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CQUPOds:AoRBANEAG & CANE (@NFFGR h0BB:GRIE of BV 0 IRUPRLAHEE atiod 187
abuse-rel evant drug, a pharnmaceutically acceptable salt of a hydrate

t her eafz/mhaing andaphsus eonengatet atdr hogir 611 far plesanmacgheniof abdyt 2alcepimbbhe sal t

t hereof jn core, | ayer nd, (b non- abuse-r el evant, d a

Dhar e bt g i ey e RBEd b SRRl el B BRI 13 sl fomp o

| ayer .pr&2nuRbes ablfys hyldidod6RMPRBoli @82 hg/nahaizas besitzes ymatm} eash Caer of the
follow ng features:” 10 i) the anmount of abuse-relevant drug that is

ext r agcetdminophen dleaboohp 4 ngindrmgyto 4bostacpibegmlanganol within one hour at 37
C.ikn vitro.is.less,than or . e | .1.5 tines .the a nt of. the a er

Fap ey dhe“dit §irerEot dARuRT uE R wfe Bt RO DR o B o wi e o
one hailenake sifgl€dose conpristgbou® P Al 3figarodoesncrtitartbite pkntititdahy@att@nge of

150 newt ons, preferably 300 newtons, nore preferably 450 newtons, yet nore

pr ef erthpitys08@e pbigckrEnepheeaiapistprsh to thpatient, Péwh fstine1 §hp dosagg foAkss
Pt S . okt t
tr vg” Zncfiisttd phiifa ENRATUIAP 1HELPEOATR SRR High A EATRUREIRE GV

of i n abohitrio0&ngmdl/mp) o 4 @5 forngetaméchophaf fomkibputld. IHngurli/mg tb hbotiStst  hour

of in vivo testing iv) the conposition releases_a_ therapeutjcally

ePP ectelBLus ngrcieygd ﬁ@h@%’lwg@, 1hgBYgR (ro Di5<BeRRh] ferpyvgedarsdrunarter a
si ngl epgasess ngﬁnLt/Ilﬁg & QERPS 106! 1T Bh LARES CR fhNREAREMIheR kR folestsve dose
of the non-abuse relfevant drug and/or the abuse-relevant drug at 1 hour and
at 12 nigbukAngfotaboutd.43 nghd./ogse, vi) in the conposition, release of the

buse- i ndi ng_i b t - to,3-fol d,
e omparb ol Shhodt e e dafise Tt Sommut s bt rs oG ofing fer 1om nut e
by a 25aehiRehal ibReboat 1.20 0L to HIuOD83 LRIML | dRefUnaruURRLST B3 Agnol for 1

hour at 37C, wvii) the conposition when ground conprises a particul ate size
of25 abdwtrogodenctbutaipsuperegsmisirgrene p04 mg allseciempophof, oniestingadn pisferred
greater .t han abgut i crons, and | ess Q i.crons for out 66%
o °t nampb B oSS RO Bt RSl 7 SRR SR R

fract iffoi algsut TERS LY QU t6Ybeut I AVILANGLE 88ér,a diigle W€de of 15 mg hydrocodone bitartrate

2010/ 083894PCT/ EP2009/ 056362 9 viii) the conposition is substantially

smoot Wenighepdydrafand G0 of sgsmipeihgge (CLA) is from about 0.1 to about

0. 6, - : 0 A t from about
0.1 tgﬁ g%%%?g%‘}sﬁ‘fllhﬁﬁls?ﬁl??oé%#%%ﬁ?? ?O?ﬁ,yést%ceo%g)rlmunt {Tg%hly EIEaO%é (fjnggdln %{el evant

dB0g tabatmimpbxt framtabduf ¥.e8nupid. foodbiout 279 g/l afted 0 Ymglpuieceist £ mgnol wi t hi n

one hour, at 37 Cis about 70%to about 130% of .the anpunt _of the drug that
i's extwdrceee biartate _PelNaPﬁfB“Z% hicq o O REO e RN hBLPTeETed7 & I n

anot her enbodi nent, the anmount of the abuse-relevant drug that is extracted
fromthe formul ati on by 40% aqueous et hanol within one hour at 37 Cis
about 70% to about 90% of the amount of the drug that is extracted by 0.01
N hydrochloric acid within one hour at 37 C. In yet another




10 enbodi nent, the abuse-relevant drug that is extracted fromthe
formul ati on by 40% aqueous ethanol within one hour at 37 Cis about 75%to
about 90%vof0toms3@aount of the drug that is extracted byc@mPodNs6362
hydrochloric acid within one hour at 87 C. Another enbodi nent of the
present invention provides a pharmaceutical conposition having a core |ayer
and a non-core layer. In this conposition the core |ayer conprises a

m xt ur e . of at 15l east o ast one rate altering
ohar meCROE T, PSR B & B S Form By e b oSSR s AP eof
The naRe st h BREI/GOTBEbSRD. B ud/BRS hit@NEINAN ORI 37118 RNRY @8&donc brirtHRY |

t hese COﬂEOSItIOﬂS are adapted so as to be useful for oral adm nistration
to a enta mBmy®amumdﬁQDwmpgfdaWMynmﬂweferably, the core layer further
compodi Ao LR AR e o aa st B EET s fambief 8 Bl Uy fbar r es:
1) 5t hecammidphef oY eor éﬁ'ﬁ Yt will HE IPaEorRIchd ihReL Horfth®Mchh QalgOMPOSI ti on

by 40% aqueous et hanol within one hour at 37 Cin vitro is less than or
equal fallisg betwesn abait d rfd urg/ mbfto eheutisee/mdl, eftens smglelgosehétlﬁrsg extracted by

0.01 N chlorlc ac Vv our e
conpotHSRAGET BTt a4 s eGP SodiMineRbesna 1% o erdonfing o0
newt oriﬁervrapmeco%ﬁmwdeéﬁfcﬁbl Mrot8oreintl AB&amRphEPfoR tH |RERIAALMbeGhARMNGNS as
measured by "Pharma Test PTB 501" hardness tester, |||% t he con205|t|on

r el eadkasCatrgl @agtappods Bre $e comifsacy wicaval fer e yammaunef corabiacd RAR0U5Y of

t a I 0] | n

t 45, SRR e A hoPHe! A e Cordol Phne PR opBlhol ) M6 1S Gl BRALMAL" 51 )
the c Qd‘mimstblled s laei@Me af 1 flefgetgelnﬁdodarhd emdeﬁ‘()fOemg bﬁ&etkmiﬁolﬂfenttdﬂ éhertamaabuse
rel evant drugﬁmnthln 1 to 2 hours after si.ngl e dose

2010/ (84894 PET LEPooDYLvdesesigignt Rl%sntaﬁévq%%%maaﬁ npém%@galgesw to

t her apeutiy Cakd i@ f’i’lg}ain ﬁh %?wﬁg JB%uPP o&%‘f’t’éte?drrﬁﬂnf‘s‘t’r‘%%n drug and/or the
abuse-rel evant dru our” an ours after a single dose, vi) in
t he Cdﬁbﬂsadmmmtem(bﬂoeiqm@ublhon héhaihlhyﬁqréﬂ /émarid;andlougVasanEgrqpnmsng i ncreases

by_less th to 3-fold,. as c red ta L nt act | e
cﬁﬁpogemcaﬁﬁwsw*&f*&%@wfaﬂf 5 P15 B @bty b friaed G 4BTGUSOT 4, 000
rpm i ReHerusued fateled, @bouk 200150, afthéﬁ%mcyddn)e i§ REaSATRRSHS Fam When
ground conprisés a partlculate si ze of about cmto about 355 mcroneter
f or atbuphapoosauticallvembpsitensin, abguteléltoer artdﬁmua%éﬁ%aﬁ the aoctmgnemgnliess t han
about for out 66% racti t t 63
o oneeral S Shc e o RS LR Th a8 3RO, AT NI Bl e
Viii) at B®eCOmpasithdrembodingdhbsibant b3y &M}Jﬁroc‘ﬁh@{eﬁls Reléd3ed Gevitrd €rdnt e
Average (CLA) .is fromabout 0.1 to about preferably fromapbout 0.1 to
aBBut PhamnacgiraheRMPQsHtimS it phapt flh@maaééh@u@Sﬁ&/ooatbéﬁﬁet@mmphw isielcased
enbodi; ) t ept ani |,
al lyl plﬁrgﬁllt nfé&ﬂ(ﬁfl1 plﬁdagllrﬂg ﬁca% %ﬁ?lgllﬁg‘b& glrlll% (g]ﬁlﬁﬁﬁeélébezr?r f?nhf]je@

bupr erurthd, iregnolther @ﬁmbdumlnt aiLEa@ktcm)% aﬁmaaydmOGtEnaes retaasddoizomithe,

desonor phi ne, . dextronprani d ezoci ne npronlde di hydr ocodei n

di hy dmBABR35RRt Hé?CQiPPRe“H&PdH& Ou% Wﬁ%@pﬁbawol hoprtdAf gt AR ahput 95% of
di oxaphel dtlarHEpHAG Srel Ab&S RANCH EromSRE BRAFBEiEE BRRRERAS Dfabout 6 hours to

et hyl net hyl t hi anbut ene, et hyl nor phi ne, etonitazene, fentanyl, heroin,
hﬂdroabdﬂdhshmydrhmumﬁhmnﬂmomydmoﬂybamhm&im@hehsmnammad@meeaK@theWMﬁone

R Y B A e

nal bulapbthehopRéd ﬁ%l@@sed i RGO kephaRRiRUAE) Qﬂﬁpoﬁﬁbﬂéﬂh aBIU RARIRELO
oxynor phone, papvretum pentazoci ne, phenadoxone, phenazoci ne,

pheno @@Hérhoum @n@péhqr@mdlnpﬁmmaméﬁastr%% pf@puhwéﬁwomp@s@@h@h@om the

suf ent ani | t|| di ne. .and t XKtures

¢ her edtamsplia} &P RBns bR TR Rum PBoE! Broct EERAER elHE o oup
CQ0si sitétaimphacstrelise pheio f20a sy Ifhaﬁnadeaﬁ&aawmposlmrlﬁfaB@ut J et haci n,
ket or ol ac, naproxen phenacetin, piroxi cam sufentanyl, sunlindac,

i nt er REPYH 2109k, Y i 2aaiherembodumented leasicd 3 i afrtha hy @‘F@Qﬂe ispelepsddBy, t he
opioid is hydrocodone and the non-opioid anal gesic is acetam nophen or

i buprofen. More preferably, the opioid is hydrocodone and the non-opioid
anal gesic i s acetam nophen. In certain enbodi nents, the follow ng

phar macoki netic profile is preferably exhibited when the 30 single dose
conpri ses about 15 ng of hydrocodone bitartrate pentahem hydrate and about
500 ng of acetam nophen, adnministered to the patient, when fasting.
Preferably when adm ni stered WD 2010/ 083894PCT/ EP2009/ 056362 11




to a human patient the pharmaceutical conposition produces a plasma profile
characterized by a Cmax for hydrocodone from about 0.6 ng/nL/ng to about
1.4 ng/ mMwogoands®4Cnax for acetam nophen from about 2. @cmglroicdngesand 7. 9
ng/ m./ng after a single dose. In another enbodi nent, the pharnmaceuti cal
conposition produces a plasma profile characterized by a Chmax 5 for
hydrocodone of about 0.4 ng/ni/ng to about 1.9 ng/nl/ng and a Crax for

acet a hen of. bout 2.0 n /nL/ t o abqu a single
dose. TR acetiedapngtion Hesont FRadnd st péuf ot bt foduces a
pl as mcaaatﬂobﬁapi@%l@@stegﬁﬂ R mﬁn%e%tﬁﬁntc%um doReedans iRfabbditammhaub 0.6
ng/ m./ng to about 1.0 ng/nlL/ng and a Crax for acetam nophen of from about

3.0 ngbmttllridlwm dbanethst @nlv@/lmtmtngt ledst 89%enf dhnlgyldeoaddeies is relcasad dront thicn
enmbodi ent s r.macoki net | of|Ie r exhi bi ted
ohon PHERR e ot SRR TTRSRS SBNE 18h8s aFe alaBh SO by o1

pest abeétaﬂﬁmt)aérelsaéleas@b@futm‘é%mmhaaﬁateamal@@ﬂl BsitiGhith Abstan a@dutsaot he
patient, when fasting. Wien administered to the human patient, the dosage

f or m bodUcdwusn Iayet twhewmb@éw@h@t Isest99Guet the Dydrgeedongdy ielpases fieut 19. 9

ng*hr/, n m./my to about
15 59 mgﬁggb{?ﬂjﬁgﬁﬂggé%?b%%ﬂgﬁg%%ﬁﬁé%?Lu Qﬁggtégﬁg9?%¥ﬁﬁéroduces an AUC
for hyidtftﬁ)l@lﬁﬁ)@hﬁl ﬂfrelazlimd'ﬁn Vitld fiagt ke piﬂatrﬂg:ehﬁce&bompos'dﬁm& ingdsk Itb[amfl.a/bb@t Bnd an
AUC for acetam nophen of about 18.4 ng*hr/ni/nmg to about 79.9 ng*hr/nl/ nyg.

| n yet'O8i¥ot her enbodi nent, the dosage form produces an AUC for hydrocodone
ofjpabqygwelly I/HAGHY 4 Hbév%lera& @é’ﬁ&'ﬁ ofi e Tor’ﬂﬁﬁzi’lfc/n%/ té%ﬂg b%@uﬁ%%\? fRror
acet am nophén of about 28.7 ng* t o about ng*hr/

Pr ef ematblhc}edzor atdrnlmst;raembwch Imeman, twice dauty \aB tlcecdedathen @tﬂem Pe%sd thrf t he

phar ut| 0 a bi sic rel ease ein for
P Dyawsodihek BTRRE froRne BRutert P toGuworiuS) B bl ok iy 1 Al 357 uor ' For
acet aloRRRAB At RAS 9085 Of AE d&¥tarRinophdnSit rQEAEH if Gifro Mo AeMeRLaBiti@It rat e
pentahenmi hydrate. In certain embodi nents, the follow ng pharmacokinetic

pr of i lcempgsippwrsf iarahutyl Shomrsoptabgutvdidipursh elnzsgthﬁlgﬁeb(ub@entmf ipy slewgclaprgut 15

of h drocodo e tahem h dr t d ut 500
a0 o RS S0t b B R Ay SRR R PR n I a0 BPubliioy e
adm nlasbarzodlotm; 13 aBLUFEDS Hoaitd Bidltat Idast mbﬂﬁﬁauttmaiopﬁam@slbtseann pitedtaes a
pl asma concentration at 1 hour (d) for hydrocodone of about 0.18 ng/nlL/nyg

t o abdkg PhRImacoELHHSORROSIHARP 1A abpla QEhieekontadd rat Inpnaggr crapodigent of
aceta £ B0H 4 0 1In
prefe?&%ﬁgaﬁao%inents&gﬁbﬁﬁbag ordgpgﬁﬁéﬁg Bd%ﬁésaggég%ﬁﬂgin?produces a d
for \MuRHtOutRABEAARESTIdERAABSUtPTGRGR th 2bbytd2dmackoand aofcastdddt oOthd2 ng/ i/ ng
tqQ about 1,51 ng/nl/ng . ,and_a C for acetam.nophen of abou g/nl/ng to
aBBut a8t %mghwsrr%leaﬂeﬁ IR ¥HHOAFHM i gt ECal CRRIPPHIIPRR A Olﬁr?ﬁwa&@&sz. netic
Prof i luBobnfogh.enAhynexithBid:fth Wrefls L%, Sicaed antlRfRefOMmEL P o HoN 15 D
of hydrocodone bitartrate pentahem hydrate and about 500 5 ng o
acetaﬁwﬂmph@nm1adﬂmme¢ﬁenbhepbnmheﬂpaﬂuonuxmmmemnﬁbsmﬂhgom@meﬂ@naBBy when
adm ni stere 7] atient the ph L eut.i c conposi tion. oduces a
o1 nsmioug i RaftoBrt aktd Siestiineels SRemus roL dnet ETHase ! 30
ng/ ”L/cbﬂlpbﬁtlé‘&qmabéut@@ HoG o/ aBBut Zﬁﬂﬂ)u?s @ yétQhomersAPIRRABREIT the QBW%@I@&He 2.75
glnL/ to about 5.57 ng/ni/ny. preferred enbodi nents, the dosage from
prddudesngat@in, ﬁblpaswa‘i/mfdhmhﬂimmwdakea@dzf@rmétem_hﬁﬁ@aqe@tlcalbmmpqsﬂom mo
ng/ m./, n f or h ou ik out 4.43
g/ g PRI ACHTRN R0 of ' SRR ef kR BRATELT AdniRteq &
for hmammearf@l addpaaaing i Rephan absaryalart 1.18 iLig/nl to about 3.63
|ug/nL after a single dose of 15 hydr ocodone bitartrate
pent al®aiPksfemed @ﬂ%@fgms@@th?g)rwntaze@t IPNEPHEE. 2 qompesioaryhsse Baisewi lmsit s, t he
dosag 5from
about 2T EROREERR B ERERLGS ol AP SEATARANE e
hﬁdrombd@nﬁ:MymamhqmmeunﬁntqmﬁMDﬂmﬂkaﬁanﬁmdbﬁ@&aﬂggdhchmgtﬁmﬂﬂnphen In
certain enb di t he dosage form produces a combin Cl for . hydrocodone
and ad&tfsHy %ﬂ@ﬂmﬁ%theﬁqu iggmany agt}lmthyansltaﬁtuszonr&ﬁilewasﬂim,dlratf er a
singl e dose of 15 ng hydrocodone bitartrate pentahem hydrate and 500 ng of
acet am nophen. In preferred 20 enbodi nents, the dosage from produces a
conmbined C for hydrocodone and acet am nophen fromabout 1.38 iLig/nL to
about 2.2311.1g/nm, after a single dose of 15 ng hydrocodone bitartrate
pent ahem hydrate and 500 ng of acetam nophen. In preferred enbodi nents, the
dosage form produces a conbined C for hydrocodone and acet am nophen of
1.80 0.42 iLig/nL with the 95% confidence interval for the nmean val ue
25faII|ng betmeen about 1 61|L|g/nL to about 2 OO|L|g/nL after a S|ngle

o ~ - o o o o o . o v . . o NN



WO 2010/ 083894PCT/ EP2009/ 056362 13 and nonopi oi d anal gesic to provide a
reduction in pain intensity within about 1 hour after adm nistration. \Wen
adm ni st ewecotowsasopopul ati on of heal thy North Anmeri cans pon/Feean 56362

Eur opeans, particularly when the fornglation is adapted to be suitable for,
or intended for, admnistration to 5 a human every 12 hours as needed,
about 20-45% of the hydrocodone is released in vitro fromthe

phar maceutic onposi ti.ons in about 1 hour and about 20-45% of the

Peet aniibhan e SR e B ForbHE e o R RACRIER O3F" B PSR rons i n
about NiB@@Feférabl9; Bd cbinbbditieh c@fﬁﬁ)ﬁ%%ﬁéut%BOﬁfg of AcANRNBBReneHAQBL e mg dPout

25-35% of "t he hydrocodone is released in vitro fromthe pharnmaceuti cal

conpodiytiosadonerbitalitaie péitahemibydtatgbout 25- 35% of t he acet ami nophen is
rel eased %811” viLJo qug1tgfﬂ%parna %yt%?al co osiggogs inmaboutiihour in
0.01 N ERYNSCAEEPHACHERPOYmCpL, the preyeaf HVEon provides S plarRageuical cCoampogitio ™ o o4

of 5t heyabindaQeedaien héh-cet e38€ doinbahENR) hasuseeseNdne aﬁugg:@Pmﬁiabmﬂaim about
8 hours to about 12 hours and at | east 60%to about 99% of the

acet afFefpfbensaltor adydede theront 9id @ Bog-aetple Vi drugsieurliagaaccatedsi ti ons in
about i h I , . % of
Ehe hy SRS 00D i SRS apd b RNIE LRI EAL o MlochBORNCARO O
8 hournscdpaabibailttor hlhydeits thesod irathe heasbredaPeroPrdftrablge thii a¢unt@phien is s r el eased
in vitro froam the pharmaceutical conpositions in about 8 hours to about 11
hoursPhWﬁmﬁﬁ6¥H%?mgﬁﬁbﬂFﬂﬁﬁ??E%PYW%QEFW©§@6of t he hydrocodone is rel eased
frigm tij"ﬂ?le Bﬁﬁhﬁi‘a&fe&%hée@ﬂevﬁf?ﬂﬁ%@% tat RNextAcBP BYM Re BOMPSsifich %b@é% aé@edﬁ@“r s and
at | east 95% of the acetam nophen is released In vitro fromth

phar meteutl eahinoombosi 4ti3617€ invitabsuess $hanoureguald . 2 mabpthetanb@nhefiths abuket i n

anot her. e di nrent., at | east %.is of the hydrocodone is rele fromthe
ohar et G5 Bohib oS M O DR R e P TR SR oI HBGF & Sdk-at T east
95% ofij) iltecagRIsAISH HORNER brsakBldeas Rflcd &F M0teRtdrsOpRefdigb 1P BT ARCRHS, Ikdt

conpositions in about 10 hours to about 12 hours. In another enbodi nent, at

| east pogorably 4ANachyesorydanie praferrkly S8 exgwians s nivesyspd byraltkanma dght PTB
cggpo%iﬁLRQ,in %Q&gt 11 hours to about 12 hours and at |east 99% of the

2 cetgninogﬂ%ﬁ P°S"rel eased in vitro fromthe phar maceuti cal conpositions
i N abaf thd TompeNitort R1aba 1kt 109608 thelaBuyteiclckatdiey ahiRdhdre tan 438, beast
99% of the hydrocodone is rel eased fromthe pharmaceutical composition in
| ess tthasbuseredlevangdmg dusing e st haiy of inggtrp disse yon kestingaprerblsalse| eased

invit i.cal conpositions in |less than about 13 hours.
30 Fbﬁ%@gé?&akgﬁﬁ¥ﬁgﬁgn§?§$%?ﬁ’ease version of the fornulation is adapted

t 0 be iguht abhpodition retasdsnit teardpehticolly effievtint sbscadfitbnndroalaush ustewant dmigce dai l y,
as needed, then at | east. 90% of the WD 2010/ 083894PCT/ EP2009/ 056362 14
héerodﬁgﬁ%ét? hP@FéQ@%@“Pg@ﬁ&ﬁhe phar maceuti cal conposition in about 18
hour's b theabRiHositidn BOEsSs # 0 rdeuti &5 rROM0LI0st BEHRGRHAFLACRNS BNt dug Sl pased
invitro fromthe pharnmaceutical conpositions in about 18 hours to about 23
hour s .thd sbuacrotleeant dndgoadilient awd att Rehosiksoafter elsembeddsor mul ati on, at | east 95%

of the.hydrocodone.is released fromithe pharnmaceuti.cal. conposition i

Sabout o o Bioap BIES8 FoaPG RN S B GENIGR PFE-SEB S MeBhian | s
rel easgd-th, ¥4 édrﬂpafrécpt@ ahhﬁta@h%l@@%’éﬁ 'tti‘eadon%gﬂﬂi@ﬁ lid &rei8d fop 1ahRute B%Da hours to
about 25 hours. I'n another enbodi nent of the slow rel ease fornul ati on, at

| 8ast coBYs-gEndst at HROMY dpGeYUmms in $0Yetquemsctifanehior AdophatrifeCeut i cal
Corrposv!iiﬁI lthoencolnﬂ)ogiplghltwh%% ? A rdscof’n%ri ebsoau%ar§2 1&8 '3'1{%3 o?a%iou??.clme Satbogts%)S.Of the
acet am nophen™1's releas U VP g The pharmaceufical” conpositions in
about nZitrondrSot &boliD2@R @ thc2Zadiiot) Gcatbintham abdie 63 efbeds alhlcsothah Bbsut SEOHW

rel ease enbaodi ment, at |east 99% of the hydrocodone is released fromthe

phar maiEns &1 2bewrsss pf iheracHompisLiesspthamalnus 62 grigesufor 2owddreobile at | east
99% of 1 . 1s released in vitro fromthe pharnmaceuti cal
conpog?%?g%gg?%ggggﬁﬁpggwkgﬁﬁghfg about 26 hours. In yet another enbodi nent
of the slow release fornulation, at |east 99% of the hydrocodone is

rel eased fromthe pharmaceutical conposition in 15l ess than about 27 hours
and at | east 99% of the acetam nophen is released in vitro fromthe

phar maceuti cal conpositions in |ess than about 27 hours. In a preferred
enbodi ment, the present invention provides a conposition where the core

| ayer conprises an exci pient capable of controlling the drug rel ease and
the non-core | ayer conprises an excipient capable of instantly rel easing
the drug. Further, in a preferred enbodi nent, the core 20 | ayer is

manuf actured by nelt-extrusion followed by direct shaping of the
drug-containing nelt and the non-core layer is spray coated over the core

| ayer. Mbst preferably, the conmposition conprises about 500ng of

L N o - Y o, o v [T



| east one opioid and at | east one first non-opioid anal gesic; (b) at |east
one rate altering pharnmaceutically acceptable polyner, copolyner, or a
conbi nat iwo 20tveisedfi The non-core | ayer conprises at | eapCT@mpPeo®As636Z
non-opi oi d anal gesic. Further, the composition is adapted so as to be
useful for oral admnistration to a human 3, 2, or 1 tines daily. In this
enbodi nent, 30 preferably, the opioid conprises hydrocodone and the first

o B SO OR L O BRRL AR RTBG BT B5Ct TAGRASTCR, K oHBRT
2010/ QB3& Plelde2® @ RREADZ frdm 4036t 0.1 t& hbRd 4 Bl #BGGRekROR Q&h?iﬁgut

anal gesi ¢ conpri ses acetam nophen. Further, in this enbodi nént,
non- cék ktol abper0.2onpri ses: (a) acetanm nophen; and (b) at |east one rate

al tering .phar maceut i,cal | [ t abl e pol r,..copol [, .0l onbj nati on
Cher edP P erapapian. tedmoor GEEP sByseralsgind dile hals Srdadied o ofis rielshign
COBSi $i40g, fucoly &Ry Rty dnedRiuk bl IBEC isSIbBG 100y BY gyt 1305 by Hizelnhdinese,
hydrox%l/et hyl cel |l ul ose; pol ynethacryl ate, polyvin al cohol , pol yet hyl ene

|
oxi de Ny dntis exdtarisa $yOHHr N by digshlerip peifayigpn gne %l% aba¥ yereln gioteEpol yner
( | . Vot _ | |
ind” po o figrt AR bty ATPUR SORSIIHRALAL e ERSLRE PRKL Rl R B PRC
pol yme%oiqueomodtiami withirs@ledoueat 37 Whistabeutdrodtim aons9@hiof theadfmoypobithie ny |

al cohol and pol yet hyl ene oxjde graft copolyners. Further, in this 10
enbodidehthat Pgg r%%%(f/ v 4p1 %Efélfdéﬁq%%@h‘? bl e RHESIHN G oI FhEPRy mer or
cqgol Béﬁﬁ)rodf?ﬁen@,QthlﬁﬁE-'rQ?anlf'ﬁ _flat' i$ cAPRW fort tﬁeofoﬁﬁﬁl'é{ioégﬁ:r %O%Meﬁl us

preferably, the ratio of acetam nophen to the rate contr I ng pol yrmer or
copol ettenolowititiomioe hati a3 7t°0as elodut i7§%atb aboutP0%o dhthabowuntofihe dsigphavs ded i n

t he present . jn ion, i.n one.preferred enbod pent, the non-core | ayer has
at | ggégacg?ﬂa{’%%{'%?h\&egﬁf(gP‘lflﬁ%l%@m@Wé Heieriost F‘tcg: J@5( a)substantially dges not
crack sfdiel cAbEBiRtdAs ofthe ;fo%enﬁés/@nﬁsh BtdwasAHaghddbulidhl boedpsditicihavegad ed

HDPE bott| es; éb) substantially dry (not sticky); provides fast dissolution
in 0. @GN [T and a3pecoty laxgode thiheompasidnghe eore layer cethpases ¢ maixtureat (a)g0% of

t acet am nophen i he non-core |layer.within.20Q ninu of 20

nai ot PO RO erd b MR o ol B putshDrtisally R BBR Byt ati on 1o
t he febpalyatt, @R a\Gbinbiidtio@edrdof OMat npn-goRNiy%r cdipE&s halchst b adhphid, the
foll owi ng pharmacokinetic profile is preferably exhibited when the single

dose @BaERIIG Buriigsthesesompoytion e adutivsh 45ite Ae vpefulopery adrammivipbpatea and

about 5 : @ 1.0 t ] en,: .:

asti Ao 3P OimaC RRATHOBRR, (Rl Aot g Mol o
conposniligesic. pncdpre fsred cpibadimenprtd cdrepositmnas tedra@adkzed byat Gasponk@if the

hggroco one from about 0.6 ng/nl/ng to about 1.4 ng/nl/ng and a Crax for

aclt arf® gdeatyigin about 2.8 ng/nl/ng and 7.9 ng/nl/ng after a single dose.
| N anoy e hnRTROSH MBRLreldRR: %hﬁfmg%i%&@& FEAMRCSb b Otia p;dw@%%ﬂaeo%as ma
profile characterized by a x 30 for hydrocodone of about 0.4 ng/nL/ng to
about ethagohgithrh/omg hawtht37CoaRr vitor isdes ttham areghdn . Dfimapthetan@®udt ofgherabusg- t o

about 10.4 nqg/ni/ fter, a sj e dose. . In.yet .anot her enbodi WO
20701 683454 AeE B0 60 55848 A B R hGrinsid i SR RRoH B Sduces a
pl asmaj) piadonhRskbardaes ftiviam dcra fr@Xoff 1B lwesRCHLRIIPE06 heoadrdre0. 6
ng/ m/ng to about 1.0 ng/nl/nmg and a Crmex for acetam nophen of from about
320 ng@rererahly 459 nebdens, Setanarg prafenaply 00 e wionsiap gicesutes by  Pharmerlicst W[B
enbodien h | I owi ng pharmacoki netic profile is preferably exhibited
when tsﬁ E%idlrllég gesg%‘se conprises about 15 ng of hydrocodone bitartrate

pent ahignthbyehihpbLtianetlabaui 1M 0% odiheabicarivamhiig atidt Mst elaadistoof he
patient, when fasting. Wien adm nistered to the human patjient, the dosage

f or m phorhveesclaypnpdiagidyring (e frsoss ef B vigp difsolytian fegting and prafgrabdy glsdut 19. 9
ng* hr /. . et am nophen of about 28.6 ng*hr/nL/ng to about
59.1 rﬁigbﬁg%ﬁ%mfﬁpgﬁn\gtgﬁgﬁﬁﬁ odi nent, the dosage form produces an AUC

f 80 hydyrtbe oclapesitidh efcasdsauherdpitiegttheffortivagotecoo fabonbn-2his2 reigvant dmdg/ ng and
an AUC for acetam ngphen of about 18.4 ng*hr/nlL/ng to about 79.9

ng* hr Mt to Eﬁi‘o%ta?tﬁh%ﬁlﬁglﬁ de8bodi nent, the dosage form produces an AUC for
hydr ocodone of about 11.3 ng*hr/nL/ng to about 18.7 ng*hr/nm./ng and an AUC
for acetam nophen of about 28.7 ng*hr/nmL/ng to about 53.5 ng*hr/nL/ ny.
Preferably in this enbodinment, the in vitro rate of release of the
pharmaceutical conposition has a biphasic 15rel ease profile, and wherein
for each phase of the in vitro rate of release is zero order or first order
for acetam nophen and zero order or first order for hydrocodone bitartrate
pent ahem hydr at e.



In certain enbodi nents, the follow ng pharmacokinetic profile is preferably
exhi bited when the single dose conprises about 15 ng of hydrocodone

bi t ar t r atwoperwmbsaai hydr at e and about 500 20 ng of acet 20T/EPPILN56362

adm nistered to the patient, when faswing. Preferably when adm nistered to
a human patient the pharnmaceutical conposition produces a plasna
concentration at 1 hour (C) for hydrocodone of about 0.18 ng/ni/ng to

about 1.51 ng/nm/ng,, and | as concentratiop_ at 1 hour fo
oot and IB oS ToRRteRoss e ST eeashue b S poraPhty relvating mder og
enboditReiiSe-SbieParR Arfeodt THAAE hRNatli2, hduRea e s agR1d &Jse) produces a C for 25

hydrocodone of about 0.32 lentlng to about 1.51 ng/nl/nmy and a C for
acet arvinopiregprafostivoutcls@dt thg Abiserrglevant b ipod. Smding/ indieasgs by tess trandi n

mbodi ., _the fol i ki i file j ferab hi bi t ed
when the ot STl S fBOB PSRN I8 i TRy arwelebiE ek o
pest af&@ﬁb%ﬁﬁ@dr%t 20100 S0I00BEEN, 18 409, ReesRrstaphen, edrmts7stered to the

pati ent. en fasting. Preferably when adm nistered 30 to a human pati ent
the phay &%@mn%lapne\g%@mmﬁ@ﬁnmfwmww sizpafl akavé vt @rabent 35 1 hour

(d) for o - 0. / and a
O oS T0r B T RS e kR iy 63 pR R acks R 0 o855 9

ng/ mL/mnigrone f@atubuiit 695 81 theg/fricliogyand Rsgpthed eoue d3 erftrods fenabseyt Uheoftihsage from
produces .a C for h grocodone from about 0.45 ng/nL/ng to about 1.06
ng/nLﬁﬁﬁ“%h&SQK@ﬁﬂ?% Y 48EVEEitEdMen from about 2.75 ng/nl/nmy to about 4.43
F ey R TR ety PR B UL DRSS (PLAIFONERS. 65

i ug/ mapowtf(t Bto @bost ©i) wrefboebdy bmlfhong0.hyal el fdnendmbstrirefatably from about
pentaZFf%Q%Erq%g and 500 ng of acetam nophen. In preferred enbodi nents, the
dosage” OB? uces a conbined C for hydrocodone and acet am nophen from

about 14 od8cmbb@ii¥ht, tiR RIS LlctRidlivcth Mo grﬁi;ljﬁ g%ngestiﬁg B9hEeriRSE a1 piodi ¥

hydrocodone bitartrate ggntahenjhydrate an of acetam nophen. 10 In
cer t aiaiphepiediticnanitesidinehecrapleqyphiporeritiaodds dspanephivicnadophaadr - hydr ocodone
and acgrAmnePhen Lrom aBott i 3Robklg/ ab b ahont £ fShbigli, alder @

si ngl e dose of ﬁg5ﬁy§9%c% one pPtart f4are Seﬁ? e 3?8% R0 ng of
acet angi Beint, iRy RbBOFBEhee dlRdbRRI, dimbftepeas Bdendth Afipnbeusses a
conbined C for hydrocodone and acet am nophen fromabout 1.38 iLig/nL to
about dpxaphatylputyrateg dipgrangnas epigracingo shobeptammngygthyiraetbduembuteit.art rat e 15

pent a i e i 1 E s, the
osage PP @RkaaRt, (el REFh ANARISHE, bl R S SERRETRAL

1. 80 imZhddohg/katobaiidonthievamipleanicyograecyilmbeghual lef@phdanbé lefeatani,al ue
leling bet ween about 1.61iLig/nl to about 2.00iLi.g/nl, after ﬁ)fingle dose
o015 MRPCHYHE JOBRIBHEC I MELPPH AT dnSRAMCARERTARRYL AP RY rBgBPhige.gylbulphinc,

acet am % I : I I ! or
hydrog%ggﬁgggﬁﬁaa g?%h%ﬁg ﬁgﬁﬁ?ggm%%gkgﬁgﬁgéfgg&gﬁggg?gggvghg%d t he Contr ol
over | goptedociith ph@Bdexmef pliteageincn peimealorflem, phwmopeaimy gimmodine coopirared C

for hydrocodone and acet.ani nophen for th ntrol ranged from abaut 1.46 to
1061 TR Srensdliy ey B ol g raabigHet SERiks Befitbdone” and
500 nmypygtheaRlRNLAPANN@RalEEsIE R R FroRdthe @Rdup cORSIsGRNS I RbtalifIphdeS

suf ficient glasna | evel s of opioid and nonopioid anal gesic to 25provide a

r éductaPpirini ienfeanln ibupraders iimdpomgthasim ketoselac, naprowen, ahewaccta pimekisemat i on. When
adm ni s d to opul ati on, of heal th rth ] § I

ur op reBleRSl, b RETHCALLR My Db MRS W MBSLERARerRhr HEhEbRathes or
or i ntopidé e Hydfocoadehd dndshé ﬁéﬂ-@pﬁoidhrﬁ?@ﬁff&@a&mﬁﬁoﬂl%nh)@'ilfu‘f)rc&‘én.npﬁiﬂ@d, about
20- 45% of the hydrocodone is released in vitro fromthe pharnmaceuti cal
conpor¢PighL . the opiridiis Islerpodanmiendybe porpopiesbanstecsigds aecstmiRPPPhen is 30

rel ea ] j : Leal: 1t I in
0- 01 N FRd T b skl 51 AR RS BT HL AR B R e
hgdr ocogbndost somptieasnbaduti I nug bf bydrocrdoh bitariEeh tvh 6@ 888 AR ERRAO056 36 2
18 pharmaceuti cal conpositions in about | hour .and_about 25-35% of th

acet afth sﬁn}lgonhéneaéégéal8$erﬁd\mtthlf‘opaft&eamhﬁ%%ﬁagnﬁ@gﬁﬁk’l&a’rhee&%%@?tﬂe ns in
about lhour in 0.01 NHC1L at 50 rpmat 37 C. Further, in another

enbodi ment, at |east 90% of the hydrocodone is released fromthe

phar maceuti cal conposition in about 8 hours to about 12 hours and at | east
60% to about 99% of 5 the acetam nophen is released in vitro fromthe

phar maceuti cal conpositions in about 6 hours to about 8.5 hours. |In another
enbodi ment, at |east 90% of the hydrocodone is released fromthe

phar maceuti cal composition in about 8 hours to about 11 hours and at | east
90% of the acetam nophen is released in vitro fromthe pharnaceuti cal

L - v I a A o, I Y L o,




t he pharmaceutical conposition in about 10 hours to about 12 hours and at

| east 95% of the acetam nophen is released in vitro fromthe pharnmaceuti cal
conposi t iwooiomsadyeut 10 hours to 15about 12 hours. |n aoutEPes9esd3eri nent
at |l east 99% of the hydrocodone is relieased fromthe pharmaceuti cal
conposition in about 1 | hours to about 12 hours and at |east 99% of the
acetam nophen is released in vitro fromthe pharmaceutical conpositions in

about 11 hours to aboyt 12 hours. In.yet another enbodi pent, at .|l east 99%
of t hd® APHMER BaAE thePhappargutich! PP fign BR W?aéé%%si‘fl@anrog@ﬁ%a@ﬁfﬁ% Y2 | ess

than abput fot Byebddond fdnthbdu 83tng?RVoRE tof dRuRPaGeAnOReNChax & eased in
vitro fromthe pharmaceutical conmpositions in |ess than about 13 hours.
Howev écstapyinenherhom abbuig. 8 apealsmaeadsi dng/ofl/mgefitos singlatdosn Insingthapt ed t o

be suitabl.e for r intended for admnistration to hyman, twce ily, as
neededpHEn S s Bk Gitopos RO RrBBkSRL Pnd BBt fE- iy
phar megehitdré@ldofOsMdBuL 0.9 MgimL/a0tabds NPHE/mIl/Meal@UlCrad B abaunmophéh at

| east 90% of the acetam nophen is released in vitro fromthe pharmaceuti cal
conpos$ieb@H2.Q pe/aboug ta gbaws P4 neimbimesiafter 3 sigle dose| An yefcnpter enboHmgent of

t he sl r ] l.e 95%-0f 3 is rel eased
fronlgﬁ%b% a?%%@g%?PﬁﬁFQﬁgﬁgggﬁ%ﬁgﬁﬁ?%mgﬁﬁﬁﬁ<§%Rﬁ%%¥§&€%9a o%’tj’j0 5 hours and
at | eastiroebdomefoftfiven alwet 816 mpdphang tesaboat e8sgdnl MgvirddroCinaofort he

phar maceut | ca ositions in about 20 haurs to aboyt 25 hours. |n another

co
enbodiaﬁ%tﬁlf““’f?PI‘%o RM PR F LN HTEmEdP ANTUAPI 0N MA{ME 8H8T2 YBYF18SDf t he
hydr 0GpdaRn bbb hRARCHC AR hBPLRARTREEH! hibRlc CARRORLIARibied Aheh tn?L
hours to about 22 hours and at "feast 95% of t he
2010/ GBZBOABRETHRPAOBALOTAIERE dOhptreta@ivne bpirémte (entabbmeydohté mdvabont5G0 om t he

pharmaceutical .conpositi.ons in out. 21 hours to out 22 hours. .I n anot her
_enbodi%ﬂI acgpmioRIce; BpipeicEdse ¢ %%’&PII@II’F? ffinge NIRRT tfdr ocodone
i s releangPafisRht 06sdpb friRs@HhdS ah AP HIRBJbIE FIBUL Q?ngﬂu[rﬁmgf fabout
26 hours and at | east 99% of the acetam nophen is released in vitro from

t he phbevelddlng baimiBesrpd ehtAldhdor ascabvnapher ofehaus 28.6 ngboimLase froihogt | n

her, di h I I | at i I 99% of th
1 acodone o B7 e e koo Rl BR8E e Meflostd Al FiAShs R,

about o2 4bh@UrGn@mgndl/mgaaaboifl 2%20fg *hiit [ 4@ e taadan AANE fori sscta@li@pi&dof dbovit t r 0

fromthe prrnaceutical conpoiitions in less than about 27 hours. In a

pr ef erlSctnEhpadi/mere abautd?grmes bt Limg e it Y@ npihersraeaslimertofhs dopagedpmhher e

the corginlcay il ARCRIRIABERGAE of YRl 8BS RPARY g I AP TE OlobRibint i H1d10

rel ease and the non-core [ayer conprises an excrpl ent capéﬁle of Imstantly

r el easnngUC Her atetaghindphich béabout B8 & ngr el @l rregd testoad b 38 npFhihe/ne@r Brefeaytdy 1 s
nuf actured by nelt-extrusion foll owed by direct. shaping of the . .

dPllg- dBasmParmAe iodh arltf%féterﬂfﬁ-el@ae_é)f IthgRharmacyfral porpatEan Bt DPhwicor e

layer . Mgty piIef SliacYein FBEaER BRAS ol HRN G RRPFak SES e RRQUE zBUMer @ first

acetanlnopﬁ%n and about 15 ng of hydrocodone bitartrate 15pent ahem hydrate.

| n onergaréémerccrechiecribonank nirp ovder ap &t brden tbrdtydemcodortitettiad rel ease

fornulatigns.n&%(be manuf act ured having reduced or |imted dose-dunping

ef f ect?*WRBTNOIHEEmi t ant |y used with ethanol. Preferred embodi nents include

el t  axtémde dmdbgihRrhietefSllEARE phmildbRihE@NSrofifNE pRITELBITRHiILREP QULARRL  Of
the present invention provides a nelt-extruded dosage form havi ng 20

r dduc ethelir dage apwmprisds abautdSang pbhydreendons Sitargrate(nentahemiiydete and abeah?O00r ug or
a drug_havin ntial .f d i in cohgl ; d (b TRt .ri

navi eSO L PARorteh, Bl MTRLD Rl (RER Blore B0 i BTN, o
of noneIBuMas PaKSdns thothaghadeelitdlempositihieprod 6k layl s @t@itratias byl héuraci d
ester, methacrylic acid ester and natriun}alginate. Use of such nelt

ext r uded) feathyiecodong,ob abqus §- ngmbime e sbogbsadecivly maarEhrka®ar educed

dr ug- 1 r i I I i I and
copo|3h@%@ﬂ%?&ﬁ§§ﬂg§§gﬁa?f%%ﬁ@ﬁI@@%g‘ﬁ@gﬁg%ya| Ii§f§3I%%%FZFE§§ and ~
n&0r i umpadfgraiadnebodihsds syrhef doabliytion he, the dosaps fams@btduces adh fest er of
verapam |, gamrahydr oxybutyrate or flunitrazepam Mre preferably, the
hydr oxyal kyl cel | ul ose i s hydroxypropyl cel |l ul ose and/ or the hydroxyal kyl

al kyl cel l ul ose i s hydroxypropyl nethyl cellulose. In the nost preferred
enbodi ment, the drug is a salt or an ester 30 of verapam|. This drug may
conprise Ing to 1000ng of a salt or an ester of verapam!|. WO

2010/ 083894PCT/ EP2009/ 056362



20 Anot her enbodi ment of the invention provides a verapam | nelt
extruded fornulation having 1 to 1000 ng of verapam |, wherein | ess that
40% of t hwoweroasasyul in the dosage formis dissol ved i npé@freddonsdt?2

sol ution using USP dissolution nmethodi2 Further in this fornulation, the

di ssolution profile for verapam | fromthe dosage formin 5% or 40% et hanol
at eight hours 5does not differ fromthe dissolution profile for verapam I

fromthe dosage formin 0% ethanol. a igh urs. referably, jn all
{ hese THOrTaIR 5B B T Banpitctbd 16 mly R g ABT ForieClyiings obf

ver apagbit.2 FHAL/RRme b hRAME SO IHEmgIndue experiment, it may be ascertained
that in these orrru?atl ons, the reduced in vitro drug al cohol interaction

cor r ellacertain empediosets, the follappind phermaicelhetic profibriaprdfonbly elibitcdndbenére

nmbodi f the. [ i ' d.f ' h
pat | enlar e stHEN R 1 REFT b REoBRY byl R B G R, ™"

pasi embg aMycctiasiagheh MldmidieRedd okt FhiRME whih Eseinan BroPérasl vein@dinsnistered
advant ages, and features of the invention will becone apparent to those
per soi@ a SRIER patiqn thephagpacepiienh compRsiien PRuSs palasgagone¢Eratpr AiolBowf t he

_ _ N _ | o el out
o £r GELER P ERRAR IR PR PGP, [O6 btk SREFEAISE, Pt eo
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eprc schenmatl C or calcu 1on O urtace Rrougnness usin ntre LI ne
Aver adE faE gfalamrait?ﬁsaﬁl alf@(@Wéﬁ%ﬁgm@@ﬁ%%4i%@%%rta@ WA for an
U160k GMn HIMAL £9Ror FeCtHARY Bl AT 35 hOMITk & aBGu e a3NPALIM, = 69).

Figure ™4 pi cts Centre Line Average ) an “uncoat ed for nul ati on. For
a coatlede2bn mbodihenisothe dogage fafn prodwbem (Edmbm@i) 1 fdFihydroesodorgtepidct s

relimnar an.hydr oco e ncentration-ti rofiles, for rmul ati ons
b L naRR s Pl P el Cabonb S Mt ater 5 miEios Ok Tite &

depi c el } i i Ldes for

For mal 35 RBlTE b I TR %*%ﬁfﬁ%?é‘%t?%?@?‘)?ﬁ*mwﬁ R T B S hours. 30

Fi gur empodispings, she dessga frompredycesd eesleingd 6 ifpidy drenodpyaisnslesdomenephign

aget am nphen for, Formyl ati 17 nd. 18, .Caontr ol and, uncoat ed, .
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Fi gur @cBtab@nihgtstcirgssoouhg eNadetdiindsten( mean di ssol ution %[ SD]) of

verapam | release fromFormA (nelt extruded) over tine (hours), with

i ncr edB icoiipiR EMAAdIMCatsnthe sopageiforms produgasraccomiviegs €1 fordiydrspdanesidpr of i | es
mean _di i % r i I ver tine

(noar &b oSl 1 3Fh kS, RRRLL EMERIE dop PR BRI <

di ssolhytitceadgredfiattese perearndhgiatk ahd 600 bogl SRk gtaminophemplamrtferred ease from

Farm C (SR) over time (hours), with incr i ng et hanol concentrations.
Felur & Ppdigeqis (e %Sg%f‘otfr]%ipwuls%ﬁ ?qr%@n%ﬁ_@irﬁmgw&gwo PO A REYYORSFN
Ver apamgn ab&ih 8a%8, 1m0 oG mD3( [OXfdr a@i@e GOQUFS S mPhidtobdHohE BRI e
et hanol concentrations. 10 DETAILED DESCRI PTI ON OF THE I'NVENTI ON The

i nventpentah¢rsihypditatd dndi 308dng of adetanpaephicoul ar net hodol ogy, protocols, ani nal
studi es, and reagents described,. which can vary. It 1s also to be

cinder I8 BRI E T 10y ubdroRsrar forbied (1 RED Bl bl g

descr iabétR@inophéd &1 .80 +@ROM/FE N, Bh 81l 95% 8diideRcd i@l f@NASFhchOvAILET t the

scope
25  falling between about 1.61 pug/mL to about 2.00 ug/mL, after a single dose of 15 mg

hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. The 95% confidence
interval of combined C1 for hydrocodone and acetaminophen for the preferred embodiments and
the Control overlapped. The 95% confidence interval for the mean value of combined C1 for
hydrocodone and acetaminophen for the Control ranged from about 1.46 to 1.96 ug/mL, after

30  administered as a single dose of 15 mg hydrocodone bitartrate pentahemihydrate and 500 mg of

acetaminophen to the human patient. The Control provides sufficient plasma levels of opioid



150f the present invention, which will be limted only by the appended
clainms. It nust be noted that as used herein and in the appended cl ai s,

t he si nguenrofoss®4”a”, "an", and "the" include plural reftareooesaset ess the
context clearly dictates otherw se. Tisus, for exanple, reference to "a
conmpound” includes a plurality of such conpounds and equi val ents thereof
known to t hose skilled inthe art, and so forth. As well, the terns "a" (or

"an"), nor.e" 20" a t one" can used .i nt er changeabl y
e R B R Ey R RS RIS B e TSl Y
and " haMiifigratioan be used interchangeably. Unl ess defined otherw se, al
technical and scientific terns used herein have the sane neani ngs as
comor¥ heménhi@inisstem@htowqpn@tion obhetilthagNordikAngri¢ans oh & atern Eorophinsh t hi s

i nvent i n | [ ui val ent
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Al l publlcatlons mentioned herein are |ncorporated herein by reference for
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instry %?’55%3 in Sk hﬁ@émﬂﬂ?& gﬁ&aﬁ oﬂﬁéﬁm% H&Su r@h@ff‘cf%@ r%%d in

t he I catl ons e use I n connec Ion w I nven
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entitled to 30antedate, such dISC osur y V|r pri or |nvent|on
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skill woul d appreci ate, | owm ng brand nanes I ndicate th st ances
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20  about 12 hours. Yet in another embodiment, at least 95% is of the hydrocodone is released from
the pharmaceutical composition in about 10 hours to about 12 hours and at least 95% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 10 hours to
about 12 hours. In another embodiment, at least 99% of the hydrocodone is released from the
pharmaceutical composition in about 11hours to about 12 hours and at least 99% of the

25  acetaminophen is released in vitro from the pharmaceutical compositions in about 11 hours to
about 12 hours. In yet another embodiment, at least 99% of the hydrocodone is released from
the pharmaceutical composition in less than about 13 hours and at least 99% of the
acetaminophen is released in vitro from the pharmaceutical compositions in less than about 13
hours.

30  However, when the a slow-release version of the formulation is adapted to be suitable for, or

intended for administration to a human, twice daily, as needed, then at least 90% of the
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copol yner, type B NF = Eudragit S-100 Met hacrylic acid copol yner, type

C NF = Eudragit .L-100-55 .(contains smal | .det er gent anpunt) Anmmoni o

Vot hadh sy Sk e 1 S 5 e P L) PBemon 0

Vet haqlrymo@&)@on@w%hmoutbm@ﬂhﬁg o 48edf AOiny/MLMPQAHROOEEK YorAMmDNi O

Met hacryl ate Copol yner, type B NF = Eudragit RS- 100 égranul es) Ammoni o
ge

Met ha@esthainepapef iyere rboutydpnBnNFme tEabirw i ngRelpog ¢fowdsngle dssePol yacryl at e

Di i .30 . h. .. =, Eud i t..NE3 (= 30% di i
e AT e e e M T S e e R
the fuyngld @ialo@pass abas 18 ML af BYdIasdload BRa M (chfahsminydtaaimiiteat Sl

nmet hacryl ate) nmoiety or R = COOCH2CH2N (CH3) 3C1l- [commercially avail able as
EUDRAGIES goRianpporfieh ) adgpinisteecdsta kg pasisnl, ven dasting. dVhearadmmiptereddethe, or R =

COOH ial i i
o ono RERITRAALE &Y aB%AL kA Srodfccn AT Rddlone dIBBL SE L GhE Al
galslt r gbe&i lg%ing*h{:a/n:i/mgtaafi@;aoﬂg? If@rdac?&agﬁnc_fplth:emuf fijdu@ S.Sﬁ@ﬁmgn_EUMb'B? ( L) .
W resi| st a 0 asiric | a W rel ease e acltliv en I N e
col on .SS\Ah%gq*hf/H@r)mané% %&ﬂﬁ%ﬁrr e&r@dgn% tge flosage fHN RIRAMASS a%rwf qu&yﬁ%o@pm e

het i |
oS or abd1R 70 RRAGTs 3 o Bur 36k ROV IR 308 ah MR 5 RetapROPREPOCbOE

t her efl8rdendibr/ud duigftorbale 78 Yo *tird./mel &agpe ahothesersba@iiment, theldesape form

f ormul atj ons. TOis,sold in rLio forns, sych in ljd for

( EUDRAR G o6l Capby ot 58S b b baacr by e TieE B TR e i
RS POan An@nst £8tabEERABLT b dal 09,7 lstRRAEI MORabba05 RS nd O mL S plerreﬁair&lﬂ% (L
30 D-55/FS 30D 30% WD 2010/ 083894PCT/ EP2009/ 056362 27 EUDRAG TO NE 30

D/ 40 D B09smbodipmenty terin yire it of rElgpRAGRQParBacaDtiRe c8OPDSiBONMasmbipbaseani ¢
sglLutions (E A, TQL.12. 5 F Q. TQO.E12. 5, E G TORL 12 5/RS 12.5 -
135500 PG me Toad st ks B SLLR Tl et bt sus a0 e ar e

enpl oyedbr feMRetatnifsBit e aadkdto ardig bl Hi®sRicb g HydRicbdehe bilarteatPr ef erably a

hydr oxyal kyl cel | ul ose derivative, and optionally

hydroWbﬁabﬁ}lhﬁéﬁaﬁyl cel lul ose, and independently, the other polyner is

pr ef er, . . ryl ch- i I 3 i

Doy ool B AT e oo Pl HEmc SUER Ao pRUALL R S EHES BAL e

cont exingtf ddsheomprientabout I1@rreg bfibdydrgeddohe aitg trxtedreagihtmRSdraihendabioat Ho0ef er r ed

palymer in the context, of. the inventjon is Eudragit RL. The Eudragit
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abus e gt FEF RIS bbbl Ahs HOt@RAbH Y5, the dosage form produces a C1 for
25  hydrocodone of about 0.32 ng/mL/mg to about 1.51 ng/mL/mg and a C1 for acetaminophen of
about 2.34 ng/mL/mg to about 5.50 ng/mL/mg.
In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. Preferably when administered
30 to a human patient the pharmaceutical composition produces a plasma concentration at 1 hour

(C1) for hydrocodone from about 0.30 ng/mL/mg to about 1.06 ng/mL/mg, and a C1 for
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substituted, the D. S. is designated as 3, if an average of two on each
ring &/ rleadt awthargabpdingnt,jaboaioifedi’y l‘?ﬁfl@d%iéoc?do@tlé relggsed in vitro from the
2010/083894PCT/EP2009/056362 29 In preferred enbodi nents, the cellul ose

et her has an al kyl degree of substitution of 1.3 to 2.0 and hydr oxyal kyl
nol ar substitution of up to 0.85. In preferred enbodi nents, the al kyl
substitution is methyl. Further, the preferred hydroxyal kyl



substitution is hydroxpropyl. These types of polynmers with different
substitution degrees of 5 nethoxy- and hydroxypropoxy-substitutions are
sumar i zeslol20akm@esosn phar nacopoeas, e.g. USP under the memEpiiédgpsessel | ose".
Met hyl cel | ul ose is avail abl e under th® brand nanme METHOCEL A. METHOCEL A
has a methyl (or nmethoxyl) D. S. of 1.64 to 1.92. These types of polyners
are listed in pharnacopoeas e.g. USP under the nanme "Methylcellulo se"

e L R B S bt e e T

(met hyh vido ffom an%a&utlbmb%bsm@mh aBBltahoS RIS 0 t NUH Ot 30t 4P 32363,
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al kyl “(al k) acryl ates 1 ncl ude nethyl, , h-propyl, n-butyl, iso-butyl,

tert bu’cgthmlnoq;belprs mplydtsed e mittrpl frorh elwpharrnmhnwéxympoﬁtmtshy Iabbw)é}thurmpt yl,

pent adBBYIL2 Houiea dtetih BB RHOETTEN R SR > S besrgfotogs byl fit}%nw
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Preferab t he -C22) al kyl group represents a (G -C6)al kyl oup as
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5&Pt h@FetpRopAyLIS K plrasse elwlérpef% ltecﬁcﬂaé&mm%% CREPRYLRH inless t@aﬁ)ﬁ
(G -Ahadkyl (neth)acrylate include nethyl nethacrylate (MVA), ethyl
nmet hacrylate (EMA), n-propyl nethacrylate (PMA), isopropyl nethacrylate
(1 PMAHowevby twﬂienrﬂm Ehdowyﬂe@aw \cB) of ths dwoufdtiomss hdaptad tatbe spitBNAfor, or

t t L T t hyl. | at EA) ,
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al kacrylic acid mononer is a (G -G o)al kacrylic acid. Exanples of

(ébCi élpatsmd rylchy 98¢ alsthp ﬁ@qtm@omnhamlwsnbé irpgifrd frosm ﬂ@mhyma,ceateqaél

n-pr opg&r %451%8 saigilag ut l%qlo%r 28355 tljSCh u%s qh an t%&%}&ﬁbé’dlm nt%?tlge slo S?elgél tacrylic
acid P ?acr i'c °dt1d, pen acr ¢ adia exacrylic aci hep acryllc

aci d dénulswie ﬁﬁleié’ﬂ@ﬁ%@ffth@hﬁfr@éo@ibhé’lstrbl%aie@frcﬁl ﬂﬂeqih&ﬁﬁatcxéhm@l a@mgosltsoxﬁqn
(G-HA)a Ikacryllc 15aci d, nost preferablg met hacrylic acid. In certain
enmbodi2Rewt2) houpefo bRy 2 d}%lﬂsp@dr?é)]ﬁaﬁfe‘)%/ell@ theagetagritophelt iirelgpssd s ViR Q8 ed
her ei

sat ur gltlee@lagl}rﬁ h?Jerlf gg%%gﬁjg%% 3 1&1%3?}1 tf:jdr’]l?/d rocar Egﬂnz;b h&fxﬁ%n@%g het ?rgﬁ&h St g - 16
céﬂbomm:ﬂawddaaybemumxnbatkaw@&ﬁnsbfﬂmbsﬁnmumﬁd1byﬂ@medﬁbnnhee groups

sel ected from hal ogen, . hydr oxy carh ani d m do,

20di al 9%%%&&?99 Mm%rﬁlﬁgou%lawaﬁw Outcﬁ(ﬂ?/%p% gea@a%e i, thio and
t hi oal kyl . A "hydroxy" group refers to an OH group. An "al koxy" group
refers to an -0-al kyl group wherein alkyl is as defined above. A "thio"
group refers to an --SH group. A "thioalkyl" group refers to an --SR group
wherein Ris alkyl as defined above. An "am no" group refers to an --NH2
group. An "al kyl am no" group refers to an --NHR group wherein Ris alkyl is
as defined above. A 25"dial kyl am no" group refers to an --NRR group
wherein R and R are all as defined above. An



"am do" group refers to an --CONH2. An "al kyl am do" group refers to an
--CONHR group wherein Ris alkyl is as defined above. A "dial kyl am do"
group refwootomsasy4- - CONRR group wherein R and R are aChyr2aw/ 086362 ned
above. A "nitro" group refers to an N@ group. A "carboxyl"™ group refers to
a COOH group. 30 In certain enbodi nents, the al kyI groups may be
substituted by aryl groups. As used herein, "aryl" includes both

car bocyclic dhetero C|JC ticrin bot h noc. fused WO
2010/ GBS BOoE RIS MR 6D B0 o1 Yy LISl Kol S EoTHENaH il oS can be
- or BoerhRued 1hiaA8Ger EERI@SEMIALLY SloMRRENCIBodnYht, £11046P99d R lide,  but
are not limted to, phenyl, furanyl, pyrrolyl, thienyl, pyridinyl,
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aryl %roups i ncl ude napht hal ene, anthracene, indolizine, indole, isoindole,
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QUI noxal i ne -nNa I ne, ter| azo acri di ne enazi ne,
phenotphalarzaceﬁ;lcapbtﬁﬁmmnmnleammaﬁzwmdé hoza&sso as used herei n, aryI group
10al sq i ncl ude ryI al kyl gr oup Further, as used herein "arylal kyl"

ref er énwr?#eiref ?rego 19GRtn e PressRLIPY SntigR G RYIfSsgncomraition avhiese fhe REDYS an
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Preferab ryl1c copolynmer conprises nononers derived from al kyl

(al k) atnreyd:lateet cagablle of 1Iwmnyllylrclemmgitharddig) rFlmthleadm yk)'rezfem@i amtaslimerit] ﬁneatore

her ei nbef or e. ef er abl acr ol r| se nono

dor vt By PTG OF 1ol Sy ion By s Pt i SR RPes JFc o anc
al kyl aal KRcionl @& 1PN IB$ c8scd 8¥drnBdcdigBih b@lb@tr&efeﬁmer%@édnﬁ;o@ﬁeher red
acrylic copolyners include a (G -C4)al kyl "acryl ate nononer an
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cqgol {{eg fromnethyl nethacrylate and a copol yneri sabl e conononer
of “nmet % and/or et hyl acrylate and/ or n-butyl acryl ate.
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in particular a cationic (mnet h)acryl iC poI ymer. lonic (nmeth)acrylic poI yner

are mesumaefasiued byvinoisdngaderilsning dosedapaine aicet Wﬁeméwtkywﬁ@ Wiildini ¢
ar QP b MEHHERL bR RGN LAEmER m{ea ulDnd 90k G DB ALC bl v are
quat ernary ammoni um grou e (neth)acrylic polyners are generally
wat er prefsioédithbBodituht aitiee pmednlt abﬂeetuanptopelemamﬂteemtmdé’cﬁ&mag@ﬂﬁmﬁmlvmgi ons and
digestiye fluid The nolar ratio.of cationic roup to the neutral
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for mul r i ( )a forl S @
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(nmeth)acrylic polymer. WO 2010/ 083894PCT/ EP2009/ 056362 32 Suitabl e
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the Tra r r i udr.a it RL
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to the remai nln neut.ral (neth)acri;ty;c esters being 51:20 in Eudragit RL

and 1:hydroxpalipigelhgese lﬁéydrvﬁfé)fﬁﬁ‘éﬁel se@ne/aF thwygmxyﬁ@yh%ﬂ@e lepedno.
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manuf acture thereof. These polyners may be selected fromthe group

conprising: honopolynmers of N-vinyl |actans, especially

pol yvi nyl pyrrolidone (PVP),



10 copol yners of a N-vinyl |lactam and and one or nobre conpnoners

copol yneri zabl e therewith, the conononers being selected from

ni t r ogen-wonhA03Bs¥g nononers and oxygen-cont ai ni ng nonoreErEP2@ePsa6al |y a
copol ymer of N-vinyl pyrrolidone and 2 vinyl carboxylate, preferred
exanpl es being a copol ynmer of N-vinyl pyrrolidone and vinyl acetate or a
copol yner of N-vinyl pyrrolidone and vinyl propionate; polyvinyl

al cohol - pol yet hyl ene gl ycol - graft .copol rs 15(avail able as,. e.qg.,

o1 11 cont QAR SHPRAGETASE i ik Sh RRRHS exrwany Mot GrioAet Guiobion

pol yalpsyingneao a8d0ies stuehpamilPRh¥einnyisans 40%i dethaRerapfhd R ARMoSNR Bxh ge and
copol yners of ethyl'ene oxide and propyl ene oxi de; polyacryl am des; vinyl

acet atdéssploty met®o stheholao lutiop alsingd /S disolitippl methed. atherthen i drsofooniletiewi d,

ially | | yvi ny . i all
P aponi 4 e RAPRE ot BBl GBS ThRIGRS Ioth R orePt Fai PRSP Sl Birdsy
20s uchloasnqaifférl fesih ke dssotition PediE Gdrieedpatilafedrt the @by Briayifl 00xthatoy bat e)

and pol y(3- hydroxybutyrate-co-3-hydroxyval erate); or_ m xtures of one or
nor e kB Beyrs pYyoshpisirahlsdn al dhese derandat noxthel drugirompgisesxd40usg eha salheira¥ or e

use of S - I y erred. vier, when
a snaleféggﬁf;)‘ge%{ﬁé f ZFﬁlqg?rB&]%%tM&tu hgue{]éé{pgﬁ%%ﬁtf ﬁuﬁéﬁ%{]sy%négﬁ I 01§i dant is
used, thdserforbifutivay, theradaesd iprvétkedalylaycohdbinfarsen cetre@nto tidugsd ih sivont ended
to mean any biologically effective ingredient the distribution of which is
subjeé@migcwﬁﬁﬂﬁﬁﬁg%yLrestrictions. Drugs of abuse that can be useful ly
fqpmul ated yaq aﬁ&ﬁeﬁ&ﬁﬁoﬁlﬁherﬁfof Eﬂ%eprbééﬁﬁfﬂ%rﬁ{bn' ﬂ?&iziHQsea Wethd@Ydr &éa‘ﬁhé FhuRfAn
pseudoephedrine, anti-depressants, strong stinulants, diet drugs, steroids,
and noatistten o¢adatheraof, cernpfisingrmed Iy rdmagstatisg tol the thvpac pategonyy ddsage foomg
stinukfnt%, ngthanphetanine is one drug that has recently received popul ar
at t enti¥H%54 8800 dr ug of abuse. There is al so some concern at the present
time apeu addfh@BRRsDadRRtaoed, afd fealeLELR4 BRIJAARETT R %?9&@%68 thd3e
atropi ne, hyoscyam ne, phenobarbital, scopolam ne, and the [ike. Another
maj or persassskalicdaibibeart apenegading thegdetailsef dirangibedcef, the syyesticn and t he opi oi ds.
By.the term."opiqid, " .it IS nt, a _substance, whether agoni st, antagoni st,
oﬁsniiggmgaé ?%%%%9%6%%P%PF“%§§&¥NG%%§€?§G§F%h one or nore receptor sites
bound by endogenous opi oi d peptides 5such as the enkephalins, endorphins

and the d norghins CRLoids include, without limtation, alfentanil,
al |yl pHI&FHRESGRBNARNGF AdGURKS  er i di ne, benzyl nor phi ne, bezitrani de,

bupre i - r ' : [ - i E
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di_oxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine,
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hydroq@ggggpmgxg{onnrphone, hydr oxypet hi di ne, isomethadone, ketobem done,
| eval I'or phan, | evophenacyl nor phan, | evorphanol, |ofentanil, neperidine,
mept adiigot 3 depictAomitnd, inerdy trago(d,A ner ep ongoatadr fpwletiomyfapncoated

nal bul phi ne, n ei i copor phi ne, nor pi panone, opi um oxycodone,
oxynD#g%%ﬁ@?“ﬁggéFéﬂﬁhﬂgﬁ@ﬂggig?}ne, phenadoxone, phenazoci ne,
phenomiRBanicpitRRNGRCASHE AlvB@ge (UTA 1HOH b @ncdt@oFAiutidH. ORPRYdoaRAe,

sufentanil, tilidine, and tramadol, and salts and m xtures thereof. In sonme
préf erdewehletianddlAent®4, whva Nw et i ve formul ation includes at | east one

addi tional <therap i rug. | n._even [ referred jments, th
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Particularly preferred are’ those conbi'nations of drug currently sold as

f BRed Rigse 7clepisisratvitandrup ocltdse ppafilks for hpdiecoddne aadibdwvarhinphef foa sui t abl e
national or regjonal regulatory agency, such .as \ of .exanpl e) the
us K8 ulaﬁanﬂh@n%%(?ﬁnérpi 3N HTcoREaF ogm OQWT}C%%%O WSt 11 mitation
a (fixed dose) conbination of hydrocodone and acet am nophen, or a (fixed
dose) conbi nation of hydrocodone and i buprofen. The abuse-rel evant drug(s)
are preferably dispersed evenly throughout a matrix that is preferably
formed by a cellulose ether or cellul ose ester, and one acrylic or

nmet hacrylic polynmer as well as other optional ingredients of the

formul ation. This description is intended to al so enconpass 30systens
having smal|l particles, typically of less than 1 pmin dianmeter, of drug in
the matrix



phase. These systens preferably do not contain significant anounts of
active opioid ingredients W) 2010/ 083894PCT/ EP2009/ 056362 34 in their
crystal | iwe 20r0/0889n0crystal l i ne state, as evidenced by themradooasasbysi s
(DSC) or X-ray diffraction analysis (MAXS). At |east 98% (by weight) of the
total amount of drug is preferably present in an anorphous state. If
addi ti onal non-abuse relevant drug actives |ike e.g. acetam nophen are

addi tional Ly, present . in a fgrmul ation cordj o.the pr.esent [nvention,
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mapri ces containing poorly water-soluble active ingredients and/or to
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FE8, mhtheanaat®e Pl Xptingof thy araserd isvenpan, thyprssaradrocth@ls anpanaisigieo 1297,

Pol ox r 88, .0f: Pol ox r 7.{ BASE n e [p. ). Or o fatty

aci o cRvaned o pRit B A Rohed Rl e el ARACL e R kso B (AR, (20

sor bi tparpod® 8o sedbiag GAvERBIdsiBO the dhehiiexy ahiials netr(iZRhtssasttitadnnaRtiosheéar at e
(Tween0 60), pol yoxyethyl ene (20) sorbitan nmonopal mtate (TweenO 40

pol yoiyhedplegies \whigh arggiparicdrn shsnpbligations avhichgigho bopsed in geniogion W@ ths

vel | %Vggliéﬂ.%(ﬁﬁiﬁggle G 1o pE géﬁ‘?xmé Qﬁén acfni\itgﬁo? Bt {IBri&veItnﬁ&g F‘sq{ot e%(@t'ie{d%s

ot her additives e Inclu in the ne or exanple flow regulators
sd6h astedatlsochddibclssure bayirtualof ipdaninsentfanl | er s, di si ntegrants, plasticizers,
stabilizers such as antioxidants, |ight stabilizers, radical scavengers or

stabilizers against mcrobial attack. Further, since the

acet am nophen-cont ai ni ng overcoat |ayer has a bitter taste derived from
acet am nophen itself, 15sweeteners and/or flavors etc. may be used as
additives to reduce this bitter taste. One preferred way to reduce the
bitter taste is a thin additional non-acetam nophen-containi ng overcoat.
The formul ations of the invention can be obtained through any suitable nelt
process such as by the use of a heated press, and are preferably prepared
by nelt extrusion. In order to obtain a honbgeneous distribution and a
sufficient degree of dispersion of the drug, the drug-containing



20 nelt can be kept in the heated barrel of a nmelt extruder during a
sufficient residence tine. Melting occurs at the transition into a liquid
or rubberwosvaims3son which it is possible for one conponect/BPR0M®56362
honbgeneously enbedded in the other. 2elting usually involves heating above
the softening point of neltable excipients of the fornulation, e.g. a

cel lul ose ether/ester, sugar al cohol and/or (nmeth)acrylic polyner. The
preparation of the nelt. can take place in a. vyariet f ways. Usually,
e maittde it aneanictis ARver BT At Eomen et 1) oision np EF kPSR ratigiibo 180
C, MY dHeRSf %F(ﬁﬁ’ir?é kP06 @Qd A c&ateVWhe To N Rin B Bldnd RS BRI GRIMPE s SRSandBy t
extrusion, the nmelting and/or m xing can take place in an apparatus

cust onedipdtgd:used for this purpose. Particularly suitable are extruders or

knead Lt ghl e extruders include single screw extruders, internmeshing
scr ow SRR GETS! PENGR AR B S50 Bl PP b aR G it oot ew ext r uder .
whi ch MBTHOE BIG® 1 Mb@l ] siamehogaWligloset ating and are WO

2010/ 083894PCT/ EP2009/ 056362 36 opti onal ly equi pped with kneadi ng di sks. It
will BeOBbK@AT AR@Y Polyyinyt hléolwim@fw&lxl@ﬁ@@tlﬁr capelymes so be det er i ned
by th ' : ' [ ' ation within the extruder

t hat ?)s:L %Ss]g%ﬁfﬁgg)rpy}}g& %{1 e Oélﬁglr?egé&gggggerd%?‘%&#gﬁ, m x and di ssol ve the
conponeiROGL Y@L ®@X Propsthe gho blaufateoasteated by heating el ements. However,
the frjction_ and st}earin of the material in the S5extruder may al so provide
the miSPANG: S9tPRan %tﬁb"’sc’ﬂcg?ﬁt‘?rél amount of energy and aid in the formation of
a 1poMgenaemIdeb! pAl hbey1ceMeaRents. | n anot her embodi ment, the invention
provi des an oral, sustalned release dosage formcharacterized in that it
has atPOIdaXAMER®oPolydreycthylldngwiohgpxf papyices bloak coprdymbusse pplybeyaimtlewdr ug t hat
i's extr?ct ed fromthe fornulation by ethanolic solvent, e.g. 40% or 20%
aqueo RSB YIce oot h 10wi thin one hour at 37 C with or without

agi t atiWRENGES Po®&shdxhRfdSorbiiddstels 5 times the amount of the abuse rel evant
drug that is extracted by 0.01 N hydrochloric acid within one hour at 37 C,
(b) tﬂ@@@Eh@eHﬁ’drqu@pyégﬂ@D%t to tanmpering and does not break under a

force Mm,ons,  preferably 300 newt,ons., nore preferably 450 newt ons,
a0 e Bt SRAERL Vi B ol B ot eSS 2%, ™ Pral . Teat. PTB S01-

har dnessLITeHt®f (2,30 tétedhytirydeaagel formrel eases at | east 1515% nore
preferably 18% and opti onal P,y‘ 24% of the drug, but not nmore than 45% nore
pr ef erlﬁgl@/AIs@@% ARGy Pamppsitianes H-Or¢rd-alugepyaaasitg-P1sarbiol oh.orPss and j r st

hour, 196-a!f1'b{§%{ciob§‘_a? WDl LRt S PRI IR atRSE | g and optonalty

also in viv I'n the digestrve tract ani‘mal or hunman). Wile
not deOIYQY®:GVirer-Bolubld Reginabysadamtpotydtiadecricbedey, it is believed that high
initial rel ea te of acetam nophen fromthe fornulation is acconplished
b?oprawldﬂr% é%fgﬁt W%Hﬁirﬂﬁy‘lpﬁlétﬁn‘?ln the fornulation, especially in the

non- CRT§ HELIATEIQRRAS: hRAM NG 3‘)10[5019%1?&6@@ e active ingredient, such as

acet am nophen i n sone enbodi nent's of " the inventive fornul ati on can be

gr eat A UTRQh®aRwlyoxGediyleiio polydspnroig0she 8¢k cdpplynedrsibit poliidreyethylenel oadi ng of
acet am po;r)heﬂ ca]P e limted to 80% A preferred enbodi nent of this dosage
f or m iPEYRTMBIOCEY AP c formor a solid solution. The term 25"monolithic" is

deri vedrHOORLEO kIS 1cBRaRAY “singl e” and "stone”. A nonolithic formor a
solid preferably has at |east one dinension that is nore than 5mm In

mdhol iIRRAMOJERFS diodim stareh glyreldtavent i on, the abuse rel evant drug is
pr ef erahl nt ai n in.a singl i or..a single solid solution
61 e piE b et s o b ool B MR Bl Pk

over cgadadesdor the ik iveduvthinbd-8d188E offphfiaddiBicallNes e RbhpbunRt(edriugd’y that
preferably do not contain a_substantial 3Qanmount of the abuse rel evant drug

and t HesePioResies dlesmpkethemalicly @&e[ﬁbﬂls@ﬁétagﬁb?e@ Shgwafe be frogusstly abusca
The i rovicfrs MG S st by baSs oI R BB e Rt vy Borddh. V1 LT




in vivo release rates of the abuse relevant drug or abuse rel evant drugs
after about the first hour are preferably substantially constant for at

| east abowD 2610/88389340, 12, or 16 hours. Thus, enbodi nent CufEPREVS/05636ENL i ON
provi des a single phase drug fornul atidon that can be adapted to provide a
burst of the abuse relevant drug(s) to allow therapeutic |evels of the drug
to be quickly 5obtained in the blood of a patient or aninal, and to be

mai ntained to avi de therapeutjc.quantities for at |east about 8 12, or
74 hodte g BEa Ry M ARSI nin R areBon i shbreefaoliy e it agice 1 or
r epeatidecARME] RIS bARTIRNK Hohde THIBR tRYF a3 UbiBve @ BGRentrMonndlk it HLRIlARE a

day. Advantageously, preferred enbodi nents of the inventive dosage form
r el easémengyonaptecicandtyntt he entire quantity of the abuse rel evant drug

i ncor por.at ed.. | , 1 he dosage form, . For exanpl the 10 .inventive dosage
for m ot iyt <GP o SRR A R ens BincFiBMagind A B alEBR I o506 of ¢ e
dr8g icBnédatriiidd eulelilgs®@lisihg @i ttpsididg rifet hi n about 16, and optionally 12 or
9 hours. The cumulative blood concentration, or AUC, cannot be directly
known Thedernt Hemex isfess toihe plesmagpptentrpéonpfihe raforend abyserelovapdrugat Tmax,

formul gt | i e - hj [ r . ant
drug Sahe5ed sSRURYE Ind e REh G B Bt Sy R b B 8 AMRRABH ST
or al lthe mieitiva. abukss sdetidicalsaimidicdtedgCmax pefetsito g wkrdlhaaxdngessbseset r act
capabl e of absorbing the drug into the patient's (or aninmals) blood system
I n yetCORFIHAR pr ef erred embodi nent the invention provides a process for
the mapuhact 4 Rilfe AR BRMSRIiRR SRR boitHRIRAE HIAR T A8 GO | ST ng
melt extruding a fornmulation conprising at | east one therapeutic drug

f ur t hemteombprg..si tmgwdi oec ddsmsinagpyal ot hormxtatiool &ibell¢chissuitablo Sagdsingravery

20w t t (an inte jate Ll step.. The nelt-extrudate preferabl
C omor 13touly ab P TSty Rbe oy o e o A e SO L e DS 2
pol ynejosinPigbealsed Eudragit polyners include Eudragit L or Eudragit RS or

both, and particularly preferred is Eudragit RL or a conbi nati on of
Eudr adihe t®m Gredhemdy/mgr ref@sto theamepnt ofcthe sybstgec Meayw ghistnanegramp siotse she

Betore_ all ow.ng the It t oljdif t he l.t 25a0ptional ly, ca e shaped
"ito JBvsart et AT e R e b IR Ttigro SRR s R AN Uiat <
opt i ondhlinisted tbeheGmirhaled halanby a cal ender, preferably with two
counter-rotating rollers with nutually matching depressions on their

sur f ac® usad Berghd theargase opscengingtelease ric cigierpto biissalion 1Bie thatigegerBy | er s
with di : f [ t ' - t be
ut i st BEEBtor TR n R §0 ABtvoLl i ARl AR et dreEhS R

(" col dhatgbtigralty inusasksiwittatite.erathef thah r@naisgrcosgss or Medrtasprey astsisks dodagel vi ng

heat ed. presses optjonally can al so be cal endered. WO
2% 0/ 3@3@@&%&@#@8@2‘0@%8&1@@%e formed melt can be optionally
over cagh&y il i HIBbEYd & Ghdrhhubigd Qtth&%gb%%f%éh%%s%'of%ﬁ%ﬁﬁle of the

drug with abuse potential. For exanple, ' ithic dosage form
cont aiceinpguidsef thaugressht alyasteoncan bhenplerdoaped foims br,avieod sich doats, exast, in

S RS BRI USSP IR THS SR NaEGRD Y gumier o =
mat er iddbd"ofahd &mpdiad il Rlcbf iRl ifaseoR nchR€a aatitiést ih@inedi BRtcompeind fae
dosage form In order to facilitate the intake of such a dosage form by a

mafmaltreai disorderachi aneasgadle benstigiivle ratieetpplicadisetofapy maegicahppatoent. Htvellldiwape.
Lar e HARLBLT RV LA BE Gl BYEd COOLb AR NARLS

her ef.or r.ef erably
el ong rather than roun m coa(fl E%Iﬁp?%tgongc?ggbee form
f urt hefesemibvdnpidhesilitbe debide®By thewtteiding bEysididn wahinkke S0Pk bovaad riedidal m coat
al so i.nproves taste_and provides an el egant appearance. |f desired, the

film deggmeniyThsespagifie feameuticalytctfetive 4ase faveb@r any pafirylay prdicpigwil depend

ol I il f 1 Ng. ] : : se,
by ouor suutayF ERAGATRIGEL & dRrle: BEDECHEKNR HEXRL VIR HARS: es a
f BDm faotiviiynef tho kymic, conipeuhd kmplogad; thaypccifict doarposiviop empio yad pthaagd, boder ,

15e.g. palyethylene glycol, a surfactant, e.g. Tween0 type, and

opt i ort$h}- %Fnﬁ?%ﬁ%aﬁtth;s .agl.d,dlettiO? il Bieitie of g iR eRss oo sweet ener s
or flavors. The filmcoating may al so conprise talc as an anti-adhesi ve.
The filmcoat usually accounts for |ess than about 5% by wei ght of the
dosage form 20 EXEMPLARY EMBODI MENTS OF THE | NVENTI ON: Certain exenpl ary
enbodi nents of the present invention provide nonolithic dosage formul ations
havi ng bi phasic rel ease profile for readily water-soluble drugs having a
pol ymer- containing tablet produced by extrusion and cal endering. The
formul ati ons preferably have conbi nati on of imredi ate rel ease and
controlled rel ease formul ati ons of hydrocodone and



25acet am nophen conpositions. These nonolithic dosage formnul ation,
especi ally having narcotic drugs may have abuse deterrent profiles such
t hat t he wougiodiss®al uti on of the dosage forns has reducedimrrecombs3ense
dunpi ng in 40% aqueous et hanol solutimn. Yet nore preferably, these
formul ati ons may provide reproduci bl e manufacturing processes offering
options for rapid transfer to productlon scal e. 30 The desired bi phasic

d di | ut f hi I t
ronol PR G ESga B 5y SIBbACIRGPEHE SUTUeH Fglear ohE SpBUEt AhitRophen)
in tV\Qrea‘Bﬁangﬂf% 3@%Eﬁﬁlﬁﬁ%ﬁ%/cgﬁﬁﬁﬁﬁtaﬁ%ltﬁQl'ié”@-ﬂeé‘ﬁ"cQBﬁlp%ﬁd"erﬂf)lﬁgl&f lahd

rel ease rate ich are then conbined to produce a two-layer or nulti-Iayer
t abl etlike Fratere sedlsknewintinficemédicaltats s pur pose i ncl ude coextrusion nethods for

t he productl yer .tabl.ets as, des ed I

spect 1okt Py saliteleliRG b aRusH BrRet Bhgty Rotav B e BE R iptini que
i s5t hake 4@ b?&bﬁl'ﬁﬂﬁlrs‘é)l\fkﬁtsee E9whdoenahaitea, §isiingd qbeaushanodfebnl (iR r mass
and vol ume flows have to be coordj nated W th great exactness. Especially

when dorapilatipn: fbe forprudation dissprdes abusq g limifipg tltevacbﬂﬁe lof gerserpetoeatrad thoonbi ned
W th e C

corpl L Bofithe ftuiARY @ulch Bl BF SBEREI, SHACkY S BRP ot

t abl eteasibsbesqpacérdtiaed fonpirbetepahadmndopden adlsoahge abiSR, refbtantHurmylatioi3irsay
requires a high level of effort 10It is also pqassible to rra@bj?facture t he

r api d el Reqken P8 IHenTRIFT RaticulHosorRoplca{am they wf © uied Bhen

' qgor %Qéa@%ﬁ&nh g af abhide- Igé@tﬁﬁt' fﬁnﬁﬁhttlorpﬁoeg%t %'qﬁl‘{’é [n%ﬁ%?dtl%ﬁ o?uHg B?c{)t' on
during cal end e ing. After cooling, a cal endered ‘extrud t abl et |I§ obt ai ned

whi ch aotagombinslbeit seperiait] @ntagenibtedale bie aéqeddo tlelpeameatmrtpcﬁmﬁrw disBoslage f or ns

f thi bed i,n US 6, 001 f truded d
© or m oDt Syt oR e GrbetaT s o atone BEG! t ey flha St BagH0E °*29°
acet arafagtpnenum&l ﬁichfmwft@od@qemhahbﬂﬂme&yv&wylmawseﬁIaﬁd Ri&Gablpe

i ndi vi du cal ender cavities to prevent it belng conpletely envel oped by
t he rréllvﬂroxmogzylinieﬂmwiluMm epntighude trethe demandtivaphiesisieaeroranection inocat ed

ect a the surfa e tabl e

57 alobnBh gty i a%e 2y 4P lonRD e Btk B ek A Dl e o
I t is 1a%s11b@@taamb Wﬂthtaﬁ aqm@mnaeﬁtambfb prefeedseatdet A6%RAPHRIGHONEP B Alkyl N
the tabl et by apply a 20 filmcoating containing acetam nophen. The

manuf aebslitecnpfangd mqﬁ e@&tr@lay aklepsid 8% WhsiEydon withen alkyhadwhiuse Ayl ar i ous

pat enty, appliGakk Scen{ﬁ'SE @el@@%@gﬁt @%'ah&ﬁ{dr cﬂ?olﬂ?%%lo \if§00,dgaCr i be a

dr ug- cont ai ni ng I'm coa I'ng designed speC| to ac eve bi phasic drug
di ssolpufeoed 1n'ﬁhecmlﬁ®{1|ofﬂlalﬁvéﬂﬂﬁn(3 IAdmtmhll;atthmlylky\h mhstanemxi pmfbed;lyzl@sage form

ptégduced in accor ance th the pag‘tlﬁrl]3 pplications 11/ %5 705 and

1 UBePre BeablyS 1y by 8ht-edne MASt B Bubi cende scubin BisA QR e8RS ned i n
the t%@leﬁtthé‘ﬁléﬁ SuBstREerft QOMEME 8%r hRhr@ BB GohR! €ase fornulation to achieve
the desired biphasic drug dissolution (for exanple, > about 30% after 1 h,
> aboudn aﬂtﬁ%rafreferre@ cimpodiient tlee dwbed foanevpmimdp mmtszunn@;tgrmﬂlngbout 500 ngy

per tab meant out 100 of acet.am no had to be rapidly

el as il g b “honins i Bvesics G S5 RECH as Mrrie B aPHaPE case
form Qft@:tR”tagdlcgiiied By dPaking Ulokt FAINSISON parBRSSichke B hv&RMeaEbulation
requirenents are fulfilled: WO 2010/ 083894PCT/ EP2009/ 056362 40 The drug
cé temefeﬁabbﬁesfa|t1r¢ﬁketgaﬁtﬁengthqurahi§a%ttl|56memls (b Nerylord grafesably.Heg t he

| ayer 3 \ge% ‘? tfontfl% 1g% hta§) Qre%lkl stren hho [Y9f g)(ﬂ)t Ir"t Nehr& ?relf%raﬁ ? %as%&gf)sl on
used foOr M coat H Eh concen r%ﬁ. on Poavord F ong process

times mhalyemuﬂeq)ra%ﬁermmwmkﬁ)otme process uneconom cal. 5The film
coating | ayer should also offer sufficient nechanical stabili t?( even with a
| ar ge Bragkene strangthmesarding fethqpresghb invartign ende deamingd twiea faplek %nel ehough

t hat cH

surfacra((ia)a ng%taqf?gr%?ﬁ u egthga‘gr@{);rg‘fﬂr%t-lgtﬁ%‘é‘!ﬁo%?&éﬁ%@gﬁ@%@&% d#ﬁﬁé Sl} gl ssol ution
f BOm ttéidets plibhishoediin nhg Huggpenn Bhartladommlesol 99¢, p@pll@By\Mnmeﬁwdglot Eu9(8k Aayers

about i mum of hin a preferred enbodi
( reaferre(i( apparatus used to measure breaking strength 1s a ”Zw1ck 7 2.5" materials tester, Fmax



10The organol eptic properties of the filmcoating | ayer nust al so be

| argel y unchanged with | arge | ayer thicknesses and during storage for

ext ended woerimds3of time at el evated tenperature, hi gh ecTaeeylosssez el ati ve
hum dity or a conbination of such (i.». no cracking, adhesion, chipping of
the coating etc.). Surprisingly, it has now been found that the above

requi rements can be fulfilled if finely ground 15acetam nophen is used for

the fil ting |layers, together with rel ative smal | ampunts of a
Lot t ol S ARG g S0 aprh SRS Sl AT Bl sl TR G e icss
f or NulRhin@RE 106 rindiafid atee spidifd 0l 1800 Aghinvig. VRSB E@R talt BOp &I Qling abe

achi eved, and that the viscosity of the spray solutions was conspicuously
| ow epegsswiictpistarewith lsergiv-inansetts sud & dylisiontldnmm démeter)ea fdrentraddudsy, wei ght ,

o, e ER il N GOSHS FRAEIN GRS P T e o e

econonirés lforcPFu@ix G EOLMY.I Dhe WFrddhSnDptibhallyestt dbyaif@piréimiZwitRGMEH &
containig&gabove 100 ng acet am nophen. It was therefore possible to control
very pre&sdiln, Geenaount of acet am nophen sprayed on and thus al so the
drug dy Lk i [ - AN via the |ayer
i okl bR Pl bl i orol RS iy S chitSicch B8 a BRMEed" 25 hat T e
fil m eadbdingenf,ahértdratuiadios iapeterghin eelteprdbssddn wehinoapreées | aphkixauddd, ver y
effectively snpot hi ng .t he rough sg%faceﬁ?of the extruyded tablets, i.e. the

hi ng
fil m cBathendn sehgregss diesctinsbaed ideut BHIRger gipdinghe dermuidiongp| et s very
efihectn ol ri Si LOgL E I rcially
DT N ltfatprldth SR B ALl B iy B o e 1 7t
not pdesadsicncndeeptiotaliymoeted edtht Dsvpbsessaitlhjush we mthputd peitation, 8@clkimown

olymers Lfilmcoatin ormyl ati ons. are designed to reprqduce,in detai
Poe” eibis SR puetEt 1 B bty iy PR Sl ghtory e el BRL AE Rpbe
wor ds previehd hddRirdble stafp fhRirése@H $81niRE 68 Gt foMEUIZAHPHABSAIARGEARIRAO/ 056362
41 particularly in conventionally manufactured tablets is not desired and

i s to ghiadmgstsipuosiripuipsde tedupeer ypkagosroghadshe foanuliton apddispedlbnce is

eto.this fact.in all the sanples. sge Exanpl.e 4, e 18: "The
s Pkt P STy Fir R s AR Gndh o PG e e o)
Sui t akh®l@ehy sEEst (a6 mchrommet potyuids. oVHilb@of ddcHbigad kR@piraitulut ébdgNE are
wat er sol uble and 5 water-swell abl e pharmaceutically accepted polyners
whi ch ihbglieved thabthy sproad madeprocesserhp@lymsy prefrechialp antaiarts avidr the firsihedat i ngs.
The bagsi i i Vi . us
g A g S el o
sum ofcomipbsitiie agda sholewimeing thesfoapeativdest thotabtet.t uent s i ncl udi ng active
ingredient) of at |east 20%.by weight (preferably 25% particularly
pgaf er3BRy el@@@/él&ﬁﬂhﬁ}ﬁef%mﬂﬁfém% BRI PYIEE OF A SRPOISTCE KB4 SOMERRERR or
10di SRRL:SAAD PURL the hRR-HBYGs AN aREibMEorb RAUHBHR M xFAME BlreQfy Bhpdseast 50%
(preferably 60% particularly preferably 70% or higher). hﬁh-aqueous
sol ut ifomsulgrons (Ryhensis tg amrphash s lqeosdly bhastivé ambprovoleicoteriolvaatmeseut i cal |y
accepted solvents such.as, et hano|. are ysed. M xtures of these organic
o vertdiard trons ity o BredlsnnstoRre din Sty I o ufelf aueous
sol ut igBRENQ@E/cSPSHRABES iRIMGd BBy (R Sdry R likkRParHudedpiar of PfypE.arKieklar e
pol ymers whi ch form conparatively |ow viscosity solutions in aqueous
sabut ipbarmeagelogaallningitivoncent rati ons in order to maintain the viscosity of
the s i.on. W.thin dhe ran i ich an ce b [ behavi or
of e GARGBIER SR bl bE S SRe Rl e ils B 26 SERURC IR RP 1 e i g
total is@htios asdirceRtiscd e 9 falaNie anduidiaihydicroldy MEfcspropelickds theion- i oni ¢
cel lul ose polyners such as hydroxypropyl cellul ose, hydroxypropyl
20met HH Q%Aﬁﬁ Belymass #fie PRVEPRNY d@@ﬂ@ﬂ@%@é fungtenad greupp Hicpmeraed 1o Bices such
as Eu ' j r:agl , ' ¥ Ly vi nyl
al cohﬁ@%?@ﬁtﬁgﬁg@%?%gﬁ?ﬁ?& ElHrr%l 1@%8{@?1%%?% I?/I@ e%rgd%ﬁ%}{:fgﬁgg t%/{méﬂt h a
m3D e c piraportiei ghteu(rbikaliddOd), aDIrougmsodndvthinyin terinesadfqihf gobohemigal progcics.de
graft copolynmers (KollicoatOIR). Preferably, suitable polyners are
sel ected from hydroxypropyl nethylcellul ose, EudragitO NE3OD and pol yvi nyl
al cohol, or 25conbi nations thereof Mre preferably, suitable polyners are
pol yvi nyl al cohol / pol yet hyl ene oxi de graft copolyners (e.g.KollicoatO IR
BASF). The active ingredient (preferred: acetam nophen) nust either be
soluble in the aforenmenti oned high concentrations in the aqueous or aqueous
/[ organic or purely organic solvents. If (as with acetam nophen) the
aqueous solubility is not sufficient, preferably drug suspensions or
30di spersions can al so be used. In this case, however, the decisive factor
is that the particle size distribution of the active ingredient should be

Y Y - e . .



WO 2010/ 083894PCT/ EP2009/ 056362 42 rapid sedi nentati on of the suspended
active ingredient in the spray solution occurs and/or the spray nozzl es of
the fil mwoabavoskseaone bl ocked. Preferred particle sizegcame00005636Dre than
10% of the particles above 0.25 mm (particularly preferred: not nore than
5%, not nore than 20% (particularly preferred not nore than 10% of the
particles above 0.1 mm and not nore than 5 35% (particularly preferred not

nore than 209 f the particles above 0.063 mm To achieve this finer

parti &%ﬁ@?}?@lﬁ %et%ﬁcaﬁ%teﬁﬁk}olpsgle@m%@%aaﬁeﬁ%?%&f%@%ﬂ?%sg J8Yne RS, and
wet grhimeliing fengilsui table). Surprisingly, it was found that the film
coating layers according to the invention not only adhere extrenely well to
the tabl ets Bbs(I s§tdo not becone brittle or tacky and show no cracking
even 10 durimg storgge at elevated tenperatures of up to 60 C. There was

al so no det gchnent @f_the ating layer fromthe tablet core. Further
concerning/ﬁpe <66'6T\&nfg?actions with drugs, the potential inpact of
conconm tant fintake @f ethanol on the in vivo rel ease of drugs from nodified
rel eas®kyO@IC fornul ati ons has recently becone an increasing concern
Accordingly, one aspect of this invention was to 15determ ne the influence
of ethanol on the in vitro rate of release of verapam | (240 ng) from
Nbbtreﬁ@]ﬁﬁﬁ%ﬁFﬁd@ﬁkns%ﬁﬁl@@%ﬁ&ﬁﬁ&@bﬁ?&ﬁuﬁéh&ﬂ§b&@nﬂ%ﬁ%ﬂ#&kk&ﬂdﬁ@@&2@@#'eVeS
a stable solid di'spersion of drug, in contrast to three other narketed

ver apdfi Phyrmaconogia, Eoditagiv id dadincé heBISE 30d™Lat i ons. Ot her drugs may al so be

manuf act ured.the, Mel trex0, t ec | c i.ncludi ng any drug that is
susceﬁ@?ﬁ%@y %wﬁ%ggq) PH@eﬁpﬁﬁ_?g%gﬁgggﬁgﬁnitant wi th al cohol. This nelt
20ext msth &yl @ididbaioltier §p6 BISFEeERFadiosheoan ef ficient and specialized
technology enbeddi ng poorly sol uble drugs as solid dispersion/solid

sol ut iN¢thagiylec acidrensbyiper bk & DB/ Redragial r1i0Q-55Mceaing & seall detstdcn was
cqadu%hﬁﬂnﬂnder st andardi zed conditions using the buffer addition nmethod
(pot assi um’phosphate buffer) with nmedi uns containing increasing ethanol
concemmabhdngcibhicr9latdCopdyman dypd 0YNFFoFEudragih RilethOuigranslex) t abl et s were
tested (4 tablets for 25 FormC in 0@6ethanq|#;§nd dr%ggrelease was

moni t oXBosvethagnbioReRAIY e fxpeat NYsoEagagih RL-HA&raydsbl uti on profil es
for t i ved. Do, skanighi i ff bet
the soaminly BXbEaRE: EOMTHNE R o Rr g kg e L and e

st at i SAimmahiloyMsthgeriyfatcc@oytolylacr, psd3 NR =+ BldragieRSeRO (foevd®0P6 et hanol nedi um

c ared to. the.0% eth | nmedj u P=0. 02). 0 extrene.condi ti ons of
ST gsilin i s Bassf dholut CfigrraESR Bo st i igrrianh °nt 2
hour  (BL2budste@inctha0RUS c¥Rsty AR Dh. Tk FhELSafik bRy i n the 40% et hanol

medi um (81%° conpared 'to the 0% ethanol nmedium (77% . In contrast, the
t hr ee wharde thedusgrpal goop basAD) ROX 0419 38BYUPCT/(EPRONPABEE3ER B meHpeedate)

statisti.cally sigpifi t 1 AGr in di ssol ut.i i i nol
concenttgsionis” (BPCHI N ERRERE sortorsinea ek b AR (E0RA S on
(P<0. QR e futtidnai froap iy BeirbxyEik @aidconRS: COOERT ¢ethnRicidlieailghes et hanol
concentrations, show ng a nean di ssol uti on percentage of 99@%ﬁ{an

73010 DR AR Ll aVhen the Tongiontlserofp saswertiosy \opsi gioisthdhe HURRAOTER no

et han tratl d I f r++Wwhich
nad a e Be RS Bl SRR B R P ShBR Yl AR s U LTS FE T T
vi t r o wiildsetidtiano gisudky fliidsind evidndtasatiadadiifatgdnnén theroloat | Waeireld ext r uded
formul ati on of verapam | (Form A) does not alter its release profile when
t est edURGHOBRLEIQRR 1 aéﬁﬁ@ﬂwﬁa%%eﬁbyldpﬁ%w@fe Hpicty thegdh/ DR GIE % G%als?r, Rehr ee

ot her : I i e e
D! B e A e B B B B 00y T S st uay
s@ggesr RS palyntehd may frecafatei beaispd fdr delayedideng réloasefbasusmedayleire resi stant to
dose dunping in ' Ltro environment, when conbj.ned i '
concervrnirms sPRR Aghhh Wild i EoiE R podt e spbd BRI es ¢

det er mi106/ $ IRy L0 NEIDRAGITRE PO FUDRAG@IT® RLAYD, FLd¥AIOR S PO SBRREL May
be of added benefit to determine the potential for a clinically inportant
dr ug- AEUORAGIIR & 8@ tHIIARAHTRRL w/ﬁgéﬁ@hddp@ralbneﬂt POY-pYbEE8DeX f.For m
B-D), where drug-containing powders or granules are conpressed, in the case
of Verapam | Meltrex0 (FormA), nelt extrusion is an innovative process
where the drug containing polymer nmelt is directly shaped. In addition,

melt extrusion technol ogy has the advantage of being a solvent- and
dust-free process, frequently used for the 20 manufacture of uniform
systens or bulk internediates, which allows for a clean processing
environment with a reduction in environnental pollution, explosion proofing
and residual organic solvents (Breitenbach and Lew s, 2003). The

e o " - o o o



bi oavailability and therefore efficacy, inproved safety, and the ability to
tailor-make rel ease 25profiles (Breitenbach, 2002; Breitenbach and Lew s,
2003). Byweebhsanisdsyg t he optimal pol yner conposition, a yergErbewdsaaz
"plastic" like tablet can be manufactarred with very low brittl eness. Melt
extruded tabl ets cannot be crushed into a fine powder, as in the case of
standard tablets, and thereby reduces the physical tanpering potential.

R P Sy PRSPy R B S BAPET

t anmperhAgrdaficholRRhATIESORAGITE BNbS) EUDRK GYER Sfes 1 anRAsuskarn, 1REi ne
rel ease profile. This nelt extrusion technol ogy has been applied to

verapdﬁﬁﬂ H&ﬁ%@muanﬂﬂexma narketed WD 2010/ 083894PCT/ EP2009/ 056362 44

antih srv and. anti - na dru 0 tially interact with
a1 conat o et e Blrt BB Gler i Lo O BRIy 2 cs bt re
GWBOdId@ﬁﬁétlveVﬁlbﬁep@’ﬁfekab?ﬂﬁl h?&rb@ijall@}ﬂﬂélrumsbeldn{u&i\%a&ﬁi dionuliyat i ons may be
manuf act ured having reduced or |limted dose-dunping effect when

conc omy ey prppyseedhifal iyl %et%énerepeﬂeeﬂ@r the @therpelymee strcicrbbidle el t

extru e f t he
or esenfeEl MRl @8RG A TANL PISelBGNRIE] X he ATIARUTRILLR

dr ug- @bt;@ﬂf@lpolymﬂi£$ piefdred,in dengontest Gﬂthe ﬁra)en'adm ao B ragdtl [ey@hEudtagigREr Oiledr ug
havi ng pote tra for dose dunping.in al cohol b) _a matrix having

pol ynahore g YR3eT 18 SR ATt ShEicmenggh lss%lr@w@éLf T%E%ir@% YBIFTS
”Qﬁon%&§b@ﬁ&%hﬁ%bﬂ@nﬁﬂo&?hhﬂhﬂ&ﬁn&&ﬂﬁ&nhﬁfﬂR@h&éﬁlﬁ%ﬁ&%%@%n@&ry"C acid

ester, nmethacrylic acid éster and natriu i nat e such nelt
ext r uPedionmthat ¢allicst ivxpesctibal dtiok pmhstandel quadtm@gé aithnhmhéx@tugaawhmethdmgd

copol SHENEB PR G R B i Ba et sk B RO PO STy PEOE e e
nat ri ugh@ngl HetR . stobha, addl igfcRiratab Maseg RRsEpdeid Bicls 8 éorﬂgrls@ml q§ ey, of
verapam |, ganmmahydr oxybutyrate or qunrtrazepanr Mor e preferably, t he

15hy draéehel. kfw@etalgmuﬁbe emborii;zwrltswrﬂra)r@ywerel abum@eterrmw éirmtureélorrmtlewlarl Kyl

al,kyl cel | ul ose | u os

e iR T SARLER G Y G SRR ap Db TSt S Bty
corrpr ieBRr bigellulos @A8NEn®hit 18ass dhé (rﬁéthﬁtﬂryﬁ%tp@[ynﬁﬁr VBérapand bmount ofthe%nﬁ her
enbodrnent of the invention provrdes a verapam | ne%t extruded fornul ation
havi ndhat it extregied figgn B foenulption by, 2Qve sAesoys rdarol; 074 69ncers ethanaleprioflv | i n
the d ' '
R R B R S T
for véyap@nNlhytiroehotibecidosigge oheohoar an 3596 por #4Q%°Etdrdodl. Hic resighiicchiour s does
n differ fro e dissolution profile for verapam | from. dosage form
[ R0 goqaihEifBIb Ya%%eFTBW%O Inefrantageys 1 those Sigfigns inpvhich ag H’éié‘@é‘fair mul ati ons,
the drghoRORRY ba&SpR0MECPIn BuSahdic i Bl SReh nRbiiR! aRfihe ol Ui
mnthout further undue experiment, it ée ascertai ned that in 25t hese
f or nulrelevamidrug he reduced in vrtro drug al cohol interaction correlates to

reduc in vivo dru al c ctlon er. enbadi nent of
e B e R Dt T RS T A L ARt o R
need t-horapfel %fb"@l{zérﬁinr’cﬁe @;E@hhién@a@' B0 et A w0 T ﬂ@ré}&t@ﬁﬂe@@h‘b@@ﬁneﬁ&}’
dosage form escri bed above. 30 Vari ous exenpl ary enbodi nents are depicted

béb owtheTdragunt px thepires that & cereied Fomvhel Eumubation by 2907 et 400e qqurwseé@na t hey

20101 OBSauRE A EAo0srosRas st Ains BT n kLA O ot agic s ¢ or
film cagdin age %dﬂonﬂlg@ﬂﬁﬁiﬂé REMEE cniBodirkérs, GaNsh St lagﬂefdr@glﬂﬁ?/‘ostbxtrmecg ht

acetanlno hen, 12. 696yéh° ght EudragrtO RL, 12.6% by melght xyIrtoI 6% by
wei ghtiromy leétmnb agr 814 pusens ghingdilsesehan sowp! the smeyniefit

hydr XY fayis JELAN ff}%b&' Wﬁﬁr&%&ﬁp&?&&nmnmhoﬁﬂ Gna yet more preferred

30  embodiments, the amount of the drug that is extracted from the formulation by 20% or 40%




1. 0% by wei ght Aerosil O 200 was netered at a rate of 20 kg/h into a
co-rotating twin screw extruder (ZSK-40) and extruded at a tenperature of
about 140w0620m/g38duce a honpbgeneous, white nelt ribbonpcWeprb@ossiskt in the
plastic state, this nelt ribbon was i2stroduced into the roll slit of a
counter-rotating formng roller calender, the rollers of which had recesses
on their surface 10 fromwhich tablets could be fornmed directly fromthe

| t bb t t h t 72 ft
RS A 0 B ot ey R A M N

pl acegydFXRIFRL Gcid witHiR oS RE@M nophen with a particle size of 13 %greater
than 0.25 mm and 68% ?reater than 0.063 nm was suspended in water by

sti rrilhg.prophet inedntipe a sngxr@\dd@rﬁ m@meldefdeaserfyrrmdmmﬂ of aaiqaetrongwbtlwmehgmtf f

e ot Bl Y SRERTORD, IR0 FRHDAE FofitoR SRR oY bR EFRLA

(Kel | icggadtionlith &ﬁﬁﬁbnl salm&enbd;s@hdm LSS P eSS Ea s&dmaasssdpadpwalcohol
acet am nophen/ Kol | i coat O IR = 75:25) to produce a total solids 20

concenlistidled algolsls swﬁgﬁ%&ygmdka EVV/I@’F? ViRQEAF. verdeli ang agneoup sthapel(cighe0%

t t |
ccotangplon s beShOURid TREKSY LAIEIPIGSSILIRN R R L
descr Iakieqilatendrﬁg astpdse idadu@okgdo litivna sfidh am ga@talbé‘rulc(sDr’Il"lﬁﬂform%ﬁﬁﬂl edeotruskdl et s

were taken after 30, 50, 70 and 90 ngy acet am nophen had been applied over
the fiof HEB taiswmo‘aﬂffs aged divg rElEEITh §IvRRYES wipeuch & Bt &ary well to

the t%hﬁheﬁely, té&ﬂb!ﬁig)réﬂéﬁeé Einbéifchfs o%%ehﬁv&i{fo‘ﬁ W@'ahﬁ)uﬁﬂ é%&%@%l&%i ets

was still slightl ugh due to the still relatively |arge acetam nophen
part i clrestelchbel ﬁrmsha)tmmd lof/phgmgfm Bloe. cbfadmlemrst\maer thedehyr meieghdn thefepothand

after fil ating for oating proce rane 06 k
F bl eousTREL Sl oy (125 Wigy i LR 2 aBtalfaR blBT et T30 1
2010/ AREATthERZRARY BREREDvALhE RhiGE tlﬁierastv@féﬁ%mﬂwv@d b SrdRRERMiMen, at e:

40 - 45 g/ mn Spragéng pressure: 4,5 bar 5 anpl e Acet am nophen with a
par ti oF ghosnge thfn I lgrteab@rt Atlieats i9 noEMATY thm/d@%@a@aé@r ‘thavethc @moumiteleasd1 6%

ater t vvas SH vvat ring. The active
D8 e P2 S 05 TP G PRLRE D e Blp o bty "Sui ¢ chi ng of T the

stirr ﬂxeﬁ@[ﬁ?ﬁl ﬁ%ﬁr@l ddﬂ@ombﬁi bthe WhiegflonesmprsR dellilo8xandh andceltdsed,

powder ed poI ﬁ?me licoat O IR, BASF) was then added to this losuspen5| on
(mass CpaLs B bf@étaa Hesshdona in icemhimatimonsthy mvestion kavsagdeisebls meleaplas ol i ds
conce d ophen
chowed St if e met Hmas 120,000 Koo B ereb R A e 0
t abl eta;ﬂcy(l@:llh@)ses;\,hyd:rbxzliihgzllcélﬁﬁosep,rlgdmdlkgsaldﬂseltulbmd ot mﬁu&mﬂieeeﬂormmw th a

i ghtl fied tapl t t t Dr
Db et LG es e el iee. o mired el (SEhptras bt ceBloss NP0, 90
and 15,4 %Qdﬂggﬁﬁgylarﬁ%?l%lﬂﬁgm 13 ReaMiIAPBhY &lrdb® Thdaful LI &O&Lers M‘é‘r y good

adhesion of the coatihg on the tablets was observed in all cases.

sur f acathofit imgatur, echiipteactiaterNtd.atcdlosahdegits buiysats rmldulhsmdtat;ﬁnprbpuomte
Exanpl.e 4: Drug, dis oI tion f the tablets 20 The drug dissol tlon of the
{abl ot3IRiupRay Iy B Celuli Rt i BT PATEC ! SR paceiale Bhlagnd o
Phar nagiRRR& BerbbSRVBY & biy0 Ao RIIAE AdIimerts! scRad B @boxyMehy XMyl 3dilfesc0- 01 M
HC1l, 50 rpm. The anount of "active ingredient rel ease omthe tabl ets

i Afo tRasy @q@@@us HC1 medi um vvas determ ned by HPLC at d| fferent intervals.

25Tab|ﬁ1t aw B{] Su gﬁt{lem at a ean 'og utc eq%g o?gel &l'os%nc ﬁ%{%mgéjateacféer 30

m nut es: P'ssol A rreasur
di ssolthg z!t@i’ag%&ﬁﬁi%ﬁdf@fbht&ﬁetﬁ%eom Iattﬁ@h‘éd td ifforlagyg c@h@e a{n&mﬁa copassy ed after
240 m nutes: 27% 30 Exanp di ssolution of the filmcoated tablets

VO 20?@?@@?}8@4 Flggrpgp@@@gt/ngggtg’g@ S. ) If all three available positions on each unit are

substituted, the D. S. is designated as 3, if an average of two on each ring are reacted, the D. S. is

30  designated as 2, etc.



47 The drug dissolution of the tablets according to Exanple 2 was

determ ned in an apparatus as per US Pharnmacopoeia (USP Di ssol ution

Appar at uswol2o{oRssigde) , USP )O(V;, 37 C, 0.01 M HC1, 50 r poyx/ErPiéve/oseserint of
active ingredient released fromthe tablets into the aqueous HCl1 nedi um was
determ ned by HPLC at different intervals. 5 Filmcoated tablet with 90 ng
acet am nophen in the filmcoat: Drug dissolution neasured after 30 m nutes:

A L R S e e e S Y e

m nut %@dm?(%ﬁ(%mﬁog“{g)sgﬂuﬁggbp% Q{l() gates increased by about 10% at each test
interval due to the initially rapid release of the active ingredient

pr esedn prafenrdgecnibddimenatthe dBFPxabpitation is Dﬂﬁ@yldF@@tﬂr,lIhﬁ orefatedihydrdxyebkyt oat ed
t abl et di | .u f t

dot or MRS SHPURREPRLINER Fen Do bR En BRERA Pl o PR star e
et hodethsXy- W My drdxyfropdkyBLbMittiidns a8 surprithrizelNB teArB YR4rn@kogsdas, \eez. USP

ingredient released fromthe tablets into the aqueous HCl1L nedi um was
det er Mdedh %9amPL@V@tpn@H>$eerent |nt ervals. 20 Tablet without film coat

appl i ‘i@%th@@elhﬁ%ééqs g%a%ﬁ&te%d il ng&e?gfé?ﬂﬁ%}*g Eﬁﬁo&a‘ LA HE o

di ssolu n nmeasure ion neasured after
120 minmb@gor hooR{A) Dr 8gofi. Scstml u9t. d?hegm@pusr@fcboaimm aRAliktad inyphesnacdPSealy ug
di ssol ution neasured aft erlgg m nutes: 37% Drug di ssolution neasured after
480 nmicri B ungigotheinppe c dlpt ]é‘ERS%t with 120 ng acetami nophen in the film

cqgat t ssol ution
SaeL: A %@gﬁlggge%%{é#udtegglo%g%%% %%?0833894 Piktrdosc B gﬂ)gg'! 48 Drug

di ssolnthydeellvbess us edcilablc @enddr2be biandnese MIBPHOCE],. & (mstthyhlbl Sraboetakdr ed after

240 mn tes: 53% 0l r. 360 t.es 2% Dr
di ssolhé' TOSHPIORYSY ?E{@Hglg’fs 102%01%%[%52@[%&%33}?1%]3 %{gle § ugtéobl P on r;? es
i ncr eas8bxbYropPIOHb a2 S¥sBtutiBAGRot ®SI3), ddaviEaHOtUa, KQnidas/1 mas! deumnw al

rel easé of "the active ingredient present in the filmcoat. Exanple 10
The t dydroxsipropelhelapsubstigitipn pbaut §rad) METHQEEL Fsnd ME BHOKSIL K@m@fmﬁda
sth d.tri Luration b Iﬁ}/l cel l ul ose was used which

talhﬁglf?xgmgﬁaﬁnlethﬁClﬁﬁ]igl%esoﬁgy?ré%ﬁ%)ﬁrg%n“ r p| gnents. Because of the

mar kedthy abiydio @by GedblY irefudtfiRo @b isrsau8 RepS Y @Brst(Michaém ingRides
concentration could only be adjusted to 20% by. weight, as a result of which
the spehydEgh %‘illh%glof%@%&@%élffﬁfﬁnlt @mﬁ@%@h@mmrsamgnm@raﬁﬁﬁwbc #&dmi ned

h by d
The oarr ey 1iR00d JAEBER ARy ALIOEHERC AR Ry e 1D LBV P AR ORREr Ve
uni f orrefiersix @ithérahScorrcbpendigsicrwas qlelﬂlia@fyﬂmd ester, vbichExamplally 3orntadtfram siieead

of KollicoatQ IR a soli rji.turation bas 20 on po y i nyl Ic hol was used
wiPch CBHH%P&P?OF% agrydifer pl ?Wll? Bﬁg‘%FGS&’FchVﬁ Yarlkt athskvaEts Sﬁﬁéﬂltg‘ YBecause of

the sldghichyatbi QRS t/digePsh hiky kiR RIFER YR 5!&9%&5' on the total solid
concentratl on could only be adj usted to 25% by weight, as a result of which

t he spirefgiably, thermdlsyli(alkyaended 15Wh(@1eCiz}a@<}d)((!ﬁth1p)ab©wslawaEample$ of Cefmi ned
e o U BT R B SR AP R SRR
25 butyl, iso-propyl, pentyl, hexyl, cyclohexyl, 2-ethyl hexyl, heptyl, octyl, nonyl, decyl, isodecyl,

25  undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl,
eicosyl, behenyl, and isomers thereof. The alkyl group may be straight or branched chain.
Preferably, the (C,-Cy;)alkyl group represents a (C-Cs)alkyl group as defined above, more
preferably a (C,-Cy)alkyl group as defined above. Examples of C;-;¢ alk groups of the alkyl
(alk)acrylate include methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,

30 hexyl, cyclohexyl, 2-ethyl hexyl, heptyl, octyl, nonyl, decyl and isomers thereof. The alk groups



Exanmple 9: Filmtablets manufactured in accordance with Exanples 3, 7 and
8 were stored in closed glass bottles at tenperatures of 40 C and 60 C
After 1 nwotzonsssynacks were visible on the tabl ets andpow/HPaekiossss Was
observed. Drug dissolution neasured B the nethod descri bed for Exanple 30
4 reveal ed no changes conpared to the values recorded at the begi nning of
storage. WD 2010/ 083894PCT/ EP2009/ 056362 49 Exanple 10: A filmcoated

the 1 IHh Eoeraph o rerhed e Bt e (G A SEeP oG A G TRt he
{1 ans s afudichRE! AR OholRekablel (L] dihgroah ds AliRATLEFOt O and exami ned

under a microscope. The filmcoating |ayer was 5easil|y distinguishable from

t he t &tferabbyothe dlkylidlk)acrdgess a (heCHilkyh CCatirakeerytate, meost psfasaty nddi-as

bei ng ut. 300, m crongt e in the i .. The .spoot, hi fect of. the
coat LY SERGETER TN DoaBne it TBAE: ARG TRBMIA PR EleaT s RiohdEin
assal ahaqen-d,ulkylavfese & (G-@pakd mEkaphe. Elampless0IQItCHa1kyin HC1 and
queous t hanol oltowmng |Is a descri ptlon o1 exenpl ar et hodo ogy ftor
Al Eth 10 Fol | owi i d i pti f I hodol f
st udyi(Fgthyasrdastingdpdsariy] wathgerytait MMV e etpbarthpgkatq GEM% . TEPF@PY0% aqueous
et han L. t f i fy di | ution
in 40 o%%%bg}#se %g@hgﬁg%b%%%tgm%ﬂ%p ara Ulg%g dH%%ch ée&t?é@\/l% ’rgb]ﬁg’ for

di ssolnuithawnylate ((BMIAN thitcbuod hadlidceylae i(TBMY): 20 aboybat@DAS, ethihanglate 15( 1)
Dissolution in 0.01 N HCl paratus: USP Dissol ution ratus |1 (Paddl e)
Rot at i@@@%@@yl %“@91?%@%&' itylpcgylaty (ﬁg ﬂsopropsfl/@aliygat?/@@ sotyhy aﬁﬁ}’ﬁ%
Tq(yper(ﬁ;%?* &nd 3dmlGinadmihd&d i me for 30 h rel ease testing: 30 / 60 / 120 /
180 / "240°/ 360 420 / 480 / 600 / 720 / 840 / 1080 / 1320 / 1560 / 1800
m nut ésefSabhl, revatkagngic at®l mbngmer iv (G €1 D@phaylenznnd. )ExSappdsef fCepar at i on:

sed is 25 Analytical finish: UV detection, wavel ength 280 nm (I1).

o seotupkliadyiic S5t incsamithsdilic 481, SRBFTHG BBl cRE A dobphrargric
Appar akiasnlbutacRadak is%ﬁc&;@\% ZREeH-b@Bcr REREE F}&%@Hc%ilic?e{éid)hefa@ IRGUROUS
et hanol Medi a vol ume500 mi 2010/ 083894PCT/ EP2009/°056362 50 Tenper at ur e:

37 C Sapiebivhigaciinnd fsomesotharept Pecfsmbbetbe Gy adkicrg acid pa (Cr-Lalkacpds /
3?9 / aécll%(,)rn/ost4p8r9fe{rab?yor%e{hac7rgrﬂc /aci§40 / 1080 / 1320 / 1560 / 1800 m nutes
In certain embodiments, the alkyl groups may be substituted by aryl groups. As used herein
"alkyl" group refers to a straight chain, branched or cyclic, saturated or unsaturated aliphatic
hydrocarbons. The alkyl group has 1-16 carbons, and may be unsubstituted or substituted by one
or more groups selected from halogen, hydroxy, alkoxy carbonyl, amido, alkylamido,

20  dialkylamido, nitro, amino, alkylamino, dialkylamino, carboxyl, thio and thioalkyl. A "hydroxy"
group refers to an OH group. An "alkoxy" group refers to an --O-alkyl group wherein alkyl is as
defined above. A "thio" group refers to an --SH group. A "thioalkyl" group refers to an --SR
group wherein R is alkyl as defined above. An "amino" group refers to an --NH; group. An
"alkylamino" group refers to an --NHR group wherein R is alkyl is as defined above. A

25  "dialkylamino" group refers to an --NRR' group wherein R and R’ are all as defined above. An
"amido" group refers to an --CONH,. An "alkylamido" group refers to an --CONHR group
wherein R is alkyl is as defined above. A "dialkylamido" group refers to an --CONRR' group
wherein R and R' are alkyl as defined above. A "nitro" group refers to an NO, group. A
"carboxyl" group refers to a COOH group.

30  In certain embodiments, the alkyl groups may be substituted by aryl groups. As used herein,

"aryl" includes both carbocyclic and heterocyclic aromatic rings, both monocyclic and fused
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I N5% GQr@et3fdaromatic ring as one or more rings in a fused ring system. Representative fused
polycyclic aryl groups include naphthalene, anthracene, indolizine, indole, isoindole, benzofuran,
benzothiophene, indazole, benzimidazole, benzthiazole, purine, quinoline, isoquinoline,
cinnoline, phthalazine, quinazoline, quinoxaline, 1,8-naphthyridine, pteridine, carbazole,
acridine, phenazine, phenothiazine, phenoxazine, and azulene. Also as used herein, aryl group

10 also includes an arylalkyl group. Further, as used herein "arylalkyl" refers to moieties, such as
benzyl, wherein an aromatic is linked to an alkyl group.

Preferably, the acrylic polymer is an acrylic copolymer. Preferably, the acrylic copolymer
comprises monomers derived from alkyl (alk)acrylate, and/or acrylic acid and/or alkacrylic acid
as defined hereinbefore. Most preferably, the acrylic copolymer comprises monomers derived

15  from alkyl (alk)acrylate, i.c. copolymerisable alkyl acrylate and alkyl alkacrylate monomers as
defined hereinbefore. Especially preferred acrylic copolymers include a (C;-Cy)alkyl acrylate
monomer and a copolymerisable (C;-Cy)alkyl (C;-Cy)alkacrylate comonomer, particularly
copolymers formed from methyl methacrylate and a copolymerisable comonomer of methyl
acrylate and/or ethyl acrylate and/or n-butyl acrylate.

20  Preferably, the (meth)acrylic polymer is a ionic (meth)acrylic polymer, in particular a cationic
(meth)acrylic polymer. Ionic (meth)acrylic polymer are manufactured by copolymerising
(meth)acrylic monomers carrying ionic groups with neutral (meth)acrylic monomers. The ionic
groups preferably are quaternary ammonium groups.

The (meth)acrylic polymers are generally water-insoluble, but are swellable and permeable in

25  aqueous solutions and digestive fluids. The molar ratio of cationic 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
wherein 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

30  commercially available cationic (meth)acrylic polymer or by blending a cationic (meth)acrylic

polymer with a suitable amount of a neutral (meth)acrylic polymer.
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Suitable (meth)acrylic polymers are 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 the remaining neutral (meth)acrylic esters being
5 1:20 in Eudragit RL and 1:40 in Eudragit RS. The mean molecular weight is about 150,000.
Besides the (meth)acrylic polymers, further pharmaceutically acceptable polymers may be
incorporated in the inventive formulations in order to adjust the properties of the formulation
and/or improve the ease of manufacture thereof. These polymers may be selected from the group
comprising: homopolymers of N-vinyl lactams, especially polyvinylpyrrolidone (PVP),

10 copolymers of a N-vinyl lactam and and one or more comonomers copolymerizable therewith,
the comonomers being selected from nitrogen-containing monomers and oxygen-containing
monomers; especially a copolymer of N-vinyl pyrrolidone and a vinyl carboxylate, preferred
examples being a copolymer of N-vinyl pyrrolidone and vinyl acetate or a copolymer of N-vinyl
pyrrolidone and vinyl propionate; polyvinyl alcohol-polyethylene glycol-graft copolymers

15  (available as, e.g., Kollicoat® IR from BASF AG, Ludwigshafen, Germany); high molecular
polyalkylene oxides such as polyethylene oxide and polypropylene oxide and copolymers of
ethylene oxide and propylene oxide; polyacrylamides; vinyl acetate polymers such as
copolymers of vinyl acetate and crotonic acid, partially hydrolyzed polyvinyl acetate (also
referred to as partially saponified "polyvinyl alcohol"); polyvinyl alcohol; poly(hydroxy acids)

20 such as poly(lactic acid), poly(glycolic acid), poly(3-hydroxybutyrate) and poly(3-
hydroxybutyrate-co-3-hydroxyvalerate); or mixtures of one or more thercof. PVP generates
hydrocodone N-oxide during extrusion, therefore use of PVP-polymers and —copolymers is not
always preferred. However, when a small amount (0.2 — 0.6 % w/w of the total formulation) of
antioxidant is used, then PVP may be used preferably.

25  “Abuse-relevant drug” is intended to mean any biologically effective ingredient the distribution
of which is subject to regulatory restrictions. Drugs of abuse that can be usefully formulated in
the context of the invention include without limitation pseudoephedrine, anti-depressants, strong
stimulants, diet drugs, steroids, and non-steroidal anti-inflammatory agents. In the category of
strong stimulants, methamphetamine is one drug that has recently received popular attention as a

30  drug of abuse. There is also some concern at the present time about the abuse potential of
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atropine, hyoscyamine, phenobarbital, scopolamine, and the like. Another major class of abuse-
relevant drugs are analgesics, especially the opioids.

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 dynorphins. Opioids include, without limitation,
alfentanil, allylprodine, alphaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine,
butorphanol, clonitazene, codeine, cyclazocine, desomorphine, dextromoramide, dezocine,
diampromide, dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol,
dimethylthiambutene, dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine,
ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl, heroin, hydrocodone,
hydromorphone, hydroxypethidine, isomethadone, ketobemidone, levallorphan,
levophenacylmorphan, levorphanol, lofentanil, meperidine, meptazinol, metazocine, methadone,
metopon, morphine, myrophine, nalbulphine, narceine, nicomorphine, norpipanone, opium,
oxycodone, oxymorphone, papvretum, pentazocine, phenadoxone, phenazocine, phenomorphan,
phenoperidine, piminodine, propiram, propoxyphene, sufentanil, tilidine, and tramadol, and salts
and mixtures thereof.

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. Particularly preferred are those combinations of drug currently sold as fixed
dose combinations 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 acetaminophen, or a
(fixed dose) combination of hydrocodone and ibuprofen.

The abuse-relevant drug(s) are preferably dispersed evenly throughout a matrix that is preferably
formed by a cellulose ether or cellulose ester, and one acrylic or methacrylic polymer as well as
other optional ingredients of the formulation. This description is intended to 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

85
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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

5  additional drug active(s) may be in a crystalline state embedded in the formulation.
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 of abuse-relevant actives are preferred.
The formulation can also comprise one or more additives selected from sugar alcohols or

10 derivatives thereof, maltodextrines; pharmaceutically acceptable surfactants, flow regulators,
disintegrants, bulking agents and lubricants. Useful sugar alcohols are exemplified by mannitol,
sorbitol, xylitol; useful sugar alcohol derivatives include without limitation isomalt,
hydrogenated condensed palatinose and others that are both similar and dissimilar.
Pharmaceutically acceptable surfactants are preferably pharmaceutically acceptable non-ionic

15  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 emulsification of the active ingredient released from
the dosage form and prevent precipitation of the active ingredient in the aqueous fluids of the
gastrointestinal tract.

20  Some additives include polyoxyethylene alkyl ethers, ¢.g. polyoxyethylene (3) lauryl ether,
polyoxyethylene (5) cetyl ether, polyoxyethylene (2) stearyl ether, polyoxyethylene (5) stearyl
ether; polyoxyethylene alkylaryl ethers, e.g. polyoxyethylene (2) nonylphenyl ether,
polyoxyethylene (3) nonylphenyl ether, polyoxyethylene (4) nonylphenyl ether or
polyoxyethylene (3) octylphenyl ether; polyethylene glycol fatty acid esters, e.g. PEG-200

25  monolaurate, PEG-200 dilaurate, PEG-300 dilaurate, PEG-400 dilaurate, PEG-300 distcarate or
PEG-300 dioleate; alkylene glycol fatty acid mono esters, e.g. propylene glycol mono- and
dilaurate (Lauroglycol®);sucrose fatty acid esters, ¢.g. sucrose monostearate, sucrose distearate,
sucrose monolaurate or sucrose dilaurate; sorbitan fatty acid mono- and diesters such as sorbitan
mono laurate (Span® 20), sorbitan monooleate, sorbitan monopalmitate (Span® 40), or sorbitan

30  stearate, polyoxyethylene castor oil derivates, ¢.g. polyoxyethyleneglycerol triricinoleate or

polyoxyl 35 castor oil (Cremophor® EL; BASF Corp.) or polyoxyethyleneglycerol oxystearate
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such as polyethylenglycol 40 hydrogenated castor oil (Cremophor® RH 40) or polyethylenglycol
60 hydrogenated castor oil (Cremophor® RH 60); or block copolymers of ethylene oxide and
propylene oxide, also known as polyoxyethylene polyoxypropylene block copolymers or
polyoxyethylene polypropyleneglycol such as Pluronic® F68, Pluronic® F127, Poloxamer®
5 124, Poloxamer® 188, Poloxamer® 237, Poloxamer® 388, or Poloxamer® 407 (BASF

Wyandotte Corp.); or mono fatty acid esters of polyoxyethylene (20) sorbitan, e.g.
polyoxyethylene (20) sorbitan monooleate (Tween® 80), polyoxyethylene (20) sorbitan
monostearate (Tween® 60), polyoxyethylene (20) sorbitan monopalmitate (Tween® 40),
polyoxyethylene (20) sorbitan monolaurate (Tween® 20), and the like as well as mixtures of

10 two, three, four, five, or more thereof.
Various other additives may be included in the melt, for example flow regulators such as
colloidal silica; lubricants, fillers, disintegrants, plasticizers, stabilizers such as antioxidants, light
stabilizers, radical scavengers or stabilizers against microbial attack. Further, since the
acetaminophen-containing overcoat layer has a bitter taste derived from acetaminophen itself,

15  sweeteners and/or flavors etc. may be used as additives to reduce this bitter taste. One preferred
way to reduce the bitter taste is a thin additional non-acetaminophen-containing overcoat.
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
homogencous distribution and a sufficient degree of dispersion of the drug, the drug-containing

20  melt can be kept in the heated barrel 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 homogeneously embedded in the other. Melting usually involves heating above
the softening point of meltable excipients of the formulation, e.g. a cellulose ether/ester, sugar
alcohol and/or (meth)acrylic polymer. The preparation of the melt can take place in a variety of

25  ways.
Usually, the melt temperature is in the range of 70 to 250 °C, preferably 80 to 180 °C, most
preferably 100 to 140 °C.
When the melt process comprises melt extrusion, the melting and/or mixing can take place in an
apparatus customarily used for this purpose. Particularly suitable are extruders or kneaders.

30  Suitable extruders include single screw extruders, intermeshing screw extruders, and multiscrew

extruders, preferably twin screw extruders, which can be co-rotating or counterrotating and are
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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 shearing of the material in the
5  extruder may also provide the mixture with a substantial amount of energy and aid in the

formation of a homogeneous melt of the components.
In another embodiment, the invention provides an oral, sustained release dosage form
characterized in that it has at least two of the following features (a) the abuse relevant drug that is
extracted from the formulation by ethanolic solvent, e.g. 40% or 20% aqueous cthanol or both

10 within one hour at 37 °C, with or without agitation, is less than or equal 1.5 times the amount of
the abuse relevant 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 150 newtons,
preferably 300 newtons, more preferably 450 newtons, yet more preferably 500 newtons as
measured by “Pharma Test PTB 5017 hardness tester, and (c) the dosage form releases at least

15 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 minutes, 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 release rate of acetaminophen from the formulation is accomplished by providing a

20 high drug load in the formulation, especially in the non-core region. Drug loading for a single
active ingredient, such as acetaminophen 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%.
A preferred embodiment of this dosage form is a monolithic form or a solid solution. The term

25  “monolithic” is derived from roots meaning “single” and “stone”. A monolithic form or a solid
preferably has at least one dimension that is more than Smm. In monolithic embodiments of the
invention, the abuse relevant drug is preferably contained in a single solid, or a single solid
solution, element. The monolithic solid or solid solution can optionally be overcoated or
combined with other materials. These other materials preferably do not contain a substantial

30  amount of the abuse relevant drug and these materials preferably do not substantially affect the

rate of dissolution or dispersion of the abuse relevant drug in vivo or in vitro. The in vitro and/or
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in vivo release rates of the abuse relevant drug or abuse relevant drugs after about the first hour
are preferably substantially constant for at least about 6, 8, 10, 12, or 16 hours. Thus,
embodiments of the invention provides a single phase drug formulation that can be adapted to
provide a burst of the abuse relevant drug(s) to allow therapeutic levels of the drug to be quickly
5  obtained in the blood of a patient or animal, and to be maintained to provide therapeutic

quantities for at least about 8, 12, or 24 hours. Additionally, the drug formulation is preferably
suitable for repeated administration to a human or animal once, twice or three times a day.
Advantageously, preferred embodiments of the inventive dosage form release substantially the
entire quantity of the abuse relevant drug incorporated into the dosage form. For example, the

10  inventive dosage form can be adapted to deliver greater than 90%, and preferably 95%, of the
drug in in vitro dissolution testing 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

15  relevant drug in portions of the digestive tract capable of absorbing the drug into the patient’s (or
animals) blood system.
In yet another preferred embodiment the invention provides a process for the manufacture of an
abuse-resistant drug dosage formulation comprising melt extruding a formulation comprising at
least one therapeutic drug further comprising directly shaping the extrudate into a dosage form

20  without (an intermediate) milling step. The melt-extrudate preferably comprises a cellulose
derivative, and preferably also comprises a Eudragit polymer. Preferred Eudragit polymers
include Eudragit L or Eudragit RS or both, and particularly preferred is Eudragit RL or a
combination of Eudragit RL and Fudragit RS.
The melt can range from pasty to viscous. Before allowing the melt to solidify, the melt

25  optionally can be shaped into virtually any desired shape. Conveniently, shaping of the extrudate
optionally can be carried out by a calender, preferably with two counter-rotating rollers with
mutually matching depressions on their surface. A broad range of tablet forms can be obtained
by using rollers with different forms of depressions. Alternatively, the extrudate can be cut into
pieces, either before (“hot-cut”) or after solidification (“cold-cut”) or used in a die injection

30  process. Melt processes involving heated presses optionally can also be calendered.
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amount of the drug with abuse potential. For example, the monolithic 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 monolithic form

5  preferably do not materially alter the rate of release of the active ingredient from the dosage
form.
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.

10 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 appearance. If desired, the film coat may be
an enteric coat. The film coat usually includes a polymeric film-forming material such as
hydroxypropyl methylcellulose, hydroxypropylcellulose, and acrylate or methacrylate
copolymers. Besides a film-forming polymer, the film-coat may further comprise a plasticizer,

15  e.g. polyethylene glycol, a surfactant, e.g. a Tween® type, and optionally a pigment, ¢.g.,
titanium dioxide, iron oxides and/or sweeteners or flavors. 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.

20 EXEMPLARY EMBODIMENTS OF THE INVENTION:
Certain exemplary embodiments of the present invention provide monolithic dosage
formulations having biphasic release profile for readily water-soluble drugs having a polymer-
containing tablet produced by extrusion and calendering. The formulations preferably have
combination of immediate release and controlled release formulations of hydrocodone and

25  acetaminophen compositions. These monolithic dosage formulation, especially having narcotic
drugs may have abuse deterrent profiles such that the drug dissolution of the dosage forms has
reduced/minimal dose dumping in 40% aqueous ethanol solution. Yet more preferably, these
formulations may provide reproducible manufacturing processes offering options for rapid
transfer to production scale.

30  The desired biphasic drug dissolution of acetaminophen can be achieved while retaining a

monolithic dosage form by embedding the active ingredient (acetaminophen) in two
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formulations with differing release rates which are then combined to produce a two-layer or
multi-layer tablet. Processes suitable for this purpose include coextrusion methods for the
production of multilayer tablets as described in EP 0857062 specifically for extrudate dosage
forms. One disadvantage of this technique is that two extruders have to be operated

5  simultaneously and their mass and volume flows have to be coordinated with great exactness.
Especially when shaping the tablet in the calender, the two melts have to be combined with each
other in a ratio that is maintained very exactly to ensure compliance with the assay and content
uniformity requirements of the tablets as specified in the pharmacopoceias (e.g. USP, Ph. Eur.).
This requires a high level of effort.

10 It is also possible to manufacture the rapid release acetaminophen portion in a separate tablet
which is then incorporated in the still plastic melt of the slow-releasing drug portion during
calendering. After cooling, a calendered extruded tablet is obtained which contains a separately
embedded rapid release component. Dosage forms of this type are described in US 6,001,391
specifically for extruded dosage forms. One disadvantage of this approach is that the rapid

15  release acetaminophen tablet has to be introduced very precisely into the individual calender
cavities to prevent it being completely enveloped by the melt. Only if this rapid release
acetaminophen component is located directly at the surface of the tablet can drug dissolution
from this separate tablet portion start rapidly enough on contact with aqueous media.

It is also possible to obtain a rapid release acetaminophen component in the tablet by applying a

20  film coating containing acetaminophen. The manufacture of film-coated extruded dosage forms
is described in various patent applications. These patent applications do not however, describe a
drug-containing film coating designed specifically to achieve biphasic drug dissolution.

The results of the clinical study with an extruded dosage form produced in accordance with the
patent applications 11/625,705 and PCT/US07/60864

25  revealed that about 20% of the acetaminophen contained in the tablet have to be converted to a
rapid release formulation to achieve the desired biphasic drug dissolution (for example, > about
30% after 1 h, > about 80% after 8 h). With a total acetaminophen content of about 500 mg per
tablet, meant that about 100 mg of acetaminophen had to be rapidly relased. Applying about
100mg of an active ingredient in a rapid release form onto a tablets is difficult and only possible

30  if certain requirements are fulfilled:
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The drug content of the film-coating formulation must be very high so that the layers do not
become too thick.

The drug-containing solution or dispersion used for film coating must have a high concentration
to avoid long process times which would otherwise make the process uneconomical.

5  The film coating layer should also offer sufficient mechanical stability even with a large layer
thickness, must not be tacky etc. and must be flexible enough that no cracking occurs even with
thick layers. Good adhesion on the surface of the extruded cores must also be guaranteed.

The drug dissolution from the film-coating layer should also be rapid when using thick layers
(about a maximum of 1 h in a preferred embodiment).

10 The organoleptic properties of the film-coating layer must also be largely unchanged with large
layer thicknesses and during storage for extended periods of time at elevated temperature, high
or very low relative humidity or a combination of such (i.e. no cracking, adhesion, chipping of
the coating etc.).

Surprisingly, it has now been found that the above requirements can be fulfilled if finely ground

15  acetaminophen is used for the film coating layers, together with relatively small amounts of a
suitable water soluble or water-swellable polymer. It was found that formulations of this type
with high active ingredient contents could be achieved, and that the viscosity of the spray
solutions was conspicuously low even with very high total solids contents of more than 30% by
weight, and that even thick film-coating layers (200 micrometers and more) could be applied in a

20  relatively short time, thereby making the process economical. Drug dissolution was also
sufficiently rapid in layers containing above 100 mg acetaminophen.

It was therefore possible to control very precisely the amount of acetaminophen sprayed on and
thus also the drug dissolution profile (i.c. release during the first hour) via the layer thickness of
the film coating.

25  Another surprising discovery was that the film coating formulations according to the invention
were capable of very effectively smoothing the rough surfaces of the extruded tablets, i.e. the
film coating sealed the indentations on the surface of the tablets very effectively. This was
surprising considering that almost all commercially available film coatings and the polymers
used to produce them actually do not possess and are not intended to possess this very property.

30  Known polymers and film-coating formulations are designed to reproduce in detail the embossed

elements (logos, etc.) and break lines in detail. In other words, "filling in" of the recesses present
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Tabl RSy sl on et T Sy dpeodone O (o) 808 Lo
0 0 3QsckAvE006/0b280B§akR8lar reference is made to this fact in all the samples, see Example 4,
page 18: "The embossing was well reproduced, without smearing and bridging effects").
Suitable polymers for the manufacture of the film-coating formulations are water soluble and
5  water-swellable pharmaceutically accepted polymers which have already been used to date for
the preparation of film coatings. The basic requirement is that sprayable, preferably purely
aqueous solutions or suspensions are produced which have a total solids content (= sum of all the
dissolved or suspended constituents including active ingredient) of at least 20% by weight
(preferably 25%, particularly preferably 30% or more). The total solids content of the solution or

10  dispersion must also have an active ingredient content of at least 50% (preferably 60%,
particularly preferably 70% or higher). Non-aqueous solutions or suspensions are also possible if
non-toxic, pharmaceutically accepted solvents such as ethanol are used. Mixtures of these
organic solvents with water are also possible. In general, however, purely aqueous solutions or
suspensions are preferred.

15  Particularly preferred are polymers which form comparatively low viscosity solutions in aqueous
solution even at high concentrations in order to maintain the viscosity of the spray solution
within the range in which an acceptable spray behavior of the solution or the suspension is still
assured even when using the high total solids contents mentioned above. Suitable polymers
include: non-ionic cellulose polymers such as hydroxypropyl cellulose, hydroxypropyl

20  methylcellulose, hydroxyethyl cellulose; cationic polymethacrylates such as Eudragit® E,
Eudragit® NE30D, Eudragit® RL, Eudragit® RS ; polyvinyl alcohol; polyethylene oxide (high
molecular polyethylene glycols with a molecular weight (MW) > 100,000); polyvinyl
alcohol/polyethylene oxide graft copolymers (Kollicoat® IR). Preferably, suitable polymers are
selected from hydroxypropyl methylcellulose, Eudragit® NE30D and polyvinyl alcohol, or

25  combinations thereof. More preferably, suitable polymers are polyvinyl alcohol/polyethylene
oxide graft copolymers (e.g.Kollicoat® IR, BASF).

The active ingredient (preferred: acetaminophen) must either be soluble in the aforementioned
high concentrations in the aqueous or aqueous / organic or purely organic solvents. If (as with
acetaminophen) the aqueous solubility is not sufficient, preferably drug suspensions or

30  dispersions can also be used. In this case, however, the decisive factor is that the particle size

distribution of the active ingredient should be sufficiently fine since otherwise undesired, i.e. too
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rapid sedimentation of the suspended active ingredient in the spray solution occurs and/or the
spray nozzles of the film coater become blocked. Preferred particle sizes are: not more than 10%
of the particles above 0.25 mm (particularly preferred: not more than 5%), not more than 20%
(particularly preferred not more than 10%) of the particles above 0.1 mm, and not more than
5  35% (particularly preferred not more than 20%) of the particles above 0.063 mm. To achieve this

finer particle size, the drugs may be comminuted in grinding processes (dry and wet grinding are
suitable).
Surprisingly, it was found that the film coating layers according to the invention not only adhere
extremely well to the tablets but also do not become brittle or tacky and show no cracking even

10 during storage at elevated temperatures of up to 60 °C. There was also no detachment of the
coating layer from the tablet core.
Further concerning the alcohol interactions with drugs, the potential impact of concomitant
intake of ethanol on the in vivo release of drugs from modified release oral formulations has
recently become an increasing concern. Accordingly, one aspect of this invention was to

15  determine the influence of ethanol on the in vitro rate of release of verapamil (240 mg) from
Meltrex® technology, an innovative melt extrusion formulation that achieves a stable solid
dispersion of drug, in contrast to three other marketed verapamil (240 mg) controlled release
formulations. Other drugs may also be manufactured the Meltrex® technology, including any
drug that is susceptible to dose-dumping with taken concomitant with alcohol. This melt

20  extrusion formulation is considered to be an efficient and specialized technology embedding
poorly soluble drugs as solid dispersion/solid solution into a biocompatible polymer matrix.
Dissolution testing was conducted under standardized conditions using the buffer addition
method (potassium phosphate buffer) with mediums containing increasing ethanol
concentrations of 0, 5, 20, and 40%. For each medium, six tablets were tested (4 tablets for

25  Form C in 0% ethanol) and drug release was monitored spectrophotometrically at 250-300 nm.
The dissolution profiles for the melt extruded formulation showed no significant differences
between the 5% and 40% ethanol media (P>0.05) and 0% ecthanol medium, and a statistically
significant decrease in release for the 20% ethanol medium compared to the 0% cthanol medium
(P=0.02). For both extreme conditions of 0% and 40% cthanol, the mean dissolution percentage

30  was identical at 1 hour (19%) and at 8 hours was only slightly higher in the 40% ethanol medium

(81%) compared to the 0% ethanol medium (77%). In contrast, the three marketed comparators
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showed a statistically significant increase in dissolution in higher ethanol concentrations (20 and
40% ethanol) compared to the 0% ethanol condition (p<0.001). An initial rapid release was
observed at the higher ethanol concentrations, showing a mean dissolution percentage of 99%
(range 73-107%), within the first 2 hours of testing. Dissolution at the low/no ethanol
5  concentrations showed a steady release of near zero order, which had a mean dissolution

percentage of 25% within the first 2 hours. This in vitro dissolution study has demonstrated that
the innovative melt extruded formulation of verapamil (Form A) does not alter its release profile
when tested intact with ethanol concentrations of up to 40%. In contrast, three other marketed
controlled release verapamil concentrations showed dose dumping effects at higher ethanol

10 concentrations (20 and 40%). This study suggests that this innovative melt extruded formulation
may be resistant to dose dumping in an in vitro environment, when combined intact with
concentrations of ethanol that are readily accessible. Future studies to determine the robustness
of this formulation in an in vivo environment may be of added benefit to determine the potential
for a clinically important drug-alcohol interaction.

15
Unlike standard tabletting processes (Form B-D), where drug-containing powders or granules are
compressed, in the case of Verapamil Meltrex® (Form A), melt extrusion is an innovative
process where the drug containing polymer melt is directly shaped. In addition, melt extrusion
technology has the advantage of being a solvent- and dust-free process, frequently used for the

20  manufacture of uniform systems or bulk intermediates, which allows for a clean processing
environment with a reduction in environmental pollution, explosion proofing and residual
organic solvents (Breitenbach and Lewis, 2003). The therapeutic advantages of melt extrusion
technology, as applied to drug formulations, include improved dissolution kinetics, enhanced
bioavailability and therefore efficacy, improved safety, and the ability to tailor-make release

25  profiles (Breitenbach, 2002; Breitenbach and Lewis, 2003). By selecting the optimal polymer
composition, a very hard and “plastic” like tablet can be manufactured with very low brittleness.
Melt extruded tablets cannot be crushed into a fine powder, as in the case of standard tablets, and
thereby reduces the physical tampering potential. Such technology can be applied to numerous
active drug ingredients which may benefit from reduced frequency of daily dosing, and may aid

30  to deter tampering (e.g. opiates, stimulants), improve safety and sustain the time release profile.

This melt extrusion technology has been applied to verapamil hydrochloride, a marketed
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potential for dose dumping in alcohol; and (b) a matrix having a polymer, copolymer or
combinations thereof selected from a group of monomers consisting of cellulose ether, cellulose
10 ester, acrylic acid ester, methacrylic acid ester and natrium-alginate. Use of such melt extruded
matrix is expected to provide a dosage form which has reduced drug-alcohol interaction.
Preferably, the matrix comprises polymers and copolymers of hydroxyalkylcellulose,
hydroxyalkyl alkylcellulose and natrium-alginate. Also, preferably, the drug is a salt or an ester
of verapamil, gammahydroxybutyrate or flunitrazepam. More preferably, the
15  hydroxyalkylcellulose is hydroxypropylcellulose and/or the hydroxyalkyl alkylcellulose is
hydroxypropylmethylcellulose. In the most preferred embodiment, the drug is a salt or an ester
of verapamil. This drug may compriselmg to 1000mg of a salt or an ester of verapamil.

Another embodiment of the invention provides a verapamil melt extruded formulation
having 1 to 1000 mg of verapamil, wherein less that 40% of the verapamil in the dosage form is

20  dissolved in 40% ethanol solution using USP dissolution method. Further in this formulation,
the dissolution profile for verapamil from the dosage form in 5% or 40% ethanol at eight hours
does not differ from the dissolution profile for verapamil from the dosage form in 0% ethanol at
eight hours. Most preferably, in all these formulations, the drug comprises 240 mg of a salt or an
ester of verapamil. Further, without further undue experiment, it may be ascertained that in

25  these formulations, the reduced in vitro drug alcohol interaction correlates to reduced in vivo
drug alcohol interaction.

Yet another embodiment of the present invention provides a method for treating a human
patient in need thereof, comprising orally administering to the human patient any dosage form
described above.

30  Various exemplary embodiments are depicted below. These Examples are being provided for

illustrative purposes and they should not be deemed to narrow the scope of the invention.
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Example 1: Manufacture of the tablets for film coating

A homogeneous powder mixture consisting of 61.8% by weight acetaminophen, 12.6% by
weight Eudragit® RL, 12.6% by weight xylitol, 6% by weight hydroxypropyl methylcellulose
5  (Methocel® K100), 6% by weight hydroxypropyl methylcellulose (Methocel® K100M) and

1.0% by weight Aerosil® 200 was metered at a rate of 20 kg/h into a co-rotating twin screw
extruder (ZSK-40) and extruded at a temperature of about 140 °C to produce a homogeneous,
white melt ribbon. While still in the plastic state, this melt ribbon was introduced into the roll slit
of a counter-rotating forming roller calender, the rollers of which had recesses on their surface

10 from which tablets could be formed directly from the melt ribbon. The resulting tablets had a
mean weight of 720 mg after cooling and deburring. The surface of the tablets was rough and

uneven in places.

Example 2:
15  Acetaminophen with a particle size of 13 % greater than 0.25 mm and 68% greater than

0.063 mm was suspended in water by stirring. The active ingredient settled very rapidly after
switching off the stirrer. This suspension was comminuted and homogenized by passing through
a colloidal mill. After milling, a solid, powdered polymer (Kollicoat® IR, BASF) was added to
this suspension (mass ratio acetaminophen/Kollicoat® IR = 75:25) to produce a total solids

20  concentration of 30% by weight. Even after adding the polymer the acetaminophen still showed
a marked tendency to sedimentation. While continuously stirring this suspension was then
sprayed onto the tablets described in example 1 (6 kg) in a film coater (Driam). Samples of
tablets were taken after 30, 50, 70 and 90 mg acetaminophen had been applied over the film coat.
In all cases the coating was observed to adhere very well to the tablets, although the surface of

25  the pure white film-coated tablets was still slightly rough due to the still relatively large
acetaminophen particles. The loss on drying of the tablets was 1% by weight before and after
film coating for all forms.
Film coating process parameters:
6 kg tablet cores

30  Drum speed: 12 rpm
Inlet air: 1200 m*/h
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Inlet air temperature: 65 °C
Spraying rate: 40 — 45 g/min
Spraying pressure: 4,5 bar

Example 3:

Acetaminophen with a particle size of 1% greater than 0.25 mm, 5% greater than 0.1 mm and
16% greater than 0.063 mm was suspended in water by stirring. The active ingredient showed a
decreased tendency to settle after switching off the stirrer compared to the material which was
used in example 2. Solid, powdered polymer (Kollicoat® IR, BASF) was then added to this
suspension (mass ratio acetaminophen/Kollicoat IR® = 75:25) to produce a total solids
concentration of 30% by weight. After adding the polymer, the acetaminophen showed hardly
any tendency to settle. This suspension was then sprayed onto tablets (6 kg) which had been
produced as described in Example 1 but with a slightly modified tablet geometry, in a film coater
(Driam) (process parameters as in Example 2). The tablets were sampled after 30, 50, 70, 90 and
120 mg of acetaminophen had been applied to the film coat. Very good adhesion of the coating
on the tablets was observed in all cases. The surface of the pure white film-coated tablets was

smooth and uniform.

Example 4: Drug dissolution of the tablets

The drug dissolution of the tablets according to Example 1 was determined in an apparatus as per
US Pharmacopoeia (USP Dissolution Apparatus II (Paddle), USP XXV; 37 °C, 0.01 M HCI, 50
rpm). The amount of active ingredient released from the tablets into the aqueous HCI medium

was determined by HPLC at different intervals.

Tablets without film coat application

Drug dissolution measured after 30 minutes: 7%
Drug dissolution measured after 60 minutes: 11%
Drug dissolution measured after 120 minutes: 17%

Drug dissolution measured after 240 minutes: 27%

Example 5: Drug dissolution of the film-coated tablets
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The drug dissolution of the tablets according to Example 2 was determined in an apparatus as per
US Pharmacopoeia (USP Dissolution Apparatus II (Paddle), USP XXV; 37 °C, 0.01 M HCI, 50
rpm). The amount of active ingredient released from the tablets into the aqueous HCI medium

was determined by HPLC at different intervals.

Film-coated tablet with 90 mg acetaminophen in the film coat:
Drug dissolution measured after 30 minutes: 16%

Drug dissolution measured after 60 minutes: 20%

Drug dissolution measured after 120 minutes: 27%

Drug dissolution measured after 240 minutes: 36%

The drug dissolution rates increased by about 10% at each test interval due to the initially rapid

release of the active ingredient present in the film coat.

Example 6: Drug dissolution of the film-coated tablets

The drug dissolution of the tablets according to Example 3 was determined in an apparatus as per
US Pharmacopoeia apparatus (paddle method, USP XXV; 37 °C, 0.01 M HCl, 50 rpm). The
amount of active ingredient released from the tablets into the aqueous HCl medium was

determined by HPLC at different intervals.

Tablet without film coat application:

Drug dissolution measured after 30 minutes: 7%
Drug dissolution measured after 60 minutes: 12%
Drug dissolution measured after 120 minutes: 19%
Drug dissolution measured after 240 minutes: 29%
Drug dissolution measured after 360 minutes: 37%

Drug dissolution measured after 480 minutes: 43%

Film-coated tablet with 120 mg acetaminophen in the film coat:
Drug dissolution measured after 30 minutes: 28%

Drug dissolution measured after 60 minutes: 35%
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Di ssol ution data for hydrocodone (XX(a)) and acetam nophen (XX(b)) are
depicted below. 5 Table XX(a): testing tinme point (mn)

Drug dissolution measured after 120 minutes: 43%
Drug dissolution measured after 240 minutes: 53%
Drug dissolution measured after 360 minutes: 62%

Drug dissolution measured after 480 minutes: 69%

The drug dissolution rates increased by about 25% at each test interval due to the rapid initial

release of the active ingredient present in the film coat.

Example 7:

10 The test was performed as for Example 3, but instead of Kollicoat® IR a solid trituration based
on hydroxypropyl methylcellulose was used which contained a small portion of iron oxide color
pigments. Because of the markedly higher viscosity of the aqueous suspension the total solid
concentration could only be adjusted to 20% by weight, as a result of which the spraying times
increased while the other process parameters remained unchanged. Very good adhesion of the

15  coating on the tablets was observed. The surface of the reddish/brownish film-coated tablets was

smooth and uniform.

Example 8:

The test was performed as for Example 3, but instead of Kollicoat® IR a solid trituration based
20 on polyvinyl alcohol was used which contained a small portion of titanium dioxide pigments.

Because of the slightly higher viscosity of the aqueous suspension the total solid concentration

could only be adjusted to 25% by weight, as a result of which the spraying times increased while

the other process parameters remained unchanged. Very good adhesion of the coating on the

tablets was observed. The surface of the pure white film-coated tablets was smooth and uniform.
25

Example 9:

Film tablets manufactured in accordance with Examples 3, 7 and 8 were stored in closed glass

bottles at temperatures of 40 °C and 60 °C. After 1 month no cracks were visible on the tablets

and no tackiness was observed. Drug dissolution measured by the method described for Example

30 4 revealed no changes compared to the values recorded at the beginning of storage.
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Example 10:

A film-coated tablet manufactured in accordance with Example 3 (90 mg acetaminophen in the
film coating layer) was sampled and a thin section was taken in the transverse direction of the
tablet with the aid of a microtome and examined under a microscope. The film coating layer was
5  ecasily distinguishable from the tablet core in the images. The film coating layer was determined
as being about 300 micrometers in the images. The smoothing effect of the coating suspension

on the rough tablet surfaces was particularly evident, as also seen in Figures 1, 3 and 4.

Example 11: Dissolution in HC] and Aqueous Ethanol

10 Following is a description of exemplary methodology for studying rate of dissolution of certain
compositions in HCI and 20% aqueous ethanol. Similar methodology may be used for studying
rate of dissolution in 40% aqueous ethanol.

Following apparatus and procedures were use for dissolution in 0.01N hydrochloric acid and
20/40 % aqueous ethanol:

15  (I) Dissolution in 0.01 N HCI

Apparatus: USP Dissolution Apparatus 11 (Paddle)

Rotation speed: 50 rpm
Media: 0.01 N HCI
Media volume: 900 mL
20  Temperature: 37 °C
Sampling time for 30 h release testing: 30 / 60 / 120 / 180 / 240 /360 / 420 / 480 / 600 / 720 /
840 /1080 /1320 / 1560 / 1800 minutes
Sample volume: 10 mL (no volume replacement)
Sample preparation: used as is

25  Analytical finish: UV detection, wavelength 280 nm

(II) Dissolution in 20 or 40% Aqueous Ethanol
Apparatus: USP Dissolution Apparatus 11 (Paddle)

Rotation speed: 50 rpm
30  Media: 20 or 40% aqueous ethanol
Media volume 500 mL
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5  Sample preparation: used as is

Analytical finish: UV detection, wavelength 280 nm

1I1. Dissolution testing of intact tablets in 0.01 N HCI at 37 °C

a.) Fast releasing formulation (with respect to acetaminophen) in 0.01 N HCI at 37 °C is depicted
10 in Table X. Table IX depicts the composition of the Core and the Overcoat of Formulation 5.



The total length 1 was 4.69 nmm the distance between the increnents was 68
gm 15 For uncoated fornulation CLA = 0.56, when (N = 69), as shown in

Fi gure 3.wohereamssofior a coated fornul ation CLA = 0.15, woerErfims6G9), as
shown in Figure 4. [|X Dissolution t\asting of intact tablets in 0.01 N HC1
at 37 Cfor different coating thickness a.) Slow releasing fornul ation
(wth respect to acetam nophen) in 0.01 NHC1L at 37 Cis 20 depicted for
vario ulations 9-12 in Tables XXII and XXIII. Conpositions of the

For wf&?ﬁgg%ug%‘ﬁfl ted in Table XXI. WD 2010/ 083894PCT/ EP2009/ 056362 65
60% 6Q@%:60% Conposition 60% acet am nophen o@ge&lagm nophen acet am nophen

65,42% acetaminophen 150 mg acetaminophen
9,29% Eudragit RL-PO 48 mg Kollicoat IR
9,29% Hypromellose Ph. Eur. USP 2208 Type V 100

(Methocel K100)

9.29% Hydroxypropycellulose Ph. Eur. Type EF
2.99% Polaxamer 188 Ph. Eur./NF

2,8% hydrocodone

1% Aerosil 200

Total weight core: 535 mg
Total weight coated tablet: 733 mg
5  Table X depicts dissolution data for hydrocodone (X(a)) and acetaminophen (X(b)).
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testing time point (min) mean n %
0 0
30 14
60 27
120 43
180 57
240 67
300 76
360 84
420 90
480 94
600 98
720 98
840 98
1080 99
1320 99
1560 99
1800 100
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Hypronel l ose Ph. Eur. P h. Eur. USP E ur. USP 2208 Eur. USP 2208 U SP
2208 Typewd 20i/@8834TvneV T ype V T yeg \% PCT/EP2009/056362
Table X(b)
testing time point (min) mean n %
0 0
30 33
60 39
120 46
180 56
240 64
300 71
360 78
420 85
480 90
600 98
720 100
840 101
1080 100
1320 100
1560 100
1800 100

b.) Slow releasing formulation (with respect to acetaminophen) in 0.01 N HCl at 37 °C is
depicted in Table XII. Table XI depicts the composition of the Core and the Overcoat of

5  Formulation 6.
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Table XI : Formulation 6:
Core Overcoat

55.88% acetaminophen 120 mg acetaminophen
13.50% Eudragit RL-PO 38.4 mg Kollicoat IR
11.0% Hypromellose Ph. Eur. USP 2208 Type V 100
(Methocel K100)

3.01% Hypromellose Ph. Eur. 2208 Type V 20000
(Methocel K100M)

13.40% Xylitol Ph. Eur./NF Typ Xylisorb 90

2.21% hydrocodone

1% Acrosil 200 Ph. Eur./NF

Total weight core: 680 mg
Total weight coated tablet:  838.4 mg
5  Dissolution data for hydrocodone (XII(a)) and acetaminophen (XII(b)).

Table XII(a):
testing time point (min) mean in %
0 0
30 17
60 31
120 46
180 57
240 67
300 75
360 82
420 88
480 91
600 96
720 97
840 98
1080 99
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Table XII(b)
testing time point (min) mean n %

0 0

30 34

60 41
120 47
180 51
240 56
300 60
360 65
420 68
480 71
600 76
720 80
840 84
1080 89
1320 100
1560 100
1800 100

1V. Dissolution testing of intact tablets in 40% aqueous ethanol at 37 °C

5  a.) Fast releasing formulation (with respect to acetaminophen) in 40% aqueous ethanol at 37 °C

is depicted in Table XIV. Table XIII depicts the composition of the Core and the Overcoat of

Formulation 5.
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Table XIII : Formulation 5:

Core Overcoat
65,42% acetaminophen 150 mg acetaminophen
9,29% Eudragit RL-PO 48 mg Kollicoat IR
9,29% Hypromellose Ph. Eur. USP 2208 Type V 100

(Methocel K100)

9.29% Hydroxypropycellulose Ph. Eur. Type EF
2.99% Polaxamer 188 Ph. Eur./NF

2,8% hydrocodone

1% Aerosil 200

Total weight core: 535 mg
Total weight coated tablet: 733 mg
5  Table XIV depicts dissolution data for hydrocodone (XIV(a)) and acetaminophen (XIV(Db)).

Table XIV(a):
testing time point (min) mean in %
0 0
30 15
60 33
120 56
180 77
240 90
300 97
360 97
420 97
480 98
600 98
720 99
840 100
1080 98
1320 99




Xylisorb 90 90 1,8%1,8% 1, 8% 1, 8% hydr ocodone hydrocodone

hydr ocodone hydr ocodone 1% Aer osi | 1% Aerosi| 200
WO 2010/083894 - PCT/EP2009/056362
1560 99
1800 100
Table XIV(b)
testing time point (min) mean n %
0 0
30 31
60 51
120 67
180 82
240 93
300 98
360 99
420 101
480 101
600 101
720 101
840 101
1080 101
1320 101
1560 101
1800 102

b.) Slow releasing formulation (with respect to acetaminophen) in 40% aqueous ethanol at 37 °C
5 is depicted in Table XVI. Table XV depicts the composition of the Core and the Overcoat of

Formulation §.



1% Aerosil 200 2 00 Pnh.

Eur ./ NF Eur ./ NF
acet am nopben1oli@dsgd ngy acet am nophen

Table XV : formulation §:
Core

55.88% acetaminophen

13.50% Eudragit RL-PO

(Methocel K100)

3.01% Hypromellose Ph. Eur. 2208 Type V 20000
(Methocel K100M)

13.40% Xylitol Ph. Eur./NF Typ Xylisorb 90
2.21% hydrocodone

1% Acrosil 200 Ph. Eur./NF

Total weight core: 680 mg

Total weight coated tablet:  838.4 mg

1% Aer osi |
50,0 ng 85,0 ng Coating

58

11.0% Hypromellose Ph. Eur. USP 2208 Type V 100

Eur./NF P h.
acet am nophen
WD 2010/ 083894 PCPLERPOMI/0856862

200 Ph. Eur./NF P h.

Overcoat
120 mg acetaminophen

38.4 mg Kollicoat IR

5  Table XVI depicts dissolution data for hydrocodone (XVI(a)) and acetaminophen (XVI(b)).
Table XVI(a):
testing time point (min) mean in %

0 0

30 12

60 24
120 38
180 51
240 62
300 72
360 80
420 85
480 91
600 96
720 99
840 100
1080 100




66 16,0 ng Kol licoat 27,2 ng Kollicoat 38,39 ng Kollicoat IR RIR Target
weight 833 ng 899 ng 945,2 ng 991, 39 ny testing point (mn)
testi ng pwonbiosagy4i N Y%rean in %rean in %rean in % (M npCceErODIBOBEH1922

59
1320 102
1560 101
1800 100

Table XVI(b)
testing time point (min) mean n %
0 0
30 23
60 38
120 47
180 57
240 65
300 73
360 80
420 84
480 90
600 94
720 98
840 100
1080 100
1320 101
1560 101
1800 102

V. Dissolution testing of ground tablets (coffee grinder 60 sec) in 40% aqueous ethanol at 37 °C

5 In ahousehold coffee grinder 3 extrudate tablet were milled for 60 sec at ~ 20,000-50,000 rpm.
The powder was collected and the to one tablet equivalent amount of powder was transferred to a

dissolution vessel for release testing.



6011192326 12017252932 18022293336 24026333740 WO

2010/ 083894PCT/ EP2009/ 056362 67 300 30 36 40 43 360 33 39 42 45 420 36 42
45 48 480w820ts49451 X. Dissolution testing of intact prabbpedos/onésshout
overcoat in 0.01 NHClL at 37 C a.) Hast releasing forrmulation (with
respect to acetam nophen) in 0.01 NHCL at 37 Cis depicted in Table XXV.
Tabl e XXI'V depicts the conposition of the Core of Fornulation 13.

To determine the particle size analysis of the sample the powder was collected and sieved
through a sieve with a mesh size of 355 um. The material that went through the sieve was sieved
again through a sieve with a mesh size of 63 um. The following fractions were obtained:
Fraction 1:  particle size > 355 um (~ 20 % of the total amount of powder)

5  Fraction 2:  particle size > 63 um and < 355 um (~ 66 % of the total amount of powder)
Fraction 3:  particle size < 63 um (~14 % of the total amount of powder)
a.) Fast releasing formulation (with respect to acetaminophen) in 40% aqueous ethanol at 37 °C
is depicted in Table XVII. Dissolution data for hydrocodone (XVII(a)) and acetaminophen
(XVII(b)) are depicted below:

10 Table XVII(a):

0 0

30 56
60 75
120 92
180 99
240 101
300 101
360 100
420 101
480 100

Table XVII(b):
testing time point (min) mean in %
0 0
30 51
60 69
120 87
180 94




5 Table XXV : Fornul ation 13 CoreNo Overcoat 65, 42% acet am nophen 9, 29%
Eudragit RL-PO 9, 29% Hypronel | ose Ph. Eur. USP 2208 Type V 100 ( Met hocel
K100) 9. 29@0n2biodrssseypr opycel | ul ose Ph. Eur. Type EF 2. 99%ciPairacanss3c188 Ph.
Eur./NF 2, 8% hydrocodone 1% Aerosil 200 Total weight:535 ng 10 Di ssol ution
data for hydrocodone (XXV(a)) and acetam nophen (XXV(b)) are depicted

bel ow. WD 2010/ 083894 PCT/ EP2009/ 056362 68 Tabl e XXV(a): Table XXV(b):

WD 2010/ 083894PCT/ EP20 056362 69 360 420 480 600 720 8§40 1080 1320 1560
1800 Y9 88 95 105 106 4 104 104 104 104

300 97

360 97

420 97

480 97

b.) Slow releasing formulation (with respect to acetaminophen) in 40% aqueous ethanol at 37 °C
is depicted in Table XVIII. Dissolution data for hydrocodone (XVIII(a)) and acetaminophen
(XVII(Db)) are depicted below:

5  Table XVII(a):

0 0
30 42
60 56
120 74
180 84
240 91
300 96
360 98
420 100
480 100
Table XVIII(b):
testing time point (min) mean in %
0 0
30 33
60 45
120 62
180 73




b.) Slow releasing fornmulation (with respect to acetam nophen) in 0.01 N
HCl1 at 37 Cis depicted in Table )O(VII. Table )O(VI depicts the

conposi t iwo 20fo/dsbs@4Cor e of Fornul ati on 13. WO 2010/ 0838e4REIdoap2636D/ 056362
70 Tabl e XXVI: Fornul ation 14 CoreNo @vercoat 55.88% acet am nophen 13. 50%
Eudragit RL-PO 11. 0% Hypronel |l ose Ph. Eur. USP 2208 Type V 100 (Met hocel
K100) 3.01% Hypronel |l ose Ph. Eur. 2208 Type V 20000 (Methocel K OOV 13.40%
Xyliteol Ph. Eur./NF Ty%%)(yl i sorb 90 2.21% hydrocodone 1% Aerosil 200 Ph.
Eur./NF Total weight:6 ng 5 Dissolution data for hydr (i?odone (XXVI (&)
and aget am nophen (XXVI3ppb)) are depicted pel ow. Table X§VII (a): testi
time point (mn) nean i3r%0%0 0 30 30 60 42| 120 54

ng

87
420 88
480 89

V1. Dissolution testing of intact tablets in 0.01 N HCl at 4 °C

a.) Fast releasing formulation (with respect to acetaminophen) in 0.01 N HCI at 4 °C is depicted
in Table XIX. Dissolution data for hydrocodone (XIX(a)) and acetaminophen (XIX(b)) are
5  depicted below:

Table XIX(a):
0 0
30 0
60 5
120 15
180 24
240 30
300 36
360 42
420 45
480 49
Table XIX(b):
testing time point (min) mean in %
0 0
30 16
60 23
120 30
180 34




180 65 240 72 300 79 360 88 420 94 480 96 600 99 720 101 840 100 WO
2010/ 083894PCT/ EP2009/ 056362 71 1080 100 1320 100 1560 100 1800 100

WO 2010/083894 o PCT/EP2009/056362
240 36
300 39
360 41
420 43
480 44

b.) Slow releasing formulation (with respect to acetaminophen) in 0.01 N HCl at 4 °C is depicted
in Table XX. Dissolution data for hydrocodone (XX(a)) and acetaminophen (XX(b)) are
depicted below:

5  Table XX(a):

0 0
30 2
60 8
120 17
180 23
240 28
300 32
360 37
420 41
480 44
Table XX(b):
testing time point (min) mean in %
0 0
30 13
60 17
120 21
180 24




Table XXVIl1(a): testing t

ime point (mn) nean in %0 o 30 11 60 17 120 25
180 31 240 36 300 42 360 48 4

20 53 480 56 600 63 720 69 840 74

WO 2010/083894 o PCT/EP2009/056362
240 26
300 28
360 30
420 31
480 33

VI1II. Surface roughness

Coating of the extrudated tablets resulted in significant smoothing of the tablet surface as can be
seen in Figure 1:

5  To determine the change in surface roughness coated and uncoated tablets were cut in half along
the minor axis. The surface of this cross section was milled to obtain a plain and smooth surface.
Optical micrographs of the cross section were used to determine the average surface roughness.
For analysis, Centre Line Average approach (CLA), was used as depicted in Figure 2, in which
the average height per unit length off the centre line is determined. The centre line was put in the

10 micrograph such that the area above and below the line are approximately equal.
The CLA is calculated by using samples at evenly spaced positions according to the following

equation:

Yh o b otha+.. +h
&A&ﬁﬁﬁz -1 d X
| n )

The total length 1 was 4.69 mm, the distance between the increments was 68 um.
15  For uncoated formulation CLA = 0.56, when (N = 69), as shown in Figure 3. Whereas for a
coated formulation CLA = 0.15, when (N = 69), as shown in Figure 4.

IX. Dissolution testing of intact tablets in 0.01 N HCI at 37 °C for different coating thickness

a.) Slow releasing formulation (with respect to acetaminophen) in 0.01 N HCl at 37 °C is
20  depicted for various Formulations 9-12 in Tables XXII and XXIII. Compositions of the
Formulations are depicted in Table XXI.
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Conmponent Amount (ng)l T a blet Test Fornulations Control 1 Fornulation 15
Formul ation 16 Tablet C ore Hydr ocodone Bitartrate 15 15

Acet am nowben10a8889350 310 Tabl et Over coat Hy dr oc odonecCBirrasmnsd362

Acet am nophen 120 66

16,0 mg Kollicoat
IR

27,2 mg Kollicoat
IR

38,39 mg Kollicoat IR

Target weight

833 mg

899 mg

945,2 mg

991,39 mg

testing point ‘ ' ‘ ‘
(min) mean in % mean in % mean in % mean in %

0 0 0 0 0
30 21 20 19 16
60 30 30 30 28
120 42 43 44 43
180 51 53 54 53
240 58 60 62 61
300 64 67 68 67
360 69 72 74 73
420 74 77 79 78
480 78 81 83 82

testing point ] ) ) )
(min) mean in % mean in % mean in % mean in %

0 0 0 0 0

30 7 15 19 22

60 11 19 23 26

120 17 25 29 32

180 22 29 33 36

240 26 33 37 40




150 170 Prelim nary pharmacokinetic paraneters for Fornulations 15, 16 and
Control 1 are depicted below in Table XXIX: 5 Table XXI X: Renen Pita rma
coki net i cwBananmss®n S H s droco done (N=20) Tm | XCChEp20000¥636ngi nL)
AUC, (rig '114nL,) AUWCint Or lifnaL)értd,. (h) CL/F (lih)

300 30 36 40 43
360 33 39 42 45
420 36 42 45 48
480 39 45 48 51

X. Dissolution testing of intact tablets without overcoat in 0.01 N HCI at 37 °C

a.) Fast releasing formulation (with respect to acetaminophen) in 0.01 N HCI at 37 °C is depicted
in Table XXV. Table XXIV depicts the composition of the Core of Formulation 13.

Table XXV : Formulation 13
Core No Overcoat
65,42% acetaminophen

9,29% Eudragit RL-PO

9,29% Hypromellose Ph. Eur. USP 2208 Type V 100
(Methocel K100)

9.29% Hydroxypropycellulose Ph. Eur. Type EF
2.99% Polaxamer 188 Ph. Eur./NF

2,8% hydrocodone

1% Aerosil 200

Total weight: 535 mg
10  Dissolution data for hydrocodone (XXV(a)) and acetaminophen (XXV(b)) are depicted below:



Formul ati on 15 Fornul ation 16 Control 1 4.4 (3.V 0) 4.4 (329% (63% 140

(17) '0) 13..0 (19(.1!...0 12.6 (20% 205 (1 99. 6) 204 (20% 211 (1896)

209 0 g? Wo200/08269%) 214 (18c.'6) 622 5 93 (22% 5.62 (Pe¥EPL00d/ 086D 44.7
68

Table XXV(a):
testing time point (min) mean n %
0 0
30 28
60 38
120 50
180 62
240 72
300 80
360 88
420 95
480 98
600 100
720 98
840 97
1080 97
1320 97
1560 97
1800 98
Table XXV(b):
testing time point (min) mean in %
0 0
30 13
60 19
120 27
180 41
240 54
300 66




(19'1"4) 45.0 (18N 43 5 (169 Ac.et .-aiiiin ph en (N=20) Trn," (10 O
01)14 AUC, (jag 'Il"inL) AUC (lig" lulnL) t1, (h) CL.T (1,10 Fonnulat on
15 For mulwoiz2orv/kése@ol itr ol 1 0..74 (66% 082 (82% (22CT/EPR009/08362. 06
(259 2.41 (30) 2.23 (24D b) 21.2 69

360 79
420 88
480 95
600 105
720 106
840 104
1080 104
1320 104
1560 104
1800 104

b.) Slow releasing formulation (with respect to acetaminophen) in 0.01 N HCl at 37 °C is
depicted in Table XXVII. Table XXVI depicts the composition of the Core of Formulation 13.



22.1 (244?.6) 22.1 22.9 (30% 723 (2506) 22.4 (269 9 85 559 (21% 6.47
(2400) (4(9 ) 24.0 23.7 (24% 23.7 (24?7.6) N=18 WO

2010/ 083894RCH/@EERA09/ 056362 74 Prelim nary rel ative bi eavaipb@wjokésey of
Formul ati ons 15 and 16 versus Control70l is shown bel ow in Table XXX: Table
XXX: Regi mens Test. vs. Reference PK Paraneter Centr al Val ue* Relaive

Bi oavai l ability

Table XXVI: Formulation 14

Core No Overcoat
55.88% acetaminophen

13.50% Eudragit RL-PO

11.0% Hypromellose Ph. Eur. USP 2208 Type V 100
(Methocel K100)

3.01% Hypromellose Ph. Eur. 2208 Type V 20000
(Methocel K100M)

13.40% Xylitol Ph. Eur./NF Typ Xylisorb 90
2.21% hydrocodone

1% Acrosil 200 Ph. Eur./NF

Total weight: 680 mg

5  Dissolution data for hydrocodone (XXVII(a)) and acetaminophen (XXVII(b)) are depicted

below:
Table XXVII(a):
testing time point (min) mean in %
0 0

30 30
60 42
120 54
180 65
240 72
300 79
360 88
420 94
480 96
600 99
720 101
840 100




Poi nt 90% Confidence In ter val Test ReferenceE stima te+ Hy di oc
od one Foinulation 15 vs. Control 1 Fornmulation 16 vs. Control 1 13 950
13240 12.W6dGoibAsesdd 1. 105 L0049 1.040 - L173 0.985 - 1. 1r6THPRemiosdsson 15
vs. Control 1 Fomulation 16 is Contral 1 ct AUCt

1080 100
1320 100
1560 100
1800 100

Table XXVII(a):
testing time point (min) mean n %
0 0
30 11
60 17
120 25
180 31
240 36
300 42
360 48
420 53
480 56
600 63
720 69
840 74
1080 91
1320 99
1560 104
1800 103

Example 12: Compare Bioavailability of Test Formulations Against Control

5  The objective of the study was to compare the bioavailability of two test formulations 15 and 16
with that of the reference Control table. The study design included single-dose, fasting, open-
label, three-period, crossover study in 21 subjects. Regimen A included one tablet of

Formulation 15; Regimen B included one tablet of Formulation 16; Regimen C included one



199 636 203 905 206.33 200 338 0.968 0.988 0.919 - 1.019 0.937 - 1.042
Fomulation 15 is Control 1 Fonmaulation 16 is. Control 1 ..MTC', At TC
204 492 98 281h/0s2¢b@. 187 210. 187 01973 0.994 0.926 - 1. 022T@EPHI/05635D46

Acet am nophen Formul ation 15 vs. Contzrol 1 Foinulation 16 vs. Control 1 C

2014.

tablet of Control 1. Blood samples were collected at 0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 10, 12, 16,
24, 36 and 48 hours after the dose on Study Day 1. The following Table XXVIII illustrates
compositions of test Formulations 15, 16 and Control 1. See also Figures 5 and 6 for mean
hydrocodone and acetaminophen concentrations for Formulations 15, 16 and Control 1.

5  Formulations 5, 7 and 15 are substantially identical to each other, however they have been
numbered differently based on the different numbering of the tests and experiments. Similarly,
formulations and 6, 8 and 16 are substantially identical to each other, however they have been
numbered differently based on the different numbering of the tests and experiments. Also
similarly Controls 1 and 2 are substantially identical to each other, however they have been

10 numbered differently based on the different numbering of the tests and experiments.
In one embodiment of the invention, a preferred dosage form is Formulation 15 since
Formulation 15 provides better blending properties than Formulation 16, both for blending of
hydrocodone bitartrate pentahemihydrate and HPMC and blending of all components. Further,
Formulation 15 blend provides for better flow properties than Formulation 16 into the extruder.
15  Also Formulation 15 provides better direct shaping property than Formulation 16 since
Formulation 15 is less sticky than Formulation 16. Moreover, Formulation 15 is expected to

have better abuse deterrence than Formulation 16.



2.395 2.193 2.193 0.918 1.092 0.858 - 0.983 1.018 - 1.172 Fornul ation 15
vs. Control 1 Fornulation 16 vs. Control 1 AUCt AUCt 20.580 22.363 21.732
21, 732. OW064610l0s8»9 0. 899 - 0.998 0.975 - 1.086 Foi mul arCcomEPI&®INS6362
C011(1011 Formul ation 16 vs. Control 7 Auc. AUC. '22.171 22.492 21.987
21.987 1.008 L023 0.944 - 1.07.7

Table XXVIII:;

Component Test Formulations Contrel 1

Amount (mg)/Tablet Formulation 15 Formmlation 16

Tablet Core
Hydrocodone Bitartrate 13 15 10
Acetamumophen 380 330 330

Tablet Overcoat
Hydrocodone Bitartrate - - S

Acetanimaphen 120 150 170

Preliminary pharmacokinetic parameters for Formulations 15, 16 and Control 1 are depicted
below in Table XXIX:
5  Table XXIX:

Pharmacokinetic Paramieters

Regimen
Hydrocodone {(N=20)

Tlmx Cma_!:' A[TCI AUCim“ tl;’f CL'F

{h) {ng:mL} ng*h:mLj mg*h/mL) {h) (L)

A A N A Ty Al T

Fornmlation 13 44 .H,") ."_(‘rfj ‘OE}“ e 44 ,
B3Ry (17%) (1996) (1826) (18%)  (19%%)

: . 4.4 134 204 209 503 45.0
Fornmlation 16 o e e s e gy s e
(3% (199%) (200%) {200) (229 (18%)
Control 1 4.8 126 211 214 568 435
- 60 (20%) (15%%) {182 (19%%)  (16%)
Acetaminaphen (N=2{)

Ty o ATIC, AUC,, trs CLF

I} (nginlL) (ug*h‘mL} {pg*himl) i} (L)

074 2.06 212 20 285 24.0
Formulation 1 (G6%)  (25%%) (2904) (3004) 600 (33%0)
. 3 0.82 241 221 223 359 237
Fomulation 15 (8205 (3299 (2495) (250%) Q2108 (24%)
S 083 273 3] 224 647 237
-t (%) (4% (26%) (26%) 24%) (4%

“N=18




0.956 - 1.095 Antilogarithm1l-if the |east squares neans for |ogarithns.
5Antilogarithmof the difference (test mnus reference) of the |east
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Formul ati ons 15 and 16 are bioequival®nt to Control 1 with respect to both
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shown in Figures 7 (a) and WO 2010/ 083894PCT/ EP2009/ 056362 75 Tabl e
XXX : 115@‘31@@@14 Manuf acturl ng of tablets by nmelt extrusion, deburring
and f| ggcg&n For each of the exanples according to Table XXXI'1 a
hormger%1 0vvder bl end was prepared containing all ingredients. In the
case of exarrpl es 14A to 16A a two-step bl endi ng was peuafee pBd-nlier der to
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bitartrate 2, éﬁ“ﬁe P %‘%Q Tding. ‘r‘“pcesé{' f%‘;‘&é‘}é‘é"rl bed
in Tab AT 4A ;

owder i
gnal yzeﬂ“"’\‘/\}l"{tﬁ“l’ééﬁé‘é%’”t o) cont‘exﬂft unllf"éi?‘“m ty lef‘i’hydr oédER)ne bit}ﬁrtlfla’t e 2.5.
hydr at eFermyWHop 519 L083894 PCT/ ER2009/ 056862 76:Fdbl e XXX# depf-#¥s L116
conposi finowktof 1 powdern! bl ends ABET or e LExts usi omm3and fi mabs ext r ugiat-a.01%bl et
(after nehdlextiayscon and direet shapisng). Aldizd ngredisent s wese _tiest ed and
rel eased, a9..8PEGL Th,gd| Accor dispg tO Y9 phar nagapoel a (YsP, NF) (anqdl,or

E)tg;(r)rgeapﬁﬁlu] ”ﬁqs%ﬁw (Ph I§'|[1Tr( . Tahle XXl s No. lngredient Bqample 14A

Acetaminophen
Fornulation 135 vs. Clontrol 1 C s 2414 2193 0.918 (.858 — (1983
Formulation 16 vs. Control 1 Cloaz 2393 2193 1.0492 1018 -1.172
Fornwlation 15 vs. Clontrol 1 ATIC, 20.580 21.732 .047 {.890 — {.098
Formulation 18 v Control 1 ALIC, 22343 21.732 1.024 (.975 - 1.08¢
Formulation 13 v Control 1 AUC, 22171 21.987 1.008 0.944 - 1.077
Fornmlation 16 vs. Clontrol 1 AU, 22492 21.987 1023 (L9536 — 1.09%
Anfilogarithim of the least squares means for logarithms.
5 +  Antilagarithm of the difference {test minus reference) of the least squares means for logar thois.

Based on preliminary data, the two test Formulations 15 and 16 are bioequivalent to Control 1
with respect to both Cpaxand AUC. The initial rate of hydrocodone absorption is slightly
slower for test formulations 15 and 16 compared to Control 1.

10

Example 13: /n vitro Drug Release Profiles:

The following Formulations 17 and 18, as shown below in Table XXXI were studied for in vitro
drug release profiles and this profile was compared with uncoated core VM-1 and Control 2, as
shown in Figures 7 (a) and (b).

15



17A 1 Paracet anol Ph.

Hydr ocodon bitartrate 2.5 hydrate 2.2 2.8 1.8 -

2208, Typeo\amsssbype:

Eur./USP 2208, Type V20000 (Type:
Copol yner (Typ A) Ph.

Ammoni ummet hacryl at -
13.5

Met hocel("

Eur ./ USP ( Acet am nophen) 55.9 65.4 60.0 61.8 2
3 Hypronel | ose Ph.

Eur . / USP

K100) 11.0 9.3 6.0 6. @cd/Brg@oosskt ose Ph.

Mettsocel(' KIOOM) 3.0 - 6

Eur./NF (Type:

.06.05
Eudragit RL PO

Table XXXI:

Hydrocodone Bitartrate Drug substance 150 150

(2,25 (2.8%

¢ Acetaminophen UsF Drug substance 3500 3500
e e e o e e e e e BEIR ] (BE4% ...
: Eudragit® RL-PO MEPh. Eur. Carrier polymer and 915 497
controlled release palymer (13.5%) (3.3%)
Hypromellose 2208, USPFh. Eur. Carrier polymer and 748 497

ftype W 100 controlled release polmer (11.0%) (3.3%)

i Hypromellose 2208, USPFh. Eur. Carrier polymer and 205 -

i type V 20000 controlled release polmer (3.0%)

{ Hydroxypropylcellulose, Ph. Eur Carrier polymer and - 4972

type EF controlled release palymer (2.2%)

E Xylitol NF/Ph Eur Release madifier 911 -

: 134%1

i Poloxamer 188 MEFh. Eur. Release modifier - * 160

| (3.0%

i Colloidal silicon dioxide MEFh. Eur. Glidant 6.8 54

(1.0%) (1.0%)

i Film Coating/ Tablet wt. 880 my 535 mg
Acetammophen g ST I O, s S T
Kollicoat® IR In-house Film former 384 480
Purified water USPFh. Eur. Solvent for film-coating A MAA
T E Geted Tablet Weight 1T g3g4 73300

5  Example 14: Manufacturing of tablets by melt extrusion, deburring and film-coating:

For each of the examples according to Table XXXII a homogeneous powder blend was prepared

containing all ingredients. In the case of examples 14A to 16A a two-step blending was

performed in order to ensure a homogeneous distribution of the low-dose API component

(hydrocodon bitartrate 2.5 hydrate) in the final blend. Blending process is described in Table

10

XXXIII. In the case of examples 14A — 16A a total number of 5 powder samples from each final

powder blend prior to extrusion were analyzed with respect to content uniformity of

hydrocodone bitartrate 2.5. hydrate.



9.3 12.8 12.6 6 Hydroxypropylcellul ose Ph. Eur. (Type : KlucelO0 EF) - 9.2 -
- 7 Xylitol Ph. Eur./NF (Type XylisorbO 90) 13.4 12.6 12.6 8 Pol oxaner 188
Ph. Eur. /Wb 20fyy3ss94 Lutrol O F68) - 3.0 - - 9 Col |l oi dal eciriEracoosdez . / NF
(Type: AerosilO 200) 1.0 1.0 1.0 1.0 76WD 2010/ 083894PCT/ EP2009/ 056362 77

Table XXXII depicts composition of powder blends before extrusion and final extrudate tablet
(after melt extrusion and direct shaping). All Ingredients were tested and released as specified
according to US Pharmacopoeia (USP, NF) and/or European Pharmacopocia (Ph. Eur.).

Table XXXII:

No. |Ingredient Example | Example | Example Example
14A 15A 16A 17A

1 |Paracetamol Ph. Eur./USP 55.9 65.4 60.0 61.8
(Acetaminophen)
Hydrocodon bitartrate 2.5 hydrate 22 2.8 1.8 -

Hypromellose Ph. Eur./USP 2208, 11.0 93 6.0 6.0
Type V100
(Type: Methocel® K100)

4 |Hypromellose Ph. Eur./USP 2208, 3.0 - 6.0 6.0
Type V20000
(Type: Methocel® K100M)

5 | Ammoniummethacrylat- 13.5 93 12.8 12.6
Copolymer (Typ A) Ph. Eur./NF
(Type: Eudragit RL PO)

6 |Hydroxypropylcellulose Ph. Eur. - 9.2 - -
(Type : Klucel® EF)

7 |Xylitol Ph. Eur./NF 13.4 12.6 12.6
(Type Xylisorb® 90)

8 |Poloxamer 188 Ph. Eur./NF - 3.0 - -
(Type : Lutrol® F68)

9 |Colloidal silica P. Eur./NF 1.0 1.0 1.0 1.0
(Type: Aerosil® 200)




Table XXXII'l1: Bl ending process for exanples 14 - 17 Step Exanple 14B

Exanpl e 15B Exanpl e 16B Exanple 17B 1 Bl endi ng of #2, #3, #4, #9 (according
to Tabl e w&tbioyosBoendi ng of #2, #3, #6, #9 (according tecTarbeX3edbi)

Bl endi ng of #2, #3, #4 (according to 7able XXXI1) One-step-blending of all

I ngredi ents according to Table XXXI1 2 Adding #1, #5, #7 (according to
Table XXXI'1) to blend fromstep 1. Adding #1, #5, #8 (according to Table

%:RT#&M@I@%{H@%G 1. Addin #11,4_#57 #7, #9 (according to Table

cgss for exam les

Step Example 14B Example 15B Example 16B Example 17B
1 Blending of #2, #3, | Blending of #2, #3, | Blending of #2, #3,
#4, #9 (according | #6,#9 (according | #4 (according to
to Table XXXII) to Table XXXII) Table XXXII) One-step-blending
2 Adding #1, #5, #7 | Adding #1, #5, #8 | Adding #1, #5, #7, | ofall ingredients
(according to Table | (according to Table | #9 (according to | according to Table
XXXII) to blend XXXII) to blend Table XXXII) to XXXII
from step 1. from step 1. blend from step 1.
3 Blending the whole | Blending the whole | Blending the whole
mixture mixture mixture
Total 12 kg 12 kg 3kg 50 kg
batch
size

The final blend from examples 14B — 7B was dosed in a co-rotating twin-screw extruder at a
constant feeding rate. The homogeneous, white drug-containing melt leaving the extruder nozzle
was directly shaped into elongated tablets by calendering between two counterrotating rollers

5 having depressions on their surface according to the dimensions listed in Table XXXIV. Process
parameter settings of melt extrusion and calendering are listed in Table XXXIV.

Table XXXIV depicts melt extrusion and direct shaping (calendering) process:

Table XXXIV.

Process parameter Example 14C | Example 15C | Example 16C | Example 17C
setting

Extruder 18 mm 18 mm 18 mm 40 mm
(screw diameter)

Tablet dimension 19.0/69/3.01200/59/25 (17.5/797/7.6|19.0/6.9/3.0
(calender roller mm mm mm mm
depression dimension)

(length / width / height)

Extrusion temperature 129 °C 124 °C 140 °C 140 °C
(melt temperature)

Calender temperature 11°C 20 °C 11°C 11°C
Extrusion throughput 1.5 kg/h 1.5 kg/h 1.5 kg/h 25 kg/h
Batch size 12 kg 12 kg 3 kg 50 kg

10  Tablets according to examples 14C, 15C and 17C were transferred into a Driam 600 film-coater.
In a first step the tablets were tumbled in the coater at maximum rotation speed in order to polish

the tablets and to remove the seems surrounding the tablets which derive from the calendering



3 Blending the whole m xture Bl ending the whole m xture Bl endi ng the whol e
m xture Total batch size 12 kg 12 kg 3 kg 50 kg The final blend from
exanpl es WwéBoto/08B8was dosed in a co-rotating tw n-screwpPerippRaons@62 a
constant feeding rate. The honpbgeneous, white drug-containing nelt |eaving
the extruder nozzle was directly shaped into el ongated tablets by

cal endering between two counterrotating roIIers 5having depressions on

their ﬁurface acc 1gdl il di rren5| g n Tabl e | V. Process
IR oot e (T ARy N S e S ARG SRR it
XXX V.codti@td @u Mhaapikicths emdstlﬁg( hir U&ft&r{hﬁﬂ‘@leﬁhﬁﬁgt st@fhﬁﬁ% Gélatﬁl‘gQJf %h”bdeglcng)

process: Table | V. Process paraneter setting Exanple 14C Exanpl e
Exanplteblate @ardaeg lyestarkd iEthe wdwsrcoptst e whadiaagret evampl@ 1 6firtablets were placed in

closed stainless steel container and tumbled for 10 minutes once removal of edges and seems
5  was complete. Tablets were then dedusted on a sieve and transferred to the same Driam film-

coater as in the case of the other examples. Composition of film-coating layer and process

parameter settings of deburring step and of subsequent film-coating are listed in Table XXXV.

Table XXXV depicts deburring of tablets after calendering

10 Table XXXV:

Process parameter Example 14D | Example 15D | Example 16D | Example 17D
setting

Deburring time in 20 min. 94 min. - 60 min.
Driam film-coater

Deburring time in - - 10 min. -
stainless steel drum

Drum temperature 25°C 25°C 25°C 25°C

Tablet weight (mean) 684.3 mg 536.4 mg 840.7 716 mg
after deburring

Acetaminophen drug 382.5mg 350.8 mg 500.4 mg 442.5 mg
content per tablet
(calculated according to
composition and mean
tablet weight)

Hydrocodone 15.0 mg 15.0 mg 15.1 mg -
bitartrate 2.5 hydrate
drug content per tablet
(calculated according to
composition and mean
tablet weight)

Batch size 4.9 kg 6.5 kg 1 kg 7.8 kg

Manufacturing of the film-coating suspension for examples 14E — 16E was generally prepared
by the following steps: First, acetaminophen was dispersed in water at room temperature during
stirring. To this suspension the polymer (Kollicoat® IR) was added and stirring was continued

15  until a homogeneous suspension was formed. This suspension was directly used for film-coating.



18 mqm 18 mm 40 mm Tabl et di nensi on (cal ender

(length / width / height) 19.0/ 6.9/ mm3.0 20.0/ 5.9/ mm 2.5 17.5 /

7.97 | nmw6.26101083804/ 6.9 / mm 3.0 Extrusion tenperaturepCiraipbodesger at ur e)

129 C 124 C 140 C 140 C Cal ender menperature 11 C

10

15

Stirring was continued during the whole film-coating process. For examples 14E — 17E a ready
to use acetaminophen powder was used (Rhodia, acetaminophen “fine powder”). No additional

sieving or micronizing was performed. Composition of film-coating suspensions are summarized

in Table XXXVL

Table XXXVI depicts composition of film-coating suspension

Table XXXVI:

Example 14E | Example 15SE | Example 16E | Example 17E
Rel. amount of 22.73 %
acetaminophen
Acetaminophen 1% >0.25 mm
particle size 5%>0.1 mm
(Rhodia « fine 16 % > 0.063 mm
powder »)
Rel. amount of 7.27 %
polymer (Type:
Kollicoat®IR)
Rel. amount of water 70.0 %
(purified)

Film-coating of the deburred tablets was performed in a Driam 600 film-coater. Process
conditions, parameter settings and data from final film-coated tablets are listed in Table
XXXVII. In the case of all examples 14F - 17F samples were taken at different time point during
main phase of film-coating. This was to study the influence of different amount of coating layer
thickness on drug release of both acetaminophen and hydrocodone bitartrate from the film-
coated tablets. Spray rate during main phase of film-coating was at maximum rate of the
peristaltic pump dosing the acetaminophen/Kollicoat® IR suspension. Higher spray rates should

be possible.

rol | er depression dinmension)




20 C 11 C 11 C Extrusion throughput 1.5 kg/h
Batch size 12 kg 12 kg 3 kg 50 kg
exanpl es WwdGp10li3§39and 17C were transferred into a Dri amp8®@@Ephedonseent er .

kg/ h

1.5 kg/ h

1.5 kg/h 25

10 Tablets according to

a first step the tablets were tunbl e®0in the coater at maxi mumrotation

speed in order to polish the tablets and to renove the seens surroundi ng

the tablets which derive fromthe calendering WO

2010/ OI%%%WIFE%?&? /ﬁPn?-%ggt%ng71§1rocess conditions

Table XXXVII:

Process parameter Example 14F | Example 15F | Example 16F | Example 17F

setting

Pre-heating phase

inlet air temperature 65 °C

spray rate -

time 10 min.
Starting phase 1

inlet air temperature 65 °C

spray rate 16 g/min. 15 g/min. 10 g/min.

time 5 min. 6 min. 9 min.
Starting phase 2

inlet air temperature 65 °C

spray rate 21 g/min. 20 g/min. 25 g/min.

time 10 min. 10 min. 8 min.
Main phase

inlet air temperature 65 °C

spray rate 31-42 g/min. | 28-47 g/min. 20-44 g/min. 30-48 g/min.

time 131 min. 230 min. 193 min. 159 min.
Drying/cooling phase

inlet air temperature 25-30 °C

spray rate - - - -

time 5 min. 5 min. 5 min. 5 min.

Batch size 4.4 kg 6.1 kg 1 kg 7 kg

Dimension of film- 19.46 mm 20.63 mm 19.45 mm 19.53 mm

coated tablets (mean) 7.82 mm 7.32 mm 10.66 mm 7.62 mm

(length / width / height) 7.07 mm 6.41 mm 7.71 mm 7.23 mm

Weight of film-coated 848.2 mg 744.8 mg 1018.4 mg 872 mg

tablets (mean)

Weight of coating 157.9 mg 208.4 mg 177.7 mg 156 mg

layer per tablet

(calculated)

In
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Generally, certain preferred embodiments of the present invention provide dosage forms and

methods for the delivery of drugs, particularly drugs of abuse, characterized by resistance to

solvent extraction; tampering, crushing or grinding, and providing an initial burst of release of

drug followed by a prolonged period of controllable drug release.

Further, as shown below in Table XXXVIII, in one preferred embodiment, the present invention

provides a pharmaceutical composition having a core and a non-core layer, comprising:

(2)

hydrocodone, a pharmaceutically acceptable salt or a hydrate thereof, and (b) acetaminophen or

dges

I ngs
00( V.
o(V:
17D

g9
25 C

g

ibuprofen. In this embodiment, at least 75% all of the hydrocodone, pharmaceutically acceptable

salt or hydrate thereof is in the core, and the acetaminophen or the ibuprofen is the non-core

layer. Further, this composition is adapted so as to be useful for oral administration to a human

3,2, or 1 times daily. Preferably, greater than 90% of the hydrocodone, pharmaceutically

acceptable salt or hydrate thereof is in the core. More preferably, substantially all of the

hydrocodone, pharmaceutically acceptable salt or hydrate thereof is in the core. In another

embodiment, the core further comprises acetaminophen or ibuprofen. More preferably, the core

further comprises acetaminophen.
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Mai n

8 m n.

10 m n.
159 m n.

time 10 mn.
193 m n.

23085Mi n.

Starting phase 2 inlet air tenperature 65 C
25 g/ mn.

20 g/ m n.
time 131 mn.

9 mn.

6 mn.

phase i nlwb 2aiwostsaperature 65 C spray rate 31-42 g/ m npc28prdovombéessn. 20- 44
30-48 g/ mn.

spray rate 21 g/ mn.
g/ mn.

time 5 mn.
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acet am nophen drug content per
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Total hydrocodone bitartrate 2.5 hydrate drug content per filmcoated
tablet (calculated) 15.0 ng 15.0 ng 15.1 ng - GCenerally, certain preferred
enbodi menwe 20fo/dsb®4pr esent i nventi on provi de dosage f or reTAPdBES3EES f or
the delivery of drugs, particularly d8ugs of abuse, characterized by

resi stance to sol vent extraction; tanpering, crushing or grinding, and
providing an initial burst of release of 5drug followed by a prol onged

eriodq of control.lable. drug rel ease. urther . as sho be i n. Tahl e
P oo wilp Rertdis SR Biscirt doerih G e eo ki BPBLER pTot s B et Borade”a
phar MRGRU 458 |coﬁ19HEb@$ﬂbbﬁt01r5 rﬁ?)é'f Hﬁdr@cd‘d%h@ bR ﬁ%ﬁfhh&ﬁﬂf%‘zd{a@é’ &d atfoRHEJ Si Ng:
(a) hydrocodone, a pharmaceutically acceptable salt or "a hydrate thereof,

and ( g ecasctmineniierndorinistsugsl toftkmpatient, whics fastibed Predereblyarhenedsinistgeslal |  of

t he hydr ocodone.. armaceuti cally acceptabl.e 10salt or drate t.hereof is

S FEAR Ried IR TREF O kPP OR R far PRt o M Sh b kBRI oy
Fust haTmaxt fot fiy 06308t floahatiout 8.@alRD/nS®toadholio] Degseiml afdar CaeRlfor

adm nistration to a huma or 1 times daily. Preferably, greater than

3, 2,
90% ofecetAminepleLEeRGheut %Q&ag/@ﬂdwmné&l-ﬂ? ye/ad ceprgpr sigaletdoss: Fnaaetice t her eof
ohar mooe R O BBl G FAABIos SHRRIARLLA! bt broRle HMFEBEREOE Ui
anot hesr klesdoddnar@idbout Mié ngoile/nfauntabetit KO APilsey sadeat@Ehsnfyp hegtaminophen

i buprofen. NMore preferably, the core further conprises acetam nophen.
WO 0 26 b SR s oo b A8 dednl ms afterg Nngierdeser In yRtrapothgg embogdiment,

10 the pharmaceutical composition produces a plasma profile characterized by a Cmax for
hydrocodone of from about 0.6 ng/mL/mg to about 1.0 ng/mL/mg and a Cmax for
acetaminophen of from about 3.0 ng/mL/mg to about 5.2 ng/mL/mg after a single dose. Other
embodiments of the dosage form include about 5-20 mg of hydrocodone bitartrate
pentahemihydrate and about 400-600 mg of acetaminophen. Yet another embodiment of the

15  dosage form includes 10-15 mg of hydrocodone bitartrate pentahemihydrate and about 500-600
mg of acetaminophen.

In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. When administered to the

20  human patient, the dosage form produces an AUC for hydrocodone of about 9.1 ng*hr/mL/mg to
about 19.9 ng*hr/mL/mg and an AUC for acetaminophen of about 28.6 ng*hr/mL/mg to about
59.1 ng*hr/mL/mg. In another embodiment, the dosage form produces an AUC for hydrocodone
of about 7.0 ng*hr/mL/mg to about 26.2 ng*hr/mL/mg and an AUC for acetaminophen of about
18.4 ng*hr/mL/mg to about 79.9 ng*hr/mL/mg. In yet another embodiment, the dosage form

25  produces an AUC for hydrocodone of about 11.3 ng*hr/mL/mg to about 18.7 ng*hr/mL/mg and
an AUC for acetaminophen of about 28.7 ng*hr/mL/mg to about 53.5 ng*hr/mL/mg. Preferably
in this embodiment, the in vitro rate of release of the pharmaceutical composition has a biphasic
release profile, and wherein for each phase of the in vitro rate of release is zero order or first
order for acetaminophen and zero order or first order for hydrocodone bitartrate

30  pentahemihydrate.
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In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. Preferably when administered
to a human patient the pharmaceutical composition produces a plasma concentration at 1 hour
(C1) for hydrocodone of about 0.18 ng/mL/mg to about 1.51 ng/mL/mg, and a plasma
concentration at 1 hour C1 for acetaminophen of about 2.34 ng/mL/mg to about 7.24 ng/mL/mg.
In preferred embodiments such as Formulation 15, the dosage form produces a C1 for
hydrocodone of about 0.32 ng/mL/mg to about 1.51 ng/mL/mg and a C1 for acetaminophen of
about 2.34 ng/mL/mg to about 5.50 ng/mL/mg.

In certain other embodiments, the following pharmacokinetic profile is preferably exhibited
when the single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and
about 500 mg of acetaminophen, administered to the patient, when fasting. Preferably when
administered to a human patient the pharmaceutical composition produces a plasma
concentration at 1 hour (C1) for hydrocodone from about 0.30 ng/mL/mg to about 1.06
ng/mL/mg, and a C1 for acetaminophen from about 2.75 ng/mL/mg to about 5.57 ng/mL/mg. In
preferred embodiments, the dosage from produces a C1 for hydrocodone from about 0.45
ng/mL/mg to about 1.06 ng/mL/mg and a C1 for acetaminophen from about 2.75 ng/mL/mg to
about 4.43 ng/mL/mg.

In certain embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen from about 1.18 ug/mL to about 3.63 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. In preferred
embodiments, the dosage from produces a combined C1 for hydrocodone and acetaminophen
from about 1.18 ug/mL to about 2.76 ug/mL, after a single dose of 15 mg hydrocodone bitartrate
pentahemihydrate and 500 mg of acetaminophen.

In certain embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen from about 1.38 ug/mL to about 2.79 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. In preferred
embodiments, the dosage from produces a combined C1 for hydrocodone and acetaminophen
from about 1.38 ug/mL to about 2.23 ug/mL, after a single dose of 15 mg hydrocodone bitartrate

pentahemihydrate and 500 mg of acetaminophen.
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In preferred embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen of 1.80 + 0.42 ug/mL with the 95% confidence interval for the mean value
falling between about 1.61 ug/mL to about 2.00 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. The 95% confidence
5  interval of combined C1 for hydrocodone and acetaminophen for the preferred embodiments and

the Control overlapped. The 95% confidence interval for the mean value of combined C1 for
hydrocodone and acetaminophen for the Control ranged from about 1.46 to 1.96 ug/mL, after
administered as a single dose of 15 mg hydrocodone bitartrate pentahemihydrate and 500 mg of
acetaminophen to the human patient. The Control provides sufficient plasma levels of opioid

10 and nonopioid analgesic to provide a reduction in pain intensity within about 1 hour after
administration.
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, about 20-45% of the hydrocodone is released in vitro from

15  the pharmaceutical compositions in about lhour and about 20-45% of the acetaminophen is
released in vitro from the pharmaceutical compositions in about 1hour in 0.01 N HCI at 50 rpm
at 37 °C. In another embodiment, about 25-35% of the hydrocodone is released in vitro from the
pharmaceutical compositions in about 1Thour and about 25-35% of the acetaminophen is released
in vitro from the pharmaceutical compositions in about 1hour in 0.01 N HCl at 50 rpm at 37 °C.

20  Further, in another embodiment, at least 90% of the hydrocodone is released from the
pharmaceutical composition in about 8 hours to about 12 hours and at least 60% to about 99% of
the acetaminophen is released in vitro from the pharmaceutical compositions in about 6 hours to
about 8.5 hours. In another embodiment, at least 90% of the hydrocodone is released from the
pharmaceutical composition in about 8 hours to about 11 hours and at least 90% of the

25  acetaminophen is released in vitro from the pharmaceutical compositions in about 8 hours to
about 11 hours. In another embodiment, at least 95% of the hydrocodone is released from the
pharmaceutical composition in about 9 hours to about 12 hours and at least 95% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 9 hours to
about 12 hours. Yet in another embodiment, at least 95% is of the hydrocodone is released from

30  the pharmaceutical composition in about 10 hours to about 12 hours and at least 95% of the

acetaminophen is released in vitro from the pharmaceutical compositions in about 10 hours to
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about 12 hours. In another embodiment, at least 99% of the hydrocodone is released from the
pharmaceutical composition in about 11hours to about 12 hours and at least 99% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 11 hours to
about 12 hours. In yet another embodiment, at least 99% of the hydrocodone is released from
the pharmaceutical composition in less than about 13 hours and at least 99% of the
acetaminophen is released in vitro from the pharmaceutical compositions in less than about 13
hours.

However, when the a slow-release version of the formulation is adapted to be suitable for, or
intended for administration to a human, twice daily, as needed, then at least 90% of the
hydrocodone is released from the pharmaceutical composition in about 18 hours to about 23
hours and at least 90% of the acetaminophen is released in vitro from the pharmaceutical
compositions in about 18 hours to about 23 hours. In another embodiment of the slow release
formulation, at least 95% of the hydrocodone is released from the pharmaceutical composition in
about 20 hours to about 25 hours and at least 95% of the acetaminophen is released in vitro from
the pharmaceutical compositions in about 20 hours to about 25 hours. In another embodiment of
the slow release formulation, at least 95% is of the hydrocodone is released from the
pharmaceutical composition in about 21 hours to about 22 hours and at least 95% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 21 hours to
about 22 hours. In another embodiment of this slow release embodiment, at least 99% of the
hydrocodone is released from the pharmaceutical composition in about 22 hours to about 26
hours and at least 99% of the acetaminophen is released in vitro from the pharmaceutical
compositions in about 22 hours to about 26 hours. In yet another embodiment of the slow release
formulation, at least 99% of the hydrocodone is released from the pharmaceutical composition in
less than about 27 hours and at least 99% of the acetaminophen is released in vitro from the
pharmaceutical compositions in less than about 27 hours.

In a preferred embodiment, the present invention provides a composition where the core layer
comprises an excipient or a mixture of excipients capable of controlling the drug release and the
non-core layer comprises an excipient capable of instantly releasing the drug. Further, in a
preferred embodiment, the core layer is manufactured by melt-extrusion followed by direct
shaping of the drug-containing melt and the non-core layer is spray coated over the core layer.

Most preferably, the composition comprises about 500mg of acetaminophen and about 15 mg of
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hydrocodone bitartrate pentahemihydrate. In another embodiment, the non-core layer, or the
tablet layering may be prepared by another methodology. In this methodology the film-coating
layer is separately manufactured by extrusion and the extrudate is shaped into a foil. This foil is
introduced into the calendar during manufacturing of the cores. This method is especially
5  suitable for thick layers (saving long spray-coating time) and is a solvent-free process. This
technology is also known as the Xellex technology.
In another exemplary embodiment, the present invention provides a pharmaceutical composition
having a core and a non-core layer, comprising: (a) an abuse-relevant drug, a pharmaceutically
acceptable salt or a hydrate thereof and a non-abuse-relevant drug or a pharmaceutically
10 acceptable salt thereof in the core layer, and (b) a non-abuse-relevant drug, a pharmaceutically
acceptable salt or a hydrate thereof in the non-core layer. Preferably, this composition is
characterized by at least one of the following features:
1) the amount of abuse-relevant drug that is extracted from the composition by 40% aqueous
ethanol within one hour at 37 °C in vitro is less than or equal 1.5 times the amount of the abuse-
15  relevant drug that is extracted by 0.01 N hydrochloric acid in vitro within one hour at 37 °C,
i1) the composition does not break under a force of 150 newtons, preferably 300 newtons, more
preferably 450 newtons, yet more preferably 500 newtons as measured by “Pharma Test PTB
501" hardness tester,
1i1) the composition releases at least 20% of the abuse-relevant drug and not more than 45% of
20  the abuse-relevant drug during the first hour of in vitro dissolution testing and preferably also
during the first hour of in vivo testing,
iv) the composition releases a therapeutically effective dose of the non-abuse relevant drug
within 1 to 2 hours after a single dose,
v) the composition releases a therapeutically effective dose of the non-abuse relevant drug and/or
25  the abuse-relevant drug at 1 hour and at 12 hours after a single dose,
vi) in the composition, release of the abuse-relevant drug upon grinding increases by less than 2-
to 3-fold, as compared to an intact tablet, when the composition is ground for 1 minute by a
coffee-grinder at 20,000 - 50,000 rpm, in 40% aqueous ethanol for 1 hour at 37°C ,
vii) the composition when ground comprises a particulate size of about 2 cm to about 355

30  micrometer for about 20% of the fraction, greater than about 63 microns and less than about 355
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microns for about 66% of the fraction and less than about 63 microns for about 14% of the
fraction, as measured by a sieving test, or
viii) the composition is substantially smooth, wherein the Centre Line Average (CLA) is from
about 0.1 to about 0.6, preferably from about 0.1 to about 0.4, and most preferably from about

5 0.1to about 0.2.
In this composition, the amount of the abuse-relevant drug that is extracted from the formulation
by 40% aqueous ethanol within one hour at 37 °C is about 70% to about 130% of the amount of
the drug that is extracted by 0.01 N hydrochloric acid within one hour at 37 °C. In another
embodiment, the amount of the abuse-relevant drug that is extracted from the formulation by

10 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 hydrochloric acid within one hour at 37 °C. In yet another
embodiment, the abuse-relevant drug that is extracted from the formulation by 40% aqueous
ethanol 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.

15  Another embodiment of the present invention provides a pharmaceutical composition having a
core layer and a non-core layer. In this composition the core layer comprises a mixture of: (a) at
least one opioid; and (b) at least one rate altering pharmaceutically acceptable polymer,
copolymer, or a combination thereof. The non-core layer comprises at least one non-opioid
analgesic. Further, these compositions are adapted so as to be useful for oral administration to a

20  human 3, 2, or 1 times daily. Preferably, the core layer further comprises at least one non-opioid
analgesic. In a preferred embodiment, the composition is characterized by at least one of the
following features:

1) the amount of abuse-relevant drug that is extracted from the composition by 40% aqueous
ethanol within one hour at 37 °C in vitro is less than or equal 1.5 times the amount of the abuse-

25  relevant drug that is extracted by 0.01 N hydrochloric acid in vitro within one hour at 37 °C,
i1) the composition does not break under a force of 150 newtons, preferably 300 newtons, more
preferably 450 newtons, yet more preferably 500 newtons as measured by “Pharma Test PTB
501" hardness tester,
1i1) the composition releases at least 20% of the abuse-relevant drug and not more than 45% of

30  the abuse-relevant drug during the first hour of in vitro dissolution testing and preferably also

during the first hour of in vivo testing,
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iv) the composition releases a therapeutically effective dose of the non-abuse relevant drug
within 1 to 2 hours after a single dose,

v) the composition releases a therapeutically effective dose of the non-abuse relevant drug and/or
the abuse—relevant drug at 1 hour and at 12 hours after a single dose,

5  vi) in the composition, release of the abuse-relevant drug upon grinding increases by less than 2-
to 3-fold, as compared to an intact tablet, when the composition is ground for 1 minute by a
coffee-grinder at 20,000 - 50,000 rpm, in 40% aqueous ethanol for 1 hour at 37°C ,

vii) the composition when ground comprises a particulate size of about 2 cm to about 355
micrometer for about 20% of the fraction, greater than about 63 microns and less than about 355

10 microns for about 66% of the fraction and less than about 63 microns for about 14% of the
fraction, as measured by a sieving test, or
viii) the composition is substantially smooth, wherein the Centre Line Average (CLA) is from
about 0.1 to about 0.6, preferably from about 0.1 to about 0.4, and most preferably from about
0.1 to about 0.2.

15  Inone embodiment, the opioid is selected from the group consisting of alfentanil, allylprodine,
alphaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine, butorphanol,
clonitazene, codeine, cyclazocine, desomorphine, dextromoramide, dezocine, diampromide,
dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,
dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, ethylmethylthiambutene,

20  ethylmorphine, etonitazene, fentanyl, heroin, hydrocodone, hydromorphone, hydroxypethidine,
isomethadone, ketobemidone, levallorphan, levophenacylmorphan, levorphanol, lofentanil,
meperidine, meptazinol, metazocine, methadone, metopon, morphine, myrophine, nalbulphine,
narceine, nicomorphine, norpipanone, opium, oxycodone, oxymorphone, papvretum,
pentazocine, phenadoxone, phenazocine, phenomorphan, phenoperidine, piminodine, propiram,

25  propoxyphene, sufentanil, tilidine, and tramadol, and salts, hydrates and mixtures thereof.
Further, the non-opioid analgesic is selected from the group consisting of acetaminophen,
aspirin, fentaynl, ibuprofen, indomethacin, ketorolac, naproxen, phenacetin, piroxicam,
sufentanyl, sunlindac, interferon alpha, and salts, hydrates and mixtures thereof. Preferably, the
opioid is hydrocodone and the non-opioid analgesic is acetaminophen or ibuprofen. More

30  preferably, the opioid is hydrocodone and the non-opioid analgesic is acetaminophen.
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In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. Preferably when administered
to a human patient the pharmaceutical composition produces a plasma concentration at 1 hour
(C1) for hydrocodone of about 0.18 ng/mL/mg to about 1.51 ng/mL/mg, and a plasma
concentration at 1 hour C1 for acetaminophen of about 2.34 ng/mL/mg to about 7.24 ng/mL/mg.
In preferred embodiments such as Formulation 15, the dosage form produces a C1 for
hydrocodone of about 0.32 ng/mL/mg to about 1.51 ng/mL/mg and a C1 for acetaminophen of
about 2.34 ng/mL/mg to about 5.50 ng/mL/mg.

In certain other embodiments, the following pharmacokinetic profile is preferably exhibited
when the single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and
about 500 mg of acetaminophen, administered to the patient, when fasting. Preferably when
administered to a human patient the pharmaceutical composition produces a plasma
concentration at 1 hour (C1) for hydrocodone from about 0.30 ng/mL/mg to about 1.06
ng/mL/mg, and a C1 for acetaminophen from about 2.75 ng/mL/mg to about 5.57 ng/mL/mg. In
preferred embodiments, the dosage from produces a C1 for hydrocodone from about 0.45
ng/mL/mg to about 1.06 ng/mL/mg and a C1 for acetaminophen from about 2.75 ng/mL/mg to
about 4.43 ng/mL/mg.

In certain embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen from about 1.18 ug/mL to about 3.63 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. In preferred
embodiments, the dosage from produces a combined C1 for hydrocodone and acetaminophen
from about 1.18 ug/mL to about 2.76 ug/mL, after a single dose of 15 mg hydrocodone bitartrate
pentahemihydrate and 500 mg of acetaminophen.

In certain embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen from about 1.38 ug/mL to about 2.79 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. In preferred
embodiments, the dosage from produces a combined C1 for hydrocodone and acetaminophen
from about 1.38 ug/mL to about 2.23 ug/mL, after a single dose of 15 mg hydrocodone bitartrate

pentahemihydrate and 500 mg of acetaminophen.

1
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In preferred embodiments, the dosage form produces a combined C1 for hydrocodone and
acetaminophen of 1.80 + 0.42 ug/mL with the 95% confidence interval for the mean value
falling between about 1.61 ug/mL to about 2.00 ug/mL, after a single dose of 15 mg
hydrocodone bitartrate pentahemihydrate and 500 mg of acetaminophen. The 95% confidence
interval of combined C1 for hydrocodone and acetaminophen for the preferred embodiments and
the Control overlapped. The 95% confidence interval for the mean value of combined C1 for
hydrocodone and acetaminophen for the Control ranged from about 1.46 to 1.96 ug/mL, after
administered as a single dose of 15 mg hydrocodone bitartrate pentahemihydrate and 500 mg of
acetaminophen to the human patient. The Control provides sufficient plasma levels of opioid
and nonopioid analgesic to provide a reduction in pain intensity within about 1 hour after
administration.

In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. Preferably when administered
to a human patient the pharmaceutical composition produces a plasma profile characterized by a
Cmax for hydrocodone from about 0.6 ng/mL/mg to about 1.4 ng/mL/mg and a Cmax for
acetaminophen from about 2.8 ng/mL/mg and 7.9 ng/mL/mg after a single dose. In another
embodiment, the pharmaceutical composition produces a plasma profile characterized by a Cmax
for hydrocodone of about 0.4 ng/mL/mg to about 1.9 ng/mL/mg and a Cmax for acetaminophen
of about 2.0 ng/mL/mg to about 10.4 ng/mL/mg after a single dose. In yet another embodiment,
the pharmaceutical composition produces a plasma profile characterized by a Cmax for
hydrocodone of from about 0.6 ng/mL/mg to about 1.0 ng/mL/mg and a Cmax for
acetaminophen of from about 3.0 ng/mL/mg to about 5.2 ng/mL/mg after a single dose.

In certain embodiments, the following pharmacokinetic profile is preferably exhibited when the
single dose comprises about 15 mg of hydrocodone bitartrate pentahemihydrate and about 500
mg of acetaminophen, administered to the patient, when fasting. When administered to the
human patient, the dosage form produces an AUC for hydrocodone of about 9.1 ng*hr/mL/mg to
about 19.9 ng*hr/mL/mg and an AUC for acetaminophen of about 28.6 ng*hr/mL/mg to about
59.1 ng*hr/mL/mg. In another embodiment, the dosage form produces an AUC for hydrocodone
of about 7.0 ng*hr/mL/mg to about 26.2 ng*hr/mL/mg and an AUC for acetaminophen of about
18.4 ng*hr/mL/mg to about 79.9 ng*hr/mL/mg. In yet another embodiment, the dosage form
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produces an AUC for hydrocodone of about 11.3 ng*hr/mL/mg to about 18.7 ng*hr/mL/mg and
an AUC for acetaminophen of about 28.7 ng*hr/mL/mg to about 53.5 ng*hr/mL/mg. Preferably
in this embodiment, the in vitro rate of release of the pharmaceutical composition has a biphasic
release profile, and wherein for each phase of the in vitro rate of release is zero order or first
5  order for acetaminophen and zero order or first order for hydrocodone.

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, about 20-45% of the hydrocodone is released in vitro from
the pharmaceutical compositions in about 1hour and about 20-45% of the acetaminophen is

10 released in vitro from the pharmaceutical compositions in about 1hour in 0.01 N HCI at 50 rpm
at 37 °C. In another embodiment, about 25-35% of the hydrocodone is released in vitro from the
pharmaceutical compositions in about 1Thour and about 25-35% of the acetaminophen is released
in vitro from the pharmaceutical compositions in about 1hour in 0.01 N HCl at 50 rpm at 37 °C.
Further, in another embodiment, at least 90% of the hydrocodone is released from the

15  pharmaceutical composition in about 8 hours to about 12 hours and at least 60% to about 99% of
the acetaminophen is released in vitro from the pharmaceutical compositions in about 6 hours to
about 8.5 hours. In another embodiment, at least 90% of the hydrocodone is released from the
pharmaceutical composition in about 8 hours to about 11 hours and at least 90% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 8 hours to

20  about 11 hours. In another embodiment, at least 95% of the hydrocodone is released from the
pharmaceutical composition in about 9 hours to about 12 hours and at least 95% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 9 hours to
about 12 hours. Yet in another embodiment, at least 95% is of the hydrocodone is released from
the pharmaceutical composition in about 10 hours to about 12 hours and at least 95% of the

25  acetaminophen is released in vitro from the pharmaceutical compositions in about 10 hours to
about 12 hours. In another embodiment, at least 99% of the hydrocodone is released from the
pharmaceutical composition in about 11hours to about 12 hours and at least 99% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 11 hours to
about 12 hours. In yet another embodiment, at least 99% of the hydrocodone is released from

30  the pharmaceutical composition in less than about 13 hours and at least 99% of the
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acetaminophen is released in vitro from the pharmaceutical compositions in less than about 13
hours.
However, when the a slow-release version of the formulation is adapted to be suitable for, or
intended for administration to a human, twice daily, as needed, then at least 90% of the
5 hydrocodone is released from the pharmaceutical composition in about 18 hours to about 23

hours and at least 90% of the acetaminophen is released in vitro from the pharmaceutical
compositions in about 18 hours to about 23 hours. In another embodiment of the slow release
formulation, at least 95% of the hydrocodone is released from the pharmaceutical composition in
about 20 hours to about 25 hours and at least 95% of the acetaminophen is released in vitro from

10 the pharmaceutical compositions in about 20 hours to about 25 hours. In another embodiment of
the slow release formulation, at least 95% is of the hydrocodone is released from the
pharmaceutical composition in about 21 hours to about 22 hours and at least 95% of the
acetaminophen is released in vitro from the pharmaceutical compositions in about 21 hours to
about 22 hours. In another embodiment of this slow release embodiment, at least 99% of the

15  hydrocodone is released from the pharmaceutical composition in about 22 hours to about 26
hours and at least 99% of the acetaminophen is released in vitro from the pharmaceutical
compositions in about 22 hours to about 26 hours. In yet another embodiment of the slow release
formulation, at least 99% of the hydrocodone is released from the pharmaceutical composition in
less than about 27 hours and at least 99% of the acetaminophen is released in vitro from the

20  pharmaceutical compositions in less than about 27 hours.
In a preferred embodiment, the present invention provides a composition where the core layer
comprises an excipient capable of controlling the drug release and the non-core layer comprises
an excipient capable of instantly releasing the drug. Further, in a preferred embodiment, the core
layer is manufactured by melt-extrusion followed by direct shaping of the drug-containing melt

25  and the non-core layer is spray coated over the core layer. Most preferably, the composition
comprises about 500mg of acetaminophen and about 15 mg of hydrocodone bitartrate
pentahemihydrate.
In another embodiment, the present invention provides a pharmaceutical composition having a
core layer and a non-core layer. In this composition, the core layer comprises a mixture of (a) at

30  least one opioid and at least one first non-opioid analgesic; (b) at least one rate altering

pharmaceutically acceptable polymer, copolymer, or a combination thereof. The non-core layer
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| - b d I % of . th ' hen ,. I d
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Havev elic Coied olvbtappes| TH-95e) eaRIcHES intcdvhl Gdr thiench@ Kt f bafibihsd @dapt ed to
be suitable for, or intended for admnistration to a human, tw ce daily, as
neededydtosadpngtand ggefeminophgsx for e Gentrey snged ereaboyt &P &nsaa 1emakn afice

phar maceuti cal conposition in about 18 hours to about 23 hours and at | east
90% of the acetam nophen is released in vitro fromthe pharmaceuti cal
conpositions in about 18 hours to about 23 hours. In another enbodi nent of
the slow rel ease fornulation, at |east 95% of the hydrocodone is rel eased
fromthe pharmaceutical conposition in about 20 hours to about 25 hours and
at | east 95% of the acetam nophen is released in vitro from 15 the
pharmaceutical conpositions in about 20 hours to about 25 hours. In another
enbodi nent of the slow release fornulation, at |east 95%is of the

o o o o o - o o " o " o o, ~ A



Most preferably, the conposition conprises about 500ng of acetam nophen and
about 15 ng of WD 2010/ 083894PCT/ EP2009/ 056362 92 hydrocodone bitartrate
pent ahemwpdoawsssokn anot her enbodi nent, the non-core | agemp2@w/ 05362 t abl et

| ayering may be prepared by anot her mnethodol ogy. In this nethodol ogy the
filmcoating |layer is separately manufactured by extrusion and the
extrudate is shaped into a foil. This foil is introduced into the cal endar

duri ng ,nanuf agturin th Thi,s method i s tabl e for
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pr ocesgetarh! %h&ﬂ%ﬁﬁ@ h@ddn paticat. SPh&OONIbL] FPorilke st i pla8mRMRIRMF-opldid anot her
exenpl ary enbodi ment, the present invention provides a pharnmaceuti cal

conmpogind monpmmanglg@sl@t@rmomd agedvghor oy paih ayensity eotpr dmun d hoymgftesn
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follo
ext r ach SO 4E B0 Fon adoliiskeG BTRMRRL I TRE, BREMLS IR ARG o 5
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abuse- 15r ant drug that is extracted by 0.01 N hydrochloric acid in
vitro Qmwﬁl BiecHiouF fig appug0.6 qg(t)l@%to o5 nEGRL dedict MBY &4k under a
f qpce bk H@Mrﬁasabo@trfé REAR g3 TIPHE BT Sme TR, RRELSRAD! i ABRewt ons,
yet nore pre erab 500 newrons measur ed by har Test PTB 501
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by less than 2- to 3-fold, as conpared to_an i ntact tablet, when the
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substantial l'y snoot h, mhereln the Centre Line Average I's from about
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ampunt of the drug that is extracted by hydrochlorlc acid within one
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anot her enbodi nent, the abuse-relevant drug that is extracted froamthe

f or nuIrelesssPTfic.Anghvahfiien der waeh abese oW herin BB R 1case 18 750 arderab it 75% t o
about d by 0.01 N
hydroc%?gﬁﬁgﬂggﬁgﬁﬂﬁgﬂ%%Q%ﬁé%ﬁggppgﬁﬁggkaﬁﬁfgé}ﬁggI%r enbodi nent of the
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and a non- ore | ay In this c ion e.core Ia er. conpri.ses,
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phar maceutical |y acceptabl e pol yner, copolyner, or a conbination thereof
The non-core | ayer conprises at |east one non-opioid anal gesic. Further,

t hese conpositions are adapted so as to be useful for oral adm nistration
to a 20human 3, 2, or 1 tines daily. Preferably, the core |layer further
conprises at | east one non-opioid analgesic. In a preferred enbodi nent, the
conposition is characterized by at |east one of the foll ow ng features:



i) the anmount of abuse-relevant drug that is extracted fromthe conposition
by 40% aqueous ethanol within one hour at 37 Cin vitro is less than or
equal 1. 5woi2omgsssye anount of the abuse-25rel evant drugpChatr2e09/086862 act ed
by 0.01 N hydrochloric acid in vitrotwdthin one hour at 37 C, 1ii) the
conposition does not break under a force of 150 newtons, preferably 300
newt ons, nore preferably 450 newt ons, yet nore preferably 500 newtons as
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t hereof. Fur t he non-opioid ana gesic 1s selected fromthe group
consi sboutg 2dfousc dnazm én@pl‘m embadipicnt, naf lchgidayof the ihbdlpp@dwn 1s icheadefirdraci n,
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opi oi @cét&m%h&?@qaeﬁseém\zﬁtﬂ&%dlﬁ fhcOfHafrhbcanadl 86mb6silidnsan €48 MAAQBBEN T
i bupr of en re 30 preferably, the opioid is hydrocodone and the non-opioid

aRal géebss. i s acet am nophen. WO 2010/ 083894PCT/ EP2009/ 056362 95 In certain
enbodi f ol |,ow n i C . nr s, .pref er.abl ¥ _exhi bited
nen (S QR atae ACL LR R IRE BRI Rl P BB Bty Fr S

pent ahﬁﬁhdwdbﬁ&(ﬁm@fs&aﬁ&ﬁwta ROfaneviet d@1¢ﬁta§ﬁbéliéﬂhﬁ6n ateldipt ROBLIAtRd to the
patient, when fasting, Preferably when adm nistered to a human patient the

phar miwdipcpane i bigseed frowrhe pharReatisaloauestion it ahaut 48 hevws e aowiedr 5 (O )
for h f d |
conconuEFALan R oobdtthy dechinfidh i HiLRed Pl bt iR Tk {TapA 2, B 2o
aBout cémpdsitigdsnih/abyut 1I8rhansetbetbomﬂ3dtdnmjlImb&esm%@eﬁwfmhd dowaeledss, t he

dosag fornlproduce hydr ocodone of. abqut 0 32 /nL/ t 0 about
1.51 ?f@r/nm - &g Hgast O qgahe QX‘EP%/B?PH%B% agsfl T, a%aa% ?Sét%laut
5.50 ng/nL/ng. 10In certain other enbodi nents, the follomﬁng

phar macoki netic profile is preferably exhi bi ted when t he si ngl e dose
conprises about 15 ng of hydrocodone bitartrate pentahem hydrate and about
500 ng of acetam nophen, adm nistered to the patient, when fasting.
Preferably when adm nistered to a hunman patient the pharnmaceutica
conposition produces a plasna concentration at 1 hour (C) for hydrocodone
from about 0.30 ng/nL/ng to about 1.06



15 ng/m./ng, and a G for acetam nophen from about 2.75 ng/nL/ng to about
5.57 ng/nL/ng. In preferred enbodi nents, the dosage from produces a C for
hydr ocodowe 2brozoss®bout 0.45 ng/ L/ ng to about 1.06 ng/ nmecmEprasd/ose3ed f or
acet am nophen from about 2.75 ng/nL/mgto about 4.43 ng/ni/ng. In certain
enbodi nents, the dosage form produces a conbined C for hydrocodone and
20acet am nophen from about 1.18iLig/nL to about 3.63 iug/nL, after a single

acet anPPEITRUr B oBPGr SHRULh SRRV R Of TRACHBRAsEN 7Y BB Sa B rom
combi ettt donpadags: AntoACR RGRNSHK 15 R ADRURohel Shbédfah: 40

about 2.76iLig/m, after a single dose of 15 ng hydrocodone bitartrate
pent ahkgiloy delatse famel &G0, pylcadt 9akes afthedpdeasod @B ik relessed Ebm therbodi nent s,
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acet am nophen of 1.80 _0.42iLig/nL with the 95% confi dence jinterval for the
mean FAMRESIHENY N RGOHAAROBE 1RGSR 20, Ipprs: [ yotinother epbRAMONIsYiths Ypvireleart er a
siypal . Of hEar ] 299, g of
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and adess dmnrebphielV licrrs arivkeat peast 1% ed therdsotdimmaphsn andlcaded iCoritor fodmaker | apped.

The 95% confidence interval , for th val ue of conmbined O for
hydr o @@W@e%ﬁapﬁ%ﬁf%ﬂ¥ﬁﬁﬁ%5ﬁsﬁ% aﬁﬂgeggﬁ??b| ranged from about 1.46 to

1. 96i U @/pidferred EfboARMBRININRLRERA: iBScrRioR pReNigesdOsmnRkitiba Wikrd e coaeRne
bitartrate pentahem hydrate and 500 ng of acetam nophen to the hunan
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nqpopi 0i d .anal gesic o provide a reducti LN pain intensity.wthin about 1
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phar magekisvatmFadqied bl endiSeprueioarfaldweEdhdiddct sithpwpedst thdhr@rugldogtatniaOERIt
conprises about 15 ng of hydrocodone bitartrate pentahem hydrate and about
500 nnethearasceons lhyphie sprax@aited syateeicars layse Mash napferablindhf ¢omapasiiign
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hydr oged@henihydrmeabout 0.6 ng/ni/ng to about 1.4 ng/nm/ng and a Crax for

acet am nophen fro bout 2.8 ng/nl/nmg . and 7.9 ng/nlL/ng affer si.ngl e dose.
[ #0andt H@Fg}%‘%{)ﬁfl enty e %H@Pﬂﬂe%e&qhe@icte%%& e leah Opg e é@loawgg asnma
profi lggtghRaracterized by a Cmax for hydrocodone of about 0.4 ng/ni/ng to
about 1.9 ng/nL/nmy and a Crax for acetam nophen 20 of about 2.0 ng/nlL/ng to
about 1jlhe 4moghindf/abgscafcieyantadrsg tigt & cdbseed frnmytbe campoditeon enddfdiaqeertus t he
phar mageutj cal. conpositi.gn produces a plasna profj.le characterized by a
ra FOTIRy SEBEGB AR TGH 37 S S toe A iRy -1 HrEbBEer eyt Hhie/ ny and a
Cmax fQircR6&mRThAePhamcRl tyr(om ’RdiocBidPicRgldth/ it fvithmkfdtholr & 3YHCTL/ My

after a single dose. In certain enbodinents, the follow ng pharnmacokinetic
pRaf i Iig thescommpebiioatsiogs eottirgskiund e rica ¢fel SPTwmiIsepigbsebly S newiess.apwat 15
ng of hydrocodone bitartrat nt ahemi-hydr at e an t . f
naet a H RS TG ol Lr B pR B SR RN G BN B8 o PRURE ST st erea
to theohummdn®@atdésedtt , the dosage form produces an AUC for hydrocodone of
about 9.1 ng*hr/ L/ to about_ 19.9 ng*hr/nl/ng and an AUC for

acet anibhibpKeRPeTtiibslasoat brapidlte thﬁ%ydmomwpd %0t mofRfhp #0/odghe | n

anot h [ : I 30 of
bout TyAEEAH D ik ORERE i Bt R ORHGE Rl Sty S TRRAD e

aget arfirstdpheof ofviebestingl 8. 4 ng*hr/nlL/nmg to about 79.9 ng*hr/nl/ng. In yet
anot her enbodi nent, the dosage form WO 2010/ 083894PCT/ EP2009/ 056362 97
produces an AUC for hydrocodone of about 11.3 ng*hr/nlL/ng to about 18.7
ng*hr/ nm./ ng and an AUC for acetam nophen of about 28.7 ng*hr/nm/ng to about
53.5 ng*hr/nL/ngy. Preferably in this enbodinent, the in vitro rate of

rel ease of the pharmaceutical conposition has a bi phasic rel ease profile,
and wherein for each phase of the in vitro rate of release is zero order or
first Sorder for acetam nophen and zero order or first order for

hydr ocodone. When adm ni stered to a popul ati on of healthy North Americans
or Western Europeans, particularly when the fornulation is adapted to be
suitable for, or intended for, admnistration to a human every 12 hours as

I T ~ Arns _r b1 o o s o o



15 pharnmaceutical conposition in about 8 hours to about 12 hours and at

| east 60% to about 99% of the acetam nophen is released in vitro fromthe
phar macewvoealo/s88yposi ti ons in about 6 hours to about 8pETHPRE®/054362 anot her
enbodi ment, at |east 90% of the hydraepdone is released fromthe

phar maceuti cal conposition in about 8 hours to about 11 hours and at | east
90% of the acetam nophen is released in vitro fromthe pharmaceuti cal

conpositions in.about 8 hours to. out 11 hours. |In .anaqther. e di,ment ,
o P ogethS Ao R gt bionaticaly SEnke Jow Hne e BN LU L0 2
conmpogiohisQifict A s@BRWos® hours to about 12 hours and at |east 95% of the
acet am nophen is released in vitro fromthe pharnmaceuti cal cquositions in
about V9 thecemposisioabdeased 2 thevapesticallytefeativondsshof therasefdinmsmphen and/ordthet 95% i s
of the, hydrocodone is éehgggeglégoq]t gwghaq ceutical conposition in about
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Dhar AR RumPoss SHRGRTRY Bpeth YEREpeCeat St a5t G Tinom: 1 east
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invitro fromthe pharnmaceutical conpositions in about 21 hours to about 22
hour s Mitarigmot her enbodi nent of this slow rel ease enbodi nent, at |east 99%
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in |less than about 27 hours. In a preferred enbodi nent, the present
invention provides a conposition where the core |ayer conprises an
e%éipi@ﬁ@lgaﬁ@bﬂ@nbf controlling the drug rel ease and the non-core | ayer
conpri Ny £XCl Ri.en in Ly rel i h rua.. F her, in
o er o el REURHER SFRESR T, o hPTMA K FSrE DU PR D BBt Hes on
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provi des a pharnmaceut’i cal ¢ ositron having a core layer and a non-core

| 89er .vetapamilihydoehjooide in @ hydrbkgpropyleclludyseand bpponedsscamatrixt Boren Bf (a) at

30l east one opioid and at |east one first non-opioid anal gesic; (b) at

| east one rate altering pharmaceutically acceptabl e polyner, copolyner, or
a conbi nation thereof The non-core | ayer WD 2010/ 083894PCT/ EP2009/ 056362 99
conprises at |east one second non-opioid anal gesic. Further, the
conposition is adapted so as to be useful for oral admnistration to a
human 3, 2, or 1 times daily. In this enbodi nent, preferably, the opioid
conpri ses hydrocodone and the first and the second non-opi oid anal gesic
conpri ses acetam nophen or ibuprofen. Mire preferably, the opioid conprises
hydr ocodone and 5the first and the second non-opioid anal gesic conprises
acet am nophen. Further, in this enbodinent, the non-core | ayer conprises:
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pharmaceutically acceptabl e polynmer, copolyner, or a conbination thereof
Preferably, the polynmer or copolyner is selected fromthe group consisting
of : hydr oxppommgbssael | ul ose, hydroxypropyl nethyl cel | ul eseEPydsssyEt hyl
cel l ul ose; polynethacryl ate, polyvinybs al cohol, 10 pol yet hyl ene oxi de, and
conbi nati ons thereof More preferably, the polynmer or copolyner is selected
fromthe group consisting of: hydroxypropyl nethylcellul ose, and pol yvi nyl

al cohqgl , or conbi ions. t hereof . Ye re.preferably, th ol yner or
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of acefam nophen to the rate controlling polyner or copolyner or 15

conbi nation thereof is about 1:1 to about 10:1. Mre preferably, the ratio
of ac anﬁnp$hin to the rate controlling polynmer or copolyner or

conbi nabTORChereBE i s about 3:1 to about 5:1. As provided in the present
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acet am nophen in the non-core layer within 20 m nutes of adm nistration to
a human patient; .or 25(e)provides a white pignentation to the fornul ation
mﬁthouHCEHBﬂ?E%QQPO%Pﬁ%@ﬁES. In certain enmbodiments, the follow ng
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concentration at 1 hour C for acetam nophen of about 2.34 ng/nlL/ to
about spez@pheforaeitivglly avd 02300108 389 4rcpliePROd e/ oBd3sm G.00hirh wes tebedr ed

enbodi nents such as_ . Fof, ation 15 the dosage faorm preduce r
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ot her embodi nents, the follow ng Eharnacokinetic rofile is g;eferably
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pat i enhd FoenpGand®c@ds tthaholy o dirins Grandr® Y6 eshaaolpindypre dtpnalesatmpddsi on at 1
hqur (d) for hydrocodope fr abhout 0.30 ng/nL/ng to about 1.06 ng/nlL/ng,
aﬁﬁ a“@“3Pﬂ&”5£é¥é&ﬁﬁbgﬁ%ﬁmﬁgghﬁéﬁﬁﬁ% 2.75 ng/nl/ng to about 5.57 ng/nl/nyg.
In 10 preferred enbodi nents, the dosage from produces a C for hydrocodone

fromabout 0.45 ng/nL/ng to about 1.06 ng/nL/ng and a C for acetam nophen
from abBoug Satubibtyng/ m./ ng to about 4.43 ng/nl/ng. In certain enbodinents,

t he dosage form produces.a conbi ned,. far hydrocodone and acet anm nophen
tr om auparus B EPIRREE BRabBHPn oD ol i RER T SoRga TSLENsE hs
15 hyQk&%ﬁﬁ@ﬂ@p&mbﬁﬁ&bﬁk@mﬁgﬁUﬁh&@%ﬁ%dﬁ@k%4§ﬂd&§ﬂﬁtWE&@BE%Q@H@&]Qﬁ@hen- I'n
preferred enbodi nents, the dosage from produces a conbined C for

hyér oédareneAak§Ad geing i \h deprhettonf 4t arw avstsugthibetgsan; 230rA00tnen afyoom tempeiatuirgy/ ni,
after ingle.d of .1 hydr on jtartr n } rate and
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conbi nged.Cl  for hydrocodone and 20acet am nophen from about 1.38iLig/nL to
about 2.79iLig/n, after a single dose of 15 ng hydrocodone bitartrate
pent ahem hydrate and 500 ng of acetam nophen. In preferred enbodi nents, the
dosagqyﬁégﬁﬁgg duces a conbined O for hydrocodone and acetam nophen from
about 1.381Lfg/nL to about 2.23 iug/n, after a single dose of 15 ng
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preferred enbodi nents, the dosage form produces a ¢ ined G for

hydr oc¢8 a%?&ﬂ%%f%ﬁh%ﬁﬁgw ¥mg dgpng tystng Qyeg ime- \?ﬁq‘gﬁl%sﬂ]é“@%%@é?ﬁi dence
interval for the nean value falling between about 1.61 iLig/nL to about
2.00iLig/n, after a single dose of 15 ng hydrocodone bitartrate

pent ahem hydrate and 500 ng of acetam nophen. The 95% confi dence interval
of conmbined C for hydrocodone and acetam nophen for the preferred

enbodi nents and 30 the Control overl apped. The 95% confidence interval for
t he nean val ue of conbined C for hydrocodone and acet am nophen for the
Control ranged fromabout 1.46 to 1.96iLig/nL, after WO
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adm ni stered as a single dose of 15 ng hydrocodone bitartrate

pent ahem hydrate and 500 ng of acetam nophen to the human patient. The
Control pwowvnoemssufficient plasnma | evel s of opioi d andpoemepiciosssanal gesi c
to provide a reduction in pain intendddy within about 1 hour after

adm ni stration. 5ln certain enbodi nents, the follow ng pharmacokinetic
profile is preferably exhibited when the single dose conprises about 15 ng

of hydrocodqne bitartrat ent aheni hydrate and about 500 f. .
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plasma profile characterized by a Crax for hydrocodone from about 0.6
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for acetam nophen of about 2.0 ng/nmL/ng to about 10.4 ng/ni/ng after a
singl e dose. In yet another enbodi nent, the pharnmaceutical conposition
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about 19..9 ng*hr/ and.an far acet am nophen. of put 28
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ng*hr/ L/ nmg and an AUC for acetam nophen of about 18.4 ng*hr/nl/ng to about

79. 9 rdgher [mthe 9% dthanpbmedivgt (FdPo)entpdicddathe Phethdnslagedipor(i %5 Belsshdces an

AUC faor drocodone of about 11.3 ng*hr/ /g, to. about 18.7 .ng*hr/ ./ ng and
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t he pharnmaceutical conposition has a biphasic release profile, and wherein
for e&@ﬁxéﬂﬁ§§-of the in vitro rate of release is zero order or first order
for acetam nophen and zero order or first order for hydrocodone. 30 Wen
adm nistered to a popul ation of healthy North Americans or Western
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20-45% of the acetam nophen is released in vitro fromthe pharmaceuti cal
conposical pns-oider ethenst Wakobservad add@o sMtisiGiallatsigaiiqaphdiffered®zesGyerk mbsaretcher

enbodi nment , about 25-35% of the hydrocodone is rel.eas i itro.fromthe 5
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about l'hour in 0.01 N HC1L at 50 rpmat 37 C. Further, in another
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anot her enbodi nent, at | east 90% of the hydrocodone is released fromthe
phar nate 9bpexed eerpng adsrplatpatamaicagicH gtiprprow Makdy § hoursymgas digspdutian | east
90% of ] ST L Rnovi I i Gal
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conposition in about 9 hours about 12 hours and at | east .95% of the
15aceteta1WPﬂGiﬂ9€?PtTa§1°?%‘Pfe7gbsaé@ Ao vrpeg: oRPRRECH AR MeeR dtSSlation bt ti ons
in about 9 hours to about 12 hours. Yet in another enbodinent, at |east 95%
is of the hydrocodone is released fromthe pharnaceutical conposition in
about 10 hours to about 12 hours and at |east 95% of the acetam nophen is
released in vitro fromthe pharnmaceutical conpositions in about 10 hours to
about 12 hours. In another enbodi nent, at |east 99% of the hydrocodone is
rel eased fromthe 20 pharmaceutical conposition in about 1 | hours to about
12 hours and at |east 99% of the acetam nophen is released in vitro from

t he pharnmaceutical conpositions in about 11 hours to about 12 hours. In yet
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about 20 hours to about 25 hours and at |east 95% of the acetam nophen is
released in vitro fromthe pharmaceutical conpositions in about 20 hours to
about 25 Wwounsyosssy4anot her enbodi ment of the sl ow rel eaveTfEPronglosdsspn, at

| east 95% is of the hydrocodone is rabrased fromthe pharnaceuti cal
conposition in about 21 hours to about 22 hours and at |east 95% of the
5acet am nophen is released in vitro fromthe pharmaceutical conpositions in

bout 21 h 2 h o t.h mbodi it of .t hi |
o bl ARG, ERa ek iest 16 RS iU sk T e B hAeE Hepbm ¢ ne
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99% of the acetam nophen is released in vitro fromthe pharmaceuti cal
conpositions in about 22 hours to about 26 hours. In yet another enbodi nent

of the.slow rele 10 forul ation t least 99% of .t he drocodone is
el ensdRSRPRE ThermATHRh: ur B ERgh o i Al bl S L 57 hour s
and atcoh@aghti@R%20tnd M RGREAIHsOTBN &3t thStWEBASRM rildasé fbfrbulhtichy) Fdiens C
pharmaceutical conpositions in |ess than about 27 hours. In a preferred

enbodiafd k| FarpeC shesethtignifga incsreses B heidissodutionpelics polghgicthanphe core

| . vet f bl g

o n SRR (30 SEEIA) KthofRPRRE n3 bR Bt bR Y] RORARRE T
the drowge | Fusurh@igureOp At kifberretichne tnodemeions (20eandeh0eo)| ay@itial sapid

manuf actured by nme|t-extrusion followed by direct shaping of the
dr ug- é%lﬁ%S&iWﬁsﬁ&%}t@n&ﬁﬂﬁ@ﬁ@% ﬁefarﬂée Pgbdisjodutigh pejecatigt 8bl 89¥rVhe core

| qyer -hiég%gin 1RE 208 @Rdnbi nicBRNFATRIS ch g&‘reﬁ%rﬁfei@%etﬁ%tmeﬁ%@%). Th

acet am hen and about 15 ng of %ydr codone bitartrate pe em hydrat e.
20 | n haghpr ethemol@dndifiboglhowever, wire botnpgsfitintly Higher hat hotreonmedtdby tiat 0%east

f the follow t i) th t of abuse-rel t d t hat i
oxt r actiago g PRUT Sah S RRh: o yoa B bHB e oot PR mmdbathls at 37
Cin Wdsheachsd h@%@raxmmefiyr 1N§%u3hleén distd 1R 10792k SlaRhy HAEsIphelagedone

y
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45% of the hydrocodone during.the first hour of in vitro dissolution
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conpared to an 1 ntact tablet, when the conposition is ground for m nut e
by a aofl 2% medmndissolwion2@s@0bvely50, 000 rpm in 40% aqueous et hanol for 1
hour at 37C, vii) the conposition when ground conprises a particul ate size
of about 2 cmto about 355 m croneter for about 20% of the fraction,
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66% of the fraction and | ess than about 63 mcrons for about 14% of the
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for Verapam | In this exanple, 240 ng of verapam | is preferred, however

one ofdifé¢rangesmeraphservedhytwese the twp qenditiegs GFOar &b digher ¢tharal sopgentratignsr uded
formul & i 0 - vyl 9 d
reagerit) BRCAIMERERAALSAER BLIRTA oon ARRNAEL Fist Rtye o st 3 SyRRdah
hydr oolnletranol aciceht{aBak and a Gezhermy)dn diasudutjpot Escintage (V10 syak atagh¢dFinuka40%
Switzerl and re | used as receiyved. Dignis ter s received from
the i ﬁtheaa‘s%#ﬁ@e@SL%%9%9%4?%2@/;eﬁaﬁﬁﬁﬁ%ﬁgﬁ%ﬁaml%wgr%r apani |
formulations Isoptin SR-E 240 ng (Meltrex0, Form A) (Abbott Laboratories,
EU), sustained release (SR) Isoptin SR 240 ng (Form B) (Abbott
Laboratories, EU), Verahexal SR 240 ng (Form C) (Hexal Pharma Ltd,
Germany), and Verapam | retard-RatiopharnD 240 ng (Form D) (Rati opharm
Germany) were used as received. FormA (nelt extruded) contained 30

verapam | hydrochloride in a hydroxypropyl cellul ose and hypronel | ose
matri x. FormB



WO 2010/ 083894PCT/ EP2009/ 056362 105 (sustai ned rel ease), C (sustained

rel ease) and D (sustained rel ease) contained verapam | hydrocholoride in a
nat ri um avgi2oaim3syatri x (as a retarding agent). D ssol urcoreri@disesg2 5

Di ssolution testing for Form A (nelt 1extruded) and Form B was perforned
using a buffer addition nmethod, according to the United States Pharnacopeia
(USP) standards. For consistency, the sane nethod and conditions were used
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initial rapid rel ease was seen within the first hour. This effect was
dependent on et hanol concentration 25 and a hi gher mean di ssol ution
percentage (% was reached in the 40% et hanol nedi um (94% conpared to 20%
et hanol nmedium (57%, both of which were significantly higher conpared to
the 0% et hanol condition (17% (P<0.001). For the 20% et hanol medium a
continued rel ease was observed over tine and a plateau was reached at
approxi mately 8 hours (nean dissolution 101% . This pl ateau was reached
sooner for the 40% et hanol concentration, at approximtely 2



30 hours (107% di ssolution). At 2 hours, a nean dissolution of 73% and 107%
was observed for ethanol concentrations of 20 and 40% respectively,
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in the dissolution profiles at higher ethanol 5concentrations (20 and 40%
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97% and 92% nmean di ssol ution, respectively. Simlar to the trends observed
for both Forms B and C, Form D showed significant increases in 25the
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et hano)i.c aRdiu, Qﬂntﬁﬂi%?@ eth4709- AW tion s fnlﬂf'oréﬁ’%’o%lf@fﬂgﬂ thg%ﬁlbng} of &k
rel ease was observed for the first tw hours, reaching a plateau at "2 hours
( mean idcsisodnstis oot 19884d tovthd ply swabarsi dwinfi¢at artetagtidris abyeeh salutdashed 6dbvetthanol
condition. (129 P<0..00001). ,Thi | at eau.was reached sooner. for, .t he 40%
ot handI e SR aHe PO bRt S ERr i PRrEH Rt G SR MRS hour
( 101%sa@end (HirshQindtPrRB) 2100/ WBsudchi 8h@Rbfik CAOY | V oltivalig bnd RERALED(09).t he 0%
et hanol condition at 1 hour (23% (P<0.00001). At the final tine point of
185 hodios exqmple, the produeitenygfaphoy veragantdwants seat verico-emigistragon wHb cimelr 5 %
et hanql] candi ti.on | C h i-SSol Ut i omn. per.cen e _of % and
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i ndi caffe phhaiacakinbti©ratic\€olEhHSRiodusi MBndg@éigh)2e0d)o D tamidhg tirdniegrigpam |
can withstand the solubilizing effects of ethanal, when _intact and .
cont aioh&y formpladenuipsangn vy, stibisHdrialraguilsabebencfigiat meelebdrtbgithepoterial f ound
in no : i g 9 ol (equivalent to the concentrations
found§§%P§ﬁg§¥%ﬁ%$§F%ggﬁ§%?%ﬂ?ﬁgﬁ%ﬁ%ﬁgghtIy hi gher than those found in nobst
widfes (10-15% and 40% et hanol (equivalent to the 15concentrations found in
nost undiluted spirits, i.e. vodka, gin). In contrast, three other narketed
sustai ned rel ease formnul ati ons showed a significantly rapid increase in
verapam | release, particularly with higher ethanol concentrations (20 and
40 % et hanol). At the highest ethanol concentration (40%, the nmarketed
sust ai ned rel ease conparators showed a steep drug release within the first
1-2 hours, followed by a plateau in dissolution percentage (reaching 100%
20di ssol ution), suggesting that the entire dose had been dunped into the
di ssol ution nedium Such "dose dunping” was al so observed at the 20%
et hanol concentration within 2 hours, although this occurred |ater for Form
B, at approximately 8 hours. Dose dunping was not observed for FormA (nelt
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profiles for Form A were of a near zero order and did not show an initial
spi ke in rel ease, regardless of condition, as conpared to the other

mar ket ed wormu/@sseans under hi gher ethanol concentrati oreT/EAR008/0b6362 S,
approxi mately 30% di ssol ution had ocawred for FormA (all nediuns). Ful

di ssolution had not occurred at 8 hours, with a nean di ssol ution percentage
30 range between 64% (20% et hanol nedium to 81@6(40@6ethan0| medi um. WO
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condemmabl e intentions such as 'date rape', as in the case of
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robustness fof ‘Cont r ease or nu I ons ICcu because 10 they

cont aiare ﬂfeaglt;eaiccds"suge.l Smlaslyamds forylulptse isse&pedtyd todtwe ﬂinﬁt;edldﬁugaﬂcohdl egr al
feature. Hence an abuse deterrent formulation which is not readily soluble

in solYERCEO It 1B HWHSIMMeRluch as Form A (nelt extruded), may have
dijgti e
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I ncr easA beRppirehtQo ARRE RilIBRIEMY af -a8d a%épmh@pﬂe@enm%%ﬂusm@hcpm tgRist ed,
t he conblnaPlon of ethanol in the |ow pH of the gastric enV|ronnent (pH
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odor el S ER e PR SERu P oMo L ot of s Bfs B PRREE IR um
cont ainfddagvieHonaaartingfréd dihd dpdriv, anldische thégeef.t ant to note that the etiol ogy
of drug interactions is not limted to the physical and chem cal

i nteractions between solutes and solvents. Drug interactions nay be
nmedi at ed by pharmacoki netic, pharnacodynam c, genetic and i nmune factors
(Lynch and Price, 21007; Masubichi and Hone, 2007; Vourvahis and Kashuba,
2007). 25 For exanple, the product nonograph for verapam | warns that the
co-admnistration with ethanol nmay result in increased bl ood al cohol |evels
and therefore enhanced inpairnment, an interaction of a pharmacokinetic

nat ure (Covera-HS Product Monograph, 2006). Determning the integrity of
the formulation in an in vivo, clinical trial may al so be beneficial in
elucidating the potential for a clinically inportant drug-al cohol
interaction. WD 2010/ 083894PCT/ EP2009/ 056362 110 This in vitro dissol ution
experinments has denonstrated that a innovative fornmulation of verapam |
using nelt extrusion technol ogy does not have its release profile altered
when tested intact with ethanol concentrations of up to 40% In contrast,
three other narketed sustained rel ease verapanm | fornul ati ons showed dose
dunpi ng effects at higher ethanol concentrations 5(20 and 40%, reaching
approximately 100% di ssolution within the first two hours of testing. This
i nvention suggests that this innovative nelt extruded formul ation may be
resistant to dose dunping in an in vitro environnent, when conbi ned intact
wi th concentrations of ethanol that are readily accessible. Simlarly, this
formul ation is expected to have Iimted drug-al cohol interaction in an in
vivo environnment. 10 The foregoing detail ed description and acconpanyi ng
exanples are nerely illustrative and not intended as limtations upon the
scope of the invention, which is defined solely by the appended cl ai ns and
t heir equival ents. Various changes and nodifications to the disclosed
enbodi nents will be apparent to those skilled in the art and are part of
the present invention. Such changes and nodifications, including wthout
limtation those relating to the chem cal structures, substituents,
15derivatives, internedi ates, syntheses, fornulations and/or nethods of use
of the invention, can be nade w thout departing fromthe spirit and scope
t hereof. WD 2010/ 083894PCT/ EP2009/ 056362 111



CLAIMS 1. A nelt-extruded dosage form having reduced drug-al cohol

i nteraction, conprising: (a) An abuse relevant drug or a drug having

pot ent i alwbanicdss®4dunpi ng in al cohol; and (b) a matripkTHERTINESS6pOl yEer,
copol ymer or conbinations thereof whatein the nononer is 5selected froma
group consisting of cellulose ether, cellulose ester, acrylic acid ester,
nmet hacrylic acid ester, vinyl alcohol, ethylene oxide and natriumal gi nate.
wherein said matrix is nmelt extrudegiﬁﬁggrein t he dosage form has reduced
drug- al cohol interaction; and ein the dosage formis adapted so

as tofbe usehialt-&atdQr d’dsagéjf&lﬂ'lﬁkifngtrb&fée& Qrid- AN inferaction] O&hprlsidd: mes
dai ly. 2. The nelt-extruded dosage formof claim 1, wherein the drug is a

salt or @n Pens@teltse vflevaat dipawer b dﬂ&hﬁvmgymw%ﬁqrylpm &umpihg i aleehodpach or an

opioid d fro nS|

o7t ent amtth @ iy B Rt eR Gl te O Firr A ah e EASY T Piafine i
15bezi t ramsalecte@mahem blcﬂﬂsmtbllgtdfrcﬁlmﬁﬁw cth&| @Miuloaz ester, a@@ﬁ@aa@ester
cycl azoci ne, desonorphi ne, dextronoram de, de200|ne dlanpronlde

di hydr ocodenatlacryicest esasr YRY radcohail reidstedside anid me phape imsite.
di met hyl £ bl agbut ]ﬁgwxq ﬁéﬁ%ﬁ ﬁ% butyrate, dipipanone, eptazocine,

et hohept azi ne, ut ene, et hyl norphi ne, etonitazene,
fentanylwhhemqhado@mdﬁmnoﬁmnahwh&dﬁgﬂnmﬂhmnﬁma&wﬁm@mypethidine

i somet had ket.obem_done, IIor han, evo ac | mor phan,

| evor phat, @remi 1BF dteghiferm lﬁé‘ﬂéﬁt? PO, tor?éwts%fflf) 6|0ra IYEARE 10 AEIHAYANR,

nmgpopon, o "PRRLE B&ty. Myr ophi ne, nal bul phi ne, narceine, ni conorphi ne,
nor pi panone, oplu&i oxycodone, oxynorphone, papvretum pentazocine,

phenadoxone, phenazoci ne, phenonnrphan phenoperi di ne, pininodine

propi r,am opo suf ent ani i di nd trama and s

hvar ates aniomavaged dires fordf dni horhedh sy oud e s SePEet ed from
t he 9rv@fb@aﬁﬁngdrﬁﬂlhﬁ‘ﬂr&%ﬂ%ty@@t@tﬁ[ﬂlt@%gﬁﬁ or 88 BpioiwhéBMtBY Bpioid iDYBEQEEN,

i ndonet haci n, ket orol ac, naproxen enacetin, piroxicam sufentanyl,

sunl | rpae thei growy ¢oe1s1@hn&0ﬁcﬂ1&nta@ﬁdalbélbmdmehﬂ,lnhm inaadileriding berzylherpbite,
uded dosage.fo f

copor yran i Bl PRI Reo BRCR it ot s bRt Bloutle,

acceptdakiremp@hide; dezoeaROUMABEomidE, Ehgdolideate] @lhy@'ﬁt@niobﬂﬁﬂ@fdlm&ﬁ)\khdftg a

nmononer sel ected fromthe group consisting of hydroxyal kyl cel |l ul ose, WO

2010/ 0g388¥PETe Efroly dsERBenc diohypiicexd PaTKeF. capwqu@; FRIfZOSEC,
I d
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mel t - éxytirocdéshedbghgaofphione, mfydfdxgpe’mmmeMGmethradMeekétyblasrmdyﬁé Kyrlatietphah,ose i s

5hydr oxyp opylceIIqu e or hyd thyl cel |.ul o se. The melt- truded
géag cvopreHasy mArahan, fvorphand; ﬁ?ﬁt"?f?é*ﬂhwp ¢ Wpta&rr@ RERTQITss Befhadone,

hydr oxyRsQRY hsesHi, Qﬁlrl)ﬁﬂlf?é @alblinkth BartBhHE, Iﬁéﬁtnrld‘!ﬁ]ﬁiqe q%ﬁrigﬁld(ngr &Pk, claim1,

wherein the drug 1S d salt or an ester of verapa e mel t-extruded
dosag @x&mdmnafoxghmmhoim, pmiperemm rehazoring phomupkses phemgzemnd poSmnaphan, sal t

or an p%grtlo%rerlgme pll’IllI?O me, projp?ram propoxyphene, sufentanil, tilidine, and tramadol, and salts,

hydrates and mixtures thereof and the non-opioid analgesic is selected from the group consisting
25  ofacetaminophen, aspirin, fentaynl, ibuprofen, indomethacin, ketorolac, naproxen, phenacetin,

piroxicam, sufentanyl, sunlindac, interferon alpha, and salts, hydrates and mixtures thereof.

3. The melt-extruded dosage form of claim 1, wherein the polymer or copolymer comprises
at least one rate altering pharmaceutically acceptable polymer, copolymer, or a combination

30  thereof, having a monomer selected from the group consisting of hydroxyalkylcellulose,



8. The melt extruded fornulation of claim?7, wherein | ess that 40% of the
verapam | in the dosage formis dissolved in 40% et hanol sol ution using USP
di ssol ut iwo 208138894 9. The nelt-extruded fornul ati onpofi/Erb@onsds2 wher ei n
the dissolution profile for verapam 1120 from the dosage formin 5% or 40%
et hanol at eight hours does not differ fromthe dissolution profile for
verapam | fromthe dosage formin 0% ethanol at eight hours. 10. The

mel t - trud orm f any .one of the cl ai 1-9, wher he drug
Conpr Mo SaEy IR PTG hel e B2 Ry Ry, Sl ety lale

el t - extylseehctReaute, MayNaRbheN¥hORAe Bkidt AR &drdlaf® 1-9, wherein the drug is
an opioi'd and a non-opi 0i d anal gesic, further Wwherein the opioid is

hydr ocodone and the non-opi oi d analge5|c is acetanlnophen or i buprofen.

3012 The d osa for one ,of 1, wherein
Che r ddaced Ay HE%EP Ruhbr e PR @pBra b Fl b bced ' vi vo
dreg alyaRkoprobiilcelasid @y droXtBOEOU 8894 PCT/ EP2009/ 056362 113 13. The

nmel t - extruded dosage form of any one of the clains 1-12, wherein the dosage
formis manufactured by nelt-extrusion followed by di r ect shapi ng of the

d d
g cont SR Tokhe il FRRDALILATS LRASAR AUTRILPALL EBR L0 foeed
f r om afydanrypopelnafthyltdiutdsai ns 1- 13.

10 6. The melt-extruded dosage form of claim 1, wherein the drug is a salt or an ester of
verapamil.
7. The melt-extruded dosage form of claim 1, wherein the drug comprises 1mg to 1000mg

of a salt or an ester of verapamil.
15
8. The melt extruded formulation of claim 7, wherein less that 40% of the verapamil in the

dosage form is dissolved in 40% ethanol solution using USP dissolution method.

9. The melt-extruded formulation of claim 8, wherein the dissolution profile for verapamil
20  from the dosage form in 5% or 40% ethanol at eight hours does not differ from the dissolution

profile for verapamil from the dosage form in 0% ethanol at eight hours.

10.  The melt-extruded dosage form of any one of the claims 1-9, wherein the drug comprises

240 mg of a salt or an ester of verapamil.

25
11.  The melt-extruded dosage form of any one of the claims 1-9, wherein the drug is an
opioid and a non-opioid analgesic, further wherein the opioid is hydrocodone and the non-opioid
analgesic is acetaminophen or ibuprofen.

30  12.  The melt-extruded dosage form of any one of the claims 1-11, wherein the reduced in

vitro drug alcohol interaction correlates to reduced in vivo drug alcohol interaction.
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13.  The melt-extruded dosage form of any one of the claims 1-12, wherein the dosage form is

manufactured by melt-extrusion followed by direct shaping of the drug-containing melt.

14. A method for treating a human patient in need thereof, comprising orally administering to

the human patient the dosage from of any one of the claims 1-13.



