRSIpHPoRRhiRs {n ?tSQEY:%a(’EYé)mI e 2)

In Exanples 1-2, COX-2 inhibitor-opiate synergy were exam ned by exam ni ng
nabunet one (Exanple 1) and nel oxi cam (Exanpl e 2) in a Phenyl qui none (PPQ
stretching (w it Thainteraetion of fdrphine and flusolide can bé\ddmorstrated viasnnot

intrinsically X-2-sel ectiye, but_.is al ya _becaus
its Use is HOBURH APt %%gﬁ@@%‘—’&&éﬁggﬁégf ar f&%‘ﬁ"rret one is a
prodrug, preparation and®a¥s Bl isa%l%??\x/ﬁmﬁ)%r@gtimkp&@a& By tefdpéreky. Or

6- met hoxy- 2 pht hyl acetic acid ( (see Table 1). The | ow

ul cer ogeni ¢ pot eFigie 2 isfan frabelogramyfor mabpmistone) ireinteractipre Wighimorphine

dependent far I.on 6- . Thi.s esnot. occur at. | % such as
t hose 25 %ng%a?‘%ﬁﬁgg i'yhcofl\{ﬁl@mﬁgé'{tﬁv%%nu es‘i{?g‘ff%ﬂg{eng%eg%#’éc%lﬁgﬁfy
appears to bf thdalds@iah sefafately represents the sithple addiivityl dfeffacts apdifferestone has
been found to be quite efficacious, wth extrenely little

ul c&9 ogenesicempdnentraties. HDs walpestfalling ynder the cysvedbetivesty the fine anddhe,piigiBhe was

d - ...di cl Qf . . fi '
i o) of onac. (1o sy ARt et fATiEE Dl Condinlr (00C DU ).

however, nomgbh@letériteindSbrftitd Shitdted spRidicn whpporthghhmations tBO
experienced gastrointestinal toxicity (S H Roth et al, J. Rheumatol. 21:
1118, 1994) compinations of these drugs sepfwthiin dgble IL year fol | ow up of patients

El?Leat ed with nab ?{&%Eeofl%’antigﬁofogﬁh%pﬁl%lo%caiﬁl ifi Hteraction with morphine

15 (included are 95 % confidence intervals) . As can be seen from Figure 3, the
combination of nabumetone and morphine exhibited synergism supporting the ratios of
the combinations of these drugs set forth in Table II.
It is known to the art that data foi' the mouse, as presented in an isobologram,
can be translated to other species where the orally effective analgesic dose of the
20 individual compounds are known or can be estimated. Therefore, one of ordinary skill
in the art will appreciate that this basic correlation for analgesic properties enables

estimation of the range of human effectiveness.

Conclusion

25 While the invention has been described and illustrated with reference to certain
preferred embodiments thereof, those skilled in the art will appreciate that obvious
modifications can be made herein without departing from the spirit and scope of the
invention. For example, effective dosages and the spécific pharmacological responses
may vary depending upon the ratios of the particular opioid to particular COX-2

30 inhibitor used, as well as the formulation and mode of administration. Such variations

are contemplated to be within the scope of the appended claims.
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was only 0.5 % (PDR 1995, p. 2396). . . Met hods: | sobol ographi c
anal ysis of drug interaction was perforned in nale I CR mce. At
time = O,Wad¥Ms¥PTam or nabunetone or vehicle was adm ni st @#CFASS/OSIAL ti ne
(T) =5 9 m nutes, norphine or vehicle was adm nistered p.o. At T
:29 m nut es, PPQ (phenyl - p- benzyl qui none), 2 ng/ kg, was injected
i.p. At T :WHXT‘E@?JAI pgrber of abdom nal stretches was
counted for each nouse for 1 minute. At T = 40 mnutes, -

stretches were again counted for 1 mnute. There were 6 - 8 mce per dose.

10 The concen ﬁtlons of nDrghlne used for its dose-response were
0.5, 1, 2, and .5 !ng/ghamaceutical composiion cogmpEising agembmation of,a one used
for its doseay: . . The ’
Concent ot SASERAER aBi offheichfhy iy o Bfflocuc ftet topeh WA i

and 50 ng/ kgnalgesl except for comhbipationis ofitheiG0X2 indibiRfPQrith anandhtissiye(dosd dthi ng) .
test was calclat as follows: =.1 - {[total # stretches at
two counti ng¥ ch’&fm&r"ﬁ@?&ef otal # stretches at two countings

with vehicle]} X 100 ED50 (the dose of drug that caused an

i nhibition of 50 % was determ' ned by. nonli near regressi on.
When conbi nat i ons? omehpMWeumwosiﬁbnaﬁmmingmtmlnﬁmtlawlmmdasmh that an

adm ni stered e ra 0 : 1000, . respectively.
For the in analgesié ‘é%"f%?sr?i W{chbﬁ aééeaSttfﬁﬁ@“tf]sotI“FWF?éer\ng"e‘hﬁé’?f’md
nor phi ne/ namm@ﬁgsw@mm &ﬁfgeﬁéalone 0.072/72, 0.1/100, and

0. 144/ 144 ngl/ kg, norphi ne/ nel oxi camwere 0.1 8/1.8, O. 36/3 6, 25
0.72/ 7.2, and 1.44/14.4 ng/ kg. The ED50 for each drug in the corrbl nation

was et cul at e am)u e ch in
t he combi nati on g’t t e%%utmp&mpm g 06’513“8? ‘@herel”ﬂ esults

for Exanpl e obidid alMigiiconeid bessouter agemhf Mnlﬁfsiéred without the COX2tinkibidrh bel ow.
30 nabunet one: nor phi ne ED5 86 ngy/ kg po (confidence interval

1.39 - 2.5 nabunet one ED50 92. 1 ng/ kg po

gzl ilg ht extrapol gti Of‘ﬁe 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
20 therapeutically effective or sub-therapeutic amount of an opioid analgesic selected from
_ the group consisting of alfentanil, allylprodine, alphaprodine, anileridine, benzyl-
morphine, bezitramide, buprenorphine, butorphanol, clonitazene, cyclazocine,
desomorphine, dextromoramide, dezocine, diampromide, diamorphone, dihydro-
codeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,

25 dioxaphetylbutyrate, dipipanone, eptazocine, ethoheptazine, ethylmethylthiambutene,
ethylmorphine, etonitazene fentanyl, heroin, hydromorphone, hydroxypethidine,
isomethadone, ketobemidgne, levallorphan, levorphanol, levophenacylmorphan,
lofentanil, meperidine, meptazinol, metazocine, methadone, metopon, morphine,
myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol, normethadone,

30 nalorphine, normorphine, norpipanone, opium, oxycodone, oxymorphone, papaver-

etum, pentazocine, phenadoxone, phenomorphan, phenazocine, phenoperidine,
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Wi th conbi nati on dose-response usi ng nor phi ne: nabunet one 1: 1000

ED50 nor phine = 0.06 (confidence interval is 0.02 to 0.17) . :

ED50 nabwaa% = 64.5. 5 As can be se ED50
results, na ﬁ?@”ﬁ‘one significantly increased the %’fo/{é er}ggg}%of :
nor phi ne. Whil e norphine did not affect the potency of nabunmetone in a
statistically significant manner, it did shift the ED50 results to an

ext ent whi cpimiuesyes piitramide, propheptazingt priomede apropeyiditeg progiram, mb- nabunmet one to

nmor phine may result i.n two- nerqgy. ..l lew of this result,
t he conbi nag?’gﬁﬁ?f'f:’ %Pf'ﬁrﬂ?tﬂ\{r)%maé ’E%‘F‘@ﬁ‘g’ %&%@%ﬁf%&%?s ‘éﬁf&#&%‘“ﬂﬁ“‘“s

cel ecoxi b %fdnymmgiggggih%t istically significant two-way synergy. In such a
conbi nati on, the opioid will be seen to significantly potentiate
t he anal gesic effecticacy of cel ecoxib. The ED50

results for Exanple h%gloxi %rérl are.set forth
mel (L)gxicam nor phi ngﬁ gcefﬁ m

%uo ccording tobc%ign\'\i wher%:x5n said opioid

mel oxi cam ERifgebfe.i2sdlibtdddrapothe Brilton@ating P shudgofits, kappa-agonists, mixed
w th conbi nation dose-response using norphine: mel oxi cam 1: 10
ED50 nor phi Fa-agopistsfantagonists, mu-antagonist combinations, gaitstherpof.osamplexes 6. 22.

As can be s%eepeo%ragmﬁigﬁmg%peo%esul ts, nmeloxicamsignificantly increased the

il

pot ency of noOrpHine, ereas norphine did not affect the potency of
mel oxi cam Mor phi ne did however, allow nel oxicamto reach
better efficacy - 72 %vs 45 % 25 I nhibition

Theldat a obt ai ned f oaPiraAguESal fompesitiontagearding t %l.ﬁi!“ék @’lli‘t‘-’éds selectsdgure 1,
}’)":1 Io'f [‘ ed aga Ifri%)xst% th% ﬁ}eoﬁa ggtgfs?ﬁ% ?ﬁzg g%_bfé{; 'aqgulﬁﬁﬁia%tg ﬁmnufaﬂgﬁ Hirtbhﬁ n (EDS0)
administration; a solution, suspension or elixer for oral administration; an injectable
formulation; an implantable device; a topical preparation; a suppository; a buccal tablet;
or an inhalation formulation.
15
8. The pharmaceutical composition according to claim 1 which is a solid oral

dosage form formulated as a tablet or a capsule. ComT

9. The pharmaceutical composition according to claim 1, comprising a

20 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.

25 10. The pharmaceutical composition according to claim 1 wherein said COX-2
inhibitor is selected from the group consisting of celecoxib (SC-58635), DUP-697,
flosulide (CGP-28238), meloxicam, Vioxx (L 745,337), 6-methoxy-2 naphthylacetic
acid (6-MNA), MK-966, nabumetone, nimesulide, NS-398, SC-5766, SC-58215, T-
614, and mixtures thereof. '

30
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Figure 1 includes plots of dose-response data for nabunetone, nel oxi cam and

30 mor phi ne al one, and for conbi nati ons of nabunet one + norphi ne and
mel oxi caf¥Q-99/13799 mor phi ne. As can be seen from t he PCa4is98/2953¢t forth
in Figure 1, norphine did not shift :

43 t he dose-response for nabunetone or nel oxi cam

However, nabunet gpe : O] Al fit dose-response
for norphine (i nglﬁ]be}?{egg’h%rf/naf %?%1r$03{@%136ﬁ ﬁ@c@}&?ﬁ’éﬁcﬁlﬁhl 9&5&?
i nteraction QﬁX-anhibitma'namdmbimtsofﬁctbat waendee a tepapest deffeetkogﬁ:theraﬂﬂﬁa

| sobol ogram, (Se , S. Lo . Ph ;237 re ard| ng the
preparati on d&éfa"fﬁ@g‘r%cogf’maw?’fv@dﬁﬁq F#Q adﬁE?‘é‘Ble"ﬁ@B\&'ﬁg bitorer ence) .
Figure 2 is an isobol ogram for nabunetone in interaction wth norphine '
(included are 95 % confidence intervals). The diagonal line joining the

ED505val ues of  12. The pharmactigicalwomposigien geooalingepdnimtld| wherejarties doges t he
sinple addit effects,at. differ conponent ratios. ED50
val ues falli% é %fﬁﬁ%{onf’ f'?é’r‘gftﬁﬁa f("d’é?@%’éﬁf“ﬂé’%‘?wo% the origin) -

i ndi cate superadditivity. As can be seen from Figure 2, the conbination of

nabumet one and nor phi ne exhi bited synergi sm supporting the ratlos of the
conmbi nations of tlReskedhampacewical ecomposition I@dord;ngﬂo claim 1, compnsmg a

Figure 3 is l.ogram for ne teracti hi ne 15

(i ncl uded ar@égbzs“}gggﬁ‘%fl%ﬁ@gu?t "me"gg’)ren ARGRY "gﬁ’ﬁ%g rﬂ” fe 3, the
confipnati on doke @ﬁmtrémeeﬂﬂcmdnﬂgamfﬁmms&&éa Wikhub the SN -2 ThisbRROr t i ng the
rati os of the conbi nations of these drugs set forth in Table
1. It is knowmn to the art that datafor t he nmouse, as
presented in an iS50 nsl.at e t her species
where the orally %f ?Q}:egﬁ 3‘2‘@ gﬁ%t}cale%olmcp oaxggg%%qorcf%{fga I%’ relr%ﬁ?/ﬁi?fual
corrpounds ar@ckmmms@ronpmumteabbma% Ther ef ore, one of ordi nary skill
in the art will appreciate that this ba5| c correl-ation for anal gesic
properties enabl es estimation of the range of human

ef f ggtiveness. 15. The pharxnacem&oﬁﬂo%on according to claim 1, comprising an

/.

opioid analgesic selected from the group consisting morphine, methadone, meperidine,
levorphanol, hydromorphone, oxycodone, hydrocodone, and codeine, together with a
COX-2 inhibitor selected from the group consisting of celecoxib, flosulide, meloxicam,
nabumetone, nimesulide, T614 and MK 966, in the ratios set forth in Table I.
20 '
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.
25
17. The pharmaceutical compositibn according to claim 8, wherein the oral
solid ldosage form includes a sustained release carrier 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.
30
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25 Wil e the invention has been described and illustrated

with reference to certain preferred enbodi nents thereof, those
skilled woédarert Wi ll appreciate that obvious pCT/AMGsbnlokGat i ons

can be made herein w thout departing fromthe spirit and scope of the -

I nvention. For exanple, effect [ ve dosages and the specific pharnmacol ogi cal
responses var Pendl ng upon the ratios of the particular
opi oid to particlfaft W@f ectively treafing,pain inghumpns gt other mammmalss t he

f or mul atlonfﬁﬂq f{%%n.l | r%e% are
contenpl at e t0 b& W {ln n th Btgéc%%% ‘?#Iht Gca{?e?%éﬁ\%@mm ofa COX-2

44 inhibitor together Wik dds8 oCanbpiiD) ahﬂgesm 1. A
pharmaceutical composition conprising a conbination of a COX-2

inhibitor in an amount sufficient to render a therapeutic effect together
Wi th an opioid 5 m% COX- 2

| nhlhsbl tor with aln9 aTr}%elr{l? ussi ve 8158’ Q@aﬂ%é&hb%ﬁpﬁgﬁ%g%gg% %egﬁcodel ne.
2. The phar effetvhichas atdeaspadwint § tmesgremerdhanghatmbadiredwith ﬂ\hdo&mqf opiogh that an
an anal gesi cagéfjecti |s attained which is at |east about 5 times greater
than that offi&FTEd wi th the dose of opioid anal gesic al one.

3. The pharmaceutical conposition according to claim1 wherein the dose of
opi oi d anal gesi c_woul d be subtherapeutic if adm nistered wthout the COX-2
i nhi bitor. 15 20. The method of claimy18, whasirpthe doszcd thtel COX-2inhibiser anddhe
according to .cl 1 .wherein.the,opjoid anal gesi ¢ and COX- 2

I nh d’m tor a?%mglgaﬁl Fsé}? gﬁ?@gmg?%?ﬂ/opbxa I npl ant, parenterally,

sublingually, rectally, topically, or via inhalation.

21. The method of claim 18, wherein the dose of the COX-2 inhibitor and the

opioid analgesic are administered in a single oral dosage form.

15 22. The method of claim 18, wherein the dose of opioid analgesic would be
sub-therapeutic if administered without the dose of COX-2 inhibitor.

23. The method of claim 18, wherein the dose of opioid analgesic is effective
to provide analgesia alone, but the dose of opioid provides at least a five-fold greater

20 analgesic effect than typically obtained with that dose of opioid alone.

24. The use of a pharmaceutical combination of a COX-2 inhibitor together

with an opioid analgesic to provide effective pain management in humans.

25 25. The use of a COX-2 inhibitor in the manufacture of a pharmaceutical

preparation containing a COX-2 inhibitor and an opioid analgesic for the treatment of

pain.
26. The use of an opioid analgesic in the manufacture of a pharmaceutical
30 preparation containing a COX-2 inhibitor and an opioid analgesic for the treatment of
pain.
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5. The pharnmaceutical conposition according to claim1l wherein the a 20
therapeutically effective or sub-therapeutic amunt of an opioid anal gesic
sel ect ed Wo 99m3799 the group consisting of alfentarCK/usos/i9%igprodi ne,
al phaprodi ne, anileridine, benzyl- nmor phi ne, bezitram de,

bupr enor phi ne, butorphanol cl onitazene, cycl azoci ne,

P A D L e

25 dbsnsﬁaomimms’%@ offkifiel RRNIANREGatHIYAROG B and b)) SRdhakitn e,

et hyl met hyl t hi ambut ene, et hyl nor phi ne,” et oni tazene fentanyl,
heroi n, hyd ﬂ@rﬁS’ﬁlﬁl ntervalgfahelR0Ke inhibitaroverlaps with the dosing intesval afithee,

ket obeni don% va I or phan | evor phanol , | evophenacyl nor phan,

| of ent ani | %b HE, mept azi nol , net azoci ne, nethadone, netopon,

nmor phi ne, nyrophi ne, nal buphi ne, narcei ne, niconorphine,
nor | evor phanol , normet hadone, 30 nal or phi.ne, nor nor phi pe,

nor pi panone, opi & W@e@eﬁ@duwmmnmfowm@md to treat a patient et um

ent azoci ne, [ bl i er.i
o N T R R Ut
properi di ne ampumufadl0OX{2rishibitor, to augment Wﬁaamﬁnﬁlﬂﬂmid opidid| i di ne,
tramadol , sal ts t hereof , conpl exes thereof; and ni xtures of any
of the foreddl! gigic during at least a portion of thg. d““BIﬁé“‘ﬁ‘fY&‘eréé‘él&’P}%‘bFn%ﬁ*ﬁom tion
accegding to claim1l wherein said opioid anal gesic is selected
fromthe group consisting of nu-agonists, kappa-agonists, m xed
mu- agoni st s/ ant aQinAshﬁthodbf aduagg)tlIeMOunmﬂfiamXQnﬁhlbﬁairtqniﬁeﬁm tedt
conpl exes and, m Xtall‘ es thereqf

10 .. ...
7. The pharftséatide W%%&sqompaﬁm&eea Binigering vafhseid @053&% iohibiter &b ect ed
fromthe gr%@ctmra oaﬁﬂmn fuomf'atgeﬁk 'to BugtHidt iRAmk ﬁeﬁimumerml s@hi on for

or al mn| stration; a solution, suspension or elixer for oral
adm n| st r at |QQX-2amnbmrdunag)h1deastapomon of theﬂosagahaemdrof said GOMpRant abl e

devi ataq preparation; a suppository; a buccal tablet;

or & |nhaI é&g‘ﬁ’forrml ation.

LT f



15 8. The pharnmaceutical c
| which is a solid oral " dosdge fo
capsul e. 9. The pharmace
to clai mC ¥ ising a 20 dHe apeut i

onposition according to claim
rmfornul ated as a-tablet or a

utical conpogét;eek8sor di ng

cally effective or

sub-t herapeuti c amount of an opioid anal gesic selected from t he
group consi sting of norphine, nethadqne, neperidine, |evorphanol, codeine,
hydr ocodone, di hydrocodei ne, hydronoﬁwﬁgﬁgﬂ oxycodone, oxynorphone, salts

t her eof ,

and m xtures of any of the foregoing.
The pharmaceuti cal

conposition according to ¢

25 10.
laim1l wherein said COX-2

inhibitor is selected fromthe group consisting of celecoxib (SCG58635),

DUP- 697,

6- met hoxy-2 napht hyl aceti c
NS- 398, SC-5766, SC- 58215, T-

ni mesul i de,
t hereof. 30

flosulide (CGP-2823 8),
acid (

.11. T

mel oxi cam Vi oxx (L 745, 337),

6- MNA), MK-966, nabunet one,
614, and m xtures
he pharmaceutical conposition

according to apY;
sufficient o re
of hydrocod@ne

i nhibitor. §5"w

M —conmprismg =
hder a therapeutic effect tog
hich is anal getic if adm rg st

nount
dose

ggzi;m& ghbitor in an a
bt her m%% . &
or ed WROUt t he COX-2

FeTTT CH eI IR PEPYHYP accor di ng

to claim1llg whe -of hydPosembiievihgaymepes gl y from
about 15 to:pbemj | —=t3nelofs@ phar naceut i cal
conposi ti ongacco 1 Sing p —— meloxicam with @&pehide | nhi bi t or
in an anoun® suf.ti r apeut | c--af-fmeedhing ighaelvaicamni t h a 10
dose of cod@ n@sy dm ni stered wi thout the COX-2
i nhi bitor. he phar pmceuti cal conposition
according to clg m 13, wher

| 001 010 100 10,00 100.00 1000.00

Dose, ma/kg



of codeine is fromabout 30 to about .400 ny. 15 15. The
phar maceutical conposition according to claim1, conprising an

opi oi d aWA Y37 sel ected fromthe @rpsp consisting mor phPAEUSYSAdoNe,
meperi di ne, | evor phanol , hydronor phone, oxycodone, hydrocodone,
and codei ne, together with a COX-2 inhibitor selected fromthe
group consisting of celecoxib, flosulide, neloxicam

nabumet one, ninesulide, T614 and MK 966, in the ratios set forth in Table
. 20 16. The pharnmaceutical conposition according to
claim1l, wherein the dose of F iZhi bitor synergistically
potentiates the effect of the opioid anal gesic, but the dose of
opi oi d anal gesi c does not appear to significantly potentiate the effect of
t he COX-2 inhibitor. 25 17. The
pharmaceutical conposition according to claim38, wherein the oral

solid dosage formincludes a sustained rel ease carrier which causes the
sust ai ned rel egsg_of the COX-2 inhibitor, the opioid anal gesic,
or both the opioid anal gesic|and the COX-2 {nhibitor, when the
dosage form contacts %éstrﬂj, estinal fluid. 30

47 0 A nmethod of effective
humans or other manmmale,$ conpri sing adm ni st ¢
a therapeutically effegtanve i
with a dose of an opi ﬁggg
claim 18, wherein the i'ngtion providesNan anal gesic[ ef f ect
which is at |east abod® 5 t, at obtai ped with the dose of
opioid andf gesi i

ly treating pain in
ring to the patient
i nhi bi tor together
19. The net hod of

0.0 0.5 1.0 1.5 20
Morphine EDgq, mg/kg p.o.



20. The nethod of claim 18, wherein the dose of the COX-2 inhibitor and the
10 opi oid anal gesic are adm nistered orally. )

21. The wesévmdrf claim 18, wherei n3t/l§e dose of the COX- Zpd¥s98/16s16 and t he
opi oid anal gesic are adm nistered in'a single oral dosage form 15 :

22. The nethod of claim 18, wherein the dose of opioid anal gesic would be
sub-therapeutic if adm nistered without the dose of COX-2 inhibitor.

23. The nmethod of claim 18, wherein the dose of opioid analgesic is

ef fective to provi de anal gefFHGHURE, 3but the dose of opi oid
provi des at least a five-fold greater 20 anal gesic effect than
typically obtained with that dose of opioid al one. 24.

The use of a pharnmaceutical conbination of a COX-2 inhibitor together
with an opioid analgesic to provide effective pain managenent in humans.

25 25. The use of a COX-2 inhibitor in the manufacture of a
phar maceuti cal preparation containing a COX-2 inhibitor and an
opi oid anal gesic for the treatnent of . ... pain. .
26. The use of an opioid analgesic in the manufacture of a pharnmaceuti cal
30 preparation containing a COX-2 inhibitor and an opi oid anal gesic
for the treatnent of pain.
48 g0 _2/. The method of claimi18, wherein the
COX-2 inhibitor.is adm nistergd
g 40- L
s
2 30 L
Eo
£
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% £ 20 L
= 40 X
o U g T T 2
0.0 0.5 1.0 15 20

Morphine EDg, mg/kg p.o.



before, sinmultaneously with, or after adm nistration of the opg®
anal gesi-c, ‘sueh that ;
overl aps wiit NP(BH dosi ng i WoriDweiELIGETY
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(57) Abstract

The invention relates to the use of a combination of an opioid analgesic together with a COX-2 inhibitor.
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