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SYNERGISTIC ANALGESIC COMBINATION
QF OPI0ID ANALGESIC AND CYCLOOXYGENASE=2 INHIBITOR

AR

- *166166*
FIELD OF THE INVENTION
Tﬁe invention relates to analgesic pharmaceutical compositions contaiing an
op:oxd. a.nalges:c anda cycloexygenase-z (COX-Z) ml:ubxtor The | mvenuon also relates
to methods of u-eau.ng pam comprising admxmstenng such pharmaeeuﬁeal
composxuons to human patients.

BACKGROUND OF THE INVENTION
There is a continuing need for analgesic med;cauons able 10 ptOVlde high

efﬁcacy pain rehef while reducing the possxbxhty of undesu'able effects. Non-stermda.l

anti-inflammatory drugs (“NSAID'S"), mcludmg compounds such as ibuprofen,
ketopraofen and diclofenac, have ann-mﬂammamry acuons and are effactive on pain
assaciated with the release of prostaglandins and other mediators of mﬂa.mmatmn
For example, diclofenac is considered to be a:tremely potent and effective as an
analgesic and anu-mﬂa.mmamry agent. Diclofenac is approved ia the United States for
the long-term symptomatic treatment of rheumateid arthritis, osteoarthritis and
ankylosing spondylitis. It isalso eonside:l'e'd to be useful for the sl'mn‘term treatment of
acute musculoskeletal injury, acute pamfu.l shoulder, postoperatxve pain and

- dysmenorrhea. However, NSAID 'S such as chclofenae produee sule effects in about

20% of patients that require cessation of medication. Side effects melude. for example,
gastrointestinal bleeding and the abnormal elevatioe of liver enzyrmes,
The opioids are & group of dregs, both natural and synthetic, that are employed
primarily as cenu-ally-aetmg analgesxes and are opmm or morphme-hke in r.heu'

properties (Gilmun et al., 1980, Q_QDMAN.AND_GILMAN.E.IBE

EHAEMAQQLQ.GIQALBA&IS.QF.IEERAEEM Chapter 24:494-534, Pub,
Pergamon Press; hereby incorporated by reference) The opioids melude morphme and
morphine-like homologs, including, e.g., the semlsynthetxe denvatwes codeme

(methylmorphine) and hydrocodone (dl.hydroeodemone) among many other such
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derivatives. Morphine and related opioids exhibit agonist activity at central nervous

system or CNS (referring to the brain and spmal cord): p (mu) opioid Teceptors as well

as showmg affinity for the'S and x opmxd receptors, to produce 4 range of effects
including analgesia, drowsiness, changes in mood and mental cluudmg In addition to
potent analgesic effects, the morphme-related opxmds may also cause.s number of
undesxrable effects, m.clud.mg, for example, respmtory depressmn, nausea, vomxmxg
dizmness, mental cloudmg, dysphona, pruritus, constrpauan, increased biliary tract
pressure, uripary reumuon and hypotenamn The development of toleranee to Lhe _
opmxd drugs and the risk of chemical dependenee and abuse for these d:rugs is another
undesirable effact, o ' - '

" Morphine, which has been considered the protetypic opioid analgesic, has been

avmlable in many dosage forms, meludmg u:nmedme release oral dosage forms, and

more ree:ntly, formulated into 12 hout controlled release formﬂanon.'. (e.g., MS
Coptin® tablets, commerexally available fmm Purdue Frederick Company) Other
opioid analgesxes have been available as xmmedme release oral dosage forms, such as

: hyd.romorphone (c-2. Dﬂaud:d‘ commemany avaﬂable from Kunoll Phamaeeuucah)

More recently, uother controlled mlease opxmd analgeslc, uxyeodone, has become
available ( OxyCannn" eommercmlly ava:lahle ﬁom Purdue Pharma). Thm are, of
course, many nther oral furmulauons of unmedme release and susta]ned release
op:mds whn:h a:e commetcxa.lly ava:lable thmug.bout 1.he warld

- Prior pubheanons report that analgesxe potency méy be impraved while

reduemg mdes:.rable eﬁ'e:ts by eombmmg an opioid wnh an NSAID:or an analgesxe

30

such as aeetylsahcyhe aeld or aeetammophen. in sueh 8 way as to obmn a synergtsue
analgesne e&‘ect allowing for a redueuon in the total dose of both the NSA]D and
analgesic. For a:ample, Us. patent number 4,569 937 issued to Baker stalon

| February 11, 1986, desc:rﬂ:es a combmanon of oXycodone with 1bupmfen ins mno of

oxycodone/ihupmfen ﬁ'om 1:6 to ahuut 1 400 U.s. patent number 4: 690,927, 1ssued to
Voss sgtal. on September 1 1987, descnbes g comhmaﬁon of the NSMD dlclofenac
and cedeme ina wexght ratio of chclofenac to codeme of ahout 1:1 tﬁ about 3.1 UL S.
patent number 5, 190 947 msued to R1esa et al on March 2, 1993 delcnbes a
dlclofenae-cedeme salt ([2 [2 6-dlchlorOphenyl)-ammo]-phenyl]-aeﬂﬁc acid). U. S
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patent number 4,844,907, issted to Elger et al. on July 4, 1989, describes a multiphase
tablet combining a narcotic analgesic phase and an NSAID phase in sepa:ﬁte layers.
U.S. patent number 4,587,252, issued to Arnald &t al. on May 6, 1986, dgscrib:s a
process for treating pain using a combination of hydrocodone and ibuprofen.

Non-steroidal, anti-inflammatory drugs (NSAID’S) exart most of their anti-
inflammatory. analgesic and antipyretic activity and inhibit hormone-induced uterine
contractions and certain types of cancer growth through inhibition of prostaglandin G/H
synthase, also known as cyclooxygenase.

Fatty acid cyclaoxygenase (COX) was described as‘the source of
prostaglandins, thromboxanes, and a variety of other arachidonic acid-, and higher
desaturated fatty acid-derived biologically active hydroxylated metabolites. Beginning
in the Jate 1960’s, B. Sammuelsson, S. Bergstrom and their colleagues discovered the
biological activity and elucidated the structures of the products of cyclooxygenase. In
the late 1960's and early 1970’s, J. Vane discovered that aspirin and other NSAIDs
exert their major biological activities by inhibiting cyclooxygenase. COX is directly
responsible for the farmation of PGG and PGH and these serve as the intermediates in
the synthesis of PGD, PGE, PGF, PGI, and TXA. By the late 1970’s and early 1980’s,
it was appreciated that many hormones and other biologically active ageats could
regulate the cellular activity of COX. At first, it was assumed that COX induction was
the simple result of oﬁidative inactivation of COX,which happens after only a few |
substrate turnovers. This is common smong enzymes that incorporate molecular
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)
i.nactivaﬁoﬁ of cyclooxygcnasé, its message is transcﬁbéﬁ, and the enzyme is rapidly
induced to replace that lost due to catalysis. It was noticed by several groups that
cy;looxygenase was induced to a much greated degree than necessary to replace the
lost enzyme. Using an oligonucleotide directed to the cloned COX-II enzymé, a second
band was identified on Northern blots under low stringency. This gene was cloned and .
identified as 2 second COX enzyme, named COX-2, and was found to be largely absent
from many cells under basal conditions but rapidly induced by several cytokines and

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

3
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forthe previuusly-'obscrved excess COX activit_;r in activated cells, The genai for COX-
1 and COX-2 are distinct; w1th the gene for COX -1 bemg 22 kb and the message size
2.8kb whereas the gene for COX-2 is 8.3 kb- and the message size 4.1 kb, Whereas the
COX-1 promater does not contdin recoghized mscnpuon factor bxndmg s1tes, the
CQX-2 promoter contains'sites for NF-xB, AP-2, NF-[L-6 and glucocorticoids (HR. .

- Herschman, Canc. Metas, Rev. 13: 256,- 1994). There are some differences in the active
" ites of the enzymes. Aspirin inhibirs the cyclooxygenase activity of COX-1 but leaves

Intact its peroxidase activity, whereas aspirin converts COX-2 from & cyclooxygenase
to a 15-lipoxygenase (E.A. Meade etal, J. Biol. Chem. 268: 6610, 1993).
- It has been proposed that the COX-1 is responsible, in many eells for -

-endogenous basal release of prostaglandins and is important in the physiological

fimetions of prostaglandins which include the maintenance of gastrointestinal integrity

-and renal blood flow. Inhibition of COX-1 causes & nﬁmbex‘, of side éffects.including
inhibition of platelet aggregation associated with disorders of coagulation, and

gastrointestinal toxicity with the possxbuhty of ulcerations and of hemorthage. Itis
believed that the gastrnmtesuna.l toxicity is due to a decrease in the bxosynthems of
mslaﬂﬂ-ms which are cytoprotective of the gasttic mucosa.
A high incidence of side efficts has historically been associated with ctfonic

" use of classic cyclooxygenase mlubnors all of which are about eq\npotent for' COX-1
.or COX-Z, or which are COX-1-selective. Wh;le renal toxicity occu:s, it usually

becomes evident in patients who are already exhibit renal insufficiency (D.
Klemkne:ht, Sem. Nephrol 15:. 228, 1995),-By far, the most prevalent and v I R —
toXicity is gastrointestinal. Even with relatively nommuc drugs such as piroxicam, up |

. t0 4 % of patients experience gross bleeding and ulcertzion (M.J.S. Langman et al,

Lancet 343: 1075, 1994). In the United States, it is estimated that some 2000 patients

. with rheumatoid arthritis and 20,000 p'éﬁents with dsteoarthritis di¢ 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 inkibitors
+ (Serip 2162 p.17. COX inhibitors cause gasn'omtesumd and renal to:ucxty due to the .

inhibition of synthesis of homeosnanc prostaglandms responszble for epxtheha.l mucus

'. producuon and renal blood flow, respecuvely
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. The second form of cyclooxygenase, COX-2, is rapidly and readily inducible
by a number of agents including mitogens, endotoxins, hormones, cytokines and
growth factors. . .

It has been proposed that COX-2 is mainly responsible for the pathological
effects of prostaglandins, which arise when rapid induction of COX-2 occurs in
response to such agents as inflammatory agents, hormones, growth factors, and
cytokines. A selective inhibitor of COX-2 therefore would have anu-inﬂammatory,

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

aati-inflammatory drug NSAID). Additionally, 2'COX-2 inhibitor would inhibit
bormone-induced uterine contractions and have potential anti-cancer effects. A COX-2
inhibitor would have advantages over NSAID'S such as a diminished gbility to iﬁduce
some of the mechanism-based side effects. Moreover, it is believed that COX-2 |
inhibitors have a reduced potential for gastrointestinal toxicity, a reduced potenﬁél for
renal side effects, a ;educed effect on bleeding timesand a lessened ability to induce
asthma attacks in aspirin-sensitive asthmatic subjects,

Thus, compounds with high specificity for COX-2 over COX -l may be useful
as altemauves to conventional NSAID’ S This is particularly the case ‘when NSAID
use is contra-indicated, such as in panenrs with peptic ulcers, gastritis, regional
enteritis, ulcerative colitis, diverticulitis or with a recurrent history of gastrointestinal

- lesions; GI bleeding, coagulation disorders including anemia, hypoprothrombinemia,

haemophelia or other bleeding problems; kidney disease, and patients.aﬁout 1o undergo
surgery or taking anucuagmanrs : )

. Ongce it became clear that COX-1 but not COX-Z is nesponsxble for
gastrointestinal epithelial prostaglandin production and a ma_;or contributor 10 renal
prostaglandin synthesis, the search for selective COX-2 inhibitors became extremely
active. This led very quickly 1o the recognition that several COX inh}bitors, including
nimesulide and Dup-697, wh:ch were knawn to-cause little or no gasu‘omtestmal
irritation, are COX-2-selective. L

U.S. Patent No. 5,409,944 (Black, et al.) t;lescﬁbés certain novel alkane- -
sulfonamido-indanone derivatives useful for the treatment of pain, fever, inflammation,

arthritis, cq.ncer,' and other disease states. Alsé discussed therein are campositions for
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the weatment of cyclooXygenase-2-mediated diseases comprising the ;therciﬁ-de_:scﬁﬁed '
novel alkan‘e-lsulfonamidoindanonc'deﬁvadves together with 2 pain reliever including
acegamiﬁophen or phenacetin; a potentiator including éa.ﬂ’eine; an H2-antagomist,
aluminium or magnesium E_ydroxide, simethicope, 4 decongestant including *
5 phenylephrine, phenylpmpanulaminc, pseudophedrine, oxymemzoline, epinephrine,

‘naphazoline, xylouetazohne propylhexedrine, or leva-desoxy ephedrine; an antityssive
Imcludmg codeine, bydracodone, caramiphen, carbetapentane or damomethnrphan, a.
diuretic and/or a sedating or non-sedating antihistamine, While Black et al. mention the
use of an antitussive dose of two opioid analgesics (codeine and hydrocodone), they do

10 not describe or.suggest the use of their COX-2 inhibitors with analgesically effective

' amau.ms of any opicid ana@gesiés, e

It is an object of the present inveation to provide a method and pharmacentical
15 formulation (medicament) which allows for reduced plasma concentrations of an opioid
| -analgesic, while still providing effective pain management. - ‘
" Ttis a fusther object of the present inveation to provide a method and
pharmaceutical formulannn (medicament) for effectively treating patients in pain with
" an apioid analgesxc which achieves pmlonged and effective pain management, while at

20 the same time provides the opportmnty 1o reduce side effects, dependence and mlerance_
which the patients may exp:ncnce whea subjected (7] prolonged treatment with an
opioid._

cam———r - — R S —

Ttis yet a further object to pmvxde a method and pharmaccuucal formulation
(medicament) for the effective treatment of pain in patients by augmenting the
2 analgesic effect of a COX-2 inhibitor. TN
The inveation.is directed to the surprising synergy obtained via the
administration of an opioid analgesic together with 2 COX-2 inhibitor.
The present invention is related i Ppart to analgesic pharmageutical
| compositions comprising a COX-2 inhibitor together with an opioid analgesic. The
10 opicid analgesic and COX-2 inhibitor can be administered orally, vie implant,
parenterally, sublingually, rectally, topically; via inhalation, efc. In other embodimeats
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of the invention, the COX-2 inhibitor can be administered separately from the opioid'
analgesic, as set forth in more detail below. _

The invention allows forthe use of lower doses of the opioid-analgesic or the
COX-2 inhibitor (referred to as “apparent one-way synergy” herein), or lower doses of
both drugs (referred to as “two-way synergy” herein) than would normally be required .
when either drug is used alone. By using Jower amounts of either or both drugs, the

. side effects associated with effective péin management in humans are significantly

reduced.

In certain preferred embodiments, the invention is directsd in pert to synergistic
combinations of 2 COX-2 inhibitor in an amount sufficient to render a therapeutic
effect together with an opioid analgesic, such that an an analgesic effect is antained
which is at Jeast about 5 (and preferably ot least about 10) times greater than that
obtained with the dose of opioid analgesic alone, except for combinations of the Cox-2
inhibitor with anti-tussive doses of hydrocodone or codeine. In certain embodiments,

_the synergistic combination provides an analgesic effect which is.up to about 3040

times greater than that obtained with the dose of opioid analgesic alone. In such -
embodiments, the synergistic combinations display what is referred 10 herein as an
“‘apparent one-way synergy”, meaning that the dose of COX-2 inhibitor synergistically
potentiates r.he' effect of the opioid malgesic; but the dose of opioi;:l analgesic does not
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
"embndimems, the combination is administered separately, preferably conéorhimntly. In
certain preferred embodiments, the synergism exhibited between the COX-2 inhibitor
and the opioid analgesic is such that the dosage of opioici analgesic would be sub-

. therapeutic if administered without the dosage of COX-2 inhibitor. In other preferred

embadiments, the present invention relates to a pharmacentical composition comprising

. an analgesically effective dose of an opioid analgesic together with a dose of 2 COX.-2

inhibitor effective to augment the analgesic effect of the opiéid analgesic.

Although certain embodiments of the invention are directed to synergistic

' combinations of a COX-2 inhibitor together with an opioid analgesic, wherc there isan

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

7
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.. .normethadone, nalotphine, normorphine, norpipanane, opium, oxysddone,

. exhibit two-way synergism, meaning that the COX-2 inhibitor potaiﬁatgs the effecﬁ of

the opioid analgesic, and the opioid snaigesic potentiates the effect of the COX-2
inhibitor. Thus, other smbodiments of the invention relate to-combinations ofta COX-2
inhibitor and an opioid analgesic where the dose of éach drug is rediced due to the
synergisim demonstrated between the drugs, and the analgesia derived from the -
combination of drixg's in reduced doses is surprisingly enhanced. - The two-way '
synergsm is not always readily apparent in actual dosages due to the potency ratio of
the opioid analgesic to the COX-2 inhibitor (meaning that the opicid generally dxsplays
much greater relative analgesic potency).

In certain prefarred embodiments, the invention is directed to phaxmaceuﬁca.l
formulations comprising a COX-2 inbbitor in an amount sufficient to render ar

" therapeutic effect together with'a therapeutically effective or sub-therapeutic amount of -

. an opioid analgesic _selected from the group consisting of alfentahih.allyipmdine,
-alphaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine, butorphanol,
‘clonitazeae, cyclazncme, desomorphine, dexromoramide, dezocme, diampmmxde.
-diamorphone, dihydrocademe, dihydromorphine, dx.menondol., dimspheptanol,

dimethylthiarmbutene, dioxaphetylbutyrate, dipipanone, epmzocmc. ahol'x_eptazme .
et.hyh:;ethy!thiambuﬂene, ethylmorphine, etonitazene fentanyl, heroin, hydromorphone,
bydroxypethidine, isométhadone, ketobemidone, levallomlhm levorphanol, levophen-
acylmarphan, lofentanil, meperidine, mepta#inol. metazocine, methacllnne, metopan,
morphine, myrophins, ualbm:hiﬁe, narceine, nicomarphine, nurle\mrphanol

oxymorphone, papaveretum, pentazocine, phenadoxoue, phenomorphan, ph:nazomne,
phenopendme, piminodine, piritramide, propheptazine, promedol ptoperidine,
propiram, propoxyphene, sufentanil, tilidine, tramadol, salts therqof, complexes thereof;
mixtures.of any of the foregoing, mixed mu-agonists/antagonists, mu-~autagonist com-
binations, salts or complexes thereof, and the like. In certain prefetred embodiments,
the opioid analgesic is 2 mu or kappa opioid agonist, In GEﬂBjJ:I pﬁfti;red embodiments,
the invention is directed to ph.amiaceutical formulations comprising 2'COX-2 inhibitor
in an amount sufficient to render a therapeutic effect togethei' with & therapeutically
effective or sub-therapeutic amount of an opioid analgeéicsele;tcd-ﬁ'om the group
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consxstmg of morphine, dl.hydrocudeme, hydmmorphone, oxycodone, oxymorphone,
salts thereof, and mxxtures of any of the foregomg

In certain pmferred embodiments, the invention is dlrected to pharmaceutical
formulations comprising a COX-2 inhibitor in an amount sufficient to render a
therapeutic effect together with a dose of codeine which is analgetic if administered
without the COX-2 inhibitor. Such a dose of codeine is preferably from about 30 to
about 400 mg. '

In certain preferred embod.lments the invention is directed to pharmaceutical
formulations comprising a COX-2 inhibitor in an amount sufficient to render a
therapeutic effect.together with a dose of hydrocodone which is analgetic if
administered without the COX-i inhibitor. Such a dasa of hydrocodone is preferably
from about 5 to about 2000 mg, and preferably at least about 15 mg hydrocodone.

The invention further relatss to a method of effectively treating pain in humans,
comprising administering to a human patient a thérapeutically effective amount of a
COX-2 inhibitor together with a dose of an opioid analgesic, such that the combination
.provides an analgesic effect which is at least about 5 (and preferably at least about 10)
times greater than that obtained with r.he dose of opioid analgesic alane. In certain
embodiments, the synergistic combmanon provides an analgesic effect which is up to
about 30-40 tirmes greater than that obtained with the dose of opioid analgesic alone. In
certain preferred embodiments, the doses of the COX-<2 mb.lbnor and the opioid
analgesic are administered orally. In further preferred embochmems. the doses of the -
COX-2 inhibitor and the opioid analgesic are administered in 2 single oral dosage form.

 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
embodiments, the dose of opiaid mdéesic is effective to provide a:ialgesia alone, But
the dose of opioid provides at least a five-fold preater ana]gesxc effect than WPlCﬂ]}'
obtained thh that dose of apioid zlone. ' '

The invention further relates to the use of a pharmaceutical combination of &
COX-2 inhibitor together with an opioid analgesic to provide effective pain
management in humans,

The mventlon further relates to the use of a COX-Z inhibitor in the manufasture
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A

ofa phmnaceuncal preparanon containing 2 COX-2 inkibitor and an opxoxd analgesxc y
for the treatment ofpam. ; '
The invention further relames 10 the use of an OPlOld analgesic io the -

manufacture of a pharmaceutical preparation containing a COX-2 inhibitor andan

opioid analgesic for the treatment of pain, - —

The invention is also directed to a method for piuviding effective pain
management in humans, comprising administering an ana.lgsxca.l]y effective or sub-
therapeutic amount of an opioid analgesic; and admmxsvenng an effegtive amount of a,
COX-2 inhibitor in an amount, effective to augment the analgesic effect provided by
said opicid analgesic. The COX-2 inhibitor can be administered before, simultaneously
with, or after administration of the apioid analgesic, as long as the dosing interval of the
COX-2 inhibitor overlaps with the dosing interval of tﬁe'upioid analgesic (or its - ‘
analgesic effects). -In other words, according to the mcthoc‘l‘ of the present invention, in
cettain preferred emboditments the COX-2 inhibitor need not be administered.in the -
same dpsage fonﬁ or even by the same route of administration as the opioid analgesic.
Rather, the method is directed to the surprising é'ynergim'c-andlor additive beneﬁts
obtained in humans, when analgesically effective levels of an opioid analgesic have
been administered to & human, and, prior to or during the dosage interval for the opioid
analgcsuc ar while the human is experieacing a.nalgesxa, an effective amount of COX-2
inhibitor to augment the analgesic effect of the opioid ana.lgmc is administered. 1fthe
COX-Z is ad:mmstcted  prior to the admmslrahon of the opxold a.na.lgesxc, itis prcferred :
that the dqsag: mtexvalsjor the two dmgs overlap, i.e., such that the, analgesxuﬁect

over at least a portion of the dosage interval of the OplOId analgesxc is at Jeast panly
atributable to the COX-2 inhibitor, ' '
. Inzn additional method of the invention, the surprising synergistic and/or
additive benefits obtained in humans are achieved when aualénica.l}y- effective levels
of a COX-2 inhibitor have been administered to a human, and, du:fing the dosﬁlge
interval for the COX-2 inhibitor or while the human is experiencing analgesia by virtue
of the adm.inisl;rgﬁon of 2 COX-2 inhibitor, an effactive amount of an opioid analgesic
to augment the enalgesic effect of the COX-2 inhibitor is administered.

Ina ﬁu‘ther embodiment of the present invention, the ixivel_:ﬁon comprises an

10
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‘oral solid dosage form comﬁﬂsing an analgesically effective amount of an opioid:
analpesic together with an amount of a COX-2 inhibitor or pharmaceutically acceptable
salt thereof which augments the effect of the oﬁioid analgesic. .

Optionally, the oral solid dosage form includes a sustained release carrier which
causes the sustained release of the opioid analgesic, or both the opioid analgesic and the
COX-2 inhibitor when the dosage form contacts gastrointestinal fluid. The sustained
releas‘le dosage form may comprise a plurality of substrates which include the drugs.
The substrates may comprise matrix spheroids or may comprise inert pharmaceutically
acceptable beads which are coated with the drugs. The coated beads are then preferably
overcoated with a sustained release coating comprising the sustained release carrier.

" The matrix spheroid may include the sustained release carrier in the matrix itself; or the |

matrix may comprise a normal release matrix containing the drugs, the matrix having a
coating applied thet‘eon which comprises the sustained release carrier. In yet other
embodiments, the oral solid dosage form comprises a tablet core containing the drugs
within a normal release matrix, with the tablet core being coated with a sustained
yelease coating comprising the sustained release carrier, In yet further embodiméms,
the tablet contains the drugs Within a sustained release matrix comprising the sustained
release carrier. In yet further embodiments, the tablet contains the opioid analgesic
within a sustained release matrix and the COX-2 inhibitor coated mto the tablet as an
immediate release layer. '

In many preferred embodiments of the invention, the pharmaceutical
compositions containing the COX-2 inhibitors and opioid drugs set forth herein are

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

immediate or sustained release form. For ease of administmtion. it is preferred that the
oral dosage form contains both drugs. The oral dosage forms may be in the form of
tablets, troches, lozenges, aqueous or oily suspensions, 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 (a.g., microcapsules, -
microspheres and the like), which may be injected or implanted into 2 human patient,
or ather implantable dosage farms known to those skilled in the art of pharmaceutical

11
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formulation. For ease of administration, it is preferred that such dosage forms contain
both drugs.

Additional pharmaceutical compositions comwmpla:ed. by the mvcntxorr further
include transdermal dosage forms, suppoﬂmnes, mhalaunn powdeﬁ or spmys, and . .
buceal tablets. ' | . ' L
The combination of COX-2 mbxbxtur and opwxd analgesic may further be | \
adrmmstercd by different routes of adnnmsu-anan. S ' i

It should be understood that for purpases of the present mvenuon, the followmg :
terms have the fonowmg meanings: .

The term "effective analgesia" is defined for purposes of the preseat inveation
asa sa.ﬁsfécmr? reduction in or elimination of pain, a'l'oug with the process of 2
wlerable level of side effects, as determined by the human patieat. .. . -

‘The term “gﬁécﬁve pain management” means for purposes of the present
invention as the objective evaluation of a human patient's response (pain experienced '
versus side effects) to analgesic weatment by a physicien as.well aﬁsubjecﬁVe

“-evaluation of therapeutic treatment by the patient undergoing such treaﬁnent. ‘The

- -gkilled artisan will undemand that effective analgesia will vary aceordmgto many

20

30

-the drug in its base form, or a pharmaceutically acceptable éalt.or-cﬁmpl:mthereuf -

factors, including mdmdual patient variations. - :
The term “opioid analgesic” is dsfined for purposes of th present invention as
the drug in its base form, or a pharmaceutically acceptable salt or cgmplﬂ: thereof
-Theterm “COX-2 inhibitor “ is defined for purposes of the present invention as

. The term "sustained release” is defined for purposes of the present invention as
the release ;qf the drug (opiaid analgesic) from the transdermal formulation at such a
rate that blood (e.g. ﬁlasma) concentrations (levels) are maintained within the
therapeutic range (above the minimum effective analgesic concentation or “MEAC”)
but below toxxc levels overa penod of time af about 12 hours or longer.
The term "steady state” means that the blood plasma concentration curve for &

. given drug bas been substantla.lly repeated from dose io dose.

The t:rm minimum effective analgesic concentration™ is defined for purposes
of this i invention as the minimum effective therapeutic blood plagma level of the drug at
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which at least some pain ;;alief is achjeved in 2 given patient. It will be well understood’
by those skilled in the medical art that pain measurement is highly subjective and great

individual variations may occur among patients;

RETAILED DESCRIPTION
. The COX-2 inhibitors which are useful in the present invention will have
similar anti-inflammatory, antipyretic and analgesic properties as compared to
conventional non-steroidal anti-inflammatory drugs and in addition will inhibit

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

. have a diminished ability to induce some of the mechanism-based side effects. In

particular, such COX-2 inhibitors should have a reduced potential for gastrointestinal
toxicity, a reduced potential for repal side effects, a reduced effect on bleeding times
and a lessened ability 10 induce asthma attacks in aspirin-sensitive asthmatic subjects.
COX-2 inhibitors have been reported in the art and many chemical swuctures are
known to produce inhibition of cyclooxygenase-2. For purposes of the present . _
invention, the term “COX-2 inhibitor” is defined as all compounds which would

. possess COX-2 inhibitory activity and which preferably have at least 9-fold greater

specificity for COX-2 over.COX-1, cither in-vitro (as determined, e.g:, by ICS0
mcasﬁremenrs) or in-vivo (as determined, e.2., by ED50'measureméQtS): ‘Such COX-2
inhibitors will be useful in conjunction with the present invention and are considered 1o
be encompassed by the appended claims. -Preferably, the COX-2 inhibitors Iused in the
present invention demonstrate an in-vitro IC50 and/or in-vivo 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.

. 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-VMNA), aimesulide, NS-398, SC-5766, SC-
58215, T-614; or combinations thereof. }

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

These include meloxicam (commercially available in the UK. as of 1996 from -

Boerhinger-Ingelheim); nimesulide. (launched in 1985 in Europe from Hesinn);

13
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nabumetone (6-MNA is active metaholite) (commercially-available as Relafin™ in the -

. US.); celecoxib (SC-58635) (NDA filing by Searle estimated in September 1998);

on;oc (MK-966, L745337) (NDA filing by Merck esumated in November 1998); D-
1367 (Chiroscience; in Phase I in the U.K.); T-614 (Tcyama, in Phase I in Jafian and
Phase I in the UK.); and SC-57666 (Mo_nsanto, in Phase I in the U.S.). -

' Intrialsdiscussed at the 1996 annual meeting of the 'Amei-id'an Coliege of
Rheumatnlngy, celecoxib was ‘demonstrated to be efficacious in patients and devoid of.
gastrointestinal side effects in normal vo!unveers (Scnp 2175, 25 October, 1996, p- 15).
In studies in nommal voluntee:s, 128 subjects recewed celecoxib, 100 mg or 200 mg
tvnce a day, or naproxen, or plaqebo for one week. 'In the celecoxib groups and’
subjects who received placebo there were no gastrointestinal signs'or symptons,

. whereas in the naproxen group, 20 % of subjects experienced gastraintestinal signs and

symptoms. Further, in normal véluhtcus, celécoxib caused no alterations in platelet
function. Ina study in patients; 293 pnuents, with osteoanhnus received celecoxib, 40
mg, 100 mg, or 200 mg, or placebo tw1c=.a day for two weeks, Celecoxib reduced }

Sywmptoms significantly, and d.rgp-outmes in the higher dose celcaxib groups were

lower than for placebo. Patients with theumatoid arthritis received celecoxib 100 mg,
200 mg, or 400 mg, ar placebn,tunce a day for four weeks. Asin n!l:lmfs with ;.
osteoarthritis, symptom scores were improved i in patienty receiving celecomb Eornpared
ta placebo, and drop-out rates were lower in patients taking celecoxib '

'~ COX-2 inhibitors have been reparted in the art and many chemical structures are

0

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; § 1604,253; 5 551422

3,510,368; 5,436,265; 5 409 »944; and 5,130,311, all ofwhlch are incorporated by

‘reference. . Many COX-Z inhibitors may be described chem;cally as aryl sulfouam:des

Indeed, both. celecoxib and Vioxx, which are considered to be “supcthselecuve" are
aryl sulfonamde-s, and more speclﬁcally, benzenesulfonamides. ‘These compou.nds will
be usefil in the methodsand compositions of the present invention. However,.one
skilled in the art will appreciats that many additional COX-2 inhfitors have been

- identified in the art and would be useful in conjunction with the mesthods and .
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cérﬁposiﬁons of the present invention,

. The use of strucrure-activity rélationships in evaluating COX inhibitors is
problematic becatise these COX inhibitors are suicide enzymes. Thus, when analyzed
in an in-vitro assay, the IC50 value will change over time, For this reason, published
1C50's for common COX inhibitors have been repon'cd as values varying by more than
twa orders of magnitude from laboratory to laboratory. This makes it difficult to
compﬁre the value for COX-1 i"nhibjtion obtained from one laboratory to the value for
COX-2 inhibition obtained from another laboratory. (See, for Mple D.E. Griswold
and J.L. Adams, Med. Res. Rev. 16: 181-206). Thus, it is preferable that when
studying COX inhibitors to compare their relative potencies, comparisons only be made
using results from the same assay, conducted at the same time. When using previously
generated data it is preferable to take data only from liﬁts of se\;gml ¢ompounds that
have been generated by one groﬁp' so that the relative potencies may be determined.
Table 1 below provides representative data for represenfative NSAIDs and certain
COX-2 inhibitor compounds. The data have been collected from a sumber of different

' saurces, and were chosen from available laboratories, using references which report on

several compounds in the same paper, and which contain data that are relatively
campatible to data obtained from certain other laboratories (i.e., within a reasonable
range of variation, with the understanding th;t' results from different Jaboraties can vafy
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 frum in-~vitro assays (except
where potency is reported as mg/kg) The literature conﬁrms t.hat ratios of COX—
1/COX-2 patency are generally kept in-vivo, but this is not always true. For example,
indomethacin is always COX-1-selective i m-vm-o and i m-vwo, but naproxen, which is
COX-1-selective in-vitrq, is often (but not always) COX—Z-selecuve in-viva. In part,
this is due to the highly artxﬁcxal in-vitro assay conditions used. The first two structural
series were recognized as COX inhibitors that exhibited mﬁhhly little ulcerogenic -
activity. These early compounds mcluded the ary] sulfonamxdes mmesuhde. NS-398,
and CGP 23238 and the 1,2-diarylheteracycles Dup-697 and SC-58125 Griswold and

Adams describe structure activity relanonsh.tps in some detail (Med. Res. Rev, 16; 282-
206, 1996).
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Table' 1. Selectivity of selec.téd cyclooxygenase inhibitors for C_OX-I'li.nd Cox-2
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e __.a0, Lanenyille et al, J, Pharmacol. Exp. Ther. 2715 927, 1994

" "bJ-Bamert et al Biochim. Blophys. Acta 1200: 130, 1954
45 c 1. R. Vane aud R. M, Boning. Inflamm, Res. 44: 1, 1995
d J. K. Gierss et al, Biochem. J. 305; 479, 1985
¢ T. Kleih e al, Biochem. Pharmacol. 48; 1605, 1994
f B. Barristini et al, Drug Ncws Perspect. 7: 501, 1994 .
* gR. A. Copeland et al, Proc.; Natl, Acad, Sci. USA 91: 11202, 1994
50 b E.A. Mead et al, 1. Bial. Chem. 268: 6610, 1993
" | P. Patrignani et al, J, Pharmacal. Exp. Ther. 271: 1705, 1954 .
j P. Isakson, et al, Adv. Prost. Throm. Res..23: 49, 1953 '
'k M. Pairet, et al Inflam, Res. 47: 270-276, 1998
. 11, A. Mischell et al Proc. Natl, Acad. Sei. USA 90: 11693-11657, 1994
55 mG. Engelbardt e a Inflamm, Res. 44:423-433, 1995 .
- pP. Parrignani et al T Piys Pharmacol. 48:- 623-631, 1997
oTD Penping et al J Med Chem 40:1347-1365, 1997
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For example, as reported by Famaey IP, Inflamm Res 1997 Nov;46(11):437-
446, nimesulide, a sulfonanilide :ompound with ann-mﬂammatory properties,
possessed a pharmacological profile suggesting that it might be a selective inhibitor of
COX-2. In several in vitro assays using either purified COX-2 and COX-1 preparations
or cell preparations (botk from animal and human origins) expressing COX-1 or COX-
2, ten out of eleven different groups demonstrated that nimesulide selectively inhibits
COX-2. The COX-2/COX-1 inhibitory ratio was reported to Vary, according 1o the
assay preparation, from about 0.76 to 0.0004 i.e, a 1.3 to 2,512-fold higher selectivity
for COX-2 than for COX-1, Further,.an in-vivo whole blood assay performed on
healthy volunteers demonstrated a significant fall in COX-2 PGE2 production without
any effect on COX-1 TXB2 production (subjects treated with nimesulide 00 mg b.i.d.
for 2 weeks) versus no effect on COX-2 PGE2 and an almosttotal sujapression of COX-
1 TXB2 in subjects treated with aspirin (300 mg t.i.d. for 2 weeks). Nimesulide can
thus be considered a relatively selective COX-2 inhibitor. At the recommended dosage
of 100 mg bii.d., it is as effective an analgesic and anti-inflammatory agent as classical
NSAIDs, and a well-tolerated drug with few side-effects according to large-scale open
studies and a global evaluation of a large number of controlled and non-controlled
comparative trials. . -

A non-limiting list of opioid analgesic drugs which may be utilized in the
present invention include alfentanil, allylprodine, alphaprodine, anileridine, benzyl-
morphine, bezitramide, buprenorphine, buterphanol, clonitazene, codeine, cyclazocine,
desomorphine, dextromoramide, dezocine, dismpromide, diamorphone, dihydro-
codeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,
dioxaphetylbutyrate, dipipanone, eptazocine, ctlmheptaz‘ine, ethylmethylthiambutene,
ethylmorphine, etonitazene fentanyl, heroin, hydrocodons, hydromorphone, hydroxy-
pethidine, isomethadone, ketobemidone, levallorphan, levorphanol, levopirenacyl- |
morppa.n, lofentanil, fnepgridine, meptazinol, metazocine, methadone, metopon,

-morphine, myrophine, nalbuphine, narceine, nicomorphine, norlévorphanol; :

normethadone, nalorphine, narmorphine, norpipanone, opium, oxycodone,
oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan, phenazocine,
phenoperidine, piminodine, piritramide, propheptazine, promedol, properidine,
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propiram, propoxyphene, sufentanil, tilidine, tramadol; salts thereof, complexes thereof;
mixures of any of the fomgéing; mixed mu-agonists/antagonists, Mu-antagonist com-
binations, salts or complexes thereof, and the like. In certain prefered embodiments,

‘the opioid analgesic is 8 mu or kappa opioid agonist. In additional ﬁreferred' o

embodiments, the opicid analgesic is a selecuve kappa agonist. . -

In certain preferred embodunens, the opioid a.nalgesxc is selected ﬁ'om codeme,
hydromorphone, hydrocodone, oxycodone, d:hydrocodeme, dihydromorphine, '
diamorphone, morphine, tramadol, thom salts thereof, or mixtures thereof.

' The present iGvention provides for analgesic preparations for oral administration

. that provide a combination of aCOX-Z inhibitor or a pharmaceutically aceeptable salt

thereof and an opioid a.nz.lgesic ora pharmaceutically acceptable salt thereof. ¥The

_ combipation preferably pm\ndes a synergistic or at least additive eﬂ'ect for analgesic

dosages _ L Lo .
Dosage levels of COX-Z inhibitor on the order of from abo\u 0.005 mg to about
140 mg per kilogram of body weight per day are therapeutically effective in

. -combination with an opioid analgesic. Alternatively, about 0.25 mg 1o about 7 g per

patient perday of a COX-2 inhibitor is administersd 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 inkibitor per kilogram of body weight per

day, or alternatively about 025 mgto about3.5 g p:r panent per day

The amouat of COX-2 inhibitor that may be combmed with the carrier matenals

-ta pmduce a single dosage. fum}mvngCOX.ZJnhx'bltm and opmld analgesiciin — e — e

combination will vary depending upos the patient and the particuldr mode of
administration. For example, a formulation intended foi"‘ the oral agministration of
bumans may contain from 0.23 mgto 5 g of COX-Z inhibitor compounded with an
appropriate and convenient amouﬁt of carrier material which may vary from about 5 to
about 95 percent of the total composition. Unit dosages will geneiﬂly contain between
from about 0.5 mg to about 1500 mg of 2 COX-2 inhibitor, and typically 25 mg, 50 mg,
100 mg, 200 mg, 300 mg, 400.mg, 500 mg, 600 mg; 800 mg, ¢r 1000 mg, etc » UP o
1500 mg.- : ;
In one embodiment, the. COX-Z mh.nbltor is provided in-a sustamcd release oral
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dosage form with hydromorphone as the therapeutically active opioid in an amount
from about 2 mg to about 64 mg hydromnrphone hydmchlonde Alternatively, the |
dosage form may contain molar equwalcnt amounts of other hydromorphone salts or of
the hydromorphone base. In another =mbod1rnent. the opioid a.nalgestc comprises
morphme, and the sustained reIease ora.l dosage forms of the present invention mclﬁde
&am_about 2.5 mg to about 800 rag morphine, by weight. In yet another embodiment,
the oi:ioid ana.igesic camprises oxycod;me and the sustained release oral dosage forms
include from about 2.5 mg to about 800 mg 6xycodoné. The opioid analgesic may
comprise hydrocodone, and the sustained release oral dosage forms may include
analgesic doses from.about 8 mg to about 50 mg.of hydrocodone per.dnsa'ge unit. The
o‘pioid analgesic may comprise wamadol and the sustained release oral dosage forms
may include from about 25 mg to 800 mg tramadal per dosagc unit The dosage form
may contain more than one opioid analgesic 1o provide 2 substantially eqmvalent '
therapeutic effect.

* Preferred combinations of the invention comprise an effective amount ofa

:COX-2 inhibitor selected from the group consisting of nimesulide, meloncan, and

flosulide, and an effective amount of an opioid analgesic selected ﬁ'om the group
consisting of tramadol, hydromarphane, morphine, oxycodone, ilydrucodone and
dikydrocodeine in the ratios set forth in Table I. In certain preferred embodiments, the
ratio of the afore-mentianed opioids to the afore-mentioned COX-Z inhibitors i is set
forth in Table I. ' '
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.. TABLEI

Rafios of Opiates to COX-Z Imbibitors .~~~ &
COX-2 INEIBITORS L, e A
[ (GPIATES . | CELECOWD | FLGSULIDE | SIELOXICAM | NABUMETONE | MNESULIDE . | VI¢ WIKDEE
[“MORPHINE ' &01s| aﬁﬁ T ai’s":mf , . um:_-l W . 3 ﬂf.ﬂﬂl-l a01-10
FETABONE” wdw-l m u.;n-ln Wﬁn - lfo'n!’-l‘ — O TR
~MEFERIDING TT-T00 T T T ) T O W
LEVORPHANOL TwoT ~0.0001-1 ﬁl-l 02000 801 nﬁ'oﬁl “oaoma1 | 0.0000-1
10 . WW$ 0.0001-] 0.00001-1 QT G.0001-T T " 0.00a1-1
[ORVCOPONE | G010 | 00001 - | 0. T VTP R Y1 @agor-1 | 000017
T e T T V= ey o 7T e L [ M T TN XTI
[CopENE 0060, | odora B T T | [ egerT | Ao
"
In other words Table 1 d:scnbes test of ratios of morphine: cslemn'b from
about 0.001: lto about I 1; for methadonq to ﬂosuhde the ratio is from about 0. 0001 1
tnaboutl 1, and soon. - . . '
In certain prefcm-.d embodunenu a:cordmg to the pres:nt mVermOn, an oral
20 dosage form is preferred which mcludes the fol.lowmg opmld/COX-Z inhibitor, _
combmauons Morphme 40 mg plus 40 mg ﬂosulide, morphmc 40 mg plus 6 mg
mmesulxde, oxycondone 20 mg plu.s 20 mg ﬂosulxde, oxycodone A0 mg plus 4 mg ,
nimesulide; hydromarphone 5 mg plus 20 mg ﬂosuhde .or hydromqrphone Smgplus4
mg nimeésulide,
25 The dosage administered wnll of course, vary dependmg upon known factors
such as the pharmecodynamic characteristics of each agent of the combination and its
mode and route of adininistration and upon'the age, health and weigl:lt of the paﬁeht.
The dosage will also depend upon the nature and extent of symptoms, concurrent
u'eau:nent, if any, frequency of treatment and the desued result. A camposmon '
30 - comprising any of the above-identified combmauons 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 d*’-#“'ﬁd
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results.

The optimal COX-2 inhibitor and opioid analgesic ratios are determined by
standard assays well known in the art for determining opioid and analgesic activity.
For example, the phenyl-p-benzoquinone test may be used 1o establish analgesic
effectiveness. The phenyl-p-benzoquinone induced writhing test in miice (H. Blumberg
stal., 1965, Prog, 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, 55 presented in an
isobologram, can be translated to _'or.ber species where the orally effective analgesic dose

of the individual compounds- are known orcan beestimated. ‘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 T.h; 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 dose substirution model and a curvilinear
regression analysis utilizing all ;i:e data for the individual compounds and various dose
ratios for the combinations establishes the existence of unexpectedly enhanced
analgesic activity of combinations of COX-2 inl-'iibitor 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 rciehse dosage forms of an
effective analgesic amount of a COX-2 inhibitor and opioid analgesic combination, Az
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
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inhibitor, it may be passible to use reduced dosages of each of COX-2 inhibitor and
.opioid analgesic. By'usiné Jesser amounts of other or both drugs, the side effects
assqcisted with each may be.reduced.in number and degree. Moreover, the invertive
combination avoids side effects to which some patients are particularly sensitive.”
The present invention encornpasses a method of inhibiting C0X-2 and treating

COX-Z mediated diseases comprising administering to a patient in need of such |
freatrnent a non-toxic therapeuuca!.ly effective amount of the COX-2 inbibitor and
oplond analgesic combination of the present invention, These diseases include
moderate to severe pdin arising from many different etiologies, including but not

_ limited to cancer pain and pnst-su:gxcal pain, fever and inflammation of a variety. of .
conditions including theumatic fever, symptoms associated with influenza or other viral
mfe_ctlons',.commm cold, low back and neck pain, dysmenorthea, headach;, toothache,
sprains and strains, myositis, neuralgia, synovitis, arthitis, including theumatoid
arthritis, degenerative joint diseases (osteoarthritis), gout and ankylosing spondylitis,
bursitis, buras, and injuries. Further, the combination of COX-2 ikdbitor and opioid
;analgesic is useful a3 an alternative to conventional non-steroidal auu-mﬂammatoxy
drugs or combinations of NSAID’S with other drugs pam:ularly where such non-
steroidal anu'-u:ﬂammmry d:ugs may he conu-a-mdxcated such as in pauents with
peptic ulcers, gastritis, regional enteritis, ulcerative colitis, d;verucul,ius or witha .

. recurrent 'history of gastrointestinal lesions; GI bleeﬁin’g,coagmaﬁon disordet§
including anemia such as hypopmﬁunmbinemia, ha:maphilia or other bleeding

30

The sustained release dosage fom:s of the pment invention generally achieve
and maintain t.hzrapeut:c levels substantially without significant incteases in the
intensity and/or degree of concqmnt side effects, such as nausea, vomiting or
drowsiness, which are often associated with high blood levels of aploid analgesics.
There is also evidence to suggest that the use of the present dosage forms leadstoa
reduced risk'of drug addiction. ‘ '

‘The combination of COX-2 inhibitor and oral opioid analgesics may be.
fumulatcd 10 prowde for an increased duxauun of analgesn: action allowing once~daily
dosing. These fnrmulauons, at compamble daxly dosages:of convenuona.l unmedxate

oz

pmblem,ludne;dxseas:, those prier to surgery.or taking anncoagulants S —
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 release drug, are associated with a lower incidence in severity of adverse drug reactions

and can also be administered at 2 lower daily dose than conventional oral medication
while maintaining gain control. | | |

. The combination of COX-2 inhibitor and an opioid analgesic can be employed
in admixtures with conventional excipients, i.e., pharmaceutically acceptable organic or
inorganic carrier substapces suitable for oral, parenteral, nasal, intravenous,
subcutaneous, enteral, or any other sujtable mode of administration, known to the art.
Suitable pharmaceutically acceptable carriers include but are not limited to water, salt
solutions, alcobols, gum arabic, vegetable oils, benzyl alcohols, polyethylene glycols,
gelate, carbohydrates suc_h as lactose, amylose or starch, rnagnesiuin stearate talc, silicic
acid, viscous paraffin, perfume oil, fatty acid monoglycerides and diglycerides,
pentaerythritol farty acid esters, hydroxymethylcellulose, polyvinylpymolidone, etc.
The pharmaceutical preparations can be stetilized and if desired mixed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for
influencing osmotic pressure buffers, coloring, flavering and/or aromatic substances

-and the like. They can also be combined where desired with other active agents; (X

other analgesic agents. For parenteral application, particularly suitable are oily or

| aqueous solutions, as well as suspensions, emulsions, or implants, ﬁ.néluding

suppositories. Ampoules are convenient unit dosages. For oral epplication, particularly
suitable are tablets, dragees, liquids, drops, suppositories, or capsules, caplets and
gelcaps. The compositions intended for oral use may be ﬁrepared according to any

method known in the art and such compositions may contain one ormore agents

selected from the group consisting of inert, non-toxic pharmaceutically excipients
which are sujtable for the manufacture of tablets. Such 'éxcipients include, for example
an inert diluent such as lactose; granulating and disintegrating agents such as
cornstarch; binding agents such as starch; and lubricating agents such as magnesiﬁm
stearate. The tablets may be uncoated ar they may be coated by known técliniques for
elegance or to delay release of the active.ingredients. Formulations for oral use may
also be presented as hardlgelatin capsules wherein the active ingredient is mixed with

an mert diluent,

Aqueous suspensions contain the above-identified combination of drugs and
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that mixture has one or more excipients suitable as suspending agents, for example
.pharmaceutically acceptable synthetic gitms such as hydroxypropylmetiylcellulose or

nanwal gums. Oily suspensions may be formulated by suspending the above-identified
coml:;ination' of drugs in a vegetable oil or mineral oil.. The oily suspensions ni'ay .
contain a tlnckenmg agent such-as beeswax. or cetyl alcohol. A syrup, elixir, or the h‘ke .
can be used wherein a sweetened veh:cle is employed Injectable suspensmns may’ also
be prepared, i which case a.ppmpnate lzquld camers, suspending agents and the lﬂce
may be emplqyed. his alsu possxble to ﬂEZHW the active compounds and use the
obtained lyophilized compuunds for example, for the preparation of produets for
injection. '

-The method of treatment and pharmaceutical formulations of the present’
invention may further include one or more drugs in eddition to a COX-2 inhibitor and -
an oi:io‘id analgesic, which additional d;u'g(s) may or may not act synergi;ticaﬂy

therewith. Examples of such additional drugs include non-steroidal aiti-inflammatory
- agents, including fbuprofen, diclofenac, naproxen, benoxaprofen, fhwbiprofen, *.
fenoprafen, flubufen, ketaprofes, indoprofen, piroprofex, carprofen, oxaprozin,

pramoprofen, muroprofen, trioxaprofen, suprofen, aminoprofen, uaprofemc acid,
fluprofen, bucloxic acid, indomethactn, sulindas, tolmetin, zomepiras, tiopinas; zido-
metacin, acemetacin, fentizzac, clidanac, oxpinac, mefenamic acid, meclofenafﬁic acid,
flufenamic acid, niflumic acid, tolfenamic acid, d:ﬂunsal. ﬂufemsa.l, piroxicam,
sudoxicam of jsoxicam, and the like, Other.suitable additional drugs which may be

30

mcluded_\nr.he_dosage forms of the piresent mvenuon mclude acetaminophes, aspiria, - -——————~
and other non-opioid ﬁna.lgeslcs

CONTROLLED RELEASE DOSAGE FORMS
...The COX-Z mhxblmr and upxozd analgesic combination can/be fannulated asa
controlled or sustained relmc 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 inclgd‘e a sustained released carrier which is in;:orporaﬁed
 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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. release form a.nd COX-2 inhibitor ip sustained release form or in immediate release

form. The COX-2 ighibitor may be incorparated into the sustained release matrix along
with the opioid; incorporated into the sustained release coating; incorparated as a
separated sustained release layer or immediate release layer; or may be incorporated as
a powder, granulation, etc., in & gelatin capsule with the substrates of the present
inveation. Alternatively, the sustained release dosage form may have the COX-2
inhibitor in sustained release form and the opioid analgesic in sustained release form or
immediate release form.

An oral dosage form according to the invention may be provided as, for
example, granules, spheroids, beads, pellets (hereinafter collectively referred to as '
“multiparticulates”) and/or particles. An amount.of the multiparticulates which is
effective to provide the desired dose of opioid over time may be placed in a capsule or
may be incorporated in any other suitable oral salid form.

In one preferred embodiment of the present invention, the sustained release
dosage form comprises such particles conﬁihing or comprising the active ingredient,
wherein the particles have diameter from about 0.1 mm to about 2.5 mm, preferably
from about 0.5 mm to abowt 2 mm. = - L

In certain embodiments, the paﬁicles comprise normal release-matrixes -
containing the opioid analgesic with or without the COX-2 inhibitor.” These particles
are then coated with the sustained release carrier in embodiments where the COX-2
inhibitor is immediately released, the COX-2 inhibitor may be included in sl.epmte
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 paru'i:les comprise inert beads
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 pvercoat. . _ |

The particles are preferably film coated with a material that petﬁ:its release of
the opioid (or salt) and if desired, the CQX-2 inhibitor, at a sustained rate in an aqueous
medium. The film coat is chosen so as to achievs, in combination with the other stated

properties, a desired in-vitro release rate, The sustained release coafing formulations of
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. the present invention should be capable of producing 8 strong, continuous film that is
. smooth and elegant, capable of supporting pigments and other comng addmves, -

non-tumc,mcrt,andmck—ﬁ:e R C e o

. The dosage forms of the present invention.may optmnaﬂy be coated wuhone or

‘more manena.ls suitahle for thcxegu.launn of release or for the protection of the
formulation. In one embodiment, coadngs are provided to permit either pH-dependent

or pH-independent release, e.g;, when exposed to gnstmmtesunnl fluld. ApH- .
dependent coating serves to release the opioid in desired areas of the' gasu'o-mestnal
(GD) tract, e.g., the stomach or small intestine, such that an absorption pmﬁle:xs
provided which is capable of providing at least about twelve hour and pr:ferably up to
twenty-four hour analgesna to a patient. When a pH-mdependent coating is desired, the

coating is desxgnsd to achieve opt:mal release. regardless of pH-changes in the -

environmental fluid, e.g., the GI tract. It s also possible to formulate composmqns .
which release a portion of the dose in one desired area of the GI tm‘t. e.g, the stomach,
end release the remainder of the dose in another area of the GI tract, £.8.,the small
intestine. . .. L - P oo '3'.' '
Fomulamms accord.mg to the invention that uu.hz: pH-depa.\dent wﬂhﬂss to
obtain formulatxons may also impart a repeat-action effect whereby unprotected drug is
coated over the ennenc coat and is rcleased in the stomach, while the remainder, being
mlcct:d_by_tbuntanc_cnanng, is released further down the gastrelmesunal Tact.

30

Coatmgs which are pH-dcpendent may be used in a:cordance thh the present
invention include chellac, cellulose acetate phthalate (CAP), polyv'lnyl acetdte phthalate

~ (PVAP), hydrosypropylmethyleellulose phthalate, and methacrylio acid :ster
= cupolymers zcm.andthe like. ' -

In certain pmfen'ed embodunems the subsu-ate (eg- tablet core bead, mamx
particle) containing tbe opioid analgesic (with or without the COX’-Z mhxbltor) i .
coated with a hydraphobxc material selected from (i) an alkylcellulose; (i) an al:l'YhC
polymer; or (iif) mixtures thereof. The coating may be applied in the form of an

. organic or agueous solutioh or dispersion. The coating may-be applied to abtain a
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weight gain from about 2 to about 25% of the substrate in order to obtain a desired
sustained release profile. - Such formulations are described, e.g., in detail in U.S, Patent
Nos, 5,273,760 and 5,286,493, assigned to the Assign.ee of the present invention and
hereby incorporated by reference, '

.Other examples of sustained release formulations and coatings which may be
used in accordance with the present invention include Assignee's U.S. Patent Nos.
5,324,351; 5,356,467, and 5,472,712, hereby incorporated by teference in their entirety.
Alkylcellulose Polvmers

Cellulosic materials and polymers, including alkylcellulases, provide
hydrophobic materials well suited for coating the beads according to the invention.
Simply by way of example, one p.referred alkyleellulosic polymer is ethylcellulose, .
although the artisan will appreciate that other cellulose and/or alkylcellulose polymers
may be readily employed, singly ot in any combination, as all or’ partof a h)'rd.rnphobic
coating according ta the invention. ‘ )

One commercially=available aqueous dispersion of ethylcellulose is Aquacoat®
(FMC Corp., Philadelphis, Pennsylvania, U.S.A.). Aquacoat®is prepared by dissolving
the ethylcellulose in a water—immiscible organic solvent and then emulsifying the
same in water in the presence of a surfactant and a stabilizer. After hqmogenimﬁon 10
generate submicron droplets, the organic solvent is evaporated under vacuum to form a
pseudolatex. The plasticizer is not incorperated in the pseudolatex during the
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, S

Another aquecus dispersion of ethylcellulose is commercially available as
Surelease® (Colorcon, Inc., West Point, Pennsylvania, Ul'S.A.). This product is
prepared by incorporating plastii:izer inta the dispersion during the manufacturing
pracess. A hotmeltofa pblymet, plasticizer (dibutyl sebacate), arid stabilizer (oleic
acid) is prepared as a homogeneous mixture, which is then diluted with an alkaline

solution to obtain an aqueou§ dispersion which can be applied directly onto substrates.
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. In other preferred embudnnems of the present mvenuon, the hydmphohxe
material comprising the controlled release coating is a: pharmaceuucally aeceptable
acrylic polymer, including but not limited to acryhc acid and mer.hacnghc acid ' -

.copolymers, methy] methacrylate copolymers, ethoxyethyl methacrylates, cyanoethyl
" methacrylate, poly(acrylic acid); poly(methacrylic acid), methacrylic acid alkylamide

copolymer, poly(methyl metbacrylaxe) polymethacrylate, poly(methyl metbaerylate) ,
copolymer, polya:ryla:mde aminoalkyl methaerylate copolymer, poly(mema:ryhe acid
a.nhydnde), and glycidyl methacrylate capolymers. -

. In certain preferred emquzmem.s. the actylic polymer.is comprised of one-or

' more ammonio methacrylate eopolymers Ammonio methacrylate copolymers are well

known.in the art, and are described in NF X V11 as fully polymerized eopolymers of
acrylic and methacrylic acid esters with a low content of quaternary ammonium groups.
In order to obtain a desirable dissolution profile, it may be-pedassary to

, incorpoi-ate two or more ammonio methacrylate eopolymeﬁ having differing pb.ysical

j:ropemes, such as different molar ratios of the quatemary ammonitm gruups to the
netm-al (meth)acrylic esters. o . . '

. Certain methacrylic acid esterhtype polymers are useful far preparing pH-
dependent coanngs which may be used in aceordance with the ptesent invention. ‘For
example, there are a family of copolymels synthesxzed from d.lefhylamnoeﬂlyl
methaetylate and other neutral methacrylic esters, also known as methacrylic ae:d

30

Rdkm Tech, Inc. There are several different types of Eudragit”. For exam;:le.
Eudragit® E is'an example of a methacrylic acid copolymer which swells and dissolves
in acidic media. Eudragit® L is a methacrylic acid copolymer which-does nat swell at

. about pH < 5.7 and is soluble 2t about pH > 6, Eudragit® § does riot swell a} 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 Fudragit® RL and RS are pH-independent. . '
In certain preferred embodiments, the ecrylic coating comprises a mixture of °
two acrylic resin lacquers commercially avaiiable from Robm Pharma under the
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Tradenames Eudragit® RL30D and Eudragit® RS30D, respectively. Eudragit® RL30D
and Eudragit® RS30D are copolymers of acrylic and methacrylic estes with a low
content of quaternary ammonium groups, the molar mtio of aimnoniuﬁ groups to the
remaining neutral ¢meth)acrylic esters being 1:20 in Eudragit® RL30D and 1:40 in
Eudragit® RS30D. The mean molecular weight is about 150,000, The code
designations RL (high permeability) and RS (low perméability) refer to the -
penneiability properties of these agents. Eudragit® RL/RS mixtures are insoluble in
water and in digestive fluids. However, coatings formed from the same are swellable
and permeable in aqueous solutipns and digestive fluids.

The Eud.ra,gii" RL/RS dispersions of the present invention may be mixed
together in any desired ratio in order to ultimately obtain a sustained release
formulation having a desirable dissolution profile. Desirable sustined release -
formulations may be cbtained, for instance, from a retardant coating derived from
100% Eudragit® RL, 50% Eudragit® RL and 50% Eudragit® RS, and-10% Eudragit®
RL:Eudragit® 90% RS. Of course, one skilled in the.art will recognize that other
acrylic palymers may also be used, such as, for example, Eudragit® L,

In embodiments of the present invention where the coating comprises an
aqueous dispersion of a hydrophobic material, the inclusion of an effective amount of a
plasticizer in the aqueous dispersian of hydrophobic material! will further improve the
physical properties of the sustained release caating. For example, because ethyleellu-

lose has a relatively high glass transition temperature and does not form flexible films ..  -——- -—- -

under normal coaring conditions, it is preferable to incorporate a plasticizer into an
ethylcellulose coating containing sustained release coaﬁﬂg before using the same as a

'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 fromi about 1 to about 50
percent by weight of the film-former. Cancentration of the plasticizer, however, can
only be properly determined after careful experimentation with the particular coating
solution and method of application. |

Examples of suitable plasticizers for ethylcellulose include water insoluble
plasticizers such as dibutyl sebacate, diethy! phthalate, triethy] citrate, tributyl citrate,
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and triacetin, although it s possibls that other water-insoluble plastiizers (ich as
acetylated monoglycerides, phthalate esters, castor oxl e!:c ) may be used. Tnethyl
. citrate is an especially preferred plnsucxz::r for the aqueous dispersions of ethyP
cellulose of the present invention. - : ~ e
Examples of suitable plasticizers for the acrylic polymm of the | prcsent
invention mclude, but are not limited to citric acid esters such as wriethyl citrate NF .
XV, tributy! citrate, dibutyl phthalate, and possibly {,2-propylene glycol. Other .
plasticizers which have proved to be suitable for enhancing the elasticity of the films
formed from acrylic films such as Eudragit® RL/RS lacquer solutions include
. polyethylene glycols, propylene glycol diethyl phtha.lam,' castor oil, ‘and trizcetin.
| Triethyl citrate is an especially preferred plasucxzer for the aqucous dxspersxons of ethyl
| gellufose of the present invention. '
s It has further been found that the addmon of & small amount of tale reduces the
" tendency of the aqueous dxspemon to stick dun.ng processmg, and actsasa puhshmg
PROCESSES FOR PREPARING COATED BEADS
~ When the aquéous dispersion of hydrnphoblc material is uud to coat inert
pharmaceutxcal beads such as ou panel 18/20 beads, a plurahty of the resultant”

stabilized solid controlled release beads may thereafter be placed irt a gelatin capsﬁle in
', an amount sufficient to provide an effective contruolled release doss-when ingested and -

30

_contacted by an environmental fluid, €., gastric flnid or disé’oluﬁdn medig.—

Th: stabilized controlled relcase bead formulauons of the present invention ‘ |

slowly release the therapeutically active agent, &.8., whea ingested:and exposed to

' gstric fluids, and then to intestinal fluids. The controlled release profile of the .
-formulations of the invention can be altered, for example, by varying the amoumt of
overcoatmg with the aqueous d.lspetslon of hydrophobxc matena.l ﬁltermg the manuer'
in which the plasticizer is added to the aquenus dispersion of hydrephobic mateml, by
varying the amount of plasticizer relative 1o hydtophobic material; by the inclusion of
additional ingredients Er excipients, by al@né-the methiod of manufacture, ete.. The

. diés,olut.ion profile of the ultimate product ‘mdy also be madified, for cxamplé, by.
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1

increasing or declreasing the thickness of the retardant coating.

Spheroids or beads coated with a therapeutically active agent are prepared, ¢.g.,
by dissolving the therapeutically active agent in water and then spraying the solurion
onto a substrate, for example, nu pariel 18/20 beads. using a Wuster inert. Optionally,
additional ingredients are alsa added prior to coating the beads in order to assist the
binding of the opioid to the beads, and/or to color the sojution, etc. Far example, a
produl'ct which includes hydroxypropylmethylcellulose, ete. with or without colorant
(e.g., Opadry®, commercially available from Colorcon, Inc.) may be added to the
solution and the solution mixed (e.g., for about 1 hour) prior to application of the same
onto the beads. The resultant coated substrate,.in this example beads, may then be
aptionally overcoated with & barrier agent, ta separate the.therapeutically active agent
from the hydrophobic.controlled release coating. An example of a suitable barrier
agent is one which comprises hydroxypgopylmethylcellulose. Howaever, any film-

former known in the art may be used. Itis preferred that the barrier 3gent does not
affect the dissolution rae of the final product.

The beads may then be overcoated with an aqueous dispersion of the

hydrophobic material. The aqueous dispersion of hydrophobic matarial preferably

further includes an effective amount of plasticizer, e.g. triethyl ciwrate. Pre-formulated
aqueous dispersions of ethylcellulose; such as Aquacoat® or Surelease®, may be used.
If Surelease® is used, it is not necessary to separately add a plasﬁciw. Altemarively,

pre-formulated aqueous dispersions of acrylic polymers such as Eudragit" can be used,

The coating salutions of the present invention preferably contain, in additionto  _  _

the t.'n‘lkn-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-
peutically actilve 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

prapylene 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 Jow shear to the plasticized Aquacoat®, Altematively, any uitable method of |
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

K|
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acrylic polym.er is used include titanium'dioxide and color pigments, such as jron oxide
. pigments. The incorporaﬁou of pignentﬁ, may, however,' increase the petard effect of
the coating. . Coor : o SRR O

The plashcmd aqueous dispersion of hydrophob:c material may be applied. .

5 . onto the substrate comprising the therapeutically active agent by spraying using any
suitable spray equipment known in the art. In 2 preferred method, 2 Wurster L
fluidized~bed system is used i which an air jet, injected from undmiatb, ﬂmdxzcs the
care material and effects drying while the acrylic polymer coating is spxayeql om A
sufficient amount of the aqueous dispersion- of hﬁdraphobic material tp obtain a

10 predetermined controlled release of seid therapeutically active agent when said coated
substrate is mcposed to-aqueous solutions, e.g. gasmc fluid, is prefmbly applied, taking
into accounx the physical characteristics of the therapeutically active agent, the manner
of i mcorporanon of the plasticizer, etc. Afier coating with the hydrophubxc ‘material, a
further overcoat of 2 film-formaer, such as Opadry®, is optionally applied to the beads.

s This overcoat is provided, if at all, in o:der to s:bsummlly reduce ag;lomerauan of ﬂ:e
+ beads. a . '

The release of the thcra.peuhcally active agent from the contrulled release
formulation of the present invention cani be further influenced, i.c, adjusted tda desired
rate, by the addxtlon of one or more release-modxfymg agents, or by providing one or

20 more pa.ssageways through the coating. The ratio ofhyd:ophobxc material ta water
soluble material is determined by, among other factors. the release me rtquu'ed and the

R solubxlny characterigtics af the materials selected, . e et et e e

The ralcnse-modlf}nng agents which function as porc-formm may be organic or
inorganic, and include materials that can be dissolved, cxu'acted or leeched from the

25 ' coating in the environment of usg. The pore-formets may comprise one or mare
| hydrophilic. materials such as hydroxypropylmethylcellulose, |
The sustained release coatings of the preseat mvenuon can glso mclude erosion~
; promoting agents suchassta:chandgums : Co
_ The sustained release coanngs of the present mvenuon can also mclude
30 materials useful for malung microporous lamina in the envmnmem of use, such as
polycarbonates comprised of linear polyesters of carbomc,;wd in Wlnch.carbonatc
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groups reoceur in the polymer chain.
The release-modifying agenr may also comprise a semi-pem:eab]e polymer.
In certain prefesred embodiments, the rélease-niqdifying agent {s selected from -
hydroxypropylmethylcellulose, lactose, metal stearates, and mixrures of any of the
foregoing. . '

The sustained release coatings of the present invention may also include an exit
means comprising at least one passageway, orifice, or the like. The pagsageway may be
formed by such methods as those disclosed in U.S. Patent Nos. 3,345,770; 3,916,889;
4,063,064; and 4,088,864 (all of which are hereby incorporated by reference). The
passagewsy can have any shape such as round, triangular, square, elliptical, irregular,
etc. ' | ' C
Matrix Bead E \as

In other embodi.memg of the present inventian, the com:rolled’&lease
formulation is achieved via a matrix having a controlled release coating as set forth
above. The present invention may also utilize a controlled release matrix that affords
in-vitro dissolution rates of the opioid within the preferred ranges and that releases the
opioid in a pH-dependent or pH-independent manner. The materiald sujtable for
inclusion in a controlled release matrix will depend on the method used to form the

© matrix.

Far example, a matrix in addition to the opioid analgesic and:(optionally) COX-
2 may include; ' ' :

Hydrophilic and/or hydrophobic miaterials, such as guins, cellulose ethers, _ __ __ __ _

acrylic resins, protein derived materials; the list is not meant to be ekclusive, and any
pharmaceutically acceptable hydrophobic material or hyarophilic material which is
capable of imparting controlled release of the active ageﬂt and which melts (or softens
to the extent necessary to be extruded) may be used in accordance with the presént.
invention, | } '

Digestible, long chain (Cg-Csq, especially C17-Cyg), substtuted or
unsubstituted hydrocarbons, such as fatty acids, fatty alcohols, glygéryl esters of fatty
acids, mineral and vegetable oils and waxes, and stearyl alechol; a8d polyalkylene
glycols. ‘ | C |
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of the.se polymers, acryhc polymers, ‘especially Eudragit® RSPO - the cellulose |
ethers, cspecmlly hydroxyalkylcclluloses and carboxyalkylcelluloses, are preferred.

.The oral dosage form may contain between 1% and 80% (by wggbt) ofiat least.one

hyd:opb.mc or hydrophobic material. - o : W™
When the hydrophoblc material is & hydrocarbon, the hydroca:hon prefetably '

 hasa melung point of between 25 and 90 C. Of the long chain hydrocarbon materials,

fatty (ahphauc) aleohols are preferred. The oral dosage form may commn up 1o 60%

(by weight) of at least one digestible, long chain hydrocarbon. - .
~ Preferably, the oral dosage form contains up to 60% (by weight) of at le&s't one

polya]kylene glycol. . . . c- —

. The hydmphoblc matenal is prcfu-ably selecned from the gmup consisting of -
alkylcel.luloscs, m:ryhc and mcthacrylw acid polymers and copolymets, shellac. zcm,
hydrqgenated castor oil, hydrogenated vegetable oil, or mixtures thereof. 'In certain
preferred embod.lmems of the present invention, the hydrophobic material isa

jpharmaceutically acceptable acrylic polymer, including but not limited ™ acryhc acid

.+ and methacrylic acid copolymers, methyl methacrylate, methyl metbam'lm :

copolymers, ethoxyethyl, methacrylates, cynacethyl methacwlam, ammoalh'l
mcthasrylate copolymer, poly(acrylic acid), poly(methacrylic acid), methacrylmacxd

_a.lkyla.mme copolymer poly(methyl methacrylate), poly(methacrylic { acid)(anhydride),

polymethacrylaw, polyacrylamlde, poly(meﬂ:ncryhc acid anhydride),: and glyeidyl
methacrylate copolymers In other embodimeats, the hydrophobic marerial is selected

__frnm mat:na.ls such as hydroxyalkylcellu.loses such as hydmpropylmethylcellu.lose R —

_ and mmu.res of the foregomg

Prefesred hyd;uphobxc materials are watcr-msoluble with mote or las

' pronounced hydrophilic and/or hydrophobxc u-ends Preferahly. the hydrophomc

materials useful in the invention have a melting point from about 30ito abnut 200 C
preferably from about 45 10 about 90 C. Specifically, the hydrophabic maﬁenal may
comprise natural o synthetic. waxes fatty alcohols (such as lauryl, m}'ﬂs‘}’l steary,
cetyl or prefembly cetostcatyl alcohol), fatty ac1ds, mcludmg but nothmned to fatty
acid esters, fatty acid glycerides (mono- di-, and tn-glycendes), hydrugenazcd fats,
hydrocarbons, normal waxes, stearic a:d, steary[ alcohol andhydmphoblc and
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hydrophilic materials having hydrocarbon backbones, Suitable waxes inelude, for
example, beeswax, glycowax, castor wax and carnauba wax. For purpoges of the |
present invention, a wax-like substance is defined as any material which is normally
solid at room temperature and has'a melting point of from about 30 to about 100 C,
Suitable hydrophobic materials which may be used in accordance with the

. present invention include digestible, long chain (Cg_Csq, especially C15-Cqp), .
substit;ited or unsubstituted hydrocarbons, such as fatty acids, fatty alcdhols, glyceryl |
esters of fatty acids, mineral and vééetablc oils and natural and synthetic waxes.
Hydrocarbons having a melting point of between 25 and 90 C are preferred, Of the
long chain hydrocarbon materials, fanty (aliphatic) alcohols are preferrdd in certain
embodiments. The oral dosage form mﬁy contain up to 60% (by weight) of at least one
digestible, long chain hydrocarbon.

. Preferably, a cozﬁbinaﬁon of two or morg hydrophobic materials are included in
the matrix fomMom. If an additional hydrophobic material is inclugded, it is
preferably selected from natural and synthetic waxes, fatty acids, fatty alcohols, and
mixtures of the same. Examples include beeswax, carnauba wax, stearic acid and
stearyl alcohol. This list is not meant to be exclusive. .

One particular sujtable matrix comprises at least one waser soluble hydroxyalkyl
cellulose, at least one:Cy»-Cyg, preferably C; 4-Co, aliphatic ﬂcohpl and, optionally,
at least one polyalkylene glycol. The at least one hydroxyalkyl cellulose is preferably a
hydroxy (C; to Cg) aikyl cellulose, such as hydroxypmpyfcellulose,
hydroxypropylmethylcellulose and, especially, hydroxyethylcellulos;é. Theamowntaf __ _ __ __
the at least one hydroxyalkyl cellulose in the present oral dosage form will be
determined, inter alia, by the precise rate of opioid releasé required. The at least one
aliphatic alcohol may be, for example, lauryl alcohol, myristyl alcohp] or steary!
alcohol. In pasticularly preferred embodiments of the present oral désage form,
however, the at least one aliphati'c alcqhol is cetyl 'zﬂcohol or cetoste'al"yl alcohol. The
amou.n't of the at least one aliphatic alcohol in the present oral dosags form will be
determined, as above, by the precise rate of opioid release requ.ired.; It will also depen&
on whether at least one polyalkylene glycol is present in or absent from the oral dosage
form. In the absence of at Jeast one polyalkylene glycol, the oral ﬁqsage form.
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pmt'etably contains betwesn 20% and 50% (by wt) of the at le.ast one aliphatic alcohol.
When at least one polyalkylene glycol is present in the uml dosage form, then the *
combined weight of the at least one alxphanc alcohol and the at least one polyalkylcnc |
glycol preferably  opstitutes berween 20% and 50% (by wt) of the totel dosage®
I . In one embodiment, the ratio of; &.8., the at least one hydroxynlkyl cellulose or
acrylic resin 10 the at Jeast one aliphatic alcohol/ polyallq'lenc glycnl dgtennma, 0.8 |
conSlderable extent, the release rate of the opicid from the formulation. ‘A ratio of the
at least one hydroxyalkyl ccllulose to the at least one aliphatic alcohollpolyalkylene
glycol of between 1:2 and 1:4 is preferred, with 2 ratio of between 1:3 and 1: 14 being
10 particularly preferred- - oo o C o
' The at least one polyallqlene glycol may be, for example, polypropylenb* glycol
or, which is preferred, polyethylene glysol. The number average molaculas weight of
.the at {east one polyalkylene glycol is prefemd between 1,000 aud 15.000 especially
hetweenlSOOandlZOOO L e
15 : Another suitable controlled release mawix would comprise anallsylcenulose
{espec:ally ethyl cellulose), 8 Cipt0 C35 ahphanc alcohol end, opuonally.
polya]kylene glycol. - :
In anothcr preferred embod:ment. the matnx ;ncludes 1 phmacmuca.lly
acceptable combination of at least two hydmphnbxc materals. - : EL
20 .. In eddition to the above mgrcdxems, a controlled release matix may also
contain suitable quantities of other materials, .8 diluents, Jubricants, bmders,

. _pranulating aids, colorants flavorants and ghdanfs that are couvenﬂonpl in the
pha:maceuual art '

25 L -
In order to facilitate the pteparatmn of a solid, contrdlled :ﬁlcase.' oral dosa.ge .
form according to this invention, any method of preparing 2 matik fnrmulé.tion known
4o those skilled in the art may be usecl For example mcnrporahon in the matrix'may be’
. effected, for example, by (2) forming granules comprising at leastone Water soluble
30 | hydroxyalkyl. cellulose and opioid or an opioid. salt; (b) mixing the hydmxyalkyl
celluloge containing granules with at leastorie C13 = C36 allphatic alcohol arid (¢)
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optianally, compressing and shaping the granules. Preferably, the granules are formed
by wet granulating the hydroxyalkyl cellulose/opioid with water. In a patticularly
preferred embodiment of this process, the amount of water added during the wet
granulation step is preferably between 1.5 and 5 times, especially behwceq 1.75and 3.5
times, the dry weight of the opioid. _

In yet other alternative embodiments, a spheronizing agent, together with the
ac.:tive.'ingredient can be spheronized to form spheroids: Microcrystalline cellulose is
prafme&_- A suitable microcrystalline cellulose is, for example, the material sold as
Avicel PH 101 (Trade Mark, FMC Corporation). In such embodiments, in addition to
the active ingredient and spheronizing agent, the spheroids may also contain a binder.
Suitable hinders, such as.low viscbsity, water soluble polymers, will be well known to
those skilled in the pharmaceutical art. However, water soluble hydrok_x lower alkyl
cellulose, such as hydroxypropylcellulose, are preferred. Additionally '(qr alternatively)
the spheroids may contain a water insoluble polymer, especially an acrylic polymer, an
acrylic copolymer, such as a methacrylic acid-ethyl acrylate copolymer; or ethyl '.
cellulose, In such embodiments, the sustained release coating will generlly include a
hydrophobic material such as (2) a wax, eitl;ér alone or in admixture with a fatty
alcqhol; or (b) shellac or zein,
Melt B ion Matri

Sustained release matrices can also be prepared via melt-granulation or melt- |
extrusion techniques. Generally, melt-granulation tecﬁniques involve melting a

: nonnallj'.'solid hydrophobic material, e.g. 2 wax, and incorporating a powdered drug

therein. To obtain a sustained release dosage form, it may be necessary to incorporate
an additional hydrophobic substange, e.g. ethylcelluiose or a water-insoluble acrylic
polymer, into the molten wax hydrophobic material. Examples of sustained release.
formulations prepared via melt-granulation techniques are found in U.5. Patent No.
4,861,598, assigned to the ‘Assignee of the present invention and hereby incarporated
by reference in its entirety.

The additional hydrophabic material may comnprise one or mope water-insoluble
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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wax-like substances. In order to aCh.leVE constant release, the individual wax-hke

" substances in the formulauon shauld be substantially non-degradable and msoluble in

gastrointestinal fluids during the initial release: phases. Usefuls water-msoluble Wax like -
substances may be those with a water-solubiliry that is lower than about 1:5,000¢(w/w).
In addition to the above mgredxems a sustained release:matrix may also contain
mnmble quantities of other matenals. e.g., diluents, lubricants, binders, gram.ﬂanng aids,
colorants, flavorants and gkdams th;t are conventional in the phrmaneutlcal art. The - .
quantities of these additional materials will be sufficient to provide the desired effect to
the desired fomulauon. |
. In addition ta the above mgmdxents. a sustained release matrix incorporating m:lt- '
extruded mulupamcnlalcs may also contain suxtable quantities of other mat:nala eg
diluents, lubricasts, binders, granulating aids, colorants, flavorants and glidants that afe
conventional in the phamaceuucal art m amounts up to about 50% by we;ght of the -
particulate if desired. .. . . . : e . '
- Specific examples of pharmaceutically acceptable cameu and excipients ¢ that

: may be used ta formulate oral dosage forms are described in theHandbmk_nf

Pharmageuticat Excipients, American Pharmaceutical Association (1986), incorporated
by reference herein. : oo A
. . I".“'?.}-: .
. The ‘preparation ofa suitable melt-extruded matrix according to the present
mvenuon may,.for. examp!e. include the steps of blendmg the opxmd analgesic,

: tngcther wzth at Jeast one hydrophobic material and prefembly the: add.monal

hydrophobxc marmal to ubta.{n a homogeneous n:uxnn-e ‘l'he homngenem:s mixture is
then heated to a n;tnperature sufﬁclent to at [east soften the mixturs sufficiently to
extrude the same. The resulting homogeneous mixture is thea extded to form strands.
The extrudate is preﬁerably cooled and cut intp multiparticulates by any means knuwn

in the art. The strands are cooled and cut into mulupamculates The mxﬂupamculates
are then divided into unit doses. The extrudate preferably has'a didmeter of from about
0.1t about 5 mm and provides sustained release of the thcmpeuucdly active agent for
© atime pmod of from about 8 to about 24 hours '

38



10

15

20

30

WO 99/13799 , PCT/US98/19516

‘ An optional process for preparing the melt extrusions of the present invention
includes directly metering into an extruder a hydrophobic material, a therapeutically '
active agent, and an optional binder; heating the homoéenous mixture; extruding the
homogenous mixture to thereby form strands; cooling the strands containing the
homogeneous mixture; cutting the strands into particles having & size from about 0.1
mm 10 about 12 mm: and dividing said particles into unit doses. In this aspect of the
invention, a relatively continuous manufacturing procedure is realized. -

The diameter Sf the extruder apertire or exit port can also be adjusted to vary
the thickness of the. extruded strands. Furthermore, the exit part of the extruder need
not be round; it can be oblong, rectangular,.etc. The. exiting strands can be reduced to
particles using a hot wire cutter, guillotine, ete.: - - '

The melt extruded multiparticulate system can be, far example, in the form of
granules, spheroids or pellets depending upon the extruder exit orifice. For purposes of
the present invention, the terms "melt-extruded multiparticulate(s)" and "melt-extruded
multiparticulats system(s)" and "melt-extruded particles” shall refler to a plurality of
units, preferably within a range of similar size and/or shape and containing one or more
active agents and one or more excipients, preferably including a hydrophobic material
as described herein. In this regard, the melt-extruded multiparticulates will be of 2
range of from about 0.1 to about 12 mm in length and have a diameter of from about
0.1 to about S mm. ln additian, it is to be understood that the melt-extruded multipar-
ticulates can be any geometrical shape within this size range. Alterpatively, the
extrudate may simply be cut into desired lengths and divided into wit 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
effective amount of melt-extruded multiparticulates within a capsule. For example, 2
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 'zlnomler preferred embodiment, a sﬁitablc amount of the ifiultipardculatc
extrudate is compressed into an oral tablet ﬁsing‘conventi.onal tableﬁ.ﬁg equipment
using standard techniques. Techniques and compositions for making tablets
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. (comﬁressed and moided),;;-'.apsiiles (hard and éoﬂ geiau‘n) and pills are also described
in Remington's Phamaceutical Sciences, (Arthur Osol, editor), 1553-1593 (1980),
i;:coxpomd'bj'referénce.hﬁein. . o RN T
In yet another prefm-ed embodiment, the extrudate can: be shaped into blety as
5 set forth in U.S. Patent No. 4,957,681 (Klimesch, et. al.), described in additional detail
] a.bovel and hergby im:orpoxjated by reference, . T .

" Optionally, the sustained release melt-extrudeg mu.ln'paftiﬁrﬂa:e sys!gins or
tablets can pe coated, ar-the gelatin capgule can be further coatei'i., with 3 sustained
release coating such as the sustained releasé coatings described above. Such coatings

10 preferably include a.sufficient amount of hydrophobic material to abtain a weight gain
' level-from abom 2 to abour 30 percens, althiough the-oversoat may be greater dégiending
upan the physjcal properties of the particular apioid andlgesic compound utilized and
- the desired release rate, among other things, .

15 -include cambinations of'melt-exu-uded multiparticulates containing one or molrc of r.he:
-therapeutically active agents disclosed:above before being encapsulated. ‘Furthermore,
' the mit dosage forms can also include an amount of an immediata release
therapeutically active agem for prompt tl.t:rapeuu‘c éﬂ‘ect. ‘The imjmediate release
: therapeurtically active agent may.be incorparated, e.g., as separate pellets withm'a
20 gelatin capsule, oi'may be.coated on the ﬁtrface of the multipartieulates afier . .
Preparation of the dosage forms (e.g., cantrolled release coatirig ar matrix-based). The |
— . --__.__;_,u'ﬁil_:. dbsage forms of the present invention may also'contain g combihaﬁonlaﬁcdnﬁ'oilef-,l‘.'._
release i)cads and marrix muiﬁparﬁculams to achieve a desired effect. , o
The sustained release formulations of the presmti-invenﬁoﬁ preferably slowly
25 release the therapeutically p;:tivg agent, .., when ingested and exposed to gastic
ﬂu.lds, and then to intestinal flyids, The sustained re'lealse‘proﬁle of the melt-extruded
formulations of the-invcnﬁoh. can be,altcteﬁ, for example, by varying the amount of
retardant, ie,, bydrophobjc material, by va:'yﬁ:g the amount of plasticizef_re!aﬁve 10
hydrophabic 'material,_ by the inclusion of additional ingredients or écipignts. by -
30 ‘altering the method of manufacture, et - ' | R | o
.In other embodiments of the invention, the melt extruded material is prepared
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without the inclusion of the therapeutically active agent, which is added thereafter to
the extrudate. Such formulations typically will have the therapeutically active agent
blendcdtoée!her with the extruded matrix matei-ial,- and then ﬂ\; ﬁ:im would be
tableted in order to provide a slow release formulation, Such formulations may be:
advantageous, for example, when the therapeutically active agent included in the
formulation is sensitive to temperatures needed for softening the hydrophobic material
and/ or the retardant material,

The following examples illustrate various.aspects of the present inveation. .
They are not to be.canstrued to limit the claims-in any manner whatsoever..

In Examples 1-2, COX-2 inhibitor-opiate synergy were examined by examining
nabumetone (Example 1) and meloxicam (Example 2) in a Phenyllqmnonc. (FPQ)
stretching (writhing) test.

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-nephthylacstic 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 oceur at low pH values, such as those
found in the gastric mucasa. Thus, COX-2 selectivity appears to be functional. In
clinical trials, nabumetone has been found to be quité efficacious, with extremely little
ﬁlcemgenesis. In a trial m patients with osteoarthritis, nabumetone was compared to
diclofenac. It was found to be as efficacious as diclofenac (it is extramely impotent,
requiring 1500 mg daily), however, none of the 382 patients reated with nabumetone
experienced gastrointestina! toxicity (S.H. Roth et al, J. Rheumatol. 21: 1118, 1994). In

areport of 1-year follow-up of patients treated with nabumetong, the incidence of ulcers
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was only 0.5 % (PDR 1995, p. 2396). - v -

Methods: Lsobolographic analysis of drug interaetion was perfpi'med in male ICR mice.
Attime =0, mcloxicam‘ or nabumetone or vehicle was administered p-o. Attime (T)=
9 minutes, morphine or vehicle was ad.mmstered p.o. At T =29 minuses, PPQ .

 (phenyl-p-benzylquinone), 2 mg/kg, wzu mjec:ed Lp: At T = 36 minutes, the number of .

abdominal stretches was counted for em:h mouse for | minute. AtT =40 mmutes,
stretches were again counted for 1 mimute, There were 6 ~ 8 mice per dose.

_ The concentrations of morphine used for its dose-resppnse were 0.5, 1, 2, and S mg/ks.

The concentrations of nabumetone used for its dose-response ware 20, 50, 100 iand -
300mg/kg. The concentrations of meloxicam used for its dose-response were 1, 3, 10,
and 50 mg/kg. |

N .t v »
[ N r CE . O . !

The % inhibition of PPQ swetching (writhing) test was-calcuimd as follows:

=1 = {[total # su':tches at two countings with dmg]f[toml # stpetches at two cnunnngs

with vehicle]} X 100 S S

'
Vo

- EDS0 (the dose.of drug that caused an inhibition of 50 %) was determined by nonlincar

regression. When combinations of morphine.and meloxicam or nabumetone were
admxmst:u:d, the ratio was always set at 1:10 or_1:1000, respectivaly, For the

30

combination studies, the following were used: morphmelnahumetone were 0,036/36,
0.072/72, 0.1/100, and 0.144/144 mg/kg, morphme/melo}ucam were 0.18/1.8, Q.36/3.6,

_072/72 and 1 A44/14.4 mg/kg. TheEDSOforeachdmg in the corhbination was

determned by simple calculation of the amount of each in the combination at the EDSQ
combination dose. The EDS0 results for Example 1 (nabumetone)dvemus morphme are
set forth below: - : ' '

nabumetone: morphine EDSO = 1.86 mg/kg po (confidence interval 1.39—2.5) |
nabumetone EDS0 92,1 Img/'kg‘ po (alight extrapolation) |

a2



10

15

20

0

WO 99713799 " PCT/USY98/19516

with combination dose-response using morphine:nabumetone 1:1000
EDS50 morphine = 0,06 (confidence interval is 0.02 t0 0.17)
ED5Q nabumetone = 64.5, -

As can be seen from the ED50 :es.ults, nabumetone significantly increased the
potency of morphine. While morphine did not affecf the potency ¢f nabumetone in a
statistically significant manner, it did shift the ED50 results to an axtent which suggests
that increasing the ratio of nabumetone to marphine may result in two-way synergy. In
view of this result, the combination of a much more potent COX-2 inhibitor such as
celecoxib will provide statistically significant two-way synergy. In such a combination,
the opioid will be seen to significantly potentiate the-analgesic. effeeticacy of celecoxib.

The ED50 results for Example 2 (meloxicam) are set forth below:

meloxicam: morphine ED50 = 1.86 mg/kg po
- melexicam ED50 15.2 mg/kg po (slight extrapolation)

with combination dose-response using morphine:meloxicam 1:10
EDS0 morphine = 0.62
.EDS0 meloxicam = 6.22..

As can be seep from the EDSO results, meloxicam significantly increased the
poteacy of morphine, whereas morphine did not affect the patency of meloxicam.
Morphine did however, allow meloxicam to reach better efficacy - 72 Y%vs45 %
inhibition. | |

. The data obtained from Examples 1-2 are further representcd;jir't Figure 1, which
is a graph depicting the percent inhibition (ED50) plotted against thd dose (mg/kg).
Figure | includes plats of dose-response data for nabumetone, meloxicam and
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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thc dose-response for nabumcmne or meloxicam. However, nabumetone and

' melomcam bdth sh:fted the dose-response for morphm: (md.\camd by the arrows).

@

The interaction of morphine and ﬂusohdc can be demonstrated viaan =

: mobolog'am. (Ses, e.g., S. Loewe, Eh:.m._B.:y_._ﬂ 237 (l957)):egardxng the
-,prepamnou and basis of an isobologram; hereby mcorporated by reference),

F:gu:e 2 is an isobologram for nabumetone in mteral:non with mo:phme '
(mcluded are'95 % confidence intervals) . The diagonal line j Jou.ung the ED,, values of
the two dmgs gwen separately Tepreseats the simple additivity of effects at d.:ﬁ'ercnt
companent ratios. ED,, values fallmg utider the curve (betweensthe line and tbeongm)

indicate supcradd.mvxty As can be seen frorn Fxgure 2, the combmauon of

nabumetone and morphine exhibited syn:rgxsm suppomng the rauos of the
combinations of these drugs set forth in Table IT, -

Figure 3| is an mobologmm for meloxicam in interacﬁon witﬁ morphine
(included are 95 % conﬁdence mt:rvals) _As can'be seen from Rigure 3, the

" combipation of nabm:tone und morphme exhibited synerpgism suppamng the ranas of
' the combmaﬁons of these drugs set fonh in Table II. '

.t is known to the art that data for the mouse, a3 presentediin an isobologram,
can be translated to-other species where the orally effective. unalgulc dose of thie:

individual compounds are known or can be estimated. Therefore,gone of ordinary ah.ll o

in the art will apprecxate that this basic con'elauon for analgesxc mpdues enables

Concliision _ |
" While the inveation has been described and xllumted with reference to certain

N prﬂ'erred embodiments thereof those skilled in the art will apprecxite that obwoua

modifications can be made herein without departing from the spmtfnnd scope of the
mveuhon. For example effective dosages and the specxﬁc phm-nmpologxcal responses
may vary depending upon the ratios of the particular opmxd to pm'ﬁeu!ar coX-2
inhibitor used, as well a9 the fomulatxon and mode of admmstrauqn Such vanauons
are contemplated to be wrthm the. scape of the appended clmms
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition comprising a combination of a COX-2 inhibitor in un
amount sufficient to render a therapeutic effect together with an opioid analgesic, except for

combinations of the COX-2 inhibitor with an anti-tussive dose of hydrocodone or codeine.

2. The pharmaceutical composition according to claim 1 wherein an analgesic effect is
attained which is at least about 5 times greater than that obtained with the dose of opioid

analgesic alone.

3. The pharmaceutical composition according to claim 1 wherein the dose of opioid analgesic

would be subtherapeutic if administered without the COX-2 inhibitor.

4. The pharmaceutical composition according to claim 1 wherein the opioid analgesic and
COX-2 inhibitor are administered orally, via implant parenterally, sublingually, rectally, topically,

or via inhalation.

5. The pharmaceutical composition according to claim 1 wherein the a therapeutically
effective or sub-therapeutic amount of an opioid analgesic selected from the group consisting of
alfentanil, allylprodine, alphaprodine, anileridine, benzyl- morphine, bezitramide, buprenorplirine,
butorphanol, clonitazene, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide,
diamorphone, dihydro-codeine, dihydromorphine, dimenoxadol, dimepheptanol,
dimethylthiambutene, dioxaphetylbutyrate,dipipanone,eptazocine,ethoheptazine,
ethylmethylthiambutene, ethylmorphine, etonitazene fentanyl, heroin, hydromorphone,
hydoxypethidine, isomethadone, ketobemidone, levallorphan, levorphanol, levophenacylmorphan,
lofentanil, meperidine, meptazinol, metazocine, methadone, metopon, morphine, myrophine,
nalbuphine, narceine, nicomorphine, norlevorphanol, normethadone, nalorphine, normorphine,
norpipanone, opium, oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone,
phenomorphan, phenazocine, phenoperidine,
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piminodine, piritramide, propheptazine, promedol, properidine, propiram, pro-
poxyphene, sufentanil, tilidine, tramadol, salts thereof, complexes thereof; and mixtures

of any of the foregoing. R

6. The pharmaceutical composition according to claim 1 wherein said opioid
analgesic is selected from the group consisting of mu-agonists, kappa-agonists, mixed
mu-agonists/antagonists, mu-antagonist combinations, salts thereof, complexes

thereof, and mixtures thereof.

7.  The pharmaceutical composition according to claim 1 which is selected
from the group consisting of a tablet; a multiparticulate formulation for oral
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.

8. The pharmaceutical composition according to claim 1 which is a solid oral

dosage form formulated as a tablet or a capsule.

9. The pharmaceutical composition according to claim 1, comprising a
therapeutically effective or sub-therapeutic amount of an opioid analgesic selected from
the group consisting of morphine, methadone, meperidine, levorphanol, codeine,
hydrocodone, dihydrocodeine, hydromorphone, oxycodone, oxymorphone, salts

thereof, and mixtures of any of the foregoing.

10. The pharmaceutical composition according to claim 1 véherein 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, salts thereof, and mixtures thereof.
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11. The pharmaceutical composition according to claim 1, comprising a
COX-2 inhibitor in an amount sufficient to render a therapeutic effect together with
a dose of hydrocodone or salt thereof, which is analgetic if administered without

the COX-2.inhibitor.

12. The pharmaceutical composition according to claim 11, wherein the dose

of hydrocodone or salt thereof is from about 15 to about 2000 mg.

13. The pharmaceutical composition according to claim 1, comprising a
COX-2 inhibitor in an amount sufficient to render a therapeutic effect together with
a dose of codeine or salt thereof which is analgetic if administered without the

COX-2 inhibitor.

14. The pharmaceutical composition according to claim 13, wherein the dose

of codeine or salt thereof is from about 30 to about 400 mg.

15. The pharmaceutical composition according to claim 1, comprising an
opioid analgesic selected from the group consisting morphine, methadone,
meperidine, levorphanol, hydromorphone, oxycodone, hydrocodone, codeine,
and salts thereof, together with a COX-2 inhibitor selected from the group consisting
of celecoxib, flosulide, meloxicam, nabumetone, nimesulide, T614, MK 966, and

salts thereof , in the ratios set forth in Table I.

16. The pharmaceutical composition according to claim 1, wherein the dose
of COX-2 inhibitor synergistically potentiates the effect of the opioid analgesic, but
the dose of opioid analgesic does not appear to significantly potentiate the effect of

the COX-2 inhibitor.
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17. The pharmaceutical composition according to claim 8,wherein the
oral solid dosage form includes a sustained release 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.
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+18. A method of effectively ireating pain in humans aother mammals,
comprising admmmt:nng 10 the panent 2 thempeuucally effective amount of a COX-2
inhibitor togerherumh a dnse of an opwld ana.lgesxc. B . R

5 ' '19. The method of claim 18, wherexn the combmatxon prowdes an analgesic
@ﬁ'ect whu:h isat least gbout 5 umes greaterthan that obtained wuh the dose of oplmd
ana.lgwc alone. n

. 20. The mer.‘hod of claxm 18, wherein the dose of the CQX-I inhibitor and rhe
10 , opxo:d a.nalgesm are adm:mstered ora]ly
.21. The method of claim 18, whcmn the dose of the COX-Z mhx'bm: ﬂnd the
opioid analgesic are admnustered in a single oral dosage form, = B

5 22 The method of claim 18, Whemnthedose ufopmxd ma.lgesxcwouldhe
X mb-thcrapeuuc if administered withont the dase of COX-2 inhibitor.

'23. -The metbod of claim 18§, wherein th: dose of opuud na.lgeslc is effective
to provxde ana.lges:a alone, but the dose of opioid provides at least a five-fold greater
20 analgesic e&'g_c; ﬂ:an typxca_lly obtained with thgt dose of opioid alone.

e u____..___2.4.._'ﬂa¢nse nt&phama:cuucal.combmatmn of- aCOX:thihxtonmgether —

2

' wuh an opmxd analgesic to pmvxde effective pain managemcnt ! hmans

25 ) 25. The use of a COX-2 inhibitor in the manufactm'e of a: phnrmaceubcal
-preperat:ou contmmng 2 COX-2 inhibitor and an opicid ana.lgesxc‘for the treat.ment of

26. The use of an opioid analgesic in the manufacture of & pharmacentical
30 preparation containing a COX-2 inhibitor and an opicid analgesic for the treatment of
' pain. ' : '
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27. The method of claim 18, wherein the COX-2 inhibitor is administered
befare, simultaneously with, or after administration of the opigid analgesic, such that
the dosing interval of the COX-2 inhibitor overlaps with the désing interval of the
opioid analgesic. | |

| 28. A method of reducing the amount of opioid reqmmd to treat a patient
affected with pain comprising co-administering with said opioid analgesic an effactive
amount of a COX-2 inhibitar, to augment the analgesia attributable to said opioid
analgesic during at least a porﬁon of the dosage interval of said opioid analgesic.

29. A method of rediicing the amount of 2 COX-2 inhibitor required to reat a
patent affected with pain, comprising co-administering with said COX-2 inhibitor an
effective amount ofian di:ioid analgesic, to augment the analgesia attributable to said

'COX-2 inhibitor during at least 2 portion of the dosage i.mcrva.l';of said COX-2

inhibitor.

The pharmaceutical composition of ¢laims 1-4, wherein said combination consists
essentially of rofecoxib or a pharmaceutically acceptable salt thereof and oxycodone or a

pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claims 1-4, wherein said combination consists
essentially of celecoxib or a pharmaceutically acceptable salt thercof and oxycodone or a

pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claims 1-4, wherein said combination consists
essentially of meloxicam or a pharmaceutically acceptable salt-thereof and oxycodone or

a pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claims 1-4, wherein said combination consists

essentially of 6-MNA or a pharmaceutically acceptable salt thereof and oxycodone or a

pharmaceutically acceptable salt thereof. o . \
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34.

3s.

36.

137.

The pharmaceutical composition of claims 1-4, wherein said combination consists
essentially of nabumetone or a pharmaceutically acceptable salt thereof and oxycodone or

a pharmaceutically acceptable salt thereof.

The phannaceutical composition of clamms 1-4, wherein said combination consists
essentially of mimesulide or a pharmaceutically acceptable salt thereof and oxycodone or a

pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claims 1-4, wherein said combination consists
essentially of SC-58215 or a pharmaceutically acceptable salt thereof and oxycodone or a

pharmaceutically acceptable salt thereof.

The pharmaceutical composition of claims 1-4, wherein said combination consists
essentially of T-614 or a pharmaceutically acceptable salt thereof and oxycodone or a

pharmaceutically acceptable salt thereof.
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