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DOSAGE FORM AND METHOD FOR THE DELI VERY OF DRUGS OF
ABUSE Technical Field of the Invention 5 (0001] The

wEe@sesin24 nvention rel ates to conpositions forPOr/Es2007/060864

adm ni stration. The present invention preferably
conprises at | east one abuse-resistant drug delivery
conposition for delivering a drug having abuse
potential, related methods of preparing these dosage
forms, and nethods of treating a patient In need

t hereof conprising adm nistering the inventive
conpositions to the patient. 10 Background of the

'bnventlon bI G933AAR TR TANY OEEHIY FOR HHIOS thas
ecame a public omuni ti es.

One comon cl ass%ﬁ&#ﬁ@%@%?g’%pé to abuse is
the opioid class. Opioids are the major class of
TEchhigaldiiad olidednvantibine nanagenent of rnoder- 15 ate to

he .Uni
O, Bt RlE e S Bk i o
Rregsnt inyertisiairpierabt Gamprisee aBsaN @nefabstresistans faigsell lvery
@i pisitloR ebridaligdring tal oy haviidgbuabipotdnyialpfelastent methodg of prepar-

A sk edé%%ﬁ\kd% ahd g@éﬁ&% ﬂ@%@;}g diRGt | P'?\Qed fhefedTRORfis-

86 2dmioistaring e W?‘twsﬁgh&@?'}eﬂ%ﬁﬁa ReBREve of fects

ThIS nnod alterlng effect is found by sone individuals
asurable, and nay be related to the

@ t h!?btusé %F'Fregérﬁglﬁg ng;s%\s B bR hedfth 'E:Ebﬂlé?ﬁm many
il reorbgﬁ?e%ﬁ%?é’ésygi%g@%ge@w%%ﬂd

¢imt®rﬁmlé@ aferthe hajdnsiase of Siaigasics usad in He capegement of moder-
AtB e yé\/ék@béin Wies @riled GtaisLolregbits Hedalidaeof et siectidhess,

SRS Al BRI BT bl a0t 21 1 thei T drug

nne er invol ves persons who
begi n t hei r dr ug use with experinental or
10063 e dPeoofthe etieaigoliapioid admpistigtienis thaabigy ef surhadiugsjip
SHniindFRIualkas hlteh mddaedrR! f8IRg WS & MeanhPsdagioprovidég desirable
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fetab@t @rise f{cOBRbdoNm agere breagtintghdiskinf usihg therdiligs idisitg ahd be-
' er, another signifi- cant problem
?ﬁﬂﬁééﬂﬁggﬂgebggggars to be the abuse of the drugs by
arenteral 35 adm nistration, particularly
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SHtaingd PbSnadichl thaheisirégrbudgh@caatiendl dratdhannels Uilater
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nasal e potenti a
abuse is crushed and powdered and snorted nasaII . 5
[000%)] ASwse obprisidRbY Jneereliesieds Ellaﬁlm#wv@élanﬁéﬁh%@'ﬁ'
et pﬂjbﬁewm@l opBid diis6 Khpéees oo OE abUSd ofthé Aiuds by parenteral

é\d}ﬁlﬂfsggﬁ ﬁaﬂl[:ul&ﬁfbyéjke%ﬁ%r? R%ﬁ gq}&ghﬁonad?ggg%@%%és A& to

er@ewesa wwrm Aushing ¢fiks slfeard eensgligns Ty a‘ﬁiesfmow alﬁegetwew
& o frasiet"ldoks tarttyil, t h@acdwasteﬁormnﬂm@uam segronids bufiis favod
Sfrdnhaty ﬁﬁéél}fﬁolg t adMidts. ﬂg‘dﬁ% ih&Giaghis WﬂF e%(h@@tsétﬂlﬁ dofge forms
abusers o agoni st drug, or m xed

ageni st - ant agoni st drug, when the drug |s di ssol ved to
obtain the agoni st (or m xed agonl st-antagoni st drug)

and the opioid is subsequently adm ni stered

parenterally. In these cases, however, physicians may

be concerned that inappropriate release of adversive

dr ugs may cause har m and sone. have expr ¢ essed a
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t he abuse potential of an oral dosage form of an
opi oi d extractable by commonly avail abl e househol d

W@ 2i0v/estns4 sai d met hoc conpri sing conmbining a PCT/US2007/060864

therapeutically effective amount of the opioid
conpound, a matrix-form ng polynmer and an ionic ex- 5
change resin. Preference is given to ionic exchange
resins that are strongly acidic. [0011] WO 00/ 041481
(KnolI') relates to nedi canent fornms containing active
sub- stances with high water-solubility in a matrix
based on acrylate polyners. 10 [0012] US Pat ent

Iidi Hcﬁﬂ?# Hﬁ%c't fht%téaﬂ{é t%kéﬁal%ost%g(‘- g%ga@GB &;ﬁ@,ﬁ]tat}g !a%%légn
etd).) relates to tanmper-resistan rug Po_rnu ations
P bpbyRe i Apeal pIBinIAleR. WieraBigRotertighdray ghptuse is
erustsmdoars! poovtieosi dridemerted oasallyat i ons and net hodol ogi es
exi st to address abuse of drugs, all conpositions,

| ati 1 . .
(00 400 BN BB TR B
SracHLfi R RPIGRS NSRBI 9TiApE SF &19T9 BY 9Rifid eNigaenists, mixed
cpoip @gotisearsagumisisrendoitisr adfvemivevdrng agenisbvitbahe thetipegsc
SR RGo R FEMBAL BRI dsBl sydt@fd Ahe ABsSoRAI@ERUERShist is not orally

i nf or At . rovided. f t he purppse of, king .

2B Bl e g B P SR RgS Bndtsr . SRt
prondFt-apisg enipt drug.evhandhe drugds dissolpedivabiain fgeagonish(or Kixed
agbmistahtagonist drogeardetle opioid is Batdedubelycintitistard, pardragrally.
BVl UG B ARl ORI B ol o
FOGTEe BUFS HAN CNA AT OB HE XEresTod fEF WRIaSE p pre-
soribempioisis qorfovnuleted sdthgdvérsivamoantd. met hods for the
delivery of drugs, particularly drugs of abuse,
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DRt e ORI PEaparalioR i Hisead byt (i hekapipigan

gonists them-
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¢aub0d Ghpl&RRANE ORI BD aFkki 8% Nrafbnal RRIIRISS BSNicinations, res-

i. t ' - t . | at .
I NTE g S e e
pfeduantsenddn aodpreraivegatipyts apuimeny egeraa gaf vantggidar fibrilia-
irhiave beer ebeulitis Bigh sibesigesaNairayorgthdseesh rapueted tdk hve the
SddsRfy il Al lt? dﬁglulaﬁhmﬂérgg%tﬁﬁgg HEL as w &b fivefold or less

t I h t, .t t
GihHRBe e dgoem AeTTens. At S B O hE e tnl1ebegn eped
osR)Uases, Wnhitirtodnddciicardimia seoerindividaais.Small dasss of any
sitAsseQpicidl uﬁtlagémstk \Whi§ 8lsb ReeoiiBienbitRirawd) ¢ eibig abibigtediigdi-

r

SSACGIR S Ry Soqed. Qptsan tideRaRBh Syl BaRBGoliiponc
I8 upeRwhererthe agdigied ingiviguel iakas IN6rfre®d a human 3, 2, or
1 times daily. [0017] Another exenplary enbodi nent of
fobespr esienhrly tﬁ\t@@bﬂ;i@ifas.nﬁw $1BSr las¥BN6l driife Sre HtSdubidResd

r .
jsp SR RBT neRABNE sty B LU o seoree.
ef fective anount of at |east one an abuse-rel evant

9009] BYVO200585876Q tralressitioup bdieciessl enelterxtigbd unWie
il atedRBnBdllcdirele8SlorRNaticHskhiafikPs hylited Bop@iMBéniate,

I I r conhi ' t-her this.
BBl Rl Hblmeringrt RV RISy TR BiRginlcle g Sac
orshpwrWebardkeritonestion sush thabkhay peRsenbenesfbresistangp tfarper-
iape hour at 37 Cis less than or equal to tw ce the
anount of the drug that is extracted by 0.01 N
hydrochloric acid within one hour at 37 C, and the
drug fornul ation is adapted #or sustained rel ease so
as to be useful for oral admnistration to a human 3,

2, or 1 tinmes daily. 15 [0018] Yet anot her exenpl ary
enbodi ment of the present invention provides an oral
sust ai ned rel ease dosage formnul ati on of a drug
characterized by at |least two of the foll ow ng



15 the drug that is extracted fromthe fornul ati on by
40% aqueous et hanol within one hour at 37 Cis |ess

w0 banvogroze€qual to twi ce the anmount of the dr ugP@hiES$200B060864
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extracted by 0.01 N hydrochloric acid within one hour
at 37 C and the drug fornulation is adapted so as to
be useful for oral admnistration to a human 3, 2, or
1 tinmes daily. 20 [0024] Yet another exenplary

enbodi nent of the present invention provides an
abuse-deterrent drug fornulation conprising a
melt-processed m xture of: a) at |east one

JooRR- r@@?@@ﬁ/()ﬂ@@g B’U%ﬁﬁﬁéér‘ lrﬁqgﬁ rﬁ llé%tisstoréyrqét’%@%r?&ﬁjcmg
f

bR BRiERE Waaﬁ%t Sl HR Gh P G S iracta) S by cpemsply
cﬁYé' lakie boysghpld|selyents spidrmethog edmpriageconsitining a dhvedadutioally

Iaifastlvecn”m%tﬂﬂ bythe @pl suiound el h}éﬁfxérfbrinﬁn@@& WBF ancpén @nlc ex-
ST S U e

adm nistration to a human 3, 2, or 1 tlmes dai ly; and
dBBHl niVHOLOP/Ge8AB EEnolX retates thytkcicanthon Brins comthinagettivensub-

\stdrices aith alypubatdr-Suiaiy B aherixddesd 66l asrQlakpolymers. -
adm nistered S tinmes a day, at about 6- 10 hours when

06%1° i e Gnche dilon it tn NanDTi oo ol ot ot

da‘ﬁlfeS[tg teraperApristairdres orpuiatignsarastdiinbe coméxitdf grugs of abuse.
present invention also provides an abuse-deterrent

qnm]f orvvmieawnsmo&ow%o%me %r%har @ﬁigﬁ&&éﬁ%dmog&ae Efist to

Sl g P
é@ pergateror |Qﬁ‘seae>6@lﬁbﬁm¢lmw,tt E&Qﬁ negchfor hioyiding new and/or
em‘paﬂnemmutdﬁen@ﬁmrhﬁbsmﬁnstéﬁnﬁ rAksthHs! dT@keviehtiRydBLRE bBBrugs hav-

%ﬁs]% waul ation by 40% aqueous et hanol within one
epgga{,%pl s about 70%to about 110% of the anount

of the drug that is extracted by 0.01 N hydrochloric
dB9Iwi tThisrpaskeronrslinfasmatim iepravitgdtforehel putgose phmbising mwn
Isamdmbhﬁahmmeaa/ddcbybﬁe HESiciht t6 BB oPhEsisIBIdVaREd @lth® Present

eﬂg&? i aﬁwlsgronq mf'enﬁ%f‘?w%r g&?&hé’ be E&Hﬁﬁ’f:g@q?@%ﬁ lrogg\e Re-

ar maco
[CG 'Q@]"ﬁr%@f'ﬁ%'?s“ hiyios 2t %Fﬁ?dﬁ??@ﬁt“ve'ﬁ 98- pr esent
i nventi on prow des a nethod for treating pain in a
a rising orally admnlsterlngtothe

f
g | ﬁe@tﬁbgmtp{% tg%%@}ngﬂts orfg-“g ﬁﬁyen? Wﬁ/eﬁt Sp!?gwé‘g Qsage
%Wb?rﬂ“&d%%f odkir e ek oerugh@arviay fivks 6 Rbusgedismster-
dgsddryaasistance lvambrepersanions tamgesidg, audhivey @rgrindipgnand provid-
ir@psh mial higsiitrabdse &Hrddﬁlldﬁd%pr%fon?é@iaéﬁ'ﬁﬁe&tcb llable

sitions used therein as nore y descri bed
Q‘Fgo'%%%? Brief Description of the Draw nos

[00213])Figure 1 depicts the rate of dissolution of
{etriied us Caeeyettoagembaginentbf the preferd hvahtidnyoiodddd ar attise-

eteprent S Yormiutsbe c&nﬁ'{%&é ﬁveitfﬂz?ocreéée‘ﬂ Akl 56 8 k&R one

%PHé’eaFeileQ/%ﬁb%gggtﬁ gfﬁagt eacggﬁﬁesetpﬁr or cglhéos&esger, ands c) at least
ang §B<Iylﬁ“i<aﬂﬁy|@tﬁ Peliies pikagririe aelyags of 8 cambinatiorpthereof. In this

yrtbodingeht,rtre BinoOnt®E tHY drygltreciel extrhGted gbsh. theformulation by 40%

g{% %ti%”oﬁquh H%Ré?ﬁélﬁ” %t%t/eC(?é 1ol ﬁ%ﬁlo%fa%ﬁa&lé%%%%%oum of

00 S e smetod 10,0 1 PUOTOSMIRC SHRPSRA PBP MEURS R °C; and

[0032] Figure 5 depicts the rate of dissolution of
vari ous drug dosage fornms 7-9 of hydrocodone in 40%

~aqueous ethanol. 30 [0033]Fidure 6 depicts rate of

di ssol ution of various drug dosage fornms 7-9 of
acet am nophen (APAP) in 40% aqueous et hanol .

[0034] Figure 7 depicts a force transducer and an
exenpl ary tabl et hol der having 35 a tablet used for
measuri ng breaking strength of tablets WO
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mul ation (30) follow ng oral dose adm nistration of
this formulation (30) in male m nipigs Goettingen) (O

walepros®24rean (SEM plasma concentrations of PCT/US2007/060864

acet am nophen foll owi ng oral dose adm ni stration of an
enbodi nent of the inventive for- 10mulation (30) in
mal e m ni pigs (CGoettingen). [00371Figure 10 (A)
depicts half-life, Crax, Trmax and AUG for certain
enbodi - nents of the inventive fornulation (Fornms 26,
27, 28, 29, 30), Control 1 and Control 2 in male

m ni pi gs (Goettingen) and Control 1 fornulation in

mé'"ﬂ?ﬂ‘g fdPhuBeeh rstéufagpagé&lag gt& gggf} 1‘8?9}%1 gam.ﬁ@ngﬁmo% an

acetam n ose adm nistration
g %‘ ”@?ﬁ%@?’rrents of the inventive formulation
(ForrrB 26, 27, 28, 29,30), control -1 and control 2 in

[00M&] M AngthgseXetmedry empedijnednsk tk® piasent idvehaompiloside®8 mono-
||tﬂ|chéhst£[ﬁéh re?@as@%@gl%bgé LfBﬁnt}iéﬂo‘p%hﬁﬁémH‘f%q]q?lg-ag%ssed mix-

Rise aF By ArSoreay ﬁﬂ%?twegnmphof Fons ARy o evant drug,
Phatdeast vee Coluledeatthasor CElbkare 2Br, 4 ) 28leagidng a8 alkacrylate
pominee lalkhcle f@lptnreplor 8 cbipiiatiéh thbRioRi Bihit GaBolinGehe

g gurgp&?tﬁ{eo&ru {E{gr%&e%ﬁrg‘npth?lfmmﬂéﬁ R&%Q? éldﬂegHst;r gth%gol

B dFI“e ﬁﬁh?%37ofc BiRsSithaneTaaval tp dvish tha aaeHnt Pthﬁéi%that is
gitrack8! iy 29) N Gaineahtdric hcidrvelth@omter ladur 2t 37°Crand tine diup iforsnula-
(&Qfétéd Q@%r aRGifRNERe do £91BH Ak for o('ﬁ)ad%?rﬁétfattén toa

a esg@ lconcentratl ons of acetam nophen
IF% 5? ¥ administration of certain

enmbodi nents of the inventive fornulation (Fornms 26,
po18p8 Xei%thh%&mp!brﬂerﬂmﬂnrﬁéht@@ﬂtermése’ht invemtimneprovides an

B bidtAiRed @@és(e' dﬂ)@ ﬁﬁ&a@%fraodru& cﬁ&é&Hhﬁd‘ !ﬂrrbt least two of

h@%‘l@%ﬂwﬁﬁﬁw S8 P 5 ShSLS Bormihh irlafiar Bhaors

ADEIUS |e|thm0h\g lam ane et 301 1 lose theh o egyal teipe Hieramount of
ey e isse @b cled ®yiomvan hidrecHiordadidivititn ob&ablirtat 38 °C, b) the

fofmuldfiodd not(l;?égkrlﬂ)lder;an ?ﬂ%om%brn%kn% r%j@?%kﬁy 360 3 ons,

nt rol

m N S
quge ﬁg SEWIONRI Vet R oRisEAY 8Py Beigiops as meas
I’Rmrma JeehieTR 6D1 dwirargss tesster gagkc)aitiriforitsiatiat rdeases at least

¢8% Lok &M@g BRANSt Mbretthh ",‘;’{1’),‘.‘ grmcla\bgﬁg (g;@\%r?r(g't@é‘zﬁﬁs% hour in
&F?gﬁ%olﬁﬁtm §e§ t'?%%cf(‘?re%aeb%cqg%w Wohtrol 1 fornulation.

WD 2007/ 085024PCT/ US2007/ 060864 [ 0041] Figure 14

0990t sAndiber exeepiry dinbsditnati afnhepresentiimgstiar prgvidesagen-

FleBBmaRexPddey drl}%fo‘ﬁ‘ﬁﬁlﬁﬁdn ScnhsTH; f%&d@%h'a‘ﬁu@&%tenﬂal

o acolut L on of. varl ous. ar uy dosage. ot 32 37 of the

F0Z30 1 Ak 8o iRt ASHSHETAT, OB Predeny BYSERN SIS0 Y44 & mono-
[itbioA3dr-indled endremdéparicidatedi enelbexdrunid diugsfotronlatiom aofprising a

Siug hithaHRas phRAIZIRAvinG b tﬂuefn‘i’eter fron® BS&H at RaBY aERELNR Lt 10

I aci d after
mmn%?ag%{enlgpﬁfg&gﬁgoﬁé ‘f;?n tlQ a&?ﬁﬁ%@#or 1 nonth at 25
QL /60%relative humdity, at 40 C/ 75%rel ative
e Hi t Anoctaadexempédy Enblodimentasitiecpriesedtynvehidigbitieria eroc-

égs f@?fl’ﬂec‘rﬁéﬂ Lfféét@re‘bff aﬁ' bﬁﬁs‘éj-ﬂéé*sféﬂt Qrfu %g ﬁﬁ‘lﬂ&hofn‘lfomp%ing
& &ﬁlgq fgor |atio mnop E 3 -

HYaP f dorgyia BP?'BBWSI'QE %tf?aeﬁt \f H VE%‘“

prising dipactly shepinothe Bxtradatdini a zesagee‘o% wiheitt Karemtennedrate)

RiAg Y or RUItBAtiSulAL %té lative humdity, and at 60 C

dry, respectlvely [ ]Fl gure 18 depicts rate of

di ssol ution ' of varlous drug4dosage forns 32, 34,

and 35 with respect to acetam nophen (APAP) in 0.01 N

hydrochloric acid + 5% 20 NaCl. [0046] Figure 19

depicts rate of dissolution of various drug dosage

fornms 32, 34, and 36 with respect to acetam nophen

(APAP) |n 0. 05 M phosphate buffer pH 6 78 25
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with respect to hydrocodone in 40% agueous et hanol
WD 2007/ 085024PCT/ US2007/ 060864 [ 0052] Fi gure 25

walepros®24 at e of di ssolution of various drug JdBPGEUS2007/060864

fornms 38-40 with respect to acetam nophen (APAR) in
40% aqueous ethanol. 5 [0053]Fig. 27 depicts nean
acet am nophen concentration-tinme profiles for Form 45
and Control 1. [0054]Fig. 28 A and B depicts

hydr ocodone concentration-tinme profile for |ndivid-

ual subject for Form 45 and Control 1, respectively.

10 [0055] Fig. 29 A and B depicts acetam nophen
concentration-tine profile for Indi- vidual subject

for Form 45 and Control 1, respectively. [0056]Fig. 30
(802210 B’ epritesexRmplaH PIRSEHHN ef e mersent BysndiaD tpr%fes a
wondlithie noarrmiliéd, peli-edrutied ddigZormestjpacbmpesivg barudaitimabuse

FRerw ORI Bk ronoliPRISIntiftionFhs A s%BQtaF’t eﬂ'lg RirGle d EFQiease

trat
@rﬁﬁ 3L PREd s gﬁ‘q el ot whEptihe fonsiie rmu-
Iﬁtmag]crushgd agabont ZAA0B rere 9 elvaut ABAAC Iy inve eefseeariading ma-
e RThiBARIBEscEoTEN I girdensavi] sthiices bloel fiadas, 4boutiaM 50
\)oéﬁ h%m?oéﬂd’ é’ba&amty Roruby@ doMhifiRks (%& PGk %tcfuﬁbés% gf Blie

ro-in vivo concentration ctions orm
Q‘?ﬁ“s' [0059] Fig. 33 A and B depi cts mean
hydr ocodone and acet am nophen in vitro 25 di ssol ution
poed]i | esndtiosr dxemplahberdbstiifentortte dreb¥rit@iviertibn provides an

gﬁ.%@ rde@rf’e‘?t@d ngllf\ﬁllAtB\ﬁ%Hpﬁg\ng LQ&%{)&JE sb@mﬁﬁe% %)%t least

ticu

&k abusg Flgrart g, Eg tlepri one JjR Al G Tisedtoalichenae
pelyyer, tepdlgnel soa c@nbeatmdbwpb dd thish ambodiment thei arodwg pf

e aeLid¥bEk BxtractéPfroiige %QI@ﬁ@n 46 RLESUsMhanol within one

I‘l)dls?lfrrngak '}"L@Es !85@9\%?5? ?{ﬁal? ce n‘!oﬁn{]&glp]é {ﬂ'&ﬁ 'ﬂg% gﬁ/\%ﬁ?racted

sen inven
Bw0.pif ﬁmyéiav%liﬂryaﬁ {d within %M@ H3€f@iams. 35 [0061] It
e stugfermgeatien isrderiad soge & brouealul fgrrmai aﬁn‘tlwr%tppéméuman
8lRbns timeb@ay.n- gular forns "a", "an", and "the"
i nclude plural reference unless the cont ext clearly
di ctates otherwi se. Thus, for exanple, reference to "a

gﬁoun\ﬁe-t apﬁ@pgg@npgalmembgpmgm offhe present invention provides an

af B &/de bR UG/ fAUBSRIAIGHREMBOAn & nmkmowmp@ mﬂdSreaﬂ ch) at least

g&;ﬁ%& ?é]é &t'aﬁrge%e}w a,ca, t@Rﬁﬁo amgcema”y

%cfce%ﬁ éagglf?de gﬁﬁyqr%cggpn% gaﬂr%tglﬁ)eﬁtéz% drate% gt Ieast one cel-
iulese ethraayesiibloge ketesiand c) at lpastans @cwbc peiymert, exthaeatic poly-

nBE of 8 EBMbINaAGPthieFoN TN, this iefblothdmd, the dﬂlﬁdomﬁ]laﬂibh adapted

t%%etl&%ﬂn H?‘bfél %H%ﬂﬁ’&:l%*ﬂbé( to 2h aserQQr%] éerr ‘?St%e‘é%fa'n;égﬂd about

erw s
'H%‘?té |Pﬁ"°ﬁé\V§° Uy BYRFRCIORR Wﬁﬁgeda@ VSW&%’P% 4 fevrsiien
&daptatdo bk aaindnistared Sthed a day, talh abaurt t6-tohawins when hdapted to be
éd?x‘fﬁi‘gie'réwz bela Ay oAb bBOUIB- B o BRSS! daeh Meeédnﬁh@tered
ﬁém acﬁ or equivalent to those described herein can

Bd 49t he practice or testing of the 10 present
i nvention, the preferred nethods and materials are now
BORE]r | boemhthemlelxer}nplal*y erabodimentrog e aseht nyertiom asceprovides an
A RIRRINRNE Gy %rﬁuhtex cﬁﬁﬁﬁiﬁé‘ﬁ%éltoﬂroé&%e@ HiRAB 1) at least

descr.i

RIS 2L |3 T ok Tafag DAt Chognll ot ForB PG Roymer,
smolymearas arcopaination threredfe Ipiinks gralzadireery, hikisstount ofttbe draig
he8S ekifadQNMERhOR Mo e40% waédLRBthANS! Wit oRE h&lrht 37
is to be construed as an adm ssion that 15 the
invention is not entitled to antedate such discl osure
by virtue of prior inventions [0063] Trademarks are
used In this description as a conveni ent abbreviation
for well known materials. As one of ordinary skill
woul d appreciate, the foll owi ng brand names indicate

t he substances indicated: 20 EUDRAG TO Pol ymers

deri ved fron1esters of acryllc arld nethacryllc aci d;

R e—— N N o 1 1 7~~~ A~
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25 LAUROGLYCOLO Propyl ene glycol |aurate ester SPANO
Sorbitan fatty acid esters CREI VI OPHOR(r):

waoloyesdookyl at ed Castor oil POLOXAMERO PCT/US2007/060864

Pol yoxyet hyl ene pol yoxypropyl ene bl ock copol yners or
pol yoxyet hyl ene pol ypropyl enegl ycol 30 TWEEN(r):

Pol yet hoxyl ated Sorb itan esters KLUCEL(r):

Hydr oxypr opyl cel | ul ose KOLLI DON(r):

Pof yvi nl ypyrrofi done hono- or copol ynmers XYLI TOLt:
(2,3,4,5)tetrahydroxy- pent anol | SOVALTO. An

equl mol ar conposition of

uco ra O-sorhit
B i9aBoR B ROV CNO% Sohsangim drBie drn i et St)ed%v% 01N
hydrochintic aﬁsi avithinene hear AN O; anmeectrugﬁtrmblaéomeﬁdﬁ@ted s0 as
19 88 @defaNfoP lay edrhiMiseagM b denudn I, or 1 times daily. This and other

- OLEIQUEQC Qdeic
h‘?t{ogi;ré'erg% Eg\}ﬁrwg&g:‘%?ﬁ%{%@%&w ol'yoxyet hyl ene
polyoxypropylene bl ock copol ynmers or pol yoxyet hyl ene
P26} pr dpgnethergxpoplarEFHOTHINENY themragant svptiagssovides a

rﬁéﬁwmluﬁbu@qsbwmasmwhpﬁem ebabesify dRMP4dTinttgring 3€ the
‘é%['}&a{uSHt aofoﬂﬁblgosa A Fﬂfhﬁ’%’@ﬂhé % \% é?*hb(?:%l Iﬁes f or

Ion, ora atlon
the in vivo sustalned rel ease of pharnaceutlcal
[ae27]ve Theapeumoive| ohlecigadyaniagas, Ry Eagirepeithe éyeﬂmwﬂl
HERK® cldppaicht t@&hosetpbrms&bmeedm thé ahagen kegihghedataliofile
rhétﬁgélsegfghg rﬁgh}tﬁ?\%nd%% gﬁg io s%@hhe?em%%trﬁt{r@ ’fulﬁrd%g?rlb%g be-

harmaceut1 cal I'y-acceptabl e equi val ents
?Wereof [0065]The term"AUG' refers to the area under
the concentratlon tlne curve, cal- culated using the
' , Where Crest is the | ast

@Pﬁﬁ; %ﬁg“*%%Ptfsﬁ’aénE%*%%?&*S*‘td*?&%@z?@‘ﬁ‘S*‘%%tffsn‘ggi\t?&w1 Sin
Q%t@ﬂy fashiofie agiflea under the concentration tinme curve
to | ast observed concentration cal cul ated using the

[D0291ez Figlak 2rdebris thé fie bf dibepidtion o VArmoas drugedeage fdmb Mes in

o ation of the referent abuse 20 rel evant
zghaga@?&'%%%%xpr essed as ngirriL and pg/ni,

respectively, produced by the oral ingestion of a
[663G]0siFigure 3tepicisdhé rate at dissplution [0é vayiodp Seud dasape jorms 7-9 of

Hyaeiceabesin 6N hyeroesisrid gcid.ne overal | maxi mum observed
concentration, [0068] The term"Glin" refers to the

nmu obs rved co ntr on w t.hin th 25 i te
b &hing Biie A pspicisaals o e e of Valiohie g St PR AE o
afoetarmncbmemmat\i’oatsct It ascpaiacesamelhip| (0t Urhyd@s?h'ngc acid.
every 12 hours or as needed, of a dosage form of the

[Pﬁ‘é/@”t |F8Lr8 4rde iot%ttﬁé fle Bpa;ss.%xtsteﬁ%&rmg IBMPYSS a0 Trig 7-9 of
rval's, % é% term“ng*hrinmmg™ refers to
HQQﬂ“ﬂﬁﬂj%%é‘ﬁgog BlFaR e neasured 30 in nanograns
times the nunber of hours per mlliliter of blood
[00331d e Fiduyre Bhie pintsl rhtegpfaissolafiont dfevacbussdrug ebsaggerfornoly T+§ of
Eﬂcgfgrﬂhgﬁh%h?ﬂPAp) hi0upRyIBRLs Bhaliman. [0070] As used
erein € phrase "ascending release rate" refers to
a di ssol ution rate that generally |ncreases over
0P34,  Jlaite ' wigpictsiefofra iipngHdess Pod 3n eXeP Ry trbiptholder hawng
BfabRt ubédibrmmebsing iseakdiiy sirengthef taiddts.gener al | y
increases with tinme, rather than renmining constant or
decreasing, until the dosage formis depleted of about
80% of the drug. WD 2007/085024PCT/ US2007/ 060864
[0071] I n one preferred enbodi nent, the invention
provi des dosage forms that Inhibit the extraction of
the drug by common solvents,6e.g., without limtation,
di stilled aqueous ethanol, fromthe formul ation. The
formul ati on di ssuades abuse by limting the ability of
persons to extract the opioid fromthe fornul ation
(either intentionally or 5 unintentionally), such that
the ()plald cannot eaS|Iy be concentrated for

e o, Al . o L T T
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met hyl cel | ul oses, and preferably
hydr oxypr opyl net hyl cel | ul oses contri bute to the

wo piomugsatd on' s resi stance to extraction in al cetmUS2007/060864

particularly in 20% or 40% aqueous et hanol. The

al kyl cel l ufose preferably has at |east 12%
substitution with an al kyl sub- 15 stituent, nore
preferably at |east 16% substitution with an al kyl
substituent, and nost preferably at |east 19%
substitution with an al kyl substituent. Al kyl
substitutions of the cellul ose bel ow about 40% and

r ; ; v r referred in the
TSBL, Figprop dnins %%?‘.'%%?“%ﬁ%%(f%dg%‘asﬁﬁ%ﬂewvmﬂﬂam Sern-
BERL e RDS fsety e pdusipo dibasma Test ETE 8f Hpamegsutng harc
agssopf edablebind nost preferably C3, and can be
strai ght -chai ned or 20 branched when the al kyl

it taj . 0 tons. [0072]]
TR Pl O OOSBRR o Py L s B Brpaten AP, @
SEPB R, o {max and ALGHg: sae AmbaRimepiaiol el invarvivmor-
ahiption ¢30)i fllowing @eimosaiagntinistetisn bethfsdormiationSPEA na0d
irheoios\Eatingen) ) HBpiAIThaH GEERNSidima BRcSRARHASH dbia-
p P Q1" hardness tester. The )
B 0 oA O A o

RB{30)dr mate miviplgs (BsettiRestlons (150 N). More

preferably, the inventive fornulation has breaking

RI0BEN gt Rigafe A (A) 888kt 3AR-iN, Yk, TRLe an‘i’c‘; ﬁD@ff?P@ﬂaﬂi %@&mi-

t \ . | t 6
RAftor it obbnsl fonkElandP It 2607 38226 bof icanial | et Goptro
AV BRLE BRiRg(Geettingens ere Gontrgl t ferauletias] inthunenit®) depicts mean

GiSdi) arsnaen dorsentnations of slistansinssHedi fBIBWiRY drarddsetdagthiétastion
BrdePlai dthifshimBfs BY e W\}égﬁv%tfﬁﬁ’ﬂg%tglﬂf:omﬁkz, ?éf%%l, §(ﬂ,egon-

Lot he European Phar macopgel a , . page 4, "
1,435 W52 6 esle Fipiep Lsoeinaeppaieubasiayd dormiation in hu-
MBBsure breaking strength is a "Zwick Z 2.5" materials
tester, Fmax = 2.5 kN, draw max. 1150 35 mmw th the

BaUP ﬁ?@l’@rﬁsdeﬁﬁ:t&ngéﬁ &@El\:f}rbqjasﬂ”laz&n?g%%f @%S@c@% hen
hi.nd 00 mm . and | g TP
U0 oL e e bistaiery o cRdeln SPRg et afdbe inupravp armie-
gt (Fores 36v-27m28.1296% 86), Enoltral 1y Cahém! 2 himatmndhipkye {Bodifin-

gerf) ahe €chtransformWEic#QR RUPBRO24PCT/ US2007/ 060864 ducer,
(Fmax. 1 kN, dianeter = 8 mm class 0.5 from 10 N,

f t0.1S0, 7500-1, Zwi ck f F
(603675 Tigre Veital elvts G763 Camah e a0 for st ethod:
merimelthiedRveniiya-fosm@ation@ornus 28, 2B 28r&r3e), GonteDT dhd Botro] 2
i bl birfpig® pBSetiRen e dU £8 610 fefng,id%rtgﬁ; t(ﬁf%épﬁla@ HelaM &xSEM)
ARG piiceRRadnd oPaddiéin Ebh R BRI FBLkass admimstiaion ofcor
‘B arerdimginel hE everivedarmulion (hemma 3. &7 1 3ich 28hSentrol 1 and

@dntret 2 Inymgleapieipigai (Ghettihgam) lahéd rEpraol ¢ fdrimdiatign.t he
formul ati on. Notw thstanding the foregoing, it is

. I haped t abl h

o TRt Pl Rl Bl UGG B g
gy Capa, Tagerngd AU foewing prakiesa adsvinistiatips) aiceraie eabodiments
of\e ineentive fatewlatiom (Foras 26, 2 28¢. £9), @mtrdddhil QShaH! 2 in male

rhif Gokttint i idre ' !

@Hg’%?gam beé“g%?‘é @égﬁﬁjﬁaﬁﬁwﬁﬁ%&% i) %?ﬁggﬁe%fﬁ%@%%w
BF TP, R iorpdRnedniaine.oiabinseadmiistrRlioR 9T sarigh embodi-

regytie of tha dnventive fotmelatiopdForors 26, @2k2h§ 26}, Contgolht arfd Cverol 2

ith emaReinaiipige) Godttig b ARl dohtroP TRAALARER.S Of the

i nventive formulation optionally gain additional

breaki ng strength by enpl oyilng 15 at |east two

nmel t-processed polyners. Wiile not ascribing to any

particular theory, it is believed that the second

nel t-processed polymer preferentially interacts with

the first nmelt-processed polynmer so as to

advant ageously adjust the transition glass tenperature



(00781When at |east two nelt-processed polyners are
enpl oyed, one is prefera- bly a cellul ose

walenrestoeae, nore preferably a hydroxyal kyl cel pa/vsSm07/060864
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derivative, and optionally

hydr oxypr opyl et hyl cel | ul ose, and i ndependently, the
ot her polyner is 35 preferably a (neth)acryl ate

pol ymer (such as, any suitable Eudragit polyner).
Among the (neth)acrylate polynmer polyners preferred in
the context of the invention are Eudragit L and
Eudragit RS. One nore preferred polyner in the context
of the invention is Eudragit RL. The Euckragit

rs.can used in, conpi nations, wWth mxtures of
AAHTE T TP 1R ebES g At S nsbiva O vorblyt Sl Brms 52
tH Wit rappRGt fo hydsepedeesiini20%daqusious gtieneint i al quantiti es
of al coholic beverages when taking physician

qoesqr i fppeirawd Béﬁgﬂs%ra@& ALBREBA bt Rroks @%s%%forms 32-

sition,of astr I gces,_contai ned’l
gﬁgﬁggﬁ%p%ﬁaj?$ﬁ%§pgg%@(giggiwﬁﬁﬁg@”%gg?Tic juices can
conprise up to 40% al cohol. Advant ageously,
dBptEdi mEiguse 16 depicts ties iatevafmtissoritial ubdrud ebssgedotm 31 with re-

fReEfb Al dreBoRkiipPoak Why‘iﬁ‘?é’ﬁ?ﬂdri%%%idadit@@ﬂi} sty AteRfiring and

or : <f
TR T e
dweiqityeand akdd/1G drvpeeranively.mher ei n t he anount of the

drug that is extracted fromthe formulation by 20%
BORNUS FRINEAD HepiBk rA0 % 4E49RI6H FURR®Isag®form 31 wgcru respect to

q

thin our 3 Is less than_or e .
b Burthael) (80 NE B q L i gpiodadd rgcd? Bughrugilisptspa and
@itgn stRragayfer barnbrat &5 de ¥ B0%ireliive ouraidinn @it 44 C375%, reletive
dtunizfityCamed af81t 1€ dry,Tlegpdotigdlpt ance to extracti on by 40%
et hanol is advantageous in those situations in which

jRdi v dual . gur.posef ul | ttenpts.to extract an
Thodzd, Xieba o %ﬁ'%g; e Shdclisor B ket ol dikige Bitms 32, 34,
AASE With regract taRcsipminaphieo 680APITRE.Pir M thydrerklofimacid + 5%
NdQtacti on by 20% or 40% aqueous et hanol or 0.01 N
hydrochl oric acid, respectively, are given in the

i t al ti that. foll . f
TR, ERLES € REGR i st 4F i o e dbage Fs g 34,
fand #P i@ resnaelioaceamingpheo (b RAP 10 % ¢V ebasphatehaufier pHS.78.
| ess than or equal 1.5 tines the anmount of the drug

t[mt?éi SF@&IF@; ﬁ?&%t@%aé@oﬂ?ﬁseﬂuﬁw S’f ?&Mu@ rdir@del?&%se yrfhtg isg, 34,
A3 3ol g et naPre b/ R 0T ¥ e 00% Nacl
formul ati on by 20% or 40% aqueous et hanol is |ess than
§0048% u aFiguhe2 depicts radd of digsotiting of veatous srexdosagd fimbp2, 34,
@n@ 6 Nithy6E Rl AhbGnittiole MAPHS RB%1RAYE, | n a yet

ngre p#efe#?gd eﬁbogﬁﬁgﬁ?gpﬂ?ﬁglgggﬁnt o% t he drug

ihat Is_extracted fromthe formulation by 20% or 40%
fidbusFigkratrotienids raba af dispatution obyarigus gruy dgsaes forma 38-40
auitb vepeof tothydrododmpe30 00N HCE extracted by 0.01 N
hydrochl oric acid within one hour. [0081] The present

TOVERT) _PRuR SPedicl LS dhatBht ool 8y ERE Bapar rmae-1o

MiifpRIPECliRAcaRMINAPheR ARAP)IMB.0AMNIYCHr om t he

formul ati on when extraction is by solvent extraction

ydsa] C Omggﬂal Y4 @At PARd 6 J?é&&&ﬁﬁﬁ’ beh3Rus Vi@ RlshO8 forms 38-40
’ﬁ f

nt.s as ., isopr | al cohpl, distilled al cohols
E"ﬁéﬁ%pﬁ g@ggpcg%o&gél?él@:‘ﬁ?lagge%sn{} I water and aqueous
et hanol (e.g., 20% ethanol). Wereas the formul ation
is largely resistant to solvént-extraction, it stil
provi des adequate drug rel ease in aqueous sol utions
such as gastric fluids. This fornul ation when crushed
or ground al so provi des adequate drug release in
aqueous sol utions such as gastric fluids, Fortunately,
in certain preferred enbodi nents of the invention, the

Y " o o e o o o



METHOCEL A has a nethyl (or nethoxyl) D. S. of 1.64 to
1.92. These types of polyners are listed in

w@bmrngsoopoeas, e.g. USP under the nane PCT/US2007/060864
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"“Met hyl cel | ul ose”. 5[ 0088] A particularly preferred

cel lul ose ether is hydroxpropyl nethylcellul ose.

Hydr oxpropyl nethyl cellul ose is avail abl e under the
brand name METHOCEL E (nethyl D. S. about 1.9,

hydr oxypropyl nol ar substitution about 0.23), METHOCEL
F (methyl D. S. about 1.8, hydroxypropyl nolar
substitution about 0.13), and METHOCEL K (nethyl D. S.
about 1. 4 hydroxypropyl nol ar substltutlon about

Qogdd)  FEDPEGhL: 1]% AR s ﬁfgs?r 38 38-40
h%gg ‘?‘?ﬁz% T??@%"@‘]" e o os?"&ﬁ%ﬁ@%@ﬁtﬁé@! y includes

honopol ynmers and copolyners (which termincl udes
FIOb%IEf Fid) @V‘d&%c@%@aﬁ Qéb'ﬂa&\‘\@pf@nféo‘ﬁﬁ@tmatlbﬁﬂ tprb'ﬁﬂéé * Form

ﬁg}; ntroi i ng mononers of acrylic acid
cry cid and/or an al kyl (alk) acryl ate As used

herein, the term"al kyl (alk)acrylate"” refers to
goosir tHie 280% arebp dbpicBhyarxyddictcontertdhiafiteddr6File for Individ-
Q?a‘i?ﬁb;ed@‘?d%rﬁ%% éﬁ%‘@c!nltr}ﬂt i %éb‘“egtnfefm the corresponding

acrylic or kacry ic aclds, réspectively. In other
words, the term "al kyl (al k)acryl ate" refers to either
dﬂoﬁlkylFlQaIZEa%md Bidepiots aeataaiiiopheacorydeatration-time profile for indi-
e Eijet For Fohhasaahlﬂdon(@lM@:{b@w@tye is a

(Ci CZZ}aI kyI ((G -Qw al k) acryl ate.” Exanpl es of

(Eﬁ (% gro s of the al kyl éal k) acryl ates

iA%alqe r‘ﬁs Hepictsfugandpygiocogons dapeentraign simeyarofile for
treriod Bang 12, resgeetwelgpﬁw Formeistand, Cdmepeyt., cycl ohexyl,

2- et hyl hexyl heptyl , octyl nonyl decyl |sodecyl

yl tridec ent ade
ﬁexa ecyl9: %ﬂgb%/'bdo%gﬁ‘?m &@%&@8 Fnlnqu\ég&g&ﬁntragqrb%g?proﬂle by
(ReFRy T AN Adrerpesiivels fariFerme db andiSentmikyl 25 group may
be straight or branched chain. Preferably, the

iﬁsagz 2H8. 0 A SO Boli O EasT bam%o{og < el n[gE“ Baften-
st Ph@d’%%w 455%5%? senipl 10rww9 %@rpérogﬁ @9@@9 tigrhand in
aftioyin vivalckheantiptiert predivtonsder Faetidd., et hyl, n-propyl,
i so-propyl, n- butyl i so- butyl tert- butyl, pentyl ,

: ex octyl, o
G380y EXCbONSIYn o diaf el DKoo SR s Pt
6’@3@9{'%Wﬁ%‘@ﬁfor&orfbl‘lé@@ﬁ@@ﬂtfﬁdl n. Preferably, the
(Cl-Cia)al k group represents a (Ci-C6)al k group as
defi ned above, nore preferably a (G -C4) alk group as

detiiae deabrion omeswem.@f er abl y, the al kyl
i ilate ((al-C4) alk)acrtylate,_
ﬁ@sﬁh F%(sntiPnés !mt)agww P@fﬁ@ym etindatogy, refogpls.|ani-

el aquleemmtredgeﬂv’&westchbect evhivh(d2n vary3§ lsi‘dlad> fothe understood that
(mbMIﬁ&wT B8R HePdif iSrol ﬂ’m%uﬂﬁﬁé of @sc%bn E)ﬁcu@F r¥nb ifents

?mxt% 2ho 'E%"dgf @n@ﬁﬁ%ﬁé?‘?ﬁﬁ ST by FebiRr ARy il be lim-

deckclaign) . n- propyl methacryl ate (PMA),
|sopropyl met hacryl ate WO

P08 1] O8RARAPST. héﬂ@@%%@@@&ﬁﬁ’erélh PNG‘)in th% étﬁgéz egl\ﬁ& ims, the sin-

thacryl.ate (BI\/A)
BT o7 TenrRler D Pgﬂﬁ%é%qeefﬁméw L& Db ovbiagerty
dicioigs gberpiag: Ehlqsaﬁgr exampleopsjdrens tpl"atemp@®A)d” inviddes wiplurality
acrylate (BA), isopropyl acrylate (IPA), isobutyl
acrylate (IBA), and conbi nations thereof. 6
[0091] Preferably, the aIkacr?Iic acid nononer is a
(C1-00al kacrylic acid. Exam ples of
(G -G o)al kacrylic acids include nethacrylic acid,
ethacrylic acid, n-propacrylic add, iso-propacrylic
acid, n-butacrylic acid, Iso-butacrylic acid,
tert butacryllc aC|d pentacryllc aC|d hexacryllc

e o - o s " o Y -~ I
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35 ring as one or nore rings in a fused ring system
Representative fused polycyclic aryl groups include

woaphossmbene, ant hracene, indolizine, indole, PCT/US2007/060864

i soi ndol e, benzofuran, benzothi ophene, i ndazol e,
benzi m dazol e, benzthi azol e, purine, quindine,

i soqui no- line, cinnoline, phthalazine, quinazoline,
qui noxal I ne, 1, 8-naphthyridine, pteridine, carbazole,
acridi ne, phenazi ne, phenothi azi ne, phenoxazi ne, and
azul ene. Al so as used herein, aryl group also includes
an aryl al kyl group. Further, as used herein

oﬁédéh%mﬂoun&segn%rﬁuh%eﬂfg tﬁ{iﬂegﬁ%no%% tlfo%e §E@é¢%’ I tp% A}, and so

Ln an aromatic i's | \
1405035 el tF s "2 (Ab =ack TR g Rse “picas ofef gan b used
E‘éﬁi@]‘%ﬂ@@ﬁbly Ihe@ire ﬂtaaoaiw ta benated $Hat thedepad “romprising'p lihs@sing”,

amntERIng " Oat by estdiinershahdedbi( al k) acryl ate, and/ or
acrylic acid and/or al kacrylic acid as defined

B@g nﬁ@lo é g1preferab| the 10 acrylic

681y ndPRasHENPd ateniaebectinigal Gatraianyd tammgsed herein
b%\twg@amean@emngsas copwinyy- untersterakiyeorel o ykdigary gkifingthe art
wndhieth ¥y indértia b¥loade NI'EHB @&hgﬁ dftffaterials slmuar or

Qtﬁ{: féu%h% ?Hzo%e dg%c%ﬁ%l ﬁ!e e}é% j.{ Nt %ﬁﬁbﬁ\éwﬁée §9 %s 1¥g of the
RESeT W{sﬁﬁt@%ﬁ'ﬂ%m(ﬂ@éf&ﬁmtms E(”Ge!@lf)?mlk ater yavadescribed. All publi-
ey CoT e W%gﬂ;ﬁa%;{? TR
0 c i ati
CIE\ s
i @%‘f@é 8*06'6%3/%1%@@@ tPhEPg 1 b BUElalyaoh mBhap yoestin
Pingc 'QthkEh {PadtveptimT: Mofhinguirgimds to hercopatrvactas an admission that

thatimention [sMmt Bntaled Yo dfte@Qk KIRT disdIOUré b ORLE bRSHFinvention.
pol ymer are manufactured by copol ynmerising

Lic m)norrer ionic groups Wth
f?“?%f’ ol BRSERG n  daoigion B o vhipat apbisjaton for
yele Wﬁfeﬂﬁ'é é}aavepﬁ@mmammm grwepate, hedblviiyerand

tamdshihdicaisl the syrstanees midrERdgeneral | y wat er-i nsol ubl e,
but are swella- W and perneabl e in aqueous sol utions

SHORASAE nalfrare Uit Eﬁr‘@?ﬁo Btk St loebBbviin et or
@[Ei E’ H@n eyl pryaethaxd Colvlagsabi 1ty of the

KQEIHGICHTI® olyvinylpi ahel-paigbtiedradjlyahy & fitddeolymers
FédeNbﬁE@)/ID @gwﬁ’gﬂwﬁaﬁ&oﬁépcﬁyrﬁé?%‘?lé’%ﬁgp% m xture of

é’fﬁé Flopinn fefpuiea@tes s i s i the range of

HAHP: Serbitar 63“1/336’ esteraver age. The ratio can by
GRIEMOPSDRE: BetfetitixyagpdCasighpilopr i ate commerci al ly

POBOKADERS Roly Bty E@zﬁfggﬁsmae%@& BB Rts &Y

Ien | I C poly
P&J%%F@G'&%‘ﬂmmwer& 8?& ral (meth)acrylic polymer.
TWeBMPshErlyathpxyidted Shibitan géters pol ymers are commercial ly
KRB Bl | ey df g Plop@BaNuidgar ma under the Tradename

f it RL and Eudragit RS. 35
@%lﬁ%ﬂ@ IEBW'R%%PAAMO%E&Q% AR gﬁgl ynmers of acrylic

T HEPhechhPiteirabydrexe-poitercla | ow cont ent of
I§OMATER AN equimmitr womgositigrsof 8- @a—mgluaﬁpyraidsmoom sorbitol (1,6~

duﬂb%t@%%oﬁﬁanasﬁb% rﬁ‘ﬁ%‘ %%ﬁﬂ%%g 1 -GPMdihydrate).

W@%ﬁg F‘g ?éessmﬁi@ %’égﬂ PRYPBYIENE*dRei ght i s

>@66U@(2504§mﬂMhM®O&8a@ﬁsmdes the (neth)acrylic
MAROE s EIGUES NBikicRiaa: eald|y acceptable 5

pol ymers nmay be Incorporated in the inventive

formul ations In order to adjf¥%st the properties of the
formul ati on and/or inprove the ease of manufacture

t hereof. These polynmers may be selected fromthe group
conpri sing: [0099] honmopol ymers of N-vinyl |ecterns,
especi al Iy pol yvi nyl pyrrofidone (PVP), 10 [00100]
copolyners of a N-V|nyl Iactan1and and one or nore.



35 [0100] "Abuse-rel evant drug" is intended to nean any
biologically effective ingre- dient the distribution

wmboomgobu i s subject to regulatory restricti onBCT/DR20gB060864
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of abuse that can be usefully formulated in the
context of the invention include without |imtation
WO 2007/ 085024PCT/ US2007/ 060864 pseudoephedri ne,
anti -depressants, strong stinmulants, diet drugs,
steroids, and non-steroidal anti-Inflamuatory agents.
in die category of strong stinmulants, netham
phetam ne Is one drug that has recently recei ved

[
Egﬁ*é%?@é‘%ﬂ"?ﬁﬁé pySEAorflor@ MRS corlifhErsih oBhaRetnyiens
PELBMPYIENee¥CY atropi ne, hyoscyar ni ne, phenobarbital ,
sSOo1ST @ righyleelidiostie | i ke. Anot her nmmj or cl ass of
FRFeIEERe R aRlmdtES gidéSatnal gesi cs, especially the
opi oi ds. [0101] By the term"opioid," it is nmeant a
subst ance, whet her agoni st, antagonist, or m xed
40RA] st Taﬁuaasey@nt ig¥ention petvides @otimpivet sliseorselidregietion, oral
rd@@@gé @fmﬁleﬁ@ﬁmbwaﬂdéa/foil@zeen drg @ngaiﬁe@xraél@ésé df@ﬂbﬁndsﬁ:ﬁutr-

At i ey o

rfiave bgpn §HYYYLg; h@e‘recwrefs’fivaq%a@' r?é W%rﬂfeie#ta». ggéers, prod-
beg&gﬁdwﬁhpmhmnamcallymekﬁablb epuigalent lhareof.
but or phanol , cl onitazene, codei ne, cycl azoci ne,

R Ak i A R B o URARRD B S BERA TS v,
SRS eI T2eraEl Fifle B GRStk e Elostiisdimfgrkatperved con-
lwetitratiinegndok ip ittpacainkstecpitnainatiinnete @hnkiahept azi ne,

et hyl rret hyl t hi ambut one, et hyl nmor phl ne, et onitazene,

4@@#63 et bt SRR AR (T BRGiRHarion tme curve to

i@aﬁ@bsw%a@ncen@at@pwe a@;qdmﬁ'rmwtaﬁ trap%m#qbn%ol

| of entani |, neperidine, meptazinol, netazocine,
%Idgg‘ﬁ E}‘ﬁ% Irér'{‘grrs% EH%eplaémé megl‘gatloﬂ%f e BRER abuse
dﬁ e S oo gcﬁ%%ﬁ@ A5G Ie AU i foSPBEVR, Produced by

;ihe ot mgesten qf hespositioresf thé ewemrlmnp humeswxmmﬁpdm indicated,

AR QAHrE €0 thRIGYBIAN ABXinIR BQW&&meﬁt\uﬁti@Ht ani |,

tilidl ne, and tramadol, and salts and n xtures

t her eof . [0102 In sonme &Heferred enbodlnents t he

i[AQGR]t | \Té'ef'f%fﬂmﬂf@f‘ refers eche uRimam ehsgaed 239“%@ ation within the

actdhdiedodasing ihiehah @u. | atwitvecthout doghvpinteme] éorfar fefraulatiett labelled
HLATE %r%zosﬂw %v@r?qb 9%1’ 5 %B@ébe ‘d? L QoS 6AF oPRe invention

W t 5

t t
ot Pt fges trailis Spsing %’ﬁis?igupaﬁgnfés 9

optionally further selected fromthe group consisting
qﬁoeaeq et mmbm@rnh*e@*hrmﬂmhg’l faferk @thaviiount &FURs SfiR%ance measured

i ggﬁﬁ‘g[r & lt;ﬂne ﬁ%trﬁf ef bt h&ﬁ? E%)Yﬁﬂmtepgleﬂ&?ng lpﬁed by the milli-

pI rox cam su nt an
LarBRE Of ArabUSRAl§VATH ity SOminsKRrPd kfha ABIngd g5 Buman.

conmbi nations of drug currently sold as fixed dose

qes70 n"ﬂs‘ 238 hfa%iﬂ B pHridd "ésbémiﬁfg rbREs@HtdrPbiety/toqf dissolution

Sgt'et 5! oy PRy afof a3l FR b ALIRRRS Y 8 HGR ot e
mxmrmrmrrt@f Hemat aS'@tﬁih@Itrgﬁjlgra“M gioresesmth e, 1 %i'ﬁ"tﬂéft“l rgmaining
aohétaNest déer2bing urB maﬁbg?éfﬁrrhwii@m&p@ﬁb@n%@% of the drug.
acet am nophen, or a (fixed dose) conbi nation of

hydr ocodone and i buprofen. [0103] The abuse-rel evant
drug(s) are preferably dispersed evenly throughout a
matrix that is preferably formed by a cel |l ul ose ether

or cellulose ester, and one acrylic or nethacryllc

pol ymer as well as other optional ingredients of the
formul ation. This description is intended to al so
enconpass systems having small particles, typically of
Iess than 1 urn in dlaneter of drug |n t he natrlx

______ —y s . Y o T



10

15

20

25

30

35

5 (Span(r) 40), or sorbitan stearate, polyoxyethyl ene
castor oil derivates, e.g. polyoxyethyl enegl ycerol

wa eaorfogionpl eat e or pol yoxyl 35 castor oil (Cremophsnn(1/960864

EL; BASF Corp.) or pol yoxyethyi enegl ycerol oxystearate
such as pol yet hyl engl ycof 40 hydrogenat ed castor oi
(Crenophor0 RH 40) or polyethyl englycol 60

hydr ogenat ed castor oil (Crenophor(r) RH 60); or block
copol ynmers of ethyl ene oxide and propyl ene ox- 10 ide,

al so known as pol yoxyet hyl ene pol yoxypr opyl ene bl ock
copol ynmers or pol yoxyet hyl ene pol ypropyl enegl ycol such
as_ PluronicO E68, Pluronic(r) F127, Pol oxamen(r) 124
1887 Ux arle Ppe prefeised epbesimaty frie)nvestion provigen Apsque)oryghat
iotibiPtHemxiraetidh «f@he (BASK cyhenutiaiotventsSoe ., without limdtation, distilled

JQ%EBMS 'aﬁolet% S BFmRRY W@H?bﬁh%‘ﬂ@n G%Q&ao%@ralghééﬂﬁb limiting

tﬁ%%la@ﬁ(#oé%p o165 PRGFCFEn 15 Tp50y =iy Bty rentionaly or
urintertianatiyt suchThridroBoy oapmtwaxlgyeh&mreﬁ@rq@mor parenteral
&dvii Biistraion NPtk s2 hiRise rédi¥mRTToMmuldibns nidl Nt XY @bSilyl Palen

SRR P B AONSLRYY Ay TUEPAG: SoaoR b b ol bt Bor

ingeTHran aypeapsiaianterE Wsties doggiRptPoYEe | HeERf Pefatiphed anraipid
amaddnist (abeit, ah @ploei(ampgoeua‘t ey b2Gadded id the@rapasaion tafurther

dﬁ@ida@!b CallﬁhszeZ)'r gNrﬁI@ no &‘éﬁiﬂlr@qgtbguboﬁh&i b? Eﬁy Q"tn&jlélttﬁ&; r]{ I§ be-
BUEE Mt g Poryigh of Akl 2as e B3 @9’&89 B2 Pyl g
melkyiepluesest 8RN eferaphog e Prapy iMAtaXI RIS SeT cQifédbute to fhﬂ
ﬂonnﬁeﬁar@re@&mrbe todtt@ict@dintaivoduig padioytahuintoald er 4256 aghdous

% Qfﬁﬁ B?Hﬁ( Ic@lﬁxt&% raB a@fat %a@?f‘i‘ﬁgu@gﬂﬁﬁﬁamﬁtﬂ%naél@lsub-

Xtrusi
ebrinorets shbsHtion Wi pn Al PpsEiughp and most
prefpraldy eﬂeatststﬁafzr eubehiUtMn witiean ality, substituentu §Hgbnbaiitnliong of
e lcbiigedt haov apbut0vd, BRd hed skidvanly eklo@fabdut®do, are preferred

S IR U T8, it KAt LSBT o MBI -,

@@@t referpbih Lotz ar Gisansigaast praferbly nand merﬁ'ghtehwaed or
transigeineen3fic alksl substitbaddentains 3tdrenart lvarbon Medris. ng
usual Iy i nvol ves heating above the softening point of

| |
@Piﬁa gb%gﬁﬂthg Er%he’n%%t ?:{bo‘&fmér{t‘erﬁgbfi‘%g% fbr?nﬁ%t%ﬂ?l y its T&g put-
gy rinqing: PoveEAiPh #d fhed kere Prcopuare anaRsHre fer ihis qsnect of the
Ih%?@@nﬁé ‘bréhidrg 2B0gt6," ap mefasuakl by “BBadta Test PE6 301" harstess
eﬁ?@ﬂnVerqtR/Q /errﬁlutlaﬁlgn grefe &N has a breakmg strength of at least 150

P 1
meee& B g BrerRraon g PehbR Totmiiigo s hiFakg sypnoth of
ahilsast BAQY Ne et etk @referably of at Iaﬁstééﬁé\t andyelgnetedielerably of at
wag&dohbey. this purpose. Particularly suitable are
extr uders or kneaders. Suitable extruders include
singl e screw extruders, internmeshing screw extruders,
BAAS | Breaking firength aeRording foring Eteéﬁt“ammﬂﬂn €31} Bgdefermined
witt a tatdst <0 raviniic Hiamater laed Sorman widtingeaordicgiorthe nedicat fondp-

l@ﬂﬁ’mﬁt"g%é’ BidaRinglstr dgﬁﬂ di tﬂ@t%gs Wbﬁl&é@nﬁ%@! E\Qoﬁ’éaﬂ‘lﬁhanlnhcopoela

e, orde FEEIEL fﬂ%fﬁocwo?in%hk ARG HeRdpp RS b I Resurs
lrealios sirengtiais owidkh2.A" materiglsttesiee Frepiat 2.5 §Nugrew max. 1150
lﬂﬂf\hlﬂpﬁtetsﬁﬁu;@ Beﬁeﬁlﬁw@@lﬁ@hh andralsbindis, Kleardcs bsisad ¥£100 mm,

e+ SETBRRGS, 1o00 by WielLEtonfi PLEE AR g o pres-
S| IO Widh RPN peS AN RoHRTRT(AR f"n?rﬂgﬁn}gt%rb ajpisoiaEs-

the m xture with a substantial anmount of energy and
aid in the formation of a hopogeneous nelt of the
conponents. [0112] In another enbodi nent, the

i nvention provides an oral, sustained rel ease 15
dosage formcharacterized in that it has at |east two
of the following features (a) the drug that is
extracted frontthe fornulatlon by ethanollc solvent

ANA7s NN 7



face. A broad range of tablet forns can be obtai ned by
using rollers with different forns of depressions.

w@\bdoensmad vel y, the extrudate can be cut into PCEUSEN7/060864

10

15

20

25

30

either before ("hot-cut") or after solidification
("cold-cut') or used In a die Injection process. Melt
processes involving heated presses optionally can al so
be cal endered. 5 [0117] The formed nelt can be
optionally overcoated with nmaterials that do not
contain substantial anount of the drug with abuse
potential. For exanple the nmonolithic dosage form

i t r
SRer'eae 6 e o B3 i, Sy, ey 2 6 1so
pﬂ%&’ E@Wu QE%ﬁSI f9f°8c?6t?@<t~aﬂa pa kh‘ﬁxt Efi"? am@raturﬁ earmptlonaliy be ob-
rtained fratnsZviiely @mdtl & Cer KGheInokerhiahipsi ¢ form preferably
do not rraterlally alter the rate of release of t he

d | der
bt ci 1] SR esh? Bl BEp S %Ete%r%&wsi‘a%é PhcBppesiton. in
rfaRkRiTed |e£“h°§'men ata%&ﬁw@ée@@ arefeblyeme kreragesaegearficomnre

anetembhopelt-akta det ape thbalrgeithoablset direbinaéh=pan witholenilling or

?@Hin@‘fﬁéﬁoﬁﬁ%%ﬁ A WitRtEdi {hgff Em% el%% £ iﬂ%\%}p aed that the
&

[
H7315Prat iRt atihe Bl gk bf DRGEbY PRRISd With gwallowing
G Sugh aHhWitheu hmit@tlcma gelatinwedt OWeits noAdésitimg todetboahd by any

i prgpticmie® thelons ites Belidved Digt gitsct amepﬁﬁfkgeﬁq\ﬂévew@&fbrsna@@ sharp fea-

"%Glteg fro foﬂ'ﬁn?%; roﬁqhe %Hﬁm&t@ﬂ&?ﬂ Al gd%&e r%d?r]gcs‘%Gp contrib-
ftﬁeeﬁoftge que@ohI&rteglpp%p renetin ogfge pf@;mu 195f Hggitionally, embodiments

ras theyineasitive Fomelatitry optibnatipgaip phditbral besking atrengtl by baibying
it |3t RGht- éﬂo@eﬁéﬂ QoIATRES - Wﬁﬁ-’é h&ea%cﬁmﬁ? 1By YR theory, it

”?W'[é‘%éaﬂ ygpthe seaé'ﬁcﬁrgre@@ﬁ%ﬁ%e#eoo@fwré?@@@%wfwefagmwwh the
mel-pragassed polyyipeso ante asyantegedusly adiyst grecransition glass

ttemamtjme di the 2bmpadiiitth &5 a hola daiihgler. forfiioh iok el NY

may al so corrprl se talc as an anti-adhesive. The film

?‘ﬁ unts for | ess than about 5% by wei ght

39651 9; o Benk BEJBMUatoRdBMSSH PRIWDEr ohacopolymer, or

[ eosltination Vieaneafdm crertevthe emsltaocdsasa; -atd theare erdferdbliygnelt-

feafrua&daﬁlr@ﬁlyrsﬁgwd fﬁtrﬁ\ga@nﬂﬂicﬂymﬁé@@}%% §Péij'§r%5éUl@gl&ﬁly ?r?acﬂve

evan

%mp?c'f‘vﬁiee XUl B Y PRk R 5 sy o o

&isgf .k i ongy Ww%tétwéblywewm%/m»wea@ wcipgeymer, or
@otyénizh jeatyilaie litd ey ebddradginl < drisstypeywhittogherppatmadoiically inac-
apount of the drug that is extracted fromthe
formul ati on by 40% aqueous et hanol w thin one hour at
37 Cis less than or equal to tw ce the anmount of the
00781 t hEVDRAMXPrima tredermmeion some psaderoashpaymers dteit dre suitable

fortusk h PieenVaatidn @id &é derivatord 53@@901% c bAa MRchR8 acid.
'T’ﬁe Pcﬁ:%k%@ oi%e%@lJfSﬁA??r #ﬁ@%g ar rn?m% 1AM Bahncp onal

@Wﬁmmﬁi@r/ §a79tRsERsE QT ire RAGTqohmefs. The ingivisiual
EMBRAGIESt graddsaliitelin e peopettverof mastralnalkdiing lor deig geRpstind

$iRSA ItérME:o@Ehﬁicoéhénk& ridRd Am.%mesm bthAT Bfe copoly-
AR o e

hydr oxyal kyl substi- tution is hydroxpropyl. In

anot her aspect of this enbodinent, preferably, the
cellu- 5 I ose ether is hydroxpropyl nethylcellul ose.
[0122] I n yet another aspect of this enbodi nent, the
al kyl al kacrylate or the al- kacrylate polymer has
nmononeric units of (G -C22)atkyl ((CG -do)alk)acrylate
or (Cl- Go)alkacryiate. Mre preferably, the

al kacryl ate polyner is an acrylic polynmer or a 10

nmet hacrylic polyner. Also nore preferably, the

al kacryl ate polynmer is ionic acrylic polyner or ionic
nethacnlllc polyner. Yet, nor e preferably, the

o, s o g, o o I o
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35 turns thereat In another aspect the abuse-rel evant
drug is selected fromthe group consisting of

weseadgrephedr i ne, anti-depressants, strong stipul/E81087/060864

di et drugs, and non-steroidat anti-inframmatory
agents, salts, esters, prodrugs and m xtures thereof.
Preferably, the strong stinmulant is nethanphetan ne or
anphet am ne. The above refernced fornul ati ons, al so
further conprise at |east one further drug. In one
aspect, further therapeutic drug is selected fromthe
gr oup conS|st|ng of non-steroidal, non-opioida

anal geg|, LS& Is optionally further selected from
the gr ub gon I°sting 5 of acetani nophen, aspirin,
fentaynl, ibu rofen i ndonet haci n, ketorol ac,

napr ox h\%phe t+n, piroxi cam sufentanyl

sunl i ndac, |ﬁterferon al pha. [0124]In t hese
mmMREMatlons the abuse-rel evant drug is preferably
di spersed in the fornmulation in a state of a solid

ﬁ\gc&yciiﬁgqto ‘QP(#'PU%) Bharr%sg)ggm% Eﬁér‘!a%ttlg gﬁeé %%| s% 985 3&PN#TEEY

H‘@ﬁél’f'&‘éﬁ‘t 903@8 SRESHNF &L %up consi sting of
wwﬁ%&%@tdscopwn@wwpegwaf&ueragla$ Pdt egrants, bul ki ng
dgthatrglic dciglropahyaner, sypeat NE F\Eas@eint-1 @@éﬁﬁtcsntamm enaidetsrgent
Bhaw@ur i ngs, and conbi nati ons thereof. [0125]1n one
?\Mﬁﬂom‘ac fatetéUEolE/Héfre b AINF b@ﬁdﬁé‘b@("hﬂﬁ%@'ﬂ@léz% of
z roggw 1ac Ete @&S%ﬁ?l}ﬁiyﬁg F'-SELrlcﬁ" % p@ ?r anot her

AP e opobe. 56% T P s P40 " or ug
Aginjogioddaiiasviale Crpobmei 5968 hb“th%%@gmsrﬁ@ fPOYHEN) hour at
BBly@ry|§te DRGErsion 3harbat Pierfan.di Freiregjt NER@D (7 3¥earueous dispersion)
BEMERity/SBd PleDYdrife cepolyRiae PhiHl.c Ewgikgit E200t amed rel ease
oral dosage formulation, This drug fronul ati on
conprises a nelt- rocessed m xture of: a)

Q@gﬁ [} esWES'IeIWh%fméﬁ‘m%émﬁﬁtﬁ‘@ﬁ{a ayptespary @@g}ongwé(tqﬁethylam-
alngeitye nettaotylath) npieth or Bt = COIH.CheNYEHEBCH Srenendreially

Qlaifablel 44 B?@R@éﬁ@' RLacﬂf(h oﬂhe kﬁ@ﬁéna‘? BRuBli&Y karboxylic acid, or

Rimboich n?m%ﬁ&%vaﬂq%»ﬁ Eé DRAHTB 4 e s unsigng! aroup
isfa earboxiio geit metety, she RUPFRAGIBR Nk halnies iF @asioresistas any en-
@%omm TRE fowiulfioR8 Dsthg WUDRAG 0@ L el beabsidtdntQo igastric fluid

ﬁ§ ?J!IFI%%QS? {he%%\? 99‘65"\3@5 EF hne E ﬁﬂ'fctl&t}ﬁ gﬂf P
m&nlosfhv'@e@mv@wwﬁ h%%%ﬁé‘?i (@1(%'-30%3% ers
fammsajsblm preerieabdd, elippersite asd pld-nhxt}apaeeém Thege Eiﬂ@RAGIT@ (RL

@F*RBEbéi?rhélts' Ry tﬁé’reﬁ)ré‘ H%getﬁfm aela 'ré‘lEésed‘@i duétained re-

IeoRe PruiciRnd. gz 38R %%f ﬁy such B8 PGP o
SR ROGH TR Y MK P11 0F dnHilH5, SURRACTE B i Co EURRAR TE RSP0,
End@g@HSeIPOﬁ@m!Qtes (EbBRaJG{y@ Esobsﬁwmmemmsmmmym) dis-

h@r %Qéh% Da§59|e§ oD 3% Fgl@ i 61252@[!)%9%'/4?1% h&lymer

hr O R e (ERopegTeL
dﬂ 5t BUDR&GI 6@ B, EUD%@lT@&LwI?a&/BSd@l@ﬂ“eﬂr 5% rgamic solution).
acrylic 35 polymer or a nmethacrylic polyner.

Ed(ﬁfafr aWhYap ok [RGstRls Mtyﬁrgﬁeessggﬁlgﬁ%r ate @ é'lo%b Cone s prefera-

BW&%@"&E% ewak\a%mrepef%wﬁéwdr%vé veaibios? £er %\@P i

pplionakly hyrtroeypoglinethyiceatielbba, anylind:ppodentizr the Mist polymer is
ér@ﬁl?'%' (metﬂ)%la%' db@ﬁﬁéf'( c@. d%%m%ﬁtabl% @d%m%wm) of
e acfylic pol yner and t hacryllc pol y- mer

est ers containi ng quater nar y4@rmoni um groups. Al so,

nore preferably, the acrylic polyner or the

nmet hacrylic polyner is a copolyner or mxture of

copol ymers wherein the nolar ratio of cationic groups

to the neutral esters is in the range of 5 about 1:20

to 1:35 on aver age. [0128] I n anot her aspect of th| s
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20 swal l owed with water or with 200/ p aqueous et hanol
or with 40% aqueous et hanol, or both. Al so preferably,

wo bw7dsog i s an () pl ai d, anphetam ne or PCT/US2007/060864

nmet hai nphet am ne. Mre preferably, the fornul ation
conpri ses an abuse-deterrent drug formul ation produced
by a nelt-processed m xture of a) at |east one

abuse-rel evant drug, b) at |east one cellul ose ether

or cellulose ester, and c) at |east one al kyl

al kacryl ate pol yner, 25 al kactyl ate polyner, or a

conbi nation thereof. In this fornmulation, the anount

f th ug, that .is extracted fr m_t he f or mul at | n.by .
Rersb Sl R P orite RSO 8 it d of @B Vention
affalpudspoiblg aad EuvdragiiREe Qneemanediieferred pel@sdindbp eandext pEthe
iventiontie Gubag® RLLTING Bygtagic poighbms @ibd waet I comtiiiations!iwith

- nis adapted so as to
eXtﬁlég&Fa‘?‘%?&ora a m%ﬁ(ﬂj‘lreg%r% gn to a human 3, 2, or
1 times daily. 30 In this enbodinent, preferably, the
{07011 oBersephihat tahsitaradxisryly) distrssbstantial guantities pf alephetic
baﬁerbgbsﬂwlﬁbrﬂi@dm@)bdym bretribds Intedicatibsd tanubeantiily GRer the

EBmﬁ %&Wﬁ(ﬁ%&h&&; 8&:?@ ?lhgf?mqll‘lgﬁ g%%hséridtlHEktPé?né tases
stgﬁﬁfaw%wwnﬁgm%ﬁ?eo% &Mac %}@%ﬂﬁly erppgliments

otihelhvestivesihuse- desermtjﬁommawmmahydwmnbes asejt-pibceessed
Irrnxtbm o aemame%nge rdl&%nab&mgl atdédcRehy baluRsBktHehBr cellulose

@f gﬁg%[sp éﬁ%?hg cgflkée@o@{%) ra\{\rmére% tHD) al‘n%u& of the drug that is

o dke tpraviationdayeQSe apiigpustetiang), RaEY%p 1agueous ethanol, or
potmm-mn o1%e lawuraCBX/PCB & lpsd ham or equahtwied tha@mguntof the drug that

ﬁéoé%‘é%(ed Iﬂrh GBERB Y acid RiniAlha rby é’ctat? éobryé’f‘%% °b50r

r%rs&ng? E%%{;’r%cmbvaﬁ%%ﬂ%'ﬁtg{l SyARgPor ot Sie-

@ans l@rwlucfa@n ipHividuplgiurasefuly ademple o extrast Amabyseirglevant drug

pohyarkdiciMedonRintricedredtuge rélB@rabikaer yi ate pol yner is a
copol ymer of the acrylic pol ymer and the nethacrylic

sters nt al ni ammnl
RA0abYT < TS oichelrter SR B ARBAT S0 GRUFBE SR o B01 N
awiraeh!wa@ced Fegnsicively; aresgieerciopies 9x®nmntahﬁeaﬂgrn éhapfollows. In
MRS aigddRhents, ke BRbAK! oF 8ld drugthat Ridx@Bbted GHAURS for-

ﬁ b@%tg 8\1 40‘3/S L ggg%t@tﬁgho Eq%gsatﬂgf n%ron%qugp‘? ?Q nﬂag qhet dmount

of @@éﬁ@@ ﬁvﬁb@w@ﬁﬁ%% d&shysiroghierigiacidaythingne howk+ Ik gysty

drang) pfederrad extbmiimedsphe amngntaf treudrugiitahisaxirsged from the for-
PrRIlélBh' 2094 & 409 SaBbds elﬁ)arfowsn@é% tﬁme.dédmnme ahﬂ)@nt of the

Lon IS, No a
ﬁf« b gt 50 07 bR But 5 SARE op TP 125 Y8l 6 pre-
éﬁﬁﬁﬁieﬁ'@hﬁdﬁéelﬁﬁ, emawwétfmﬁrn@thawsqﬂrget@qi &pahg formplation by
f2ovar saed @auewsdatwmt ik Yesshiagrest douang. o kimesele arsoint btk @rug

WS &,&Irg ofd’[rr% rB&ﬁﬁf Atk BhaRghate) m I1ing

era orrru ation is
d| rectl shaped fromthe melt extrudate Into a dosage
10081 wi 1 he preseairinventier alee Pavidps wumirteﬁps@leaﬁecferrmlam of at

$gz8pond\iinisepeletar dhlg)thatthahpery b leRtradion iostheidnerkdm the for-

?rf]lﬂ‘é%%ﬁ \Az:hréag@x{r?&mﬂ% Er)y d&?f\’ern&’ gﬁga?iérﬁjjvﬁn %&)Iﬂﬂlﬁﬁg%\; lgfb@ imﬁsehold

srtradian FPeRIASUGREIRRNTaPY! aice st @dﬁ%ﬁﬁ’!ﬂ?'ﬁﬁﬁ?'ﬁp"f%ﬁy vodka,

nihité ethegaowatenbhd paueous ethanhelde.giEd0l ethenald ¥éhedwasghe formula-
| { i

o e B JPoaMRD SR gtien M S BPARRURRIRE) tfase n

10 mm and a length fromabout 5.1 mmto about 30 nm

In this enbodi nent, preferabiy, the fornmulation is

directly shaped fromthe nelt-extrudate into a dosage

formw thout (an internediate) mlling step. Further

preferably, the forrmulation Is directly shaped from

the nelt-extrudate into a dosage formw thout (an

| nterrredl at e) rrultl partl cuI atl ng 25 step. I n the above
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35 nmethacryl |l c polynmer esters containing quaternary
anmoni um groups. In this preferred enbodi nent, the

wa@bdoaospbat e pol ynmer is a copol yner or m xt ur eP@f/US2007/060864

copolynmers wherein the nolar ratio of cationic groups
to the neutral esters is in the range of about 1:20 to
1: 35 on average. [0133] Anot her enbodi nent of the
present invention provides a process for the 5
manuf act ure of an abuse-resi stant drug dosage
formul ati on conprising nelt extruding a fornmul ation
conprising at |east one therapeutic drug further
conprising directly shaping the extrudate into a
asagresdiutions wiitthaugastraofluidst Shhefdiradlefjonnithdni angshetiep gmund
Thabonses st dido R il Baldbg oPL AR LoR B8 SEGfC e
Rl B PP SRepiRok” dus PUChE BB ey
FuafFRievant drugaelpgseshisin Hisiteemaidianiia in Bolzy pleane, Yewoner e
threef erradrejthart hesaef the enstisahdat DheAMEIIsteamHobs e Rdufs) té-1

i | .
iy BHEE Bk bt *S%ﬁ_ badEldn 1P hof uBadin oer bl Bame e as
D SPGB CEAAGH T o S 6K BT AgHTIp AROIE: hours s
o 1844 ihandhtk treateetibo dharanoynt réleases dveethb suchattiene as when
SRITPVEEBY aR BraflpRurAgd, @F bemt 15 drug having: a) at
| east one abuse-rel evant drug, b) at |east one

ﬁg ul Qse e[ her or cellul ose ester, and c) at | east
@ lal @pmg AARTEIAMEH SOPBPSHRNS Of 19 R¥e PR CRMBES mer , or
a conbination thereof. In this enbodi nent, the anount
[0883]he Qiiuigsé bibrsi ahdestiiess @der/ WILE bah bonsad Adreost ib¥om-
AR el TR ARrbRIbIOREIeRAHE yBlpité g oot 8557 900 0
@2@%‘@%‘5@3‘% Qﬁ'b‘?swﬁwr%% RrESTrRRY seleategdrom alRviseldigss. hy-
dexakyvipeldgsag; hyekyalig alkying!ifloseadratikoresi tserafiamt suthses

éiﬁyl&éﬂulb@e,Uﬁeﬁﬁ%bellﬁl@&e,wlga}o blicBificde (F) Yy dRxetARRefilose
£ 3B ont e ELC TR ol AR ekt o

I9R,RG1E G, Yitheyt imitatiqry collulpsg AeeiriaitBlycaligse aratate butyrate,
@iildssd daetdte prapfonaie, hedrOxyBiopyMutaylpehileseaiitialate fre/dadxiyio-
PRSI CUIIAHR dodtalEbiiialate o MRERoOHBIN 20 prb@fably, non-
ih|¥drqxlﬁarlsk§/dl sut@t }ot utrl or] |@] r'oxgr OE . t!\%St

PG pAYRRISy Sudas Eroxg PRy metyqaibioss 83K atssdr opy|

nmet hyl cei | ul ose. As al so descri bed above, in this

[evdydi Mbawmouhisof alibgtitueht g@apy batre anhydifoglusddeadtity batsiulose

B bYMREIGhARd Wﬂ%%%ié@e%kg%r of séﬁg gﬁ%@géﬂttached to the ring
((a - al k)acryl ate or, '-,,'oaga te. '
A4 DA RBPY  RULIaR% sy s “TRA et PRSP .- &l thrce
gyalapieenosiiona opeatingnitare sulpsiituiens the WoB ds pesifratabby 3, it dre
abiege oy nat e guehYiNg brd ®abien] the 8C BY Isl desRBAKERE 20Btcl ONi C
nmet hacrylic polyner. And nost 30 preferably, the

cryl at lymer, is a_cationic acrylic polynmer or
IR o BB eF TR r e el T4 ReC 3ty A0 BFaPs Bfsud-
séitionipiied to 2.0 1med Aydraxyaiyhmelap suatibition of wp wdbdd.ymer  of
the acrylic polymer and the nethacrylic polyner esters
6 ai " : [ _
os P’ﬁ%{ﬁﬁ%ﬁ%ﬁ%’r@%@ﬁ% i %’%éﬁ%&@mﬁ@%@%ﬁ% pre
EY [RURIYIGHOSHYTON fehusroxpiyl-  hepe YRR Plaralyridte Wit differ-
anhsubstitgtiorcgadrees3s methaxygamlinsirexyptdpexyreulistititiomsdre isamisa-
riz8d hidi6y mqshganaa‘oﬁmua 1080 Un@edthd nakid “AySbARRese” VO
2007/ 085024PCT/ US2007/ 060864 [ 0135] Yet anot her
enbodi nent of the present invention provides a
nmonolithic, non-mlled, nmelt-extruded drug formul ation
conprising a drug with abUS% potential wherein the
nmonol ithic fornul ati on has a substantially simlar
drug release profile to a crushed formof the
nmonol i thic fornmul ati on wherein the nonolithic
formulation is 5 crushed at about 20,000 rpmto about
50,000 rpmin a coffee grinding machi ne for about 60

-~ . 1
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35 nmers may be useful in formng the matrix of the
sustai ned rel ease pharnmaceutically acceptable

w@oioyngsozs WO 2007/ 085024PCT/ US2007/ 060864  PCT/US2007/060864

10137] Anot her enbodi nent of the present invention
provi des an abuse-deterrent drug fornmul ation
conprising a nelt-processed m xture of a) at |east one
abuse-rel evant drug, wherein said drug is
hydrocodorre; b) at |east one viscosity altering
agent, and c) at |east one sustained rel ease pol yner,
copol ynmer, or a conbination 5 thereof. In this

gﬁa@}é&g TRfeiyicERlGod e a8 @TdeF th% d?é’ﬁjc{ R%iﬂéj R/féen-lécsl. A
4

A RS BRI IGPT RSkt Do HE terHy. TBSSRYGRS T

. pslyagaparedisted nrasharmabepqwefmg B8P under thadarhal gethgitélnlose”.

to a human 3, 2, or 1 tines daily. In this enbodi nent,

‘!—‘ fgglypa?éc‘iﬁl%ﬁk@%fé@%éﬂuﬁég891‘&?@53'8{%%} offl héyigeliulose.
VdiexeioPyl YIRS Al aRE Upfeiine Brand netedEBRIGPEL ST
{ihethgiod y&rmbomm 9, Hytiaixypropyisesiar eubstithiorsatsuad. a8) METHOCEL F

(rﬁétﬂ@ﬁ@ .o a8 Ir@aroxwogmn&ére&ﬁﬁﬂ‘tﬁﬁbr%ﬂ&% A8 bind MESHO-

@

o Phdhv T bR 128 ek Porod e 0BG oo 0 Zne
é’lfs-'i"é@‘ﬁ%'d Fraé‘p é@é’*%ﬁy Hede Peaipierd/siroxperpyhmethyiseideses for
uberetbé pomapringetioat | east one al kyl al kacryl ath
poi yrrer af kacryl ate polyner, or a combination

f
TOEef  Tné'atie SIS SBRANy 1ot B SSRGS E b caoehos:
{whijch 8%”.? "@'% PRYY meés(%\rnkgjmmfﬁoﬂwam wa giFerentrepeat usits)pempris-

ing odimerk of acriieregicoaref/ @raiiedrdichodian@ior an bikgl (@lkkitylate. As
%H&fﬁénﬁiﬁt {h%rier‘n?‘ a‘ﬂ@F {é}ﬂ)ac Eteaﬂ%r]g% e e?fﬂ%récﬁr%s ponding acrylate

strfution
G SRgUAlA cotdpmEbictpis Ll Yrmed B gariaseoe icyipora-
Kgerylsaniasp jaspaivaly) *Oeitﬂlﬂj Iwesds, th teom "alkd fadk)benylate” refers to ei-
gidp aflial®Ndikaryl&tBios ah AK§Nddraste. t he al kyl al kacryiate or
Phé?e@' ‘ggthbldl@l @ik rﬁé?tleyéfﬁ r(CP@?@)éTW‘ Q@fd?awﬁchﬁat@fExamples of

R Errarteut bt EhlenyBiadlin Shyyr . porgph o,
5§~y ée#;bvryb iSOG Pastyl. ikt Bvriaherylc2-ail axyl, hamyl, octyl,
poyfl.ateapll ispdédyk unddoyt; dptiedyt tiidlcylNRiradecyl, pehtadasy, Hekadecyl,
H@H;t&&@dyl %Etabé’{vl %oﬂ?&é@P )b, RAHABENd M?rﬁ@rsﬁﬁ&fe@tf A Yyt

t he al t [

Bibe TV et Ry cb%nn?ﬁa?era%sfﬁe2$b¥@aa§@ﬁ°r%p Fepre-
a¢nkaalGi-aslelkemrow gmeafined ahovm pasirg peaferebly HE1-&e)aliyl group as
peineariboadn ExamgicBRE Bacy dk gloups by e allgs tad)scraaltimiiisgethy,

r e
gfr}#,g 5 n@f IQ"fﬂ'g 1L+Eb9tppfbgsoutgll r{Fh tP)'US/I 'ﬁgﬁlgl RE%II & Elggexc\{l 2-
ﬁ%hx'tfm' eotdeRRYhRanyh SEGA 8P IRMEFR RS0k e K QfOBF?S may be
slaighdror brapchetbshairo PréferabiwithedC-€xt)elk graoup represaids nd0gEs)alk
gloupRQWefided2dbol/®, rAerdDréreradies (C.288 alkiolPds EHhARebhRS
enbodi nent of the present i'nvention prOV|des an
abuse-deterrent drug formulation conprising a

[a8B0] pr Breéssielyl te alkyir(elkicrydie &ta (BeGHalkyt €(C1-Ca) alk)acrylate,
%Qﬁ&efe%lﬁg)’é‘(@ @ngu M{Eﬁﬁé‘drﬁat%a dm eug émetw fh%?@ﬂ%‘u% (Cy-
{

b B ok K e oy Sl Loy mpthacry-

late. Examples 98 (BT ek (methirsiyiate inclydet hetbylyndtoagspbtert®iMA),
ethyiansnabmed (EmA)] trtlpfo@gfmethacrylatesmmoﬁmew métﬁkﬁ;rﬂét@g
formulation is adapted so as to be useful for oral
admini stration to a human 3, 2, or 1 tines daily; and
wher e about ninety percent of the hydr ocodone is
released In vitro at about 4-6 hours. when adapted to
be adm nistered 3 tines a day, at about 6-10 hours
when adapted to be adm nistered 2 tinmes a day and
about 16-22 hours when adapted to be administered 1
time a day In one aspect of this invention, nore than
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15 suitable for or intended for, adm nistration to a
human every 12 hours as needed. However, when the
wo oomogsae4 on i s adapted to be suitable for, orP@émUsNABEE0864
for, admnistration to a human every 24 hours as
needed, then the fornulation preferably rel eases at
| east 90% of the plaid fromthe fornulation in about
15 hours to about 20 hours in vitro (in a USP Type |
apparatus) or on average when observed in vivo after
20 administration to an a popul ati on of healthy North
Ameri cans or Western Europeans, particularly when the
formulation is adapted to be suitable for, or intended
(IPHA). mwyhnghaeyten(BMMNalshibutirmesierryla241BAOA), eraisuty!
metededate (THMA): Tithyl auigiaitd WeA) SihLdRjIARNER e.t@g,,e\}pgy?ﬂate
e

(R R gl GO ot SRR b o i e
CPrBPIRAToNs RSPl eases at | east 95% of the opioid in

fromabout 6 hours or 7 hours to about 9 hours or 10
[uggar s Rfdf@abliynthe atueilioacid moapMs;Hlley -clﬁl,)aﬁa@%o?éc:&ﬁ Exam-
v : ) LVers. east .
Ples st F%-%?’#j?%%%’?%%%??a*%@#ﬁéﬁﬁ A SR A 3-Profpyiic
a8pt FORAPBTY '%a%lgdh‘?“*%y’mﬂ*% isoob HarsViic acid, krstipwacrgle acid,
P¢Uaarglcranid, ihevemyiicweid; beptatrglid aukd ahdisomeasther@bl. Preferably the
(PO |esniebaliye tm-ataélké’cr?r&%?d, ﬁfdos@&%#évaﬁ;': ﬁreg%}a@@?&i&
e erately

preferred for the treatnent of noderate to no
inin h . A dingly, the f | at i

DB o MRS SR Lo BRY = e SRy s e
giogpav Antsest brreiof"alkylbgnoap cefersGo 2Zthighbteiin, boarhed or dyakc,
sdtiinasdd di‘r?msa@:ﬁatéff &l%aﬁﬁﬁ@d?&c?atrtlﬁchﬁii ‘Plge]; :talg{/l gg% ; afébl?’f@ %a}bt%?s,
oAbl oS RS, U  hodo Bhn
geit hufroxw Aty campndremidadelisfamidenialisdamide, nios aminpabkt
kylamiioj diatkilemiroicdrbostyd dhio ahl erioYN A PHEHFRYT GBup WGE & An
OH RSN SIERI sl NeraH, érl@\/%'m%ﬁg%% %ePJﬂ?SIRM %ad fhifed

. f I'east :
oIBR8 Aot b P o B GH0 SePd Aoy Rigru rafees e SR
arpER whereiEQrie plsyas gefipddoaboval Are Sandho /Ayt mrederstasus-REl, i N
ngﬁ.Mﬂﬂaufyla?ﬁi@@’@éd?e@‘rs twlf DR? 2 Sup ?anérﬁgﬁ% %La"ég’fgta?’fdﬁ'
IR0 0 Al RIS orb 08 1o 80 o NP e SN ol FEye
alf 25 A6 Topd ABovE: AN BMING" S1oUR yRIPGdD ABNE BNtz Ay alkgamido” group
refres tadre rCONHRagreup whedreR i alk@ i darind @bofd, A€'dialkylamido”

grbMslFasRdens --o@m@a'%mér%iﬁg P& J%% EJ;&F%%]?%& Q?JvehA
" |lf O- t b t .
RTINS R RO
fromabout 0.91 to about 1.30 ng/rni of plasma/ng of
[0A93]r ododerian e@bndiarenisathieckyd iroops e ®eaIBstAited b ahy
grbtiin APy HAES, "E@/I"%Hes%o%ceﬁb lic %‘Td r@t&g&%‘iﬁgr Hatic

. hyd odone. .Concentrati on,of ocodone at ios
bbb BREBEIS  F56 BV SIS Aals foe SomeNe MosSARbRe- of -
MEPELEE sRERieresEnEliThmonngyshic arvkgrbopsinblate, dut emmot limited
tomtengl, furliydlroya el frfeny® pYfridify! SBrintiding! &6 R0 | xRS/P HoFh-

LT i ey -
thoRsrorrtizarype Hist ngladaarm: or Bimarakared promatip gr hetespasomasic
ringGashyrdrayeoete negoih dfesewdny aisent. Replesepiatidrysto paboutic aryl

grduifs RS ABphtRAshe B RrRERE § cﬁ)‘ﬂkﬁ)ﬁe,qu&&,ti @*Bamgof@raﬁ,

t o _about, 1.4 n /nL§ and optjonally of )

oo fleiu, Sub26R osgmitraly- 5 bt SRS g heckise-

a single dose suitable for the treatnent of noderate

to noderately severe pain f,gr about 12 hours. Wen the
~inventive formulati on contains hydrocodone the

formul ati on preferably al so produces 20 a pl asma

profile characterized by a Cmnn for hydrocodone of

bet ween about 0.6 ng/mJng to about 1,4 ng/ni/ng after

a single dose after a single dose suitable for the
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Sanpl e volune: 10 nL (no vol une replacenent) Sanple
preparation: used as is 20 Analytical finish: W

waletogosioon, wavel ength 280 nm (11) Met hod Descr@pusmni/o60864

Di ssolution in 20 or 40% Aqueous Et hanol

[ 01501 Apparatus: USP Di ssol ution Apparatus |1 (Paddle)
25 Rotation speed: 50 rpm Media: 20 or 40% aqueous

et hanol Medi a vol une 500 ni Tenperature: 37 C Sanpling
time: 15/ 30/ 45/ 60/ 90 / 120 / 180 / 240 / 360 /
420 / 480 mnutes 30 Sanple volune: 10 nL (no vol une
repl acenent) Sanple preparation: dilution 1+1 with

ﬁ%o/@fvnnélﬂl@ BRN&S ﬁe ghe“%h%%aln&% é'n%biﬁﬁ‘yrldw pteridine,

| ONn wav
ChesAs Jedhe. R eges H%BH%F fing chHeRpYad, A aE-ieties Alsees
dwsﬂdmrsuedami grotealbo inciiges gn satalky geoup. miher, as used herein

%QZlk BRO4 REHOIdEEH BULR 89 BELLy], Whoddif b alheatie RMREd td Aial-
Q%g%t ain investigated formulations 1-6 is summari zed

e 1. The fornulations do not contain a drug
that is subject to abuse; they are presented as
(084 - oPrefermbigphe agryirapolemer iSemacsiic bepelywter. Preferably, the

bEYVRSEdraahes chapmdsahortiters derRMd from Slk@R&K REhRIte, and/or

el i R

arryia %oyy%r&e@pﬁwsmm@ gexMeddiony piky! (ah)achiste 3.6, copoly-
Fedsalie alR@-d2Qidiemoo kikglBilacsydte omondimaxs akeddthes hereinbefore.
BSFLAN MPBeAEd 24 MESRBNMBEs IRAude Yo YRUDERYI A8 Monomer and
a copalymerisable (C1-C4)alkyt (C+-Cas)alkacrylate comonomer, particularly copoly-
mers formed from methyl methacrylate and a copolymerisable comoanomer of methyl
acrylate and/or ethyl acrylate and/or n-butyl acrylate.

[0095] Preferably, the (meth)acrylic polymer is a ionic (meth)acrylic polymer, in
particular a cationic (meth)acrylic pofymer. lonic (meth)acrylic polymer are manufac-
tured by copolymerising (meth)acrylic monomers carrying ionic groups with neutral
(meth)acrylic monomers. The ionic groups preferably are quaternary ammonium
groups.

[0096] The (meth)acrylic polymers are generally water-insoluble, but are swella-
ble and permeable in agueous solutions and digestive fluids. The molar ratio of cati-
onic groups to the neutral (meth)acrylic esters allows for are control of the water-
permeabilty of the formulation. In preferred embodiments the {meth)acrylic polymer
is a copolymer or mixture of copolymers whetein the molar ratio of cationic groups to
the neutral (meth)acrylic esters is in the range of about 1:20 to 1:35 on average. The
ratio can by adjusted by selecting an appropriate commercially available cationic
(meth)acrylic polymer or by blending a cationic (meth)acrylic polymer with a suitable
amount of a neutral {meth)acrylic polymer.

[0097] Suitable (meth)acrylic polymers ara commercially available from Rohm
Pharma under the Tradename Eudragit, preferably Eudragit RL and Eudragit RS.
Eudragit RL and Eudragit RS are copolymers of acrylic and methacrylic esters with a
low content of quaternary ammonium groups, the molar ratio of ammonium groups to

19



10

15

20

25

30

35

1% col | oi dal allican cdoxi de 55% acet am nophen 44%
Eudranll (2.6-P0 1% colloidal di con (Am de 55%

waemwvagionpbphen 11% V. uckagit R& PO 11% W I | em P&/ O 2@0864

% Kitt& EP 1% col | oi dal ai kon di oxrdo 55%
acet am nophen 22% Eudrogn F21.-1.0 22% Motel EF 1%
colloidal MIton dioxide Target weight (ng) 833 ng 933
ng 333 ng 533 ng an ne 833 ny Kl ee& EF

hydr oxypr opyl cel | ul ese [0153]in an enbodi nent of the

i nvention, a crushed, nultiparticulated or pow dered
m xture of the Ingredients nay be fed into a

rotatin rew extruder onpe preferred
3 e e R ERBE S Bl ruia, T I s RE gt 780 m
|EN§F9Q¢I|%tT§e\WnﬂEQie¢H*ﬂFON%QMGﬁ a8 5MGOA-wi n- screw
extruder (screw dianeter 18 nm. Extrusion was carried

nga?t badidss fh'g‘?ﬂntetht rpﬁ‘:‘i%‘i&s 'fGrtﬂé? MJ&Q@J&IHQ %gcelptable

o i o SRR e i T
@rqne&ﬁmf g fesapuiatipatandioi dnpbva thecbsamiimenifactore thacef. § hese

walynfeedmbybe salestel %dﬂhebﬁbJprofﬁ?%mQJ ongated tablets
wei ghi ng approxi mately 910 ng he tablets were cool ed

t ut . 015 \
e b BRPRES oE M-t el oo e by B U AN RYP).
N FICl and 20% aqueous et hanol according to the
HOUHOOE otoppilyreers aba teviny GackPd 5hgl bnd Onddr Mofeydieabers @-

%Iy%e(“lfétﬂé‘fh%rér)nth e BmbneReVeskid éét‘@ci festh Pft@g@ﬁ‘%@n@fmng

Aorbtre A ?Qﬁsaggﬂ‘a'gméﬁg@%wpﬁﬂ@@ GavRlyi gt §-vinyt pyr-
H@J@Pn%ﬁ@id 8 Vit garhelates psrevediexenmieshbalng & abpdlyrost)of N-viny]
Forroikiode and vidylexchid dredlcapoiyddr of NhinyR by @iiens Qndﬁnnyl propi-

t 20% active ingredient during the first 2
hours followed by a slower, near l|inear release of
anot her 25% active ingredi ent over the next 6 hours.
Tod0dbt pelyyieri alsahelgelvetviens atycakyrat sopaignesdi(availaliors, e.g.,

Kolliosat® IRMGrEBASKF 2G4 LhewiashaA470GdiRanget i vel y. Forns 3
and 6 showed a near linear rel ease of 33% and 36%

ectiv ver npl et e
ifi02 hRHEeR B polERBESE oo uch 8 molygiufPERiddaged poly-
PEwNEne Axide end gogdsiueragf ethrRenoxide amh bsopitene oxidg0
component) with only 13% of the drug rel eased after 8
fsu408] p&f@,&ﬂ%{ @85024PCT/ US2007/ 060864 [01561The
rel ease profil es I'n 20% aqueous et hanol are shown in

(gﬂure 2. Forms 1, 2 and 4 dissolved rapidly and
F14k eyl weefétfmﬂ'séws SHPLRE capolymers obvinh gealateand crotonic
abitl hpentictlp dydiolyzéd galyvimyl atetate (Addiréfenad of aspartaly sEorited

iRl dibdhdhg in Form 6 led to a slower but still
conpl éte rel ease of active ingredient after

Eﬁﬁrom mat e@i 5 hours. The two Methocel K 100M

Pal npoly i aleplRlt es (Form 3 and 5) exhibited by far

the slowest rel ease of active ingredient. After &

trmuos i FolXBHaraquUamiLs s@éfh@ﬂ%l 14086 Bid) gsﬁm 4230 Rty(3-
fete

0 LfHﬂratg%ﬁ mgl &?gﬁ%‘ POB {1?8

t%rpg or more the

For ns

{0100] - “Abuse-relevant drug” is intended to mean any biclogically effective ingre-
dient the distribution of which is subject to regulatory restrictions. Drugs of abuse that
can be usefully formulated in the context of the invention include withaut limitation

20



rized in Table 2: Table 2: Conposition 0%
al am nopben 8. 0% Eudreglt RL-PO AC% Mel ba: el KIDD 6, 0%

WORINASIEM 17, 2% Ka6donl7PF 1, 8% hydr ocodone 1BET/US2007/060864
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col l oidal silicon di oxide SD% dteram oophen 12. 6%
Eudra011RL- PO 5, 0% MahOOOF51( 10 5, 0% Mol hael MCKI M
12,6% Xyl I al 1, 0% hydr ocodone 1% col | oi dal sal oon
caol oo 60% acoar 46756811 SO% eudrnil RL-PO 6. 0%

Mol boxel K100 5, 0% Met hoomictueM 17, 2% bonb, F 1, 6%
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T i e e T e
[lass Pf abuse-regvgn? drugs are analgesics, especially the opioids.

[0101] By the term "opioid," it is meant a substance, whether agonist, antagonist,
or mixed agonist-antagonist, which reacts with one or more receptor sites bound by
endogenous opioid peptides such as the enkephalins, endorphins and the dynor-
phins. Opioids include, without limitation, alfentanil, allylprodine, alphaprodine, anil-
eridine, benzylmorphine, bezitramide, buprenorphine, butorphanol, clonitazene, ¢o-
deline, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide, dihy-
drocodeine, dihydromorphine, dimenpxadol, dimepheptanol, dimethylthiambutene,
dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, ethylmethylthiambu-
tene, sthylmorphlne, etonitazene, fentanyl, heroin, hydrocodons, hydromorphone,
hydroxypethidine, isomethadone, ketobemidone, levallorphan, levophenacylmor-
phan, levorphanol, lofentanil, meperidine, meptazinol, metazocine, methadone,
metopon, morphine, myrophine, nalbulphine, narceine, nicomorphine, norpipanone,
opium, oxycodone, oxymorphone, papvretum, pentazocine, phenadoxone, phenazo-
cine, phenomorphan, phenoperidine, piminodine, propiram, propoxyphene, sufen-
tanil, tilidine, and tramadol, and salts and mixiures thereof.

[0102]  In some preferred embodiments, the inventive formulation includes at least
one additional therapeutic drug. In even more preferred embodiments, the additional
therapeutic dug can be, without limitation, selected from the group consisting of non-
steroidal, non-opioidal analgesics, and Is optionally further selected from the group
consisting of acetaminophen, aspirin, fentaynl, ibuprofen, indomethacin, ketorolac,
naproxen, phenacetin, piroxicam, sufentanyl, sunlindac, and interferon alpha. Par-
ticularly preferrad are those combinations of drug currently sold as fixed dose com-
binations to the public under the authority of a suitable national or regional regulatory
agency, such as (by way of example) the U.S. Food and Drug Administration. Such
drugs include without limitation a (fixed dose) combination of hydrocodone and
acetarninophen, or a (fixed dose) combination of hydrocodone and ibuprofen.

{01031 The abuse-relevant drug(s) are preferably dispersed evenly throughout a ma-
trix that is preferably formed by a cellulose sther or cellulose ester, and one acrylic or
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methacrylic polymer as well as other optional ingredients of the formulation. This de-
scription is intended fo also encompass systems having small particles, typically of
less than 1 um in diameter, of drug in the matrix phase. These systems preferably do
not contain significant amounts of active opioid ingredients in their crystalline or
5  microcrystaliine state, as evidenced by thermal analysis (DSC) or X-ray diffraction

analysis (WAXS). At least 98% (by weight) of the total amount of drug is preferably
present in an amorphous state. If additional non-abuse relevant drug actives like e.g.
acetaminophen are additionally present in a formulation according to the present
invention, this additional drug active(s) may be in a crystalline state embedded in the

10 formulation.

[0104] When the dispersion of the components is such that the system is chemically

and physically uniform or substantially homogenous throughout or consists of one

thermodynamic phase, such a dispersion is called a "solid solution”. Solid solutions
15 of abuse-relevant actives are preferred.

[0105]  The formulation can also comprise one or more additives selected from
sugar alcohols or derivatives thereof, maltodextrines: pharmaceutically acceptable
surfactants, flow regulators, disintegrants, bulking agents and tubticants. Useful

20 sugar alcohols are exemplified by mannitol, sorbitol, xylitol; useful sugar alcohol de-
rivatives include without fimitation isomait, hydrogenated condensed palatinose and
others that are both similar and dissimilar.

[0106] Pharmaceutically acceptable surfactants are preferably pharmaceutically ac-

25  ceptable non-ionic surfactant. Incorporation of surfactants is especially preferred for
matrices containing poorly water-soluble active ingredients and/or to improve the
wettability of the formulation. The surfactant can effectuate an instantaneous emulsi-
fication of the active ingredient released from the dosage form and prevent precipita-
tion of the active ingredient in the aqueous fluids of the gastrointastinal tract.

30
[0107)Some preferred additives include polyoxyethylene alkyl ethers, e.g. poly-
oxyethylene (3) lauryl ether, polyoxyethylene (5) cetyl sther, polyoxyethylene (2)
stearyl ether, polyoxyethylene (5) steary! ether; polyoxyethylene alkylaryt ethers, e.g.
polyoxyethylene (2) nonylpheny! ether, polyoxyethylene (3) nonylphenyl ether, poly-

35 oxyethylene (4) nonylphenyl ether or polyoxyethylene (3) octylphenyl ether; polyeth-
ylene glycol fatty acid esters, e.g. PEG-200 monolaurate, PEG-200 dilaurate, PEG-
300 dilaurate, PEG-400 dilaurate, PEG-300 distearate or PEG-300 dioleate; alkylene
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hydr o- codone I n 40% aqueous et hanol was neasured
in various dosage forns 7, 8 and 9 10 for about 480

m nutes. Table 5: WD 2007/ 085024PCT/ US2007/ 060864
[0161] As shown in Table 6 below and in Figure 6, rate
of dissolution of aceta- m nophen (APAP) in 40%
aqueous et hanol was neasured in various dosage forns
7, 8 and 9 for about 480 m nutes. 5 Table 6:

glycol fatty acid mono esters, e.g. propylene glycol mono- and dilaurate (Laurogly-
col®);sucrose fatty acid esters, e.g. sucrose monostearate, sucrose distearate, su-
crose monolaurate or sucrose dilaurate; sorbitan fatty acid mone- and diesters such
as sofbitan mono laurate (Span® 20), sorbitan monooleats, sorbitan monopalmitate
(Span® 40), or sorbitan stearate, polyoxyethylene castor oil derivates, e.g. poly-
oxyethyleneglycerol triricinoleate or polyoxyl 35 castor oit (Cremophor® EL: BASF
Corp.} or polyoxyethyleneglycerol oxystearate such as polyethylenglycol 40 hydro-
genated castor oil (Cremophor® RH 40) or polyethylenglycol 60 hydrogenated castor
oil {Cremophor® RH 60); or block copolymers of ethylene oxide and propylene ox-
ide, also known as polyoxyethylene polyoxypropylene block copolymers or poly-
oxyethyiene polypropyleneglycol such as Pluronic® F68, Pluronic® F127, Polox-
amer® 124, Poloxamer® 188, Poloxamer® 237, Poloxamer® 388, or Poloxamer®
407 (BASF Wyandotte Corp.); or mono fatty acid esters of polyoxyethylene (20) sor-
bitan, e.g. polyoxyethylene (20) sorbitan monooleate (Tween® 80), polyoxysthylene
(20) sorbitan monostearate (Twean® 60), polyoxyethylene (20) sorbitan monopalmi-
tate (Tween® 40), polyoxyethylene (20) sorbitan monolaurate (Tween® 20), and the
like as well as mixtures of two, three, four, five, or more thereof.

[0108]  Various other additives may be included in the melt, for example flow
regulators such as colloidal silica; fubricants, fillers, disintegrants, plastici-zers, stabi-
lizers such as antioxidants, light stabilizers, radical scavengers or stabilizers against
microbial attack.

[0102]  The formulations of the invention can be obtained through any suitable
melt process such as by the use of a heated press, and are preferably prepared by
melt extrusion. In order to obtain a homogeneous distribution and a sufficient degree
of dispersion of the drug, the drug-containing melt can be kept in the heated barre! of
a melt extruder during a sufficient residence time. Melting occurs at the transition into
a liquid or rubbery state in which it is possible for one component to be homogene-
ously embedded in the other. Melting usually involves heating above the softening
point of a cellulose ether/ester or (meth)acrylic polymer. The preparation of the melt
can take place in a variety of ways.

[0110]  Usually, the melt temperature is in the range of 70 to 250 °C, preferably 80
o 180 °C, most preferably 100 to 140 °C.
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[0111]  When the melt process comprises melt extrusion, the melting andfor mix-
ing can take place in an apparatus customarily used for this purpose. Particularly
suitable are extruders or kneaders. Suitable extruders include single screw extrud-
ers, intermeshing screw extruders, and multiscrew extruders, preferably twin screw
extruders, which can be co-rotating or counterrotating and are optionally equipped
with kneading disks. It will be appreciated that the working temperatures will also be
determined by the kind of extruder or the kind of configuration within the extruder
that is used. Part of the energy needed to melt, mix and dissolve the components in
the extruder can be provided by heating elements. However, the friction and shear-
ing of the material in the extruder may also provide the mixture with a substantial
amount of energy and aid in the formation of a homogeneous melt of the compo-
nents.

[0112] In another embodiment, the invention provides an aral, sustained release
dosage form characterized in that it has at least two of the following features (a) the
drug that is extracted from the formulation by ethanolic solvent, e.g. 40% or 20%
aqueous ethanol or both within one hour at 37 °C, with or without agitation, Is less
than or equal twice the amount of the drug that is extracted by 0.01 N hydrochloric
acid within one hour at 37 °C, (b) the dosage form is resistant to tampering and does
not break under a force of 300 newtons, preferably 600 newtons, more preferably
1200 newtons, as measured by “Pharma Test PTB 501” hardness tester, and (c)
the dosage form releases at least 15%, more preferably 18%, and optionally 24% of
the drug, but not more than 45%, more preferably 38% and optionally 34% of the
drug during the 30 minute, first hour, or first two hours in in vitro dissolution testing
and optionally also in vivo (i.e., in the digestive tract of an animal or human). While
not desiring to be bound by any particular theory, it is believed that high initial re-
lease rate of drug from the formulation are accomplished by providing a high drug
foad in the formulation. Drug loading for a single active ingredient, such as aceta-
minophen in some embodiments of the inventive formulation can be greater than
about 60%, 70%, 75%, 80%, 85%, by weight. The drug loading of acetaminophen
can be limited to 80%.

[0113] A preferred embodiment of this dosage form Is a monolithic form or a solid
solutlon. The term “monclithic” is derived from roots meaning “single” and "stone”. A
monolithic form or a solid preferably has at least one dimension that is more than
5mm. In monolithic emboadiments of the invention, the abuse televant drug is pref-
erably contained in a single solid, or a single solid solution, slement. The monolithic
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ease sruggtaﬁtlally the ent;re quantlty of the abuse relevant drug incorporated into
the dosage form. For example, the inventive dosage form can be adapted to deliver
greater than 90%, and preferably 95%, of the drug in in vitro dissolution tasting within
about 16, and optionally 12 or 9 hours. The cumulative blood concentration, or AUC,
cannot be directly known from the time at which 90% of the drug is released from the
formulation, however, in general higher AUCs per mg of the abuse relevant drug can
be achieved when the drug formulation releases substantially all, or all, of the abuse
relevant drug in portions of the digestive tract capable of absorbing the drug lnto the
patient’s (or animals) blood system.

[0115] In yet another preferred embodiment the invention provides a process for the
manufacture of an abuse-resistant drug dosage formulation com prising melt exirud-
ing a formulation comprising at least one therapeutic drug further comprising directly
shaping the extrudate into a dosage form without (an intermediate) milling step. The
melt-extrudate preferably comprises a cellulose derivative, and preferably also com-
prises a Eudragit polymer. Preferred Eudragit polymers include Eudragit L or
Eudragit RS or both, and particularly preferred is Eudragit RLor a combination of
Eudragit RL and Eudragit RS.

[0116]  The melt can range from pasty to viscous. Before allowing the melt to so-
lidify, the melt optionally can be shaped into virtually any desired shape. Conven-

lently, shaping of the extrudate optionally can be carried out by a calender, prefera-
bly with two counter-rotating rollers with mutually matching depressions on their sur-
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fore ("hot-cut”) or after solidification (“cold-cut’) or used In a die injection process.
Melt processes involving heated presses optionally can also be calendered.

[0117]  The formed melt can be optionally overcoated with materials that do not
contain substantial amount of the drug with abuse potentlal. For example, the mono-
lithic dosage form containing the drug of abuse can be overcoated with a color coat,
a swallowing aid, or another layer of pharmaceutically acceptable materials. The
materials layered over the monalithic form preferably do not materially alter the rate
of release of the active ingredient from the dosage form.

[0118]  In order to facilitate the intake of such a dosage form by a mammal, it is
advantageous to give the dosage form an appropriate shape. Large tablets that can
be swallowed comfortably are therefore preferably elongated rather than round in
shape.

[0119] A film coat on the dosage form further contributes to the ease with which it
can be swallowed. A film coat also improves taste and provides an elegant appear-
ance. If desired, the film coat may be an enteric coat. The film coat usually includes
a polymeric film-forming material such as hydroxypropyl methylcellulose, hy-
droxypropylceliulose, and acrylate or methacrylate copolymers. Besides a film-
forming polymer, the fllm-coat may further comprise a plasticizer, e.g. polyethylene
glycol, a surfactant, e.g. a Tween® type, and optionally a pigment, e.g., titanium di-
oxide or iron oxides. The film-coating may also comprise talc as an anti-adhesive.
The film coat usually accounts for less than about 5% by weight of the dosage form.

[0120]  In one embodiment, the present invention provides an abuse-deterrent
drug formulation comprising a melt-processed mixture of a) at least one abuse-
relevant drug, b) at least one celluloss ether or cellulose ester, and ¢) at least one
alkyl alkacrylate polymer, alkacrylate polymer, or a combination thereof. In this em-
bodiment, the amount of the drug that is extracted from the formulation by 40%
aqueous ethanol within one hour at 37 °C is less than or equal to twice the amount of
the drug that is extracted by 0.01 N hydrochloric acid within one hour at 37 °C; and
the drug formulation is adapted so as to be useful for oral administration to 2 human
3, 2, or 1 times daily.

26



10

15

20

25

30

35

60% acet ammopman 13% Eudi ogi . AL- PC 13% Wioa& MOW 13%
Pal yox 1% tortoktal silicon ciaxida 60% acetam nophen

wd 300138 AL- PD 13% Kol i kl on VAN 13% Kl ut abCEUSANG/060864

col | oi d& ! Aeon dl exkl e Target wol gin KM 813 ng 833 ny
833 ng 893 ng 633 nti 1133 ng 5 [0187] The di ssol ution
behavi our of the tablets was tested in 0.01 N HC and
20% aqueous et hanol according to the protocol given
above. As shown in Table 11 below and in Figure 14,
rate of dissolution of hydrocodone in 20% aqueous

et hanol was neasured in various dosage fornms 32-37 for

o8 AR L 2 S kot e o
supgituion(aih)3 tecathanchhydrenyaifkyi moles stsatitution 86 upearn. s, Mdre
prefegablyl the%ikye ubstifutidd imBth). Most preferably, the hydroxyalkyl substi-
tution is hydroxpropyl. In another aspect of this embodiment, preferably, the cellu-
lose ether is hydroxpropyl methylceliulose.

[0122]  In yet another aspect of this embodiment, the alky! alkacrylate or the al-
kacrylate polymer has monomeric units of (C4-Caz)alkyl ({C4-Cip)alk)acrylate or (Cy-
Cio)alkacrylate. More preferably, the alkacrylate polymer is an acrylic polymer or a
methacrylic polymer. Also more preferably, the alkacrytate polymer Is ionic actylic
polymer or ionic methacrylic polymer, Yet, more preferably, the alkacrylate polymer
is a cationic acrylic polymer or cationic methacrylic polymer. Most preferably, the al-
kacrylate polymer is a copolymer of the acrylic polymer and the methacrylic polymer
esters containing quaternary ammonium groups. In the most preferred embodiment,
the alkacrylate polymer is a copolymer or mixture of copolymers wherein the molar
ratio of cationic groups fo the neutral esters is in the range of about 1:20 to 1:35 on
average.

[0123]  In one aspect of this embodiment, the abuse-relevant drug Is selected
from the group consisting of atropine, hyoscyamine, phenobarbital, and scopolamine
salts, esters, prodrugs and mixtures thereof. In another aspect, the abuse-relevant
drug is an analgesic, and yet in another aspect, the abuse-relevant drug is an opioid.
The opioid may be selected from the group consisting of alfentanil, allylprodine, al-
phaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine, butorphanol,
clonitazene, codeine, cyclazocine, desomorphine, dextromoramide, dezocine, diam-
promide, dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethyl-
thiambutene, dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, ethyl-
methylthiambutene, ethylmorphine, etonitazene, fentanyl, heroin, hydrocodone, hy-
dromorphone, hydroxypethidine, isomethadone, ketobemidone, levallorphan, levo-
phenacylmorphan, levorphanol, lofentanil, meperidine, meptazinol, metazocine,
methadone, metopon, morphine, myrophine, nalbulphine, narceine, nicomorphine,
norpipanone, opium, oxycodone, oxymorphone, papvretum, pentazocine,
phenadoxone, phenazocine, phenomorphan, phencperidine, piminodine, propiram,
propoxyphene, sufentanil, tilidine, and tramadol, and salts, esters, prodrugs and mix-
tures thereof. In another aspect the abuse-relevant drug is selected from the group
consisting of pseudoephedrine, anti-depressants, strong stimulants, diet drugs, and
non-steroidal anti-inflammatory agents, salts, esters, prodrugs and mixturas thereof.
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Preferably, the strong stimulant is methamphetamine or amphetamine. The above
refernced formulations, also further comprise at least one further drug. In one as-
pect, further therapeutic drug is selected from the group consisting of non-steroidal,
non-opioidal analgesics, and is optionally further selected from the group consisting
of acetaminophen, aspirin, fentaynl, ibuprofen, indomethacin, ketorolac, naproxen,
phenacetin, piroxicam, sufentanyl, sunlindac, and interferon alpha.

[0124]  In these formulations, the abuse-relevant drug is preferably dispersed in
the formuiation in a state of a solid solution. in one aspect, all these formulations
may additionally comprise at least one additive independently selected from the
group consisting of surfactants, flow regulators, disintegrants, bulking agents, lubri-
cants, effervescent agents, colorants, flavourings, and combinations thereof.

[0125]  In one embodiment of the invention, between 11% and 47% of the abuse-
relevant drug is released in 0.01 N hydrochloric acid within two hours at 37 °C. In
another embodiment, less than 20% of the abuse-relevant drug is released in 40%
aqueous ethanol within one hour at 37 °C.

[0126] In another embodiment, the present invention provides a monolithic, sus-
tained release oral dosage formulation, This drug fromulation comprises a melt-
processed mixture of: a) an analgesically effective amount of at least one an abuse-
relevant drug, b) at least one cellulose ether or cellulose ester, and c) at least one
alkyl alkacrylate polymer, alkacrylate palymer, or a combination thereof. In this for-
mulation, the amount of the drug that is extracted from the formulation by 40% aque-
ous ethanol within one hour at 37 °C is less than or equal to twice the amount of the
drug that is extracted by 0.01 N hydrochloric acid within one hour at 37 °C; and the
drug formulation is adapted for sustained release so as to be useful for oral admini-
stration to a human 3, 2, or 1 times daily. Further, in this embodiment, preferably,
the cellulose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl
molar substitution of up to 0.85. In another aspect, the alkyl substitution is methyl.
In another aspect, the hydroxyalkyl substitution is hydroxpropyl. Preferably, the cel-
lulose ether is hydroxpropyl methylcellulose.

[0127]  In another aspect of this embodiment, the alkacrylate polymer is-an acrylic
polymer or a methacrylic polymer. Preferably, the alkacrylate polymer is an ionic
acrylic polymer or an ionic methacrylic polymer.More preferably, alkacrylate polymer
is a cationic acrylic polymer or a cationic methacrylic polymer. Most preferably, the
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15, rate of dissolution of hydro-

alkacrylate polymer is a copolymer of the acrylic polymer and the methacrylic poly-
mer esters containing quaternary ammonium groups. Also, more preferably, the
acrylic polymer or the methacrylic polymer is a copolymer or mixture of copolymers
wherein the molar ratio of cationic groups to the neutral esters is in the range of

5 about 1:20 to 1:35 on average.

[0128]  In another aspect of this emboaiment, the abuse-relevant drug is selected
from the group consisting of atropine, hyoscyamine, phenobarbital, and scopolamine
salts, esters, prodrugs and mixtures thereof. Preferably, the abuse-relevant drug is

10 an analgesic. More preferably, the abuse-relevant drug is an oploid. Most prefera-
bly, the opioid is hydrocodone, its salts and esters. As also described above, the
opioid is selected from the group consisting of alfentanil, allylprodine, alphaprodine,
anileridine, benzylmorphine, bezitramide, buprenarphine, butorphanol, clonitazene,
codeine, cyclazocine, dasomorphine, dextromoramide, dezocine, digmpromide, di-

15 hydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethyithiambutene,
dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, ethylmethyithiambu-
tene, ethylmoarphine, etonitazene, fentanyl, heroin, hydrocodone, hydromorphone,
hydroxypethidine, isomethadone, ketobemidone, levailorphan, levophenacylmor-
phan, levorphanol, lofentanil, meperidine, meptazinol, metazocine, methadone,

20  metopon, morphine, myrophine, nalbulphine, narceine, hicomorphine, norpipanone,
opium, oxycodone, oxymorphone, papvretum, pentazocine, phenadoxone, phenazo-
cine, phenomorphan, phenoperidine, piminodine, propiram, propoxyphene, sufen-
tanil, tilidine, and tramadol, and salts, esters, prodrugs and mixtures thereof. Fur-
ther, the abuse-relevant drug is selected from the group consisting of pseudoephed-

25 rine, anti-depressants, strong stimulants, diet drugs, and hon-steroidat anti-
inflammatory agents, salts, esters, prodrugs and mixtures thereof. Preferably, the
strong stimulant is methamphetamine or amphetamine. Another embodiment of the
formulation provides at least one further drug. In this embodiment, the further thera-
peutic drug is selected from the group consisting of non-steroidal, non-opioidal anat-

30 gesics, and is optionally further selected from the group consisting of acetamino-
phen, aspirin, fentaynl, ibuprofen, indomethacin, ketorolac, naproxen, phenacetin,
piroxicam, sufentanyl, suniindac, and intetferon alpha. Preferably, the abuse-
relevant drug is dispersed in the formulation in a state of a solid solution. In another
embodiment, the formulation additionally comprises at least one additive selected

35 from the group consisting of surfactants, flow regulators, disintegrants, bulking
agents, lubricants, effervescent agents, colorants, flavourings. [n ohe aspect of this
embodiment, between 11% and 47% of the abuse-relevant drug is released in 0.01
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N hydrochloric acid within two hours at 37 °C. In another aspect the dosage form
also provides a formulation where less than 20% of the abuse-relevant drug is re-
leased in 40% aqueous ethanol within one hour at 37 °C.

[0129]  Another embodiment of the present invention provides an oral sustained
release dosage formulation of a drug characterized by at least two of the following
features: a) the drug that is extracted from the formulation by 40% aqueous ethanol
within one hour at 37 °C is less than or equal twice the amount of the drug that is
extracted by 0.01 N hydrochioric acid within one hour at 37 °C, b) the formulation
does not break under a force of 150 newtons, preferably 300 newtons, more pref-
erably 450 newtons, yet more preferably 500 newtons as measured by "Pharma Test
PTB 501" hardness tester, and c) the formulation releases at least 15% of the one
drug and not more than 45% of the one drug during the first hour in in vitro dissolu-
tion testing and preferably also in vivo. Preferably, in this embadiment, the formula-
tion is not snortable via nasal administration, meaning that when processed in a cof-
fee grinder (as defined hereinabove) for 60 seconds, the material is either uncom-
fortable for snorting, does not release the abuse relevant drug more than 40 per-
centage points faster, more preferably less than about 30 percentage points faster,
and yet more preferably less than about 20 percentage points faster, than when
swallowed with water or with 20% agueous ethanol or with 40% aqueous ethanol, or
both. Also preferably, the drug is an opioid, amphetamine or methamphetamine.
More preferably, the formulation comprises an abuse-deterrent drug formulation pro-
duced by a melit-processed mixture of a) at least one abuse-relevant drug, b) at least
one cellulose ether or cellulose ester, and c) at least one alkyl alkacrylate polymer,
alkacrylate polymer, or a combination thereof. In this formulation, the amount of the
drug that is extracted from the formulation by 40% aqueous ethanol within one hour
at 37 °C is less than or equal to twice the amount of the drug that is extracted by
0.01 N hydrochloric acid within one hour at 37 °C; and the drug formulation is
adapted so as to be useful for oral administration to a human 3, 2, or 1 times daily.

In this embodiment, preferably, the cellulose ether has an alkyl degree of substitution
of 1.3 to 2.0 and hydroxyalkyl molar substitution of up to 0.85. More preferably, the
alkyl substitution is methyl. Yet more preferably, the hydroxyalkyl substitution is hy-
droxpropyl. Most preferably, the cellulose ether is hydroxpropyl methylcellulose.
Also, in this embdodiment, the alkyl alkacrylate or the alkacrylate polymer has
monomeric units of (C4-Caz)alkyl ((Ci-Cio)alk)acrylate ot (C4-Cro)alkacrylate. Pref-
erably, the alkacrylate polymer is an acrylic polymer or a methacrylic polymer. More
preferably, the alkacrylate polymer is ionic acrylic polymer or ionic methacrylic poly-
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mer. Yet more preferably, the alkacrylate polymer is a cationic acrylic polymer or
cationic methacrylic polymer. Most preferably, the aikacrylate polymer is a copoty-
mer of the acrylic polymer and the methacrylic polymer esters containing quaternary
ammonium groups. In this most preferred embodiment, further, the alkacrylate
polymer is a copolymer or mixture of copolymers wherein the molar ratio of cationic
groups to the neutral esters is in the range of about 1:20 to 1:35 on average.

[0130] Yet another embodiment of the present invention provides a non-milled,
melt-extruded drug formulation comprising a drug with abuse potential. In this pre-
ferred embodiment, the formulation is not snortable via nasal administration. Also,
preferably, the drug is an opioid, an amphetamine or methamphetamine. Most pref-
erably, the formulation is directly shaped from the melt-extrudate into a dosage form
without (an intermediate) milling step. Also, more preferably, the formulation is di-
rectly shaped from the melt-extrudate into a dosage form without (an intermediate)
multiparticulating step. Most preferably, the formulation is directly shaped from the
meit-extrudate into a dosage form by the process of calendaring.

[0131]  Another embodiment of the present invention provides a monolithic, non-
milled, non-multiparticulated, melt-extruded drug formulation comprising a drug with
abuse potential having a diameter from about at least 5.1 mm to about 10 mm and a
length from about 5.1 mm to about 30 mm. In this embodiment, preferably, the for-
mulation is directly shaped from the melt-extrudate into a dosage form without (an
intermediate) milling step. Further preferably, the formulation is directly shaped from
the melt-extrudate into a dosage form without (an intermediate) multiparticulating
step. Inthe above embodiments, most preferably, the formulation is directly shaped
from the melt-extrudate into a dosage form by the process of calendaring. Also, as
described above, preferably the formulation comprises an abuse-deterrent drug pro-
duced by a melt-processed mixture of a) at least one abuse-relevant drug, b) at least
one cellulose ether or cellulose ester, and c) at least one alkyl alkacrylate polymer,
alkacrylate polymer, or a combination thereof. In this embodiment, the amount of the
drug that is extracted from the formulation by 40% aqueous ethanol within one hour
at 37 °C is less than or equal to twice the amount of the drug that is extracted by
0.01 N hydrochloric acid within one hour at 37 °C; and the drug formulation is
adapted so as to be useful for oral administration to a human 3, 2, or 1 times daily.
Prefsrably, in this embodiment, the cellulose ether has an alkyl degree of substitution
of 1.3 to 2.0 and hydroxyalkyl molar substitution of up to 0.85. Also preferably, the
alkyl substitution is methyl. Yet more preferably, the hydroxyalkyl substitution is hy-
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embodiment preferably, the therapeutic drug comprises an abuse-deterrent drug
having: a) at least one abuse-relevant drug, b) at least one cellulose ether or cellu-
lose ester, and c) at least one alkyl alkacrylate polymer, alkacrylate polymer, or a
combination thereof. In this formulation, the amount of the drug that is extracted
from the formulation by 40% aqueous ethanol within one hour at 37 °C is less than or
equal to twice the amount of the drug that is extracted by 0.01 N hydrochloric acid
within one hour at 37 °C; and the drug formulation is adapted so as to be useful for
oral administration to a human 3, 2, or 1 times daily. For this formulation, the cellu-
lose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl molar
substitution of up to 0.85. Preferably, the alkyl substitution is methyl. More prefera-
bly, the hydroxyalkyl substitution is hydroxpropyl. And most preferably, the cellulose
ether is hydroxpropyl methylcellulose. Also in this embodiment, the alkyl alkacrylate
or the alkacrylate polymer has monomeric units of (C1-Cgp)alkyl ((C1-C1o)alk)acrylate
or {C+-Cyo)alkacrylate. More preferably, the alkacrylate polymer is an acrylic polymer
or a methacrylic polymer. Also, more preferably, the alkacrylate polymer is ionic
acrylic polymer or ionic methacrylic polymer. Yet more preferably, the alkacrylate
polymer is a cationic acrylic polymer or cationic methacryiic polymer. And most
preferably, the alkacrylate polymer is a copolymer of the acrylic polymer and the
methacrylic polymer esters containing quaternary ammonium groups. In this pre-
ferred embodiment, the alkacrylate polymer is a copolymer or mixiure of copolymers
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wherein the molar ratio of cationic groups to the neutral esters is in the range of
about 1:20 to 1:35 on average.

[0133] Another embodiment of the present invention provides a procass for the
manufacture of an abuse-resistant drug dosage formulation comprising melt extrud-
ing a formulation comprising at least one therapeutic drug further comprising directly
shaping the extrudate into a dosage form without (an intermediate) milling step or
multiparticulating step. in this process preferably, the melt-extrudate comprises a
cellulose derivative. More preferably, this cellulose derivative comprises a commer-
cially available Eudragit polymer. Yet more preferably, the melt-extrudate comprises
Eudragit® L or Eudragit® RS or both. Most preferably, the melt-extrudate comprises
Eudragit® RL or mixtures containing both Eudragit® RS and Eudragit® RL.

[@134] In another embodiment, the melt-extrudate comprises an abuse-deterrent
drug having: a) at least one abuse-relevant drug, b) at least one cellulose ether or
cellulose ester, and c) at least one alky! alkacrylate polymer, alkacrylate polymer, or
a combination thereof. In this embodiment, the amount of the drug that is extracted
from the formulation by 40% aqueous ethanol within one hour at 37 °C is less than or
equal to twice the amount of the drug that is extracted by 0.01 N hydrochloric acid
within one hour at 37 °C; and the drug formulation is adapted so as to be useful for
oral administration to a human 3, 2, or 1 times daily. Preferably, in this embodiment,
the cellulose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl
molar substitution of up to 0.85. More preferably, the alkyl substitution is methyl. Yet
more preferably, the hydroxyalkyl substitution is hydroxpropyl. Most preferably, the
cellulose ether is hydroxpropyl methylceliulose. As also described above, in this
embodiment, the alkyl alkacrylate or the alkacrylate polymer has monometric units of
(C1-Caz)alkyl {(C4-Cro)alk)acrylate or (Ci-Cro)alkacrylate. Preferably, the alkacrylate
polymer is an acrylic polymer or a methacrylic polymer. More preferably, the al-
kacrylate polymer is ionic acrylic polymer or ionic methacrylic polymer. And most
preferably, the alkacrylate polymer is a cationic acrylic polymer or cationic
methacrylic polymer. In this most preferred embodiment, the alkacrylate polymer is
a copolymer of the acrylic polymer and the methacrylic polymer esters containing
quaternary ammonium groups. Also in this most preferred embodiment, the alkacry-
late polymer is a copolymer or mixture of copolymers wherein the molar ratio of cati-
onic groups to the neutral esters is in the range of about 1:20 to 1:35 on average.

33



> 500 484 WO 2007/ 085024PCT/ US2007/ 060864 [ 0170] (v)
The di ssol uti on behavi our of the tablets of Fornms 32,

wW@Zooangso36 was tested in 0.01 N+ 5% NaCl, 0. O05pdd/US2007/060864

10

15

20

25

30

35

phosphate buffer pH 6.78/50 rpm 0.01 N HC -1- 0.9%
NaCl /50 rpm and 0.01 N HC1/200 rpm according to
substantially simlar protocols as provided above. 5
[0171] Further, as shown In Table 15 below and in
Figure 18, rate of dissolution of acetam nophen in
0.01 N HCO + 6% NaCl was neasurea in various dosage
Forms 32, 34 and 36 for about 480 m nutes. 10Tabl e 15:
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wherein the monolithic formulation has a substantially similar drug release profile to
a crushed form of the monolithic formulation wherein the monolithic formulation is
crushed at about 20,000 rpm to about 50,000 rpm in a coffee grinding machine for
about 60 seconds. Preferably, in this embodiment, the melt-extrudate comprises an
abuse-deterrent drug having: a) at least one abuse-relevant drug, b) at least one cel-
lulose ether or cellulose ester, and c) at least one alkyl alkacrylate polymer, alkacry-
late polymer, or a combination thereof. In this formulation, the amount of the drug
that is extracted from the formulation by 40% aqueous ethanol within one hour at 37
°C is less than or equal to twice the amount of the drug that Is extracted by 0.01 N
hydrochloric acid within one hour at 37 °C; and the drug formulation is adapted so as
to be useful for oral administration to a human 3, 2, or 1 times daily. Preferably the
cellulose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl mo-
lar substitution of up to 0.85. More preferably, the alkyl substitution is methyl. Also
moare preferably, the hydroxyalkyl substitution is hydroxpropyl. Most preferably, the
cellulose ether is hydroxpropyl methylcellulose. Moreover, in this embodiment, the
alkyl alkacrylate or the alkacrylate polymer has monomeric units of (C1-Caz)alkyl ((C4-
Cro)alk)acrylate or (C4-Cqo)alkacrylate. Preferably, the alkacrylate polymer is an
acrylic polymer or a methacrylic polymer. More preferably, the alkacrylate polymer is
ionic acrylic polymer or lonic methacrylic polymer. Yet more preferably, the alkacry-
late polymer is a cationic acrylic polymer or cationic methacrylic polymer. Most pref-
erably, the alkacrylate polymer is a copolymer of the acrylic polymer and the
methacrylic polymer esters containing quaternary ammonium groups. In this most
preferred embodiment, the alkacrylate polymer is a copolymer or mixture of copoly-
mers wherein the molar ratio of cationic groups to the neutral esters is in the range of
about 1:20 to 1:35 on average. Further In certain preferred smbodiments, the drug
formulation does not comprise more than 0.5% of a genotoxic compound detived
from the abuse relevant drug or another active pharmaceutical ingredient included in
the formulation. For example, it has been found that polyethylene oxide oxidizes
some opioids to form an N-oxide derivative that might be genotoxic. Accordingly, in
embodiments of the invention containing polyethylene oxide or other polymers or
substances that cause significant oxidation of opioids, other abuse relevant drugs, or
oxidizable nan-abuse relevant drugs, then the inventive formulation preferably com-
prises a sufficient quantity of anti-oxidants to prevent the accumulation of potentially
genotoxic derivatives, preferably less than 1%, more preferably less than 0.5%, yat
more preferably less than 0.3%, even more preferably less than 0.1%, and most
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preferably less than 0.05%, by weight of the genotoxic compound as a total of the
weight of the drug incorporated into the formulation.

[0136] Another embodiment of the present invention provides an abuse-deterrent
drug formulation comprising a melt-processed mixture of a) at least one abuse-
relevant drug, b) at least one rate altering pharmaceutically acceptable polymer, co-
polymer, or a comhination thereof. In this embodiment, the amount of the drug that
is extracted from the formulation by 40% aqueous ethanol within one hour at 37 °C is
less than or equal to twice the amount of the drug that is exiracted by 0.01 N hydro-
chloric acid within one hour at 37 °C; and the drug formulation is adapted so as to be
useful for oral administration to a human 3, 2, or 1 times daily. Preferably, the rate
altering polymer is a cellulose ether or a cellulose ester polymer. In another em-
bodiment, the rate altering polymer is selected from a group consisting of ho-
mopolymers, copolymers, ar combinations of monomers of N-vinyl lactams, nitrogen-
containing monomers, oxygen-containing monomers, vinyl alcohol, ethylene glycol,
alkylene oxides, ethylene oxide, propylene oxide, acrylamide, vinyl acetats, hydroxy
acld. In yet another embodiment, the rate altering polymer is hydrogen-peroxide
polyvinylpyrrolidone polymer. In another preferable embodiment, the rate altering
polymer, copolymer, or a combination thereof comprises af least one alkyl alkacry-
late polymer, alkacrylate polymer, or a combination thereof. More preferably, the
celiulose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl mo-
lar substitution of up to 0.85. Also, more preferably, the alkyl substitution is methyl.
Yet more preferably, the hydroxyalky!t substitution is hydroxpropyl. Most preferably,
the cellulose ether is hydroxpropyl methyicellulose. in another embodiment, the alkyl
alkacrylate or the alkacrylate polymer has monomeric units of (C1-Caz)alkyl ((Cs-
Cao)alk)acrylate or (C1-Cro)alkacrylate. More preferably, the alkacrylate polymer is
an acrylic polymer or a methacrylic polymer. Yet more preferably, the alkacrylate
polymer is ionic acrylic polymer or ionic methacrylic polymer. Most preferably, the
alkacrylate polymer is a cationic acrylic polymer or cationic methacrylic polymer.
Further, in a most preferable embodiment, the alkacrylate polymer is a copolymer of
the acrylic polymer and the methacrylic polymer esters containing quaternary am-
monium groups. In this most preferable embodiment, the alkacrylate polymeris a
copolymer or mixture of copolymers wherein the molar ratio of cationic groups to the
neutral esters is in the range of about 1:20 ta 1:35 on average. Rate altering poly-
mers may be useful in forming the matrix of the sustained release pharmaceutically
acceptable polymers.

35



mean in % 000015556307 78459 9 11 60
10 10 12 90 12 13 15 120 15 15 18 189 18 19 22

WO 2007/085024 PCT/US2007/060864

10

15

20

25

30

35

[0137]  Anocther embodiment of the present invention provides an abuse-deterrent
drug formulation comprising a melt-processed mixture of a) at least one abuse-
relevant drug, wherein said drug is hydrocodone; b) at least one viscosity altering
agent, and c) at least one sustained release polymer, copolymer, or a combination
thereof. In this embodiment, more than 30% of the hydrocodone is extracted from
the formulation at about one hour at 37 °C in 0.01N hydrochloric acid; and the drug
formulation is adapted so as to be useful for oral administration to g human 3,2,0or1
times daily. In this embodiment, viscosity altering agents are pharmaceutically ac-
ceptable polymers that may be used to alter the viscosity or the glass transition tem-
perature of the polymer melt that is used for the sustained release formulation. In
one preferred embodiment, the viscosity altering agent is a cellulose ether or a cellu-
lose ester. In another preferred embodiment, the sustained release polymer, co-
polymer, or a combination thereof comprises at least one alkyl alkacrylate polymer,
alkacrylate polymer, or a combination thereof. Also, praferably, in this embodiment,
the cellulose ether has an alkyl degree of substitution of 1.3 to 2.0 and hydroxyalkyl
molar substitution of up to 0.85. In a more preferred embodiment, the alkyl substitu-
tion is methyl. In another preferred embodiment, the hydroxyalkyl substitution is hy-
droxpropyl. Most preferably, the cellulose ether is hydroxpropyl methylcelluloses.
Also in another embodiment of this invention, the alkyl aikacrylate or the alkacrylate
polymer has monomeric units of (C4-Czp)alkyl ({C4-Co)alk)acrylate or (Cy-
Cio)alkacrylate, Preferably, the alkacrylate polymer is an acrylic polymer or a
methacrylic polymer. Yet preferably, the alkacrylate polymer is ionic acrylic polymer
or ionic methacrylic polymer. More preferably, the alkacrylate polymer is a cationic
acrylic polymer or cationic methacrylic polymer. Most preferably, the alkacrylate
polymer is a copolymer of the acrylic polymer and the methacrylic polymer esters
containing quaternary ammonium groups. In this most preferred embodiment, the
alkacrylate polymer is a copolymer or mixture of copolymers whereln the molar ratio
of cationic groups to the neutral esters is in the range of about 1:20 to 1:35 on aver-
age.

[0138]  Another embodiment of the present invention provides an abuse-deterrent
drug formulation comprising a melt-processed mixture of a) at least one abuse-
relevant drug, wherein said drug is hydrocodone or hydrocodone bitarirate penta-
hemihydrate, b) atleast one cellulose ether or cellulose ester, and c) at least one
acrylic polymer, methacrylic polymer, or a combination thereof. In this embodiment,
the drug formulation is adapted so as to be useful for oral administration o a human
3, 2, or 1 times daily; and where about ninety percent of the hydrocodone is released
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In vitro at about 4-6 hours when adapted to be administered 3 times a day, at about
6-10 hours when adapted to be administered 2 times a day and about 16-22 hours
when adapted to be administered 1 time a day. In one aspect of this invention, more
than 30% of the hydrocodone is extracted from the formulation at about one hour at
37 °C in 0.01N hydrochioric acid. In another aspect of the formulation, less than
30% of the hydrocodone is extracted from the formulation at about one hour at 37 °C
in 0.01N hydrochioric acid.

[0138]  Another embodiment of the present invention provides an abuse-deterrent
drug formulation comprising a melt-processed mixture of a) at least one abuse-
relevant drug, wherein said drug is an opioid; and b) at least one rate altering phar-
maceutically acceptabla polymer, copolymer, or a combination thereof. In this em-
bodiment, the amount of the drug that is exiracted from the formulation by 40%
aqueous ethanol within one hour at 37 °C is about 70% to about 110% of the amount
of the drug that is extracted by 0.01 N hydrochloric acid within one hour at 37 °C;
and the drug formulation is adapted so as to be useful for oral administration to a
human 3, 2, or 1 times daily. Also, in another aspect, the amount of the drug that is
extracted from the formulation by 40% aqueous ethanol within one hour at 37 °C is
about 70% to about 100% of the amount of the drug that is extracted by 0.01 N hy-
drochloric acid within one hour at 37 °C. In yet another aspect, the amount of the
drug that is extracted from the formulation by 40% aqueous ethanol within one hour
at 37 °C is about 70% to about 90% of the amount of the drug that is extracted by
0.01 N hydrochioric acid within one hour at 37 °C. in yet another preferred aspect,
the amount of the drug that Is extracted from the formulation by 40% aqueous etha-
nol within one hour at 37 °C is about 75% to about 90% of the amount of the drug
that is extracted by 0.01 N hydrochloric acid within one hour at 37 °C. Preferably, in
this embodiment, the abuse relevant drug further comprise a nonoploid analgesic.
The non-opioid anagesic may also be a non-steroidal analgesic, and is optionally
further selected from the group consisting of acetaminophen, aspirin, fentaynl, ibu-
profen, indomethacin, ketorolac, naproxen, phenacetin, piroxicam, sufentanyl,
sunlindac, and interferon alpha. In another embodiment, the non-opicid analgesic is
preferably acetaminophen or ibuprofen. Further, in this embodiment, most prefera-
bly, the opioid is hydrocodone, or salts or esters thereof.

[0140] The inventive formulation preferably is adapted to provide a biphasic rate
of release of the abuse when exposed to a suitable aqueous medium in vitro in a

USP Type Il apparatus. Each phase of the biphasic In vitro rate of releass is more
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m nophen in 0.01 N HCl / 200 rpm was neasured in
vari ous dosage Fornms 32, 34 and 36 for about 480
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preferably zero order or ascending for at least about 4 hours when the formulation is
adapted to be suitable for administration to a human every 8 hours (l.e., 3 times per
day), for at least about 7 hours when the formulation is adapted to be suitable for
administration to a human every 12 hours (i.e., 2 times per day), and for at least 16
hours when the formulation is adapted to be suitable for administration to a human
every 24 hours (l.e., 1 time per day).

[0141]  The inventive formulation preferably releases at least 30-45% of the opioid
in about 1 hour in vitro, particularly when the formulation is adapted to be suitable for
administration to a human severy 12 hours (i.e., 2 times per day). Similarly, the for-
mulation preferably releases at least 90% of the opioid the formulation in about 8
hours to about 9 or about 10 hours both in vitro in a USP Type 1l Apparatus, or in
vivo (with respect to the mean) when administered to a population of healthy North
Americans or Western Europeans, particularly when the formulation is adapted to be
suitable for, or intended for, administration to a human every 12 hours as needed.
However, when the formulation is adapted to be suitable for, or intended for, admini-
stration to a human every 24 hours as needed, then the formulation preferably re-
leases at least 90% of the opioid from the formulation in about 15 hours to about 20
hours in vitro (in a USP Type |l apparatus) or on average when observed in vivo after
administration to an a population of healthy North Americans or Western Europeans,
particularly when the formulation is adapted to be suitable for, or intended for, ad-
ministration to a human every 24 hours as needed.

[0142]  The inventive formulation preferably provides for relatively complete deliv-
ery of the abuse relevant drug. In an embodiment, the inventive formulation releases
at least 95% of the opioid in from about 6 hours or 7 hours to about 9 hours or 10
hours after infroduction to a USP Type Il apparatus. The inventive formulation op-
tionally delivers at least 99% Is of the opioid in less than about 12 hours, and option-
ally in about 10 hours to about 11 hours.

[0143]  The inventive formulation also preferably provides relatively rapid onset of
analgesia, which is preferred for the treatment of moderate to maderately severe
pain in humans. Accordingly, the formulation preferably is adapted to provide an
AUC for the abuse relevant drug of from about 0.22 to about 0.51 in the first hour
after administration, of from about 1.07 to about 1.76 in the second hour after ad-
ministration, of from about 2.06 to about 3.08 in the third hour after administration,
and of from about 3.12 to about 4.44 in the fourth hour after administration, wherein
the AUC is determined as the mean value observed in a population of at least 15
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healthy North American or Western European people. Values of AUC are measured
in ng*h/ml of plasma/mg of hydrocodone. Values of /mg of hydrocodone ignores the

weight of salts and hydration and refers only to the wight of the hydrocodone moiety

for reference, 15 mg of hydrocodone bitartrate pentahemihydrate is equal to 8.08 mg
of free hydrocodone. Also concentration of hydrocodone In 1 h Is from about 0.70 to
about 1.21 ng/ml of plasma/mg of hydrocodone, Concentration of hydrocodone in 2 h
is from about 0.91 to about 1.30 ng/mi of plasma/mg of hydrocodone. Concentration

of hydracodone at 3 h is from about 0.99 to about 1.35 ng/ml of plasma/mg of hydro-
codone. Concentration of hydrocodone at 4 h is from about 1.07 to about 1.43 ng/ml

of plasma/mg of hydrocodone.

[0144]  The inventive formulation can contain hydrocodone, and if so, is preferably
adapted to produce a mean plasma profile in a normal population of at least 10
healthy North American or Western European residents characterized by a Cmax for
hydrocodone of between about 0.4 ng/mL/mg to about 1.9 ng/mL/mg, and more
preferably of between about 0.6 ng/mlL/mg to about 1.4 ng/mL/mg, and optionally of
between about 0.6 ng/mL/mg to about 1.0 ng/mL/mg after a single dose suitable for
the treatment of moderate to moderately severe pain for about 12 hours. When the
inventive formulation contains hydrocodone the formulation preferably also produces
a plasma profile characterized by a Cmin for hydrocodone of between about 0.6
ng/mb/mg to about 1.4 ng/mL/mg after a single dose after a single dose suitable for
the treatment of moderate to moderately severe pain for about 12 hours. Moreover,
the inventive formulation, in embodiments containing hydrocodone can produce de-
sirable total exposures of the patient’s blood plasma to hydrocodone. For example,
the inventive formulation can be adapted to produce a minimum AUC for hydro-
codone of about 7.0 ng*hr/mL/mg, or optionally about 8.1 ng*hr/mL/mg, to a maxi-
mum AUC for hydrocodone of about 19.9 ng*hr/mL/mg, or optionally of about 26.2
ng*hr/mL/mg.

[0145]  In another embodiment, the present invention also provides a method for
treating pain in a human patient, comprising orally administering to the human pa-
tient, a formulation described in any of the above embodiments or examples pro-
vided below.

[0146] The following examples will serve to further illustrate the invention without lim-

iting it. In these examples, “UpM” or “rpm” refers to revolutions per minute, and "h*
refers to hours. The term “hydrocodone” in the examples of the different formulation
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29 30 31 360 40 41 42 490 51 52 54 (vi) The
conposition of the certain other investigated Forns

W@ 304083024 sunmari zed in Table 19: Table 19: PCT/US2007/060864

Zi ft41101', 040. 21, 0. 11: Nacl ati at Raf fai | i ngt OMPVI SEt kr i
SMOVAI r Al R Preparation acetam nophen 500 rag Extrudato
' Tabl et Conposition 60% acet am nophen 8. 0% Eudr aga
RI.-PO 6.0%Iiielhocal MOD 6.0% ttei hossi KtooM ED%

Ei cel em nophon 52. 6% Euilregl I RL- PO 13.13% W af | i ncel
MOD 6.0% tikilliocol MOM 6014 acetam nophen 6. O%

Em npit RL-PO 6.0% hi el hocell1010 6. 0% Mel hocel

HRBEE BT BRI QTR il o EE i

T%I%W‘H@bﬁ Pk the fllugng irpyietienremersiion gEampirs o,
joadrinal | F i 1. 13% hydr 000done !ief.coilddel Eail: Ot
di oxi de i TaraBt weight (ng) 03333 83323 03323

EXAMPLE I: Dissolution in HCI and Aqueous Ethanol

[0148] Following is a description of exemplary methodology for studying rate of
dissolution of certain compositions in HCl and 20% aqueous ethanol. Similar meth-
odology may be used for studying rate of dissolution in 40% aqueous ethanol.

(i} Method Description: Dissolution in_ 0.01 N HCI

[0149]  Apparatus: USP Dissolution Apparatus Il (Paddle)
Rotation speed: 50 rpm

Media: 0.01 N HCI

Media volume: 900 mL

Temperature: 37 °C

Sampling time: 1/2/3/4/6/8 hours

Sample volume: 10 mL (no volume replacement)
Sample preparation: used as is

Analytical finish: UV detection, wavelength 280 nm

(i) Method Description: Dissolution in 20 or 40% Aqueous Ethanol

[0150] Apparatus: USP Dissolution Apparatus il (Paddle)
Rotation speed: 50 rpm

Media: 20 or 40% aqueous ethanol

Meadia volume 500 mi.

Temperature: 37 °C

Sampling time: 15/30/45/60/90/120/180/240 /360 /420 / 480 minutes
Sample volume: 10 mL (no volume replacement)

Sample preparation: dilution 1+1 with 20%or 40% aqueous ethanol

Analytical finish: UV detection, wavelength 280 nm

EXAMPLE |l

[0151]  Various compositions of certain formulations are discussed in the following
sections.
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[0175] The di ssol ution behaviour of the tablets of
Fornms 38, 39 and 40 was tested in 0.01 N M and 40%

w@enens®24£t hanol according to protocols as prorRCTES2007/060864

above. 5 [0176] As shown in Table 20 below and in
Figure 22, rate of dissolution of hydro- codone in
0.01 N MCl was neasured in various dosage Fornms 38, 39
and 40 for about 480 m nutes. 10 Tabl e 20:

Arrl abl ear St1SI PM DW ATat i gei : testing point point
(mn) mean in %nean in %nmean In %0 0 0' 0 30 16 21
25 60 23 32 36 120 35 44 50 180 44 54 60 240 52 62

[0152] (i) The composition of certain investigated formuiations 1-6 is summarized
in Table 1. The formulations do not contain a drug that is subject to abuse; they are
presented as proof-of-concept:

Table1 Composition of investigated formulations
P e T (o= e ey T - P Ty P P T T
Preparation | acetaminophen 500 mg Extrudate Tablet
Composilion 66% f 5% inophen | 55% acelammophan | 55% ecetominophen | 35% acelaminoy §5% acetaminoph
44% Eudregit 22% Eudragit 22% Euaragit 44% Eudragil 11% Eudcagit 22% Eudragit
RL-PO RL-PO RL-PO RSPO RL-PO RL-FO
1% coiloidal silicon 22% Euaragit 22% hlethocel 1% colloldal sikicon 11% Melhocel 22% Klucal EF*
dloxide R8-PO K1oam dioxide KA00M 1% colloidal silfcan
1% cooidal sficon 1% colloidal slicon 22 % Klucel E£F* dioxide
dinxide dioxida 1% colloidal aifcon
dioxide
Target waight 333 mg 833 mg 833 my 833mg 833 mg 833mg
(mg}

*Kiucel EF: hydroxypropyicellulose

[0153] In an embodiment of the invention, a crushed, multiparticulated or pow-
dered mixture of the ingredients may be fed into a co-rotating twin-screw exiruder.

In one preferred embodiment, a homogeneous powdery mixture of the ingredients
was fed into a co-rotating twin-screw extruder (screw diameter 18 mm). Extrusion
was carried out at 134 °C (melt temperature in the extruder die transient section)
with the screws rotating at 114 rpm and a throughput of 1.5 kg per hour. A slightly
off-colored extrudate was obtained and this extrudate was fed infe a calendar to form
elongated tablets weighing approximately 910 mg. The tablets were cooled to room
temperature, i.e. about 25 °C.

[0154] The dissolution behavior of the tableis was tested in 0.01 N HCl and 20%
aqueous ethanol according to the protocol given above,

[0155]  In 0.01 N hydrochloric acid (Figure 1), Form 1 showed the fastest release
of active ingredient with approximately 85% of active ingredient released after

8 hours (note that the 6 hour and 8 hour values showed a high variability). Forms 2
and 6 exhibited a fast initial release of about 20% active ingredient during the first 2
hours followed by a slower, near linear release of another 25% active ingredient over
the next 6 hours. The total percentage released active ingredient for Forms 2 and 6
were 47% and 44%, respectively. Forms 3 and 5 showed a hear linear reléase of
33% and 36% active ingredient, respectively, over the complete 8 hours. The slow-
est release of active ingredient was found in Form 4 (Eudragif RS-PQ as only matrix
component) with only 13% of the drug released after 8 hours.

41



10

15

20

67 SOO 58 66 74 360 65 73 79 420 71 76 82 460 75 76 ea
[D177] As shown in Table 21 bel ow and in Figure 23,

w0 2a02/0880241i ssol uti on of aceta- m nophen (APAP)PGCTIUS2004060864
N HCI was neasured in various dosage Forns 38, 39 and
40 for about 480 mnutes. 15 Table 21 Mijigtlti Stail
kflit?..gaaa. Okingonen nean in % zemassak nean in %
testing point (mn) mean In'A 0 "g 8 8 4 cr.
.-C.10 &0 1011, O

[0156] The release profiles in 20% aqueous ethanol are shown in Figure 2.
Farms 1, 2 and 4 dissolved rapidly and released the complete amount of active in-
gredient within the first 45 minutes. Addition of Klucel EF to the matrix as in Form &
led to a slower but still complete release of active ingredient after approximately 7
hours. The two Methacel K 100M containing extrudates (Form 3 and 5) exhibited by
far the slowest release of active ingredient. After 8 hours in 20% aqueous athanol,
Form 3 released 42% of the drug; Form 5 released 46%.

[0157] (i) The composition of the certain other investigated Forms 7-3 is summa-
rized in Table 2:

Tabhle 2:

'

Compositior 0% acelamkophan  [f0% acataminophen 0%
8,0% Eudraglt RL-FO  [12,6% Eudragil RL-PO [8,0% Eudragil RL-PO
65,0% Methocel K100 #a,o% Methorst K100 6,0% Mothocel K100
18,05 Methocal K100M [5,0% Methocel K100M 15,0% Methoce) K1DOM
17.2% Kollidon 17PF  142,6% Xylliol 17,2% Isomailt
1,8% hydrocodone 1,8% hydrocadone 1,8% hydrocodone
1% cofloldal sllicon 1% calickdal sficon 1% colloidal silicon
dioxide dioxide ifiox(de
fTaeget waight {mg) laas.aa 833,33 iasa.aa
[0158]  The dissolution behaviour of the tablets was tested in 0.01 N HCl and 40%

aqueous ethanol according to the protocol given above.

Further, as shown in Table 3 below and in Figure 3, rate of dissolution of hydrocodone in
0.1N HC! was measured in various dosage forms 7, 8 and 9 for about 480 minutes,

mean in % mean in %

0 0 0 D

30 23 21 RS
650 30 32 36
120 2 44 50
180 1 54 60
240 B 652 67
1300 4 |68 74
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[0159] Also, as shown in Table 4 below and in Figure 4, rate of dissolution of
acetaminophen (APAP) in 0.1N HCl was measured in various dosage forms 7, 8 and
9 for about 480 minutes.

Table 4

mean in %

mean in %

0 0 0 0
30 7 7 ;]
60 11 11 12
120 16 18 19
180 21 21 25 -
240 25 LS 26
300 29 29 34
360 22 a2 38
420 35 35 41
480 38 36 45

[0160] As shown in Table 5 below and in Figure 5, rate of dissolution of hydro-
codone In 40% aqueous ethanol was measured in various dosage forms 7,8 and 9
10  for about 480 minutes.

Table &:

0 0 ]
[30 16 3 16
50 22 a5
120 133 1 37
180 Ko 9 47
240 47 7 54
300 153 51 51
360 8 56 66
420 63 60 71
480 67 54 75
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WO 2007/ 085024PCT/ US2007/ 060864 [ 0178] As shown in
Tabl e 22 below and in Figure 24, rate of dissolution
was PERES20eT060864
in various dosage Forns 38, 39 and 40 for about 480
mnutes. 5 Table 22: :COAttiqtai Nk97.s ar. #1, 4f eMeca
ittklnakittga. aff|ASIM at tasting ooint (mn) nmean In
% mean In %nean in %0 0 C) gtntdraa. 0-4 CDPi
La D 30 15 16 60 22 25 120 32 37 160 41 47 240 48
54 300 55

[0161]  As shown in Table 6 below and in Figure 6, rate of dissolution of aceta-
minophen (APAP) in 40% aqueous ethanol was measured in various dosage forms
7, 8 and 9 for about 480 minutes.

testing point {min) mean in % mean in % ‘mean in %
(0 0 0 b
30 10 9 11
50 16 15 18
120 23 23

180 30 30 6
240 36 36

300 41 41 D
360 45 16 56
420 S0 50 82
1480 54 54 67

[0162]  Drug release profiles as shown in Tables 3-6 of various dosage form 7, 8
and 9 generally depict that hydrocodone is slowly released in 40% aqueous ethanol
(about 10% less drug is released after 8 hours than 0.01N HCI). Further, drug re-
lease of APAP in these formulations is faster in 40% aqueous ethanol than in 0.01N
HCI.

[0163] (i) The composition of Form 31 is summarized in Table 7,;

Table 7:

Pl

APAP

Composition oo acelaminophen
[12,6% Eudragit RL-PO
,0% Mathacel K100
5,0% Melhocel K100M
12,6% Xyfilol
1,8% hydrocodung

Target weight (mg) 833,33

[0164]  As shown in Table 8 below and in Figure 186, rate of dissolution of hydro-
codone in 0.01 N HCI was measured in dosage form 31 far about 480 minutes di-

44



10

15

61 360 62 66 420 87 71 480 72 75 [0179]As shown In
Tabl e 23 below and in Figure 25, rate of dissolution

wmbooaogtnas m nophen (APAP) in 40% aqueous et harol/Usme7/060864

nmeasured in various dosage Forns 38, 39 and 40 for
about 480 mnutes. 10 Table 23: Atl a. MMi nt,
i .cr4PARCONS. 1210, leagral OASI MAI M testing point (nmm

mean In % nean In %nean in %0 0 O O 30 10 9 11 50 16
15

rectly after manufacturing and after storage for 1 month at 25 °C / 60% relative hu-
midity, at 40 °C / 75% relative humidity, and at 60 °C dry, respectively.

[0165] As shown in Table 8 below and in Figure 16, rate of dissolution of hydro-
codone in 0.01 N HCl was measured in various dosage forms 31-34 for about 480
minutes.

Table 8:
mean inﬁa

3 (n a 3
30 E1 21 20 20
50 ‘ 3z b 28 28
120 44 3 142 10
180 54 2 51 49
240 52 0 58 58
300 58 6 64 62
360 73 1 70 67
420 78 76 74 72
180 78 80 78 75

[0166] As shown in Table 9 below and in Figure 17, rate of dissolution of aceta-
minophen in 0.01 N HCI was measured in dosage form 31 for about 480 minutes
dirsctly after manufacturing and after storage for 1 month at 25 °C / 60% relative
humidity, at 40 °C / 75% relative humidity, and at 60 °C dry, respectively.

Table 9:
AT S A

' e _
lesting pﬁlnt (min) |-nean in% o8N in %‘ ' ean in % . éan In %
o 0 lo I
30 7 5 6
60 £ 10 10 10
120 16 16 16 18
180 21 21 21 21
240 126 25 25 25
300 29 29 G 29
360 2 32 2 32
420 5 135 5 35
480 {3 138 8 38
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wao/ktonogsobor det erm ni ng breaking strength of tebl/E$®07/060864
15 [0180] An obl ong tablet having a dianmeter from about
5.1 mto about 10 mm and length fromabout 5.1 mmto

about 30 mMmis placed fl at
that the seamls facing up (away fromthe wedge),

in the tabl et hol der

SO

i.e.

the breaking strength is nmeasured agai nst the seam

The wedge-shaped cyl i nder

i s pushed perpendicular to

the long side of the tablet as depleted in Figure 7

@WTtﬁ@b’@ﬁpdsﬁbﬁ of e derBinSSthérinvdshi@iled RNt BN47 é%ﬁﬁ‘ﬁlnarlzed in
The force needed to break the

bkl

500 Newt on.
ﬁ@é@u‘ioerrent

he t abl et br eaks.

is recorded. The maxi mum force applicable is
[0181] The apparatus used for the
is a aPherma Test PTB 501" h

ardness

=3 moalnﬁooem Exin let W { wedge W
ata ophen i ac n minophan
deaeestisi) GRS Rt *fb‘;ﬁmf“’%"’“g s Bl P grESErsn | Eomey
Phar e | Fest Applatat ebau| ki Nburl g.ro Ger ey RLPO
13% Methoce! 13% Methocal 8.5% Eudragh 6,5% Eudragil 13% Melhacel 13% Kollidon VAB4
K100M K100M RE-PD RS-PO Ki00Mm 13% Mlucel EF
13% Kiuce! EF 13% Kollidon VAB4 20% Kuesl EF 13% Methoeal 13% Polyox 1% colloidal silicon
1% catioldat sllicon 1% cofiotdal sliicon 1% collaidal silicon €100M 1% calloidal skican dioxide
dloxkia diaxida dloxlde 13% Kelidon VAS4 dioxida
1% colloldal silizon
dloxide
Targat weight 833 mg 333 mg 833 mg 833 mg 833 mg 83 mg
{mg)
[0167] The dissolution behaviour of the tablets was tested in 0.01 N HCl and 20%

aqueous ethanol according fo the protocol given above.
As shown in Table 11 below and in Figure 14, rate of dissolution of hydrocodone in
20% aqueous ethanol was measured in various dosage forms 32-37 for about 480

minutes.

Table 11:

testih{j pbiﬁl (Enln)

mean m %

0

15
30
45
60

0
7
13
17
22

0

11
18
25
32

80 14 14 30 14 16 46

120 18 17 38 16 18 58

180 20 22 54 20 23 77

240 25 25 86 24 28 a1

360 32 33 87 30 36 102

480 38 40 98 37 42 102

[0168] As shownin Table 12 below and in Figure 15, rate of dissolution of hydro-
codone in 0.01N HCI was measured in various dosage forms 32-37 for about 480
minutes.

Table 12:
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[ 0182] Fol | owi ng conpositions of certain investigated

Fornms 10-18 are illustrative of various dosage form
whanrngsoxar yi ng strength: 101, Tablets with breekiUszg07/060864

strengths greater than 150 N. D%

acat am nophonacal ant nol nen Euorag.1 RL-PQG3, 0% Eudrogi t

EL- PO . 0% Mat hocel K1005, 0% Mal hocei Kla, , 0% Met hot al

K10015. 15. 0% Mat hooel K100M 7, 2%/, 2% | somal | F , B%

hycht oot t onol, 5% nyOrococl one 1% coi kkl at Moon

ol oxl del% col | oi dal silicon am de [0183] The breaki ng

strength-for Fornms 10 is about 190 N, whereas the

breaki ng strength for Form 11 is about 250 N. 15

Tabl ets with breaking strengths greater than

khrorging ey dapl U A OO L TED DB R PRnES, ROl
J4%en@lut g mperin &l Meean e al | KO0 1 .| 4% BRdr preet
181. - PO 3%°Nbl hot @P K1001¥%1, 4% NI | t ocel' °K100 O] 1%
“ucei  EFFZ1000 F§§ % Pl urdl Okl qud OL, 8% fydr 000pbne

g B R 1

G

3

Ybydr aca

!

¢el | oi dal
@r
512 engt h
THPl et s Wi
% ncel . n
K

Form

hocol

cfl one% (
stilton
21i s abg
o Form
tl@ br eak
0,10, 2%

@l I oi da
di oxi de
ut 339

IBis a
(i%hg str
| | don

190 0% agel om n

A ]
;silicon dloxlt
§ 0185] Tihee br eak

pBut 410 'N. 20 [
gt hs gfr'éat er t
A04 39

ho %
h1g Str

Ni1 wher eais t he hnzaki ng

086] | |

R, PO

aphon 2, 10%0 Eudr 0,20 Ftl

fan 450/ }§
ﬁudr 092,

1"
efagt h
16
19
28:

5o

0% Vet oot O K100~ 0% Vot Ttocot— MOW VO

2007/ 085024PCT/ US2007/ 060864 [ 0187] The breaki n )
1886%n gt AsesronoR Abave PpeHBele: Tnsas KUalRERenRY PAbin 20%
doueals eihasslr @riginn F2oeblEsrdnsbbied seytsdawly, 4B4 din 33 tablets
BERIPS Lk Vike LRRERE iB-pak! DhdiE S EmainiRNbiivh e dcRanged, (iil)
&&‘%%45 taglepst fopn(')n/tgde g ts%gmart])%? Iggrré 02n' tﬁgA) pgg freggil'lclmﬁlv') Ec(a)rm 35 tablets
had a substantially intact tablet core with a surrounding transparent fluff, (v) Form 36
tablets had about an 80% intact tablets after 8h and (vi) For Form 37, Tablets 3, 4, 6
dissolved after 5h, Tablet 5 dissolved after 6h, Tablet 2 after 7h and a small amount
of Tablet 1 was left after 8h. Further, based on the above experiments, it was visu-
ally observed that in 0.01N HCI, (i) Form 32 had about 90% intact tablets after 8h,
with flocculation, (i} Form 33 had 90% intact tablets after 8 h, with flocculation, (iii)
Form 34 had about 90% intact tablets after 8h, with flocculation, (iv) Form 35 had
about 90% intact tablets after 8h, with flocculation, (v) Form 36 had about 80% intact
tablets after 8h and the outer layer of the tablets were very hackly with fiocculation
and (vi) Form 37 was substantially unchanged after 8h. Test Characteristic Results
based on the above expariments provided Flexural strength as well as breaking
strength, as deplcted in Table 13 and 14 below:
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n% ar st am nopten 8,0% Eudraglt RL-PO 0%
ecel erni naphm 13, 6% Eudrepi|l RI-PO 10 Mel hocel MO

W@2@%08#0bd ne& K100 85% Mat eo& 1(100 1...Ki hocZbCHUSIHOMG0864

1. 8% hydr oocdone .8% tri di coodene 126% Mucci' EP %
odo4dai sil ken dkixido %ol foitlal aeon dioxide .8%
hydr voot bao %ol | ai del skon cf pxi de 15 [0189] The
breaki ng strength for Fornms 16, 17 and 18 is greater
t han about 500 N. 20 EXAMPLE IV. [0190] Fol | owi ng
conpositions of certain investigated Forns 19-22 are
illustrative of various dosage form having certain

pse R dsBaiulig bENIoRF BARR Faeidtl B ol RSD. 4018Ry 30 W
%%sg: ﬁiﬁ?ﬁf 5%, Ei 015 Y s it Bidter BGHEHED oM, G0N
G (IE"@NaIQI/Eﬂ:lpratanGw 0c N 6109200 preassopdiag io sirbadiiale sirsilar

bhRodoR fASBviRéPEbdve. i S provided for various dos- age
forms for intact and crushed tablets in 40% aqueous

andOO ow.in the follow n
iﬁﬁ& eEUTe]. 2% %FEY'F J@%ﬁ&%ﬁ?'ﬁiﬂtﬁ@% 1Bripisa’ dsgplition
gbadetansinopties in Oy N EIGka$8 NaCtwias heasitred dwaripus d@d¥ge Forms

30RO 3 fopBedut 480 hirasted.han or equal to twice the
amount released in 0.01 Nin a nore preferred

qulgqlsmsnt for i ntact tabl ets the dr ug rel ease In the

l)” tre llu‘rlo pref-et Fu efbod reftf ?Gi’ tHat-act) tabl et s,
tdhe drug rel ease ihathe first heur In 40% aqueous
&t hanol 3%¢ls |l essjthan or equat to 0.90 the anount
fel eased ifd 0.01 N/HCI. WD 9

D07/ 085024pPCT/ US20D7/ 060864 | !

14

120 12 11 16
180 15 13 20
240 18 15 23
360 22 18 29
480 25 21 34

Table 16:

[0172]  Further, as shown in Table 16 below and in Figure 19, rate of dissolution
of acetaminophen in 0.05 M phosphate buffer pH 6.78/50 rpm was measured in vari-
ous dosage Forms 32, 34 and 36 for about 480 minutes.

120 15 15 18
180 18 19 22
240 21 22 25
360 26 27 31
480 30 31 36

48



[0192] I n anot her preferred enbodi nent for crushed
tablets, the drug release in the first hour In 40%
w@eens®24£t hanol is | ess than or equal to threBCT/USI87/060864
the amount released in 0.01 N HC . In this enbodinent,
conpl ete rel ease occurs after about 3 or nore hours in
aqueous 40% al cohol. In a nore preferred enbodi nent
for crushed 5 tablets, the drug release in the first
hour in 40% aqueous ethanol is less than or equal to
2.5 tinmes the amount released in 0.01 NHC. In this
enbodi nent, conplete rel ease occurs after about 8 or
nor e hours qyeous 40% al cohal . In the nmpst
Prétler red Sié%bla ABle 17 flow ADE RetiowraiACe fale ofdigsoltigp of aceta-
mélopaseinl M0t NeHdli+ &G8%Heat! /50 rgd MWaaqueasuszddh hanmis dosage
F&s 3088 oA 3@%&30&94@0%%@5“9 anount rel eased in
0.01 N'HCI'. I'n 10 this enbodinent, conplete rel ease
about 8 or nDre hours in aqueous 40%
rel ease after 1 h in
2ot i 1eers: .t e re- 15
EofnwLQ,oas Lhowr— n Tabl e 24:
Eable 24. lestigi time poknt ph) teen m % Ban
bon DO% scekem nophen |® 0 19, 2%MI|d= VA6#4 ao 18 20

_after

?él LC] f

T™NTT IOt

41 ciraplrt AL-PG BPr22 FA Metrhocel K100 120 32
60 8 B 8
90 1 11 1
120 13 13 13
180 16 18 16
240 20 19 20
350 25 24 25
480 30 28 29

[0174]  As shown in Table 18 below and in Figure 21, rate of dissalution of aceta-
minophen in 0.01 N HCI/ 200 rpm was measured in various dosage Forms 32, 34
and 36 for about 480 minutes.

Ta b Ie 1 8:

tasﬂng polnt (min) mean in % mean in mean in %
V] 0 0 [
15 5 8 8
30 8 11 9
45 10 13 11
60 12 14 13
a0 15 17 17
120 18 20 20
180 24 25 25
240 29 30 3t
360 i 40 41 42
480 ' 51 52 54

(vi) The composition of the certain other investigated Forms 38-40 is summarized in
Table 19:

Table 19:
Preparatlon acelamunophen 500 mg Extrudate Tablet
Compositlon 60% acatarminophen 60% aceteminophen 60% acaiaminophen
8.0% Budeaglt RL-PQ 12.8% Eudragit RL-PO 8.0% Eudvaglt RL-PO
8.0% Methoos) K100 8.0% Methacet K100 5.0% Msthoce! K100
8,0% Melhocel K100M 6.0% Mothoce) K100M £.0% Methoce) K100M
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1, 8% hydrocodane 130 49 1% Cci acidat ,lion dicarde

240 48 360 52 380 57 101 120 92 103 480 65
WO 1®3/083004 [ 0194] b.) release after 1 h in 40% epdEN®I00E060864
37 Cless or equal 1.5 tines the release in 0.01 N

NCI for
\y '0".

Form 20, as shown in Table 25: Table 25: ""

171.2% Kollidon 17PF 12.8% Xylitol 17.2% Isomatt F

1.8% hydrocodons
% culloidsl silicon dioxide

1.8% hydrocodone
1% ¢oboidal siflcon dioxide

4.8% hydrocodone
1% colloldal sificon dioxide

Target weight {(mp)

833.33

833.33

833.33

[0175] The dissolution behaviour of the tablets of Forms 38, 39 and 40 was
tested in 0.01 N HCI and 40% aqueous ethanol according to protocols as provided
above.

[0176] As shown in Tabie 20 below and in Figure 22, rate of dissolution of hydro-

codone in 0.01 N HCI was measured in various dosage Forms 38, 39 and 40 for
about 480 minutes.

S Lo A0
mean in % mean in % mean in %
0 0 [} - 1]
30 16 21 25
60 23 32 36
120 35 44 50
180 44 54 60
240 52 82 ;14
300 58 68 74
360 65 73 78
420 71 78 82
480 75 78 86
[0177]1  As shown in Table 21 below and in Figure 23, rate of digsolution of aceta-

minophen (APAP) in 0.01 N HCI was measured in various dosage Forms 38, 39 and
40 for about 480 minutes.

Table 21

testing point {min) mean in % mean in %
0 0 0 0
30 8 7 8
80 12 1 12
120 20 16 19
180 26 21 25
240 33 26 28
300 3B 29 34
360 44 32 38
420 60 35 41
480 56 36 46
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, .fTk" ?2Ib" 4 tgla looting tinme point (mn)
WITEITl. non In % 50% ncdr ntrmopt en 12, 6% Eudr api t

woRkeoP@s024 3% Mal hacel 1t100 0% Pl et hattl MOM , BO%/ES200F 060864

EF 13% hydracottone 1% neltoldal silica! Sorkin ,t O
120 180 240 Do 15 10 3603 4211758 4138032 2. Crushed
tablets [0195]a.) release after 1 h in 40% et hanol at
37 Cless or equal three tines the 5 release in 0.01 N
FICI for Form 21, also as shown in Table 26: Table 26:
trs8n9 line pole] (roln nese in 4 nmean In SO%
ecaternhaptien 3

[0178] As shown In Table 22 below and in Figure 24, rate of dissolution of hydro-
codone in 40% agueous ethanol was measured in various dosage Forms 38, 38 and’
40 for about 480 minutes.

Table 22

iDIUGTEle |SE
testing voint (min) mean In % meaan in %
0 0 0 1]
30 15 13 16
60 p.r 22 25
120 32 3 37
180 41 39 , 47
240 48 a7 54
300 55 51 61
360 62 56 66
420 67 60 71
480 72 64 75

[0179] As shown in Table 23 below and in Figure 25, rate of dissolution of aceta-
minophen (APAP} in 40% aqueous ethanol was measured in various dosage Forms
38, 39 and 40 for about 480 minutes.

Table 23;

testing point (min) mean in % maan in % mean in %
0 ) ) 5
30 10 9 "
60 16 15 18
120 25 23 27
180 33 30 35
240 40 26 43
300 46 M 50
360 52 46 56
420 58 50 62
480 b 54 67
EXAMPLE IlI:

Method for determining breaking strength of tablets:

[0180]  An oblong tablet having a diameter from about 5.1 mm to about 10 mm
and length from about 5.1 mm to about 30 mm is placed flat in the tablet holder so
that the seam Is facing up (away from the wedge), i.e. the breaking strength is
measured against the seam. The wedge-shaped cylinder is pushed perpendicular to
the long side of the tablet as depicted in Figure 7 and moves into the tablet at a con-
stant speed until the tablet breaks. The force needed to break the tablet is recorded.
The maximum force applicable is 500 Newton.
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0 3 11. 4% Met al
22 64 11, 4% PAel hocal
W@ 200308308P6 hydni codonn
riloxkle 300 58 100

SF 33 16 95 114% Endraoil RI,-p0 50

MOO 120 32 92
240 50 35 15col | oi dal Pt DUS2007/060864
280 S 101

3%. 0001 F68 150

[0181]  The apparatus used for the measurement is a “Pharma Test PTB 501"
hardness tester, Fmax = 500 N, draw max. 40 mm, forward speed ~ 3 mm/s. Meas-
urements were performed using a cylinder (diameter 14 mm) with a wedge-shaped
tip with dimensions depicted in Figure 8. (All apparatus from Pharma Test Appa-
ratebau, Halnburg, Germany).

[0182]  Following compositions of certain investigated Forms 10-18 are illustrative

of various dosage form having varying strength:

B80% acetaminophen
B,0% Evoraglt RL-PO
5,0% Methace! K100

B,0% Methocs! K100M
7.2% Xyt

8% hydnocodone

1% collaidel sifican Gloxide

I, Tablets with breaking strengths greatar than 150 N:

0% acataminopnan
18.0% Eudragit RL-PQ
5,0% Methocel K100
8,.0% Mathocel K100M
17,2% Isomalt F

1,8% hydrocodone

1% collofdat silicon dloxide

[0183]  The breaking strength for Forms 10 is about 190 N, whereas the breaking

strength for Form 11 is about 250 N,

[0184]  II. Tablets with breaking strengths greater than 300 N:

0% acetaminophan
10,1% Eudogit RL-PO

5% Mathoce! K100

5% Methote! K100
10,1% Klucal EF

5% Plurd] Olefque GC
1,8% hydrocodone

1% colloidal sficon dioxkie

60% atotaminophen
11,4% Kiuce! £F

11.4% Eudraght RL-PO
11,4% Mathocs! K100

3% Luttof F68

1,8% hydrocodona

1% colloldat silicon dloxide

[0185]  The breaking strength for Form 12 is about 339 N, whereas the breaking

strength for Form 13 is about 410 N.

[0186] il Tablets with breaking strengths greater than 450 N:

809 acetwminophen
19,2% Kollldon VAG4
9% Eudraglt RL-PO
5% Mathocol K100

12,6% Eudragit RL-PO
5,0% Mothoce! K100
3,0% Methoce! K100M




420 101 480 M 10 [0196]b.) release after 1 hin

40% et hanol at 37 OC less or equal 2.5 tines the

wo glogms®24i n 0.01 N HCl for Form 22, as shown ipPCTEg10a7/060864

20

25

30

35

27: Table 27: lostkig tinme "rH Crhnl neon in %
60% acet anbnophen 0 3 1 10.1% Eudregit RL-PO 30 10
45 6% Met hoDel <100 39 23 52

1,8% hydrocedona
1% colloldal sillcon doxide

12,6% Xylit
1,8% hyarooodong
1% cokoidel sliican dioxkle ‘

[0187]  The breaking strength for Form 14 is about 454 N, whereas the breaking
strength for Form 15 is about 484 N,

[0188] V. Tablets with breaking strengths greater than 500 N:

acetaminophen

12,8% Eudragit RLPO 18,6% Eudrapgil RL-PO 8,6% Ewdreglt RL-PO
5,0% Methoce! K100 18.6% Melhacel K100 18,8% Mothogal K100
6,0% Methoce! K100M 1.8% hydrocodons 1,8% hydrocodone
12,6% Klucal EF 1% cofioidal silican dioxide 1% coffofdal sfilcon dioxide
1,8% hydrocodone
1% colloidal siicon dioxide

15

[0188]  The breaking strength for Forms 16, 17 and 18 is greater than about 500
N. ‘

EXAMPLE V.

[0180]  Following compositions of certain investigated Forms 19-22 are illustrative
of various dosage form having certain release profiles for hydrocodone, where fess
than 30% hydrocodone after 1 h in 0.01 N HCl at 37 °C.

Tablets that release less than 30% hydrocodone after 1 h in 0.01 N HCl at 37 °C

[0191]  In exemplary embodiments the release profile is provided for various dos-
age forms for intact and crushed tablets in 40% aqueous ethanol and 0.01N HCI. As
shown below in the following examples, in one preferred embodiment for intact tab-
lets, the drug release in the first hour in 40% aqueous ethanol is less than or equal to
twice the amount released in 0.01 N HCI. In a more preferred embodiment for intact
tablets, the drug release in the first hour in 40% aqueous ethanol is less than or
equal to 1.5 times the amount released in 0.01 N HCI. In the most preferred em-
bodiment for intact tablets, the drug release in the first hour in 40% aqueous ethanol
is less than or equal to 0.90 the amount released in 0.01 N HCI.
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85 83 480 80 31 15 EXAMPLE V.

[0192]  In another prefarred embodiment for crushed tablets, the drug release in
the first hour in 40% aqueocus ethanol is less than or equaf to three times the amount
released in 0.01 N HCI. In this embodiment, complete release oceurs after about 3
or more hours in aqueous 40% alcohol. In a more preferred embodiment for crushed
tablets, the drug release in the first hour in 40% agueous ethanol is less than or
equal to 2.5 times the amount released in 0.01 N HCI. In this embodiment, complete
release occurs after about 8 or mare hours in aqueous 40% alcohal. In the most
preferred embodiment for crushed tablets, the drug release in the first hour in 40%
aqueous ethanol is less than or equal to twice the amount released in 0.01 N HCI. In

this embodiment, complete release occurs after about 8 or more hours in aqueous
40% alcohol.

Intact tablets

[0193]  a.)release after 1 h in 40% ethanol at 37 °C less or equal twice the re-
lease in 0.01 N HCI for Form 19, as shown in Table 24:

Table 24:

60% ecelamnophen 0 0 4
19,2% Kollidon VAS4 30 18 24
9% Eudragit RL-PO s Ez 173
9% Methoce] K100 120 2 4
1,8% hydrocodone 180 1o 78
1% cofloidat silicon dioxids 40 16 pe
00 2 oy
50 7 101
420 2 103
460 lwa

[0194]  b.)release after 1 h in 40% ethanol at 37 °C less or equal 1.5 times the
release in 0.01 N HC! for Form 20, as shown in Table 25:

Table 25:

losting tims

50% aceleminophen 0 o
12,6% Eudmgit RL-PO D] 15 16
12,3% Malhacal K100 0 121 4
6% Methacel K100M 120 <] 8

3% Kucel EF 180 37 6
1,8% hydrocodone 240 143 1
1% colioksal sllicon dhoxide 00 48
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conpositions of certain investigated Forns 23-25 are
wo bdoassoat i ve of vari ous dosage form havi ng cepPCEIUS2007/060864
rel ease profiles for hydrocodone, where nore than 30%
hydrocodone is released after 1 h in 0.01 N NCl at 37
C. 5 Tablets that rel ease nore than 30% hvdr ocodone
after 1 hin 0.01 NHC at 37 C [0198]1n exenpl ary
enbodi nents the rel ease profile is provided for
various dos- age forms for intact and crushed tablets
in 40% aqueous et hanol and 0.01N NCI'. As shown bel ow
in the foll owing exanplgs, in onel:preferre enbodi ment

for intactf taly; 10 | ets), the drug|rel ease ijn the first
hour ol is legs than orf equal to

; ' . . In the
nore preferred enbodi nentfor Intact tablets, the drug

pel enggnddiabb® first hour in 40% aqueous ethanol is
| ess than or equal rel eased in 0O

to 0. 90 t he anmpunt 0.01
1PBI . 2:59er8061tPh! BifbEIBUIE! 8ry of BFDEHEEoEFes te
clazsb éd0.0aM dCisfor Fodre2 tralayp asedheasdn TableB8: first hour
in 40% aqueous ethanol is less than or equal to tw ce

Thees2pgount released in 0.01 N HC1. tabl ets
E.... al-oaco o e =00 pal at 37 C
T ESSOF eyt S i N NCl for
[ mvamis sy T unfit *ay.
\Rasl.ta, .. .| . Lf d PAC13., Ls sl an | estig Onie
1Otk 30l ) % nmeanki N % 76% gpet om naphen 0 ic,
1k o B 2. dragh Rl #PO ao 24 10 .0%
ik lro C al ]T 2 1
1{,8% hydracodons 0 98
1% coloidal siiicon dioxide =8 1100
il
1 101
) i

[0196] b.) release after 1 h in 40% ethanol at 37 °C less or equal 2.5 times the
release in 0.01 N HCI for Form 22, as shown in Table 27:

0% scataminophsn 1]
10,1% Eudragit RL-PO i
% Methoral K100 23
% Melhaoa! K100M 32 1
10,1% Klucel EF 40 8
5% Plurol Oleique GC 47 5
1.8% hyJrocodons 3
1%, colloidal slicon dioxide ]
5 8
L] 1
EXAMPLE V.
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ze 1,13% hydra: orlon, 1% colloidal silicon dioxide

120 100 61 75 240 )0 300 30 360 105 420
wdom7/08o MS 25 [0201]b.) release after 1 h PCI/USHH7/060864

et hanol at 37 C less or equal 0.9 tines the

[0197] Following compositions of certain investigated Forms 23-25 are illustrative
of varlous dosage form having certain release profiles for hydrocodone, where more
than 30% hydrocodone is released after 1 h in 0.01 N HCl at 37 °C.

5 Tablets that release more than 30% hydrocodone after 1 h in 0.01 N HCl at 37 °C:

[0198]  In exempiary embodiments the release profile is provided for various dos-
age forms for intact and crushed tablets in 40% aqueous ethanol and 0.01N HCI. As
shown below in the following examples, in ane preferred embodiment for intact tab-

10 lets, the drug release in the first hour in 40% aqueous ethanol is less than or equal to
1.5 times the amount released in 0.01 N HCI. In the more preferred embodiment for
intact tablets, the drug release in the first hour in 40% aqueous ethanol is less than
or equal to 0.90 the amount released in 0.01 N HCI,

15 [0199] In another preferred embodiment for crushed tablets, the drug release in
the first hour in 40% aqueous ethanol is less than or equal to twice the amount re-
leased in 0.01 N HCL.

1. Intact tablets

20 [0200] a.)release after 1 h in 40% ethanol at 37 °C less or equal 1.5 times the
release in 0.01 N HCI for Form 23, as shown in Table 28:

Table 28:
f i dolonsh: A 3 ik B0 3 3
esting time point (min} in% mean in %
76% acetaminophen 0 ol
11,2% Eudragit RL-PO 30 24 24
10,0% Mathocad K100 60 34 39
1.8% hydrocodone 120 61
1% colloldal silicon dioxide 180 58 78
tl
00 2 B8
360 103
420 105
480 8 108

25
[0201] b.)release after 1 h in 40% ethanol at 37 °C less or equal 0.9 times the

release in 0.01 N HCI, for Form 24, as shown in Table 29:
Table 29:




10

release In 0.01 N HCl, for Form 24, as shown in Table
29: Tabl e 29: sting Sue point (mn) pan in % none
WO 009&0% acet am nophen 3 5, 0% Enkan 121. - PACT/BN20071@0864
BP% M | hacel X. 100 SO 25 5.0% Bei hccel (100M 120
31 17,2% |1 samatt F 180 43 1, 6% hydrocadene 240

tasﬁng time poirt {min} }nean in% lmean In%
60% acetaminophen
8,0% Eudeagil RL-PO % (;
8,0% Melhocel K100 6 5
6,0% Meihoce! K100M 120 7
17,2% tsomalt F 180 7
1,8% hydsocodone 240 4
1% collolda siicon dioxide 300 4 1
360 9 8
420 1
[mo 5

2. Crushed tablets

[0202] a.)release after 1 h in 40% ethanol at 37 °C less or equal twice the re-

lease in 0.01 N HCI
for Form 25, as shown in Table 30;

Table 30:
BomhZan v TN e
1951an tima point {(min) an in % mean in %
50% acotaminophen 0
12,6% Eudraglt RL-PO 30 1 5
B,0% Mslhoce) K100 1] 2
5,0% Methocel K100M 120
12,6% Xylit 180 (1]
1,8% hydrocodone 240 2 5
1% colkeidal silicon dioxide 200 2 o
360 3 q
420 7
50 m )
EXAMPLE VI.

Pharmacokinetic Analysis of Formulations (Forms 26, 27, 28, and 29):
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34 1% colloidal aiicon clioxxle 300 4 31 360 35
420 3271 460 3675 2.Crushed tablets [0202]a.)
wo sdogas®after "1 h in 40% et hanol at 37 C | eSBCDUS2007/060864
equal twice the re- 5 lease in 0.01 N HC f_or Form 25,
as shown in Table 30: Table 30: I'paling tinme
pain( (mni an In %nean in % 90% acal arnl nophan 0

[0203] A set of exploratory studies were conducted to evaluate the bioequiva-
lence of formulations of the invention (Forms 26-29), compared to a Control 1 formu-
lation, which is similar to the formulation disclosed in Example 4 of Cruz et al. {U.S.
Pat. Appin. Publn. No. 2005/0158382). The comparison of the PK profile of four in-

5 ventive embodiments, one capsule formulation, and the Conirol 1 formulation after
oral dose administration in male minipigs is demonstrated, also as shown in figures
12 and 13. The PK profiles of these formulations are also compared with the PK pro-
file of the Control 1 formulation from ALZA when dosed in Humans with normal liver
functionality. The human data is collected from a separate study.

10

[0204] 6 male Géttingen minipigs (11 — 15 kg; Ellegard, Denmark) used in these

studies were subjected to oral dose administration with the formulations mentioned

below in a randomized manner. The animals were fasted overnight prior to dosing

but were permitted water ad libitum and food typically twelve hours post-dosing.

16 Minipigs were housed individually in pens during the studies. For oral administration

of tablets a balling gun was used followed by 50 mL of water. Before the dose ad-

ministration a blood sample was taken from each animal.
Forms 26-29 are shown below in Table 31:

Table 31:
Composition 60% iophen { B0% inophen | 60% inophen | 50% hydrocodons 16 mg
14.4% Klucel EF 13.8% Eudragit RLFPO) 10,1% Eudraplt RL-PO| 12.6% Eudragit RL—PO‘
11.4% Eudragit RL-PO ;’;;’:ﬂ Methoce) 8% Methoes K100 | 6% Mefhoos! K100 : ;O‘T)'E"Z'""""e"
T14% Methocal K100 [ 409 propyimngiyoala | 6% Mathocel K1008 | g%, Methoce! K100M MMID D05000068
3% Lutrol £58 1.8% hydracodone | 10-1% Kiuce! EF 12.6% xylito! "
1.8% hydrocodone 1% calioidal 6% Phural Olaique GG [ 4 e, pydracodane
126 colioidal sliiepn dioxde 1.6% hydrocodons
sikcon dloxide . 1% ookoldal shlcon diofide
. 1% colioldal
slicon dioxide
‘Targe! wolght (mg) 833,33 833,33 833.33 833.3( 838.3 967.4
20 [0205] Potassium-ETDA blood samples were withdrawn from each animal at ap-
proximately G, 0.5, 1.0, 1.5, 2, 3, 4, 6, 8, 12, 24, 32, 48 and 72 hours after drug ad-
ministration. Upon collection, the samples were cenirifuged at about 4°C. The result-
ing plasma samples were assayed for acetaminophen, hydrocodone and hydromor-
phone using a liquid chromatography —~ mass spectrometry method.
25
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"""s_ 0 12,6% Euthegit 9L-PO 90 46 13, 0% Mel hpcal
K100 ma 52 6,0% Mat hocol K100M 120 .72. 12,6%

wOior 0850180 70 1. 6% hydrontiono 240 75 1% cedt/asmal/o60864
dlicco cliamde 300 8D 360 14

[0206]) Observations:

[0207]  Acetominophen plasma time profiles could be established for all formula-
tions. Hydrocodone was detected after dosing of Forms 27 and 28 only. Signs of se-
dation was observed in all animals after dosing.

[0208] Acetaminophen Profile:

[0209]  The half life observed in case of Form 26 (5.8 h} and Form 27 (5.9 h) for-
mulations were similar. For Form 27 the 11/2 (half life) observed was 4.9 h. Whereas
for Form 29 and Control 1 and Control 2 formutation indicated a similar haif fife of
3.5 h, 3.6 h and 3.5 h respectively and thus shorter than the other three formulations.
Compared to the human Control 1 data the half life of the three forms (26, 27 & 28)
were slightly longer but for Form 29, Control 2 and the Control 1 formulations have
shorter half life.

[0210]  As shown in figures 12 and 13, the highest Cmax in minipigs was ob-
served with Control 1 formulation. The Cmax observed with two minipigs with Con-
trol 1 formulation is 3 times higher than that observed with human. The Cmax for
minipigs with Forms 286, 27, 28 & 29; Control 2 and Cantrol 1 formulations were ap-
proximately 2-3 times higher than that observed in case of humans with Controf 1
formulation.

[0211] The AUC in minipigs with Forms 28, 27, 28 & 29; Control 2 and Control 1
formulations were approximately 4 times higher than that observed in case of hu-
mans. The highest AUC in minipigs was observed with Form 29. The AUC (t sem)
with Form 27 was 87567 (+ 4504) ng*h/ml, with Form 28 was 98100 (+ 9759)
ng*h/ml, with Form 26 was 101433 (+ 13053) ng.h/ml and Ferm 29 was 120000 (&
4450) ng*h/ml.

[0212]  In all animals no acetaminophen was quantifiable in plasma after 48 hours
of dose administration. A similar phenomenon was observed for humans except for
one subject where the acetaminophen level in plasma was quantifiable till 60 h post-
dose administration.

[0213] Hydrocodone and Hydromorphone Profile:

[0214]  Hydrocodone was quantifiable in all human samples tiil 36 hours after
dose administration. Whereas in case of minipigs no hydrocodone could be quanti-
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was 87567 ( 4504) ngth/m, with Form 28 was 98100 (
9759) ng*h/m, with Form 26 was 101433 ( 13053)

ng. h/ mMand Form 29 was 120000 ( 4450) ng*h/m, 30
[0212]1 n all animals no acetam nophen was
guantifiable in plasma after 48 hours of dose

LN Skation. heponmenon
REVTED S Chenttng! AhE prBl BRSITENES HBReL BRE sofhittn o
pleerimajsn pl asma was quantlfl able till 60 h post dose
adm ni stration. 35 [0213] Hydrocodone and Hydr onor phone

a' 26] | eThé Q H\'MQMHQ%W ﬁfe\’(@$2 %@@vaé irdls8 of Poh B0 was 5.2

AR TR Wy

guanti - V\D 2007/ 085024 PCT/ USZOO?/ 060864 fl ed above
[0220] 1. 2 qogipahison of thé parmaesidrgiic dapameters cotdingd with Form 30

%#Wun{gg%e@aqram tRdtdY86l Biotrh@ESHs is BEMBAAatNA Fﬁdiwégno and
& and Control 2). [0215]In case of Form 28,

ydr ocodone | evel could be quantified till 8 hours 5
post - dose adm nistration in one ani nal whereas in case
wi t h anot her aninmal, the hydrocodone |evel

Gospg b@eﬁaﬁrbtxbmp biblde d%temuf foriQRtiord0s&e formulated on the

8%??% L3 shRb Pl derdleb Ao ﬁtaon%r 5@'%%'5*3 inpojble or
o8ty ﬁm@tée mﬁ\aﬁ%tm f%rﬁulamrys listgst Keloyn i Tabiensd delpbaiage of
faydscoe@edanedrugy @.g, dioids )ty rﬁaﬁahngde%tffaeﬂcarﬁf tfieodnmglod Bbusrsmore

%gré Z-Kbeﬁdaor%%a gk nfair AR Y lu?et éd?ﬂolléH‘re‘FHaEé gh&ia teﬁ§t)6§ of the
%tx@n By ﬁgengké:%igs%%e?@gbjs cw&giag@{grégr\%qqe &h |s preferably

iinvgpeadant sptbeimeslias pa diid fodowipa exaoplen endremapdimesin similar

GeTRR me rhie i IBdbe dffel E@s@ng BBgringatg iatal e \biifdar esetihed

b ARbOLy &%@@L@{#ﬁtwlgg%@wggﬁ@nﬂgna;n <548 [Red2%,

s a0 PeroaTiREe eI fesien MPTRERAVRRIY [ hap BPOU3) Rejeent

gk egintsd fastienarar Yot msredrefarablydses tBn sbadi28 pereentage points

Sféé*?ér%:{)rfﬂ lifta@'f mtﬂ’&ﬁl%ﬁ iRg e N ﬁbfcgiéd%‘oﬂ\ﬂ\l/d‘}@ a&@édﬂs%anol es-
EBSaCTHaSard a7 A UPRP P P Ve s ot o an

fagoepusypediam|op heygsihgld sebyghls post - dosi ng. M ni pi gs were
housed individually in pens during the studies. For

ﬁz ad &r%ﬁa&én%a@fpréfa%oeérﬁb@diaahﬂsl mm%enwmé%@se
é’&

Before the dose
"l’?f“% FrH '?%(H‘S '”Bﬁ"’%ﬁ‘asfglipﬁ‘f“eq ‘was 25 taken from each
ani mal . Pot assi um ETDA bl ood sanpl es were w t hdrawn
f r om eadudaadita® oaRL &ppmonip metleddyylate copelymer gpe B o5 type A)
%ccd’rdmé to Bharfrdcopdbas ke ég @8E/NfZot e, BOd er drug

adm i st %&%fc%@@c?yi@l AP L4100ty PERATRYRE MR polow)

cent fif at” a I'ng ‘pl'asma sanpl e
wer e assayed for acetam nophen using a |iquid 30
chr oviilie gnpaphiiable masssratigecy Enusedy corirhopdfertad ratftoncuies:

- -
@L@kag@c Rs, ﬂiﬁplb&{/}%gr &‘Bﬁ%ﬁ % %e&%ﬁa&mbw 241 %nd op

%Hﬂ&ﬁ%%&s% cromssnor EL 1% Fa liolcialslllcon

clioxlcle
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[0218] Qoservati ons: Acetam nophen plasma tine profiles
wowene/ogweabl i shed for all animals. [0219] The apQPEUS0D7/060864

termnal half life (t112) observed in case of Form 30

was 5.2 5 h. The Crax was observed to be 7025 ng/ n

and AUC 106000 ng*h/m . [0220] A conpari son of the

phannacoki neti c paraneters obtained with Form 30 for

m ni pigs, Control 1 and Control 2 fornulations is

denonstrated in Figures 10 and 11. 10 EXAMPLE VI |

[0221]C9rtain exenpl ary abuse deterrent fornul ati ons

were formyl ated on the basis of a conbination of a

r el 2dht i| &R CRBPSTiRR @F aerisin fapulatignsclhy s wiight) lofitiednvention are

podefineddnt ubl e i n ethanol. The fornulations |isted

bel ow i n Table 32 deter abuse of 15 abuse rel evant

drugs {e. malv@ph&h@%éut%u Iehiag ext ract i 0” °f up #§76%,19
of abu e 'E%E d|f uIt i s achi eve

%ai nt a| ni ng t ‘?agftl(% | ease cha?%@?é’r‘ﬁ%’ﬂ"éé\*@}
t he fornmulP Yi"&ﬁﬁ Beﬁ’ély”@fp@at@g%y Hikfeaye listdwelovi s cr ushed
and/ or3.gr othed exapidntss pref erably i ndependent of tdgsey,
msdi a. In the foll ow ng exanpl es and enbodi nents

[nlar thereto, the rate of release after crushing or
G7dthg (4} Shapiget dxcesiainrisbodimentaed prefatred method for shaping the

1ozom@$ isdlapnadring, Gbweah| snycuitase nfeeﬂa@aﬁau@th Qvitdoyt limitation,
Si @iédtisRaditd ¥ thé‘ﬁbZﬁﬁ%ﬁﬁ\eft mj&ﬂig? mol %a %Eo%% Miged. Milling

abéﬁf%ﬁe‘@@g%%ﬂ}e o et

B‘@nﬂt is np{%e P @Iferregrﬂy iveyforr shaping the tablets
pr Beeauspitjendsde |q€ﬁé¢n tmmthataepmwma\gbleno tarbserihgitees crush-

2 8 % or kyeinding ec ks fcoéumfaahal@rrdebfho@ thd cohttdfed %ﬁea%@ &&{ge of the
164 mﬁg%ﬁf}g@h&i S0fReg 3 AL R RalBE SRR M) & Siher acue-
25%%Y 198" medi um or househol d sol vent, [0222] I n
certain exenplary preferred enbodinents conponents of
; hip2abs e(c) Cersin @Blyniees sidl Rbd e vbﬁ@&élgﬁnﬁlz@tﬁ)ns based on the
Ohjlll&)ﬂ'nﬂga eégﬁles Eﬁgrrea@'a 9395? géﬂeclrst\z 810,3 prg&e&ﬁd Aohgers Cate-
ph w@% e|Pr’Qf§ff o @olymjgp; ogtegnry rngleﬁts gdglitional polymers useful

2. ipdhy nentexifof thatiegotign, lantlIdatddopyivselieds poliyieisithiitddhlalso be

fuugdmeﬁo\ﬁ@‘elr%%Qgg,bggy)exc,p,ems Wi | e any suitabl e mass
ratl os can be used, certain preferred ratio includes;

@g agi rées RL)/Ponmsr (I-111) 0.6 to 1.4:1, nore

pr élam %P Brefesreg formulatipng Wepe basesiaul sojubiliiointaqueaus sthanol,

25 WGRODZmugHiHd POPA LSS 0073 (6 E8 S¥hiEh ARy bea)ecEaszPBI LIsDSs base
of pdh@hérah B nﬁé?tr dbabh ﬁfbieéé’yAn{ﬁ {HabL hor?fon[cﬁk?ol} rg%l'eoﬁ}e-

arfgn,ggfl ned by: 1. Active Phar ceutlca ent
up To 70% 52 Pol ymer A: Eudragit (RS, RL): 20 80%(sum
of A-1-13) Polyner B: Polynmer of category t-111 from

| i [882He! de) Soluhilithdr agueoupeihahs! viastEied 0R 3 foldwing criterion:
3g Shapi ng: ¢£e€%{tal n enbggpu ts, a preferred nethod

for shaping §he 10 t@lq,[,tegﬁ] /E?@l-l |ng, hovvever
any suitabl e met hod FRE /u \NQ ' | on,

direct sh 'n2 (agueé’us eﬁhﬁno ction
mol di ng) @}ﬁ @ﬂ%’ft@“@&%vm‘# g°land tabl etting, on
the other haff, Is not a>d9<¥\ffe%r"b%‘ﬁ°/aﬁm@pwe&ﬂnarel f or

35 shapi ng the tablets because it tends to |ead to

L 3B280S . URTe AES FRLRAURBARNEN! Bkl yg\gefés%ﬁ(F heyhermo-
¢ iRBR W Bieplubiial Ies3 o Gowpiobt %20¢haauesus eitenplat | on

mhen exposed to a househol d sol vent (as defined

herei n) or other aqueous sol ution.
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10225] (c) Certain polynmers are used in the various
formul ati ons, based on the follow ng categories,
wobmressosat egory | refl ects the nost preferredPCT/US2007/060864
polymers, Qath- 20 gory Il reflects the preferred
pol yners; category If | reflects additional polyners
useful in the context of the invention, and Category
IV reflects polynmers that can al so be used, however,
as additional excipients. [0226] Sone preferred
formul ati ons were based on solubility in aqueous
et hanol, 25 and thernopl astic properties of polyners,
gz@? "BErBf AEABRAANISE YoidiSh RAnBARGIUE XBIn bllo in Table
I't" extrusion process. ng ese non-1onic polyners
re preferred. 102271(d) Solubility in aqueous
et hanol was based on the follow ng criterion:
pip3al eqouepSa@3ubi ity <3 W. % in H20/EtOH (80120) 3 W.
% -6 W. %in 20% aqueous ethanol 6 W. %10 W. %in

Agteous—et ranot—t+W: /én{{?‘éﬁy ’gg%ﬂi}lé” “ﬁ;gﬁé\ﬁﬁ’ons
b ety prapvisrlligsrdFLce®b 1 Y be t ndldlRSHIRLs t § Watkrisolble; solu-
sGF U MFty of | ess than B wei gh#titniopodd aqueblgdn EtOH
et &fralifer in[v@2@@y Cer t ai n I€xenpl ary abuse deterrent
fornul ati ons are shown |bel ow in Tabl e 33: [02301Tabl e
33: Polymer Category Suhbgtitution Cbservations
P REARNgs oS et g et eappd M blstite, non-
AL VIScosity > 3 > > > Mol ecul ar sufp- SHoSHLie, non
stitution: 3.0 Water sdluble; $oluble in Ef{@meplastchy-
Hydr oxypropyl cel lulose [l lor 11| L-HPC Low $dsyarenyte,
hon-t her nopl asti c by-drjoxypropyl - cel | ul ose célidie& (HPC)
biAVicdliglossliMBERcE@A) hodeal (1) A At AT -UMe 2 gGigpificanlly %8
~-OMe 27.5- soluble in EtOH than
31.5% HPC

Methyicellulose v ~-OMe 40-47%

Hydroxyethylcellulose Hlor it Water soluble, poor
thermoplastic prop-
erties

Carboxymethylcellulose-Na ttorll Water soluble, poor
thermoplastic prop-
erties

Ethylcellulose (Ethocel®) v Standard: Medium: results in

Morli -OEt 48.0-49.5% | formation of gels
Medium:
~-OFt 45-47%

Sodium Starch Glycolate Hlkorll Slightly soluble in

(Primojel® EtOH Insoluble in
water

Starch fHorll Contains starch from
corn, rice, potatoes
and wheat

Gelatine Horil Swells; soluble in hot
water

Tragant oril 15-40% soluble in
water formation of
gels
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Significantly | ess soluble in EtOH than HPC
Met hyl cel l ul ose [V -0OMe 40-47% Hydroxyet hyl cel | ul ose

WO bdo7/0850k4 WAt er sol ubl e, poor thernopl astic PCT/US2007/060864
properties Carboxynethylcellulose-Na Il or It Water

sol ubl e, poor thernopl astic proper]es Ethylcellulose
(Ethocelg IV ill or Il Standard: -O0OEt 48.0-49.5%
Medi um -OEt 45-47% Medium results in formation of

gel s Sodium Starch G ycolate (PrinmojelO 111 or 11
Slightly soluble In EtOH Insoluble in water Starch |11

or Il Contains starch fromcorn, rice, potatoes and
eat _CGelatine 111 or |1 Swells: soluble in hot water
Tolgant 111 or 11 15-40%%50l upl e in wat er| St EH at >
dlolygiylgne Oxide NF 45 °C, very good
thermoplastic prop-
erties
Polyvinlypyrrolidon (PVP, v
Kollidon®)
Povidone USP (=PVP homopoly-
mer)
Copovidone Ph. Eur. (= PVP co-
polymer with vinyl-acetate)
Polyethylenglycol (PEG) v
Polypropylenglycol (PPG) v
Eudragit v L (methacrylic Soluble in E1OH
Methacrylic acid copolymer, type acid copolymer
A, NF (Eudragit® L100) type A) S
Methacrylic acid copolymer, type {methacrylic acid
B, NF (Eudragit® S100) copolymer type
Methacrylic acid copolymer, type B) E {poly(butyl)
C, NF (Eudragit® L100-55) methacrylat
Palyacrylate Dispersion 30 Per- NE30D
cent Ph. Eur, = Eudragit NE30OD (poly(ethylacryla
(= 30% aqueous dispersion) t-
Basic butylated methacrylate co- methylmethacry-
polymer Ph. Eur, = Eudragit E-100 lat)-disperson
Guar loril
Pectin Hor i
alginic acid/Na-alginate Horl good thermoplastic
properties
Arabic Gum Morit
Hydroxypropyl methyiceliulose Horill HPMCP thermoplastic, ionic
phthalate
Hypromellose Phthalate NF.
Hydroxypropyl-methylceliulose llor il AQOAT thermoplastic, lonic
acetate phthalate
Chitosan Il or il
Sodiumcarboxymethyi starch il Secdium Starch not thermoplastic,
Glycolate pootly soluble in
EtOH
Polyvinyl-acetate I PVAC thermoplastic, solu-
ble in EtOH




10

15

20

Pol yox Pol yethylene Oxide NF | or Il Soluble in EtO1l1
at > 45 C, very good thernoplastic properties

wa2i0y0830k4/ pyrrol i don (PVP, Kol lidonD) Povi donePd1I6§2007/060864

(- =1 PVP honopol yner) Copovi done Ph. Eur. (= PWP

copol ynmer with vinyl -acetate) Pol yet hyl engl ycol

(PEGQ 1V  Polypropyl englycol (PPG 1V Eudragit

Met hacrylic acid copolyner, type A, NF (Eudragit(r)
L100) Methacrylic acid copolyner, type B. NF
(Eudragite 3100) Methacrylic acid copol yner, type C,

NF (Eudragit(r) L100-55) Pol yacrylate D spersion 30
Pesilulos@ntetdl. EUT. = EUdnagi t NE3DD (= 307 adrRapibstic, not-
dcgrg,%gg\gg@at Blgg;sdté: but yI ated nethacrylate c¢ ,On;&ohyc;mqe in

elluEQé AceTgt'T:’lgonoR t E-100 IV Li(methacrylig

g (mathacrylic acid copal \E1:' type
B) E (pol y(butyl ) met hacryl at NE3OD ( pol y(et hyl acryl a
t- met hyl net hacryl at) - di sperson Sol uble In EtOH Guar
IEMDEMI Pectin Il or Il al gi ni ¢ add/ Na- al gi nat e

I1lor 11
Relafive Bioavailability of Form 45 Formuiation Compared to Control 1 in Humans:

in this study the objective was o compare the refative bioavailability of a test formulation,
Form 45 and reference Control 1.

Form 45 was manufactured as a tablet formulation for human ciinical trials, as shown below:
A homogeneous powder blend containing 1.8 kg acetaminophen, 54,0 g hydro-
codone bitartrate pentahemihydrate, 378.0 g Eudragit® RL, 180.0 g Methocel®
K100, 180.0 g Methocel® K100M, 378.0 g Xylitol and 29.9 g Colloidal silica (type:
Aerosil® 200) was fed into an 6-barrel twin-screw extruder (screw diameter 18 mm)
with a feeding rate of 1.5 kg/h. Rotation speed of the screws was 94 rpm and melt
temperature was 140 °C. The white homogeneous melt leaving the extruder at the
die was directly shaped by a calendar having two counter-rotating rollers into elon-
gated tablets. After cooling at room temperature the tablets were deburted in a con-
tainer blender with high agitation in order to remove the seems on the tablet deriving
from calendaring. The final tablets had a mean tahlet weight of 833 mg accotding to
a drug content of 500 mg (acetaminophen) and 15 mg (hydrocodone bitartrate pen-
tahemihydrate) of each tablet.

The study was designed with the following parameters:

Single-dose, fasting, open-label, two-petriod, crassover study in 16 human subjects was
carried out with the following regimens:

Form 45: (1 tablet, 156 mg hydrocodone bitartrate/500 mg acetaminophen)

Control 1: (1 tablet, 15 mg hydrocodone bitartrate/500 mg acetaminophen)

65



good thernopl astic properties Arabic Gumill or 11
Hydr oxypropyl mnethyl cellul ose phthal ate Hypronell ose

wabionagsaee NE Il or 111 HPMCP thernopl astic, iBEI/US2007/060864
Hydr oxypr opyl - metyl cel | ul ose acetate phthalate Il or
11 AQOAT thernoplastic, ionic Chitosan Il or ill
Sodi untar boxynet hyl starch 11l Sodium Starch d ycol ate
not thernoplastic, poorly soluble in EtOH
Pol yvi nyl -acetate |1l PVAC thernoplastic, soluble in

10

15

20

Et OH WD 2007/ 085024PCT/ US2007/ 060864

Cel l ul ose-Acetate Cellul ose Acetat Butyrate Cellul ose

A $mPies peweralegtel aild, 0.25h@8 10018, &%, BC4, 6NR10) PNIE 24, 36 and 48
ihosalatill the dovekoh Glddy Bxanpl e |1 X Rel ative

Bi oaval | ability of Form 45 Fornul ati on Con'pared to

R ATt e ML e

or Ul atl on It erence Control 1. Form
45 was manufactured as a tablet fornulation for hunan
Hot W@ las tahdl bssol B62v3REWEr BE] MW AUC values for hydrocodone. However,
for acetaminophen, Cmax is about 61% lower and AUC, is about 23% lower. Both Form 45
and Control 1 have similar AUC. for acetaminophen. For acetaminophen, apparent t1/2 for
Form 45 Is about 2-fold longer while Tmax is less variable.

Without ascribing to any particular theory the t1/2 value may be based on slow-release from
Form 456 and tmax value may be based on the fact that Form 45 is not biphasic.

Table 34:
Reginien Pharmacokinetic Parameters
Hy drocodone
Thax Cuax AU, AUCq, tin CL/F
()  (@gnl) mgfvml) @mg*Wml) &) (L
Form 45 4.8 i34 225 229 55 41.5
(33%) (2% (22%) (21%)  (I6%) (23%)
Control 1 6.8 136 225 219 - .55 417
(36%)  (25%) @5%) - (4%) T {(14%)  (22%)
Acetaminophen
Tinax Claax AUC, AU, tin CL/F
IO (@gml) @g*hml) @g*WmL) ()  (Lh)
Form 45 3.4 .83 18.6 233 110 242
(379%)  (28%) (29%) (48%) (71%)  (45%)
Control 1 3.3 2.1 ‘ 241 . ' , 243 ‘?8 21.8
(120%)  (24%) (93 ) (23%) (179%)  (27%)

For the study in Example IX, additional pharmacokinetic details are provided in Figs. 26-33.
Fig. 26 depicts mean hydrocodone concentration-time profiles for Form 45 and Control 1.
Fig. 27 depicts mean acetaminophen concentration-time profiles for Form 45 and Control 1.
Fig. 28 A and B depicts hydrocodone concentration-time profile for individual subject for
Form 45 and Control 1, respactively. Fig. 29 A and B depicts acetaminophen concentration-
time profile for individual subject for Form 45 and Control 1, respectively. Fig. 30 Aand B
depicts mean hydrocodone concentration-time profile for period 1 and 2, respectively for
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A honogeneous powder blend containing 1.8 kg
acet am nophen, 54.0 g hydrocodone bitartrate

w@envasmem hydrate, 378.0 g Eudragit(r) RI., 18BCDUS§2007/060864

10

15

Met hocel (r) K100, 180.0 g Met hocelO KIOOM 378.0 g
Xylitol and 29.9 g Colloidal silica (type: 10

Aerosil (r) 200) was fed into an 6-barrel tw n-screw
extruder (screw dianeter 18 mm with a feeding rate of
1.5 kg/h. Rotation speed of the screws was 94 rpm and
melt tenperature was 140 C. The white honpbgeneous nelt
| eavi ng the extruder at the die was di rectly shaped by

%o?n‘? 4§ r%r q:gg ‘aﬁ‘\?\t %8 Hr%itgg{:ts %%%rg nag%%p{\erge cr:oicr::e ﬁ) -time
thFéi'etg‘Htﬂeﬂ?‘L et A Mg oo o P opic
vieaR higrgepdaeg enskacefaminaphen @mcentéatlp@q-,fgv@ vitrp Borgedain Ve Control
tthia vival§loetrol d enncentngion rixhin eierb-émdar dongpntrative pfdadivtidns for Form 45.
trad) Be ANt @dicpicB@Aan habddlionsting Beat@hindphdn MY/itdQHR6I0kdA Profiles
tf& R ES En SO, K. 28 AlhiOmEACRAIbIMAR BERE RS éée FBfiles

rtrate pentahem hydrate) of eac
t bI Frﬁgg%?ﬁeeg udﬁa was designed with the foll ow ng

paramsters 20Si ngI e-dose, fasting, open-Iabel,

e .‘?28"""@ ORLPRIBLEN S IIphch oy TR Sy
TRBPUITUSTBIVR A ARt SEesEH @S ITiaiaisdipen Sisoscge o the .nvent.on,
afdectlumdeﬁrpﬂtbsr)ielﬁ:bmthecapp&nde(d]clalmblaed the]@qm/afeyntkr Yedalene

dd #Hcerho@fcaiBn#eaha HisBesEshbodeknts will be apparent to those

25%%% ?rt t%%% %?@’a‘r%%iyglf tgg %rSe(ss% tgg\%?%on %{Pcb cﬁgﬂferé ang m%ﬂca—
figns, jpciuding wisBou entatipribereselating o thashersisal sywckresd jubstitu-
[Ramys, ﬁeﬂ&t&h@%ﬁemﬁecﬁat% syrihesusdfoRulatichsi amdidh endtitdds @fusg of
¢ .

e i L S R T SR S
Control 1 have simlar Cmax and AUC val ues for

hydr ocodone. However, for acetam nophen, Cmax is about
61% | ower and AUCt is about 23% | ower. Both Form 45

and Control 1 have simlar AUC_for acetam nophen. For
acet am nophen, apparent t1/2 for Form 45 is about
2-fold longer while Tmax is | ess variable. 10 Wt hout
ascribing to any particular theory the t112 val ue may
be based on slowrel ease from Farm 45 and trnax val ue
may be based on the fact that Form 45 Is not bl phasic.
Tabl e 34: Regi nen Phai m eokinetic Paranmeters Fly

dr ocodone tuarC. Auct AuciliftmafF (h) (nglia)

(1l ehillili) (unha)(h)M) Form 454213.47252296.841.5
(33% (229 (229% (2199 (16% (23% Contr ol

16. 313. 6225, 129: . 5 541.7 (36% (25% (25% (24% (14%
(22% Acet am nophen Ts. C'AUCt AUCI tftinCUP (11)(pg/ m)
(pleh/mL.,) (ng*Itini L)(b)(UN Form 45 Control 1
3.4118318. 625. 311 _02. 4. (37% (28% (29% (48% . (71%
(459 .. ... 1.32.12.24.1. .. 24.3 s5 821.8
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(1H (24%'" (23% -(23%9 (1799 (27% 15For the study

in Exanple | X, additional pharnmacokinetic details are

provided In Figs. 26-33. Fig. 26 depicts mean

hydr ocodone concentration-tinme profiles for Form 45

and Control 1. Fig. 27 depicts nmean acet am nophen

concentration-tine profiles for Form 45 and Control 1.
CLAIMSy. 28 A and B depicts hydr ocodone concentration-tine

prof| le for jndivi ect for 45 and .Contr ol

s g EBMOIG SIS 95558 Gt b B Rion BrRRT R BB

proce@@éu:ramurcabﬂ on- 20tinme profile for individual subject

for Form 45 and Control 1, respectively. Fig. 30 A and

B depi dep nemrarajgesioalyaffective ampenttaf at least-oné auserrelevant drug;

for period 1 arid 2, respectively for Form 45 and

Cont r ol(bl. FRitdpasBane/celuioseBtokspr celkiose asteti@pd am' nophen

concentration-tine profile by periods 1 and

r espect(Flel yatfesst meralkyl alkacayite @@Hmﬁblﬂkfcrylﬁteg”%@f@r and

B depicts n&,@m%ﬂ@,@@@%ﬂe and acet am nophen

co centrations f in vitro Form 45, in wtroOP

wherel) R Amsyint ?félFe qu@H}?é@ﬁXFg({t?q)ﬂ vitiadram thgifermylatign 8y 40%
aqueNUsVeIhaI@mm o5d hawn atII?Edlls:lbbs)thén bosquabtbnwiéd theanfauat of3Re drug

d d d h
v B o BB P B RS AR B2 e oo oy "
Fiwherd6 theajrug tosmuletaom i y@bpm:tfdmtamdwaam asrio be meeful for

oral a?mlét a‘ﬁ?}n Io hfn?{nr% isorafﬁn&oc% 1' (0231] The

ed descriptio and accon‘ggn yi ng
emléﬁﬁeﬂr ¢g fogniglatianys ¢nrqctjxg§ha@p¢ fremdhgimg Xtrttﬂaém'd@d! qpsage

form JNltrmut ah In%"l%e&i%rimﬁl st@ﬁgﬁ@wmiout Qr?m'tél‘r‘ﬁ@ﬂibie%Itlbéhlcﬁﬁtlhgsstep
defined solely by the appended clains and their
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hg s" *Oosed enbodi nents will be apparent to those
methyggliuiogy | n the art and are pad of the present

venti. es, and o cat i ncl udi
w hout T e LIRtef ARG RErEITir ghedvER Bouplsh et cifte
polymer oumetieerylic pnunmn tu- 15 ants, derivatives,
i nternedi ates, syntheses, fornul ations andi or nethods
of4.use 1dfe fedmuldting ehelaion!, whareinbbe atkaerykaietiobimer iscaeipnic agrylic

polyn{err@%ﬁ RRicHRithdcyliapalyseope thereof. CLAIMS 1.A
nmonol i thi ¢ sust’ai ned rel ease oral dosage fornul ation

ccmrpr | STHRGonulBtbh of §MiBCE SABRINhE bikb&ylafe: polyer & cationic acrylic
anal %ﬁsn cally effective anount of at | east one

polymay Qreationic MAACYE BYY™eh) at | east one cel I uI ose et her

o kan ot RGNS o aifRer. ppieling BRSereRR st iag romelvarof
the a¢rilierpobyimer and the methaondic polymer egtera nontaihing lyeatdmagy artraeniurg
group@sxtract ed in vitro fromthe formulati on by 40% aqueous

et hanol within one hour at 37Cis |less than or equal
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rel ease so as to be useful for oral adm nistration to
a hunmarrha,forthulation s tlaimesl idl dlainy 7or@nflirther comprigihg belesstohe
furtheqrdl’i% formulation is directly shaped fromthe
extrudate into a dosage formw t hout an
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ol 1 pag e Bioh bGarkt 2R the bRkl ol BHEF b in e
formujgien & dsteleeof s@lid selufge et her is hydroxypr opyl
nmet hyl cel | ul ose. 3. The formulation of claim1, wherein
the al kacrylate polyner is an acrylic polyner or
nmet hacrylic polyner. 4.The formulation of claiml,
wherein the al kacryl ate polynmer is an ionic acrylic
pol ynmer or an ionic mnet haéla% ic polynmer. 5.The
formulation of claim1l1l, wherein the al kacryl ate
polymer is a cationic acrylic polynmer or cationic
nmet hacrylic polyner. 6.The formulation of claiml,
wherein the al kacrylate polyner is a copolynmer of the



further drug. 10.The fornulation of claim1, wherein

t he abuse-relevant drug is dispersed in the
formulation in a state of solid solution. 11.The
formul ation of claim1, wherein between 11% and 47% of
the abuse- relevant drug is released in vitro in 0.01
N vy dr orHdl feimatidh ioflcidiv 1) iwheteibd\0edrs1 184 ard 47% bPthd Buse-
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methmhphrmmmehe acrylate polymer is a copolynmer or mxture
of copolynmers, and wherein the nolar ratio of cationic
grBups the foimulatienes akinstie cigint § of 13, whereirathg élkyfacatide or the
alkacils,la%) Opbifimds s MRINRERE BIR-of (6. Jng%lkt/P((de:%}auk@&nﬁ&te of &, m
erein the formulation has a substantially simlar
Clo)all;‘j?%")datfael ease profile to a cr ushed form of the
olithic for ation jn th
f ofmul sthedaratEn 35 GBtreds Gl o500 068 HHF eleagiapoymer s
a copbm206f the arrylic mlyoad Brd thgmiatithongic paiginenestére cortbioint qG&temary
ammérﬁ r&?o% 20. The formul ati on of claim19, wherein the
Prrul ation does not conprise nore than 0.5%of a
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drug feERE BTl 7 afushp e Bt P ol B Peiein e mapoivic
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forat$> {&p Cgnésrom about 5.1 nmto about 30 nm 24. The
ation of claim23, wherein the fornulation is
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stora§OHMPEFS/60% remlive Hixtiditybr 10° G799 Fertiva hL@Ritg, @FB6thsi Ng  at
| east one abuse-rel evant drug, and further conprising
directly shaping the extrudate into a dosage form
wi thout an internediate m| !;I ng step or
mul ti particul ati ng step. 28 A nmonolithic
abuse-deterrent drug formnul ation conprising a
nmel t - processed



m xture of: (a) at |east one abuse-rel evant drug,
wherein said drug i s hydrocodone, (b) at |east one
cellul ose ether or cellul ose ester, and (c) at | east
one acrylic polyner nethacrylic polynmer or conbination

t her eof, wherein the drug fornmulation is
actapt edl'i'%%:?fﬁxlétl@n eﬁcuémez‘oumé@rn tRé RFm@EiBnYoRipkigdd on to
or 1 tinmes daily, wher ei n about

polyegulyygqxn%@d@cﬁn&%@awe is released in vitro at about
a0 B B A0 R fertpcromound & Bn Reoxice o

an opigddri ni stered 2 times day and about 16-22 hours when
adapted to be admnistered 1 tinme a day; and
WS ei T hetermuiatign bbelaion Tawherein tbe ﬁirmeleticbryhaﬂﬁémwerffmrabout at
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ur at 37C 01 N hydr OChl??” C 28.
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mel t - processed m xture of: %@r | east one opi 0i d;
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mixtuRC&ept abl e pol yner, copol yner, or a conbi nation
t her eof, wherein the anmount of the drug that is
extract(spl f rpeabtehel bl sBLIcRVa MUY, whePSirrsHiearug issiyaridedione,
wi thin one hour at 37C is about 70%to about 110% of
t he angunt it Idabeor@rosiulddeadthdror exlulose bstdr, ayd 0. 01 N
hydrochloric acid within one hour at 37C,
wher ei r(ct he aliaagt drmramdllabd)lwneri rsethstagicedlys®r ascambiration
useful for qﬁajeofadm nistration to a human 3, 2, or 1
tinmes daily wherein the drug forrmulation is
diwheeein {heghiapleamilatiomis adapias g0-asite bedealel formre adminidiagen toa

humah@, 2 gM1ttidtaafyn I Nternmediate mlling st ep and WI t hout
an intermediate nultiparticulating step

apyReEeig abat P%%nof Hiedydfosriane &t fe&?ﬁs'%ﬂf '"c’,’lt@@ﬁ??‘?}‘t 4:/%*@#@? hen
adapted €0 baadiihisRfed NEmEN a18ayt, BBAbOUSE-88 ho@s Wheh Badprd ode

aaminiglot ooy Yo poast HE8HS Rt Roenltd Qb AP Hme o
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. 37C.:
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abuse-deterrent drug fornul ati on of claim?29, where .
t - non r@pﬁbéi?‘hd%iﬁ’é‘i’ deygdor, "ylaéleepmlw&%whersm more than 30/° of

the hydeHRBRER exBRotekhford iNagemAlRtien EedboutbriechduPatBIP@ir @01 R

hvd ChFLn]Z , Wherein the opioid is is hydrocodone or
yarogR9uedtdhe, or pharnaceutical |y acceptable salts or

esfers hereo e agbuse-.det grre o

F ot A rogr e ont A ORELES R HIE S, i fom about 12% o
aboutdh¥s ofdbel byrzocaddnenis exisaated froem thedormuiadivr asabotibortei®uhatrdAC in
0.01 Nﬂ?&%Emon tJagy formul ati on produces a plasma profile

c aracterlzed by a Crax for hydrocodone of between

about 0.4 ng/nL/ng to about 1.9 ng/nlL/ng after a

singl e dose. 35. The abuse-deterrent drug fornulation

of claim 29, wherein the opioid is hydrocodone and

wher ei n when adm ni stered ﬁathe human patient, the

formul ati on produces a plasha profile characterized by

a Cmn for hydrocodone of between about 0.4 ng/ nnyg,

or optionally 0.6 ng/nL/ng, to about 1.4 ng/nL/ny

after a single dose. 36. The abuse-deterrent drug

fornulatlon of cIa|n129 mhereln the opioid |s
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39. The abuse-deterrent drug fornulation of claim?29,
wherein at | east 90% of the opioid is released from
the forrmulation in about 6 hours to about 10 hours.
40. The abuse-deterrent drug formulation of claim 29,
wherein at | east 90% of the opioid is released from

t bg_f orAbadiith abuSe-aBRHENt Hrud Yo iatiof camPHEingS mBRipFstessed

.. 41. The abuse-deterrent drug formulation of claim 29,
mixtuglr ein the AUC is at |east one of the followi ng: (a)
fromO0.22 to, about 0.51 ng*h/m /g at one hour; (b)

from 1. t@tgﬁﬁtlﬂnefp’%j’ﬁ h/m/my at two hours; (c)

from2.,06 t ? * Q{ . _or
(d) fr 435 PRI el gﬁ&&‘ﬂ%%ﬁi‘%@; N eEfiable himet
42. A et hod copalyrnereena egnistian thereef,human pati ent,
C QyHeF iﬁihﬁ%nfbpﬁt' dehead?G@O{HaFiE %&t‘refb%o‘f%nﬁ @ oIBR8 46 tagleous
formulation fromany one of clalins 141. .
ethanol within one hour at 37°C is about 70% to about 110% of the amount of the drug that is
extracted by 0.01 N hydrochloric acid within one hour at 37°C;
wherein the drug formulation is adapted so as to be useful for oral administration to a
human 3, 2, or 1 times daily
wherein the drug formulation is directly shaped from the melt-extrudate into a dosage

form without an intermediate milling step and without an intermediate multiparticulating step.

30. The abuse-deterrent drug formulation of claim 29, wherein the amount of the
drug that is extracted from the formulation by 40% aqueous ethanol within one hour at 37°C is
about 70% to about 100% of the amount of the drug that is extracted by 0.01 N hydrochloric
acid within one hour at 37°C.

31. The abuse-deterrent drug formulation of claim 29, wherein the abuse-relevant
drug further comprises a nonopioid analgesic.

32. The abuse-deterrent drug formulation of claim 29, wherein the non-opioid
analgesic is acetaminophen or ibuprofen.

33. The abuse-deterrent drug formulation of claim 29, wherein the opioid is is
hydrocodone or oxycodone, or pharmaceutically acceptable salts or esters thereof.

34. The abuse-deterrent drug formulation of claim 29, wherein the opioid is
hydrocodone and wherein when administered to the human patient, the formulation produces
a plasma profile characterized by a Cmax for hydrocodone of between about 0.4 ng/mL/mg to
about 1.9 ng/mL/mg after a single dose.

35. The abuse-deterrent drug formulation of claim 29, wherein the opioid is
hydrocodone and wherein when administered to the human patient, the formulation produces
a plasma profile characterized by a Cmin for hydrocodone of between about 0.4 ng/mL/mg, or
optionally 0.6 ng/mL/mg, to about 1.4 ng/mL/mg after a single dose.

36. The abuse-deterrent drug formulation of claim 29, wherein the opioid is
hydrocodone and wherein when administered to the human patient, the dosage form
produces a minimum AUC for hydrocodone of about 7.0 ng*hr/mL/mg to a maximum AUC for
hydrocodone of about 26.2 ng*hr/mL/mg.
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37. The abuse-deterrent drug formulation of claim 29, wherein the in vitro rate or
release of the formulation has a biphasic release profile, and wherein each phase of the in
vitro rate of release is zero order or ascending.

38. The abuse-deterrent drug formulation of claim 29, wherein at least 30-45% of

the opioid is released in vitro from the formulations in about 1 hour.

39. The abuse-deterrent drug formulation of claim 29, wherein at least 90% of the
opioid is released from the formulation in about 6 hours to about 10 hours.

40. The abuse-deterrent drug formulation of claim 29, wherein at least 90% of the

opioid is released from the formulation in about 15 hours to about 20 hours.

41. The abuse-deterrent drug formulation of claim 29, wherein the AUC is at least
one of the following:

(a) from 0.22 to about 0.51 ng*h/ml/mg at one hour;

(b) from 1.07 to about 1.76 ng*h/ml/mg at two hours;

(©) from 2.06 to about 3.08 ng*h/ml/mg at three hours; or
(d) from 3.12 to about 4.44 ng*h/ml/mg at four hours.

42. A method for treating pain in a human patient, comprising orally administering
to the human patient a formulation from any one of claims 1-41.
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