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SUSTAI NED RELEASE FORMULATI ONS OF OXYMORPHONE AND
METHODS OF USE THERECF 1. FI ELD OF THE | NVENTI ON
{ﬂgmwnggatlon provi des robust sustai ned relegéﬁ,uswmmn1
armaceutical fornulations and nethods for 3
usi ng sanme. The fornul ations of the invention conprise

System 2. Backerand o e i wvent o suct TN

rel ease drug fornul ations often contain higher amountg e

of dru.s than |nned|ate reIease fornulatlons

B TAINEDH GAS AIAONS QF OCVVIORPHONE AND
fornul ati on are base HEgle rate of
drug rel ease fron1th§w? (n%ggﬁgﬁﬁgger aﬁzgxtended
period of tine after adninistration, such as 8-24
hours. The drug rel eds®IBLBIQF THEINVENTION At i on of t en
depends on the chem cal environnment of the sustained
rel ease 8% WYeHsion arpvides Fobust spgiaieed relpasp pharmgefugical formulations and
SUT 6Rghdas ?d?%aﬂfng%ﬁ@ 66n 20 TUE RIrSuBHGR o theSiRaRA compnse at least
The rel atively anount of drug that is present
a s\poedugend # etseg@é relepserii¢liveivomstedn, in sone
I nstances, harma patient if the formul ation rel eases
the drug at a rate, BAUKGROUAT OF THERINVESTIONENdEd
controlled release rate. If the fornulation rel eases
t he dr lulg Sgdtalﬂeldﬁ%&eﬂh@tfohﬁlﬁ&ioﬁwentcbﬂﬁmtmg}ei]; m&jﬁﬁﬁﬁfdrugs than
controlled rel ease rate, the t a ic efficac
t he lemﬁ@lat?aﬂeaas orulsiens Funiona ol et ofdaustainsy telgpse
of  FosM3dtah BRDasAloBAIRHR ESRNoAL Ak Jf Afilgl rbiSase Froth théRirflulation
rel ease of the drug into the bl oodstream This rapid
r el exeaniestepdsdPeard of timstiisr adopaistratioa. suph antrédihours. The drug
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and is sonetinmes referred to as "dose dunpi ng
Dos sugeingst relgase dermutasign dosepmple, @bﬁ%é‘éﬂ!"eﬁtﬁ‘égthfaéi’ pigsence of solvents
pat i 8 as etagdiudi ng permanent harm and even deat h.
Exanpl es of drugs that can be fatal if the )
t her apeuiTheedatiyeldighfamonei of doredhat & rssertdnla qustaineg releasg
dos %otgtwmtoﬂ Qan, G #q%tﬁﬁésn 4T ﬁ%ﬁEﬂt PtRe Mﬂlaﬁ@n releases the drug at a

opi ol dosage forrmul ations are often
t ak aateviat 13 faster timmlm lyteadﬁdlcpetmlled bedapey rage If the énmylation releases the
wat [

et oty & 56F afhs SRUBORE! B LRENET AR 0l RERTONE thafilhic
bev eaffaggey ofshedmgoan be rp@‘ced red to as an al coholic
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bg‘&ﬁ%&%ﬁeds r%l%?se%\?\hh%%%[%/fr e fo%%?atlgﬁ‘ ragd sI s%ﬁ%tlﬁﬁszﬁségeﬁgé‘ﬁ) as “dose
of atubmpingl” creates a safety concern because of t he
l'ikeliho d t at i Il ingest the formulation
w th an Seeosiamte B8 il ser e nteigRes br Epirtal HePitgd bermanent
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effect, may want to intentionally induce dose dunping

in order to magnify the euphoric effect of the drug.
Furthernore, a person wanting to abuse a drug ni ght

al ready be abusing al cohol, which increases the -

likelihood of the sustained,rel ease formulation of

drug to be ingested or takeln concurrently with anvullm‘ﬂm‘““\“““\““‘“l““‘
al cohol i ¢ bever age. In 2005, several drug

either withdrawmn fromthe nmarket or had their._ marnLng#GW%” -
Iabels enhanced because of the effects of ethanol on
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According to the FDA, an in vivo.al cohol resistance
test is not the preferred approach due to potentia
harmthe test could pose to a human subject. The

approach, according to the FDA, is [
“6f§&§63§§80|utlon test in the presence of 405?@?%2%%;?ﬂn
Thi s approach nmay be preferred because the strength of
nost conmon "hard" liquors is about 80 proof, or about
40% et hanol . FDA is proposing classifying formul ations
into three groups: q vulnerable and uncertain.
At tmemﬁahmwtsnw alebiob rsseisrein o fajcolmelrrafers toeethanol, or an
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clinical problen1that confronts_the clinician,
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t he ﬁ%%@é@? ﬁ? #H&rti es of opioids has been
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mg/m in %l{mmiﬁg}é &3 ess r%feaée%ﬁo‘?ﬁﬂéstﬁé{lﬁzk had requ&sted it to expand
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ana esic therapy rs to achieve con huo
rellﬁmﬁmﬁ chronlc pai n. Regul ar adm ni stration of an
anal gesi ¢i ral,l ui red, to .ensure that
ot s SVINZER Eicsiesh B rhEhien SaPE eyl Hap Lig ppave an
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poor qual ity of Ilfe out cones. Schedul ed rat her than
"as needed" admnistration of opioids is currently
recommended in guidelines for their use in treating
chroni c non-malignant pain. Unfortunately, evidence
fromprior clinical trialssand clinical experience
suggests that the short duration of action of

i mredi ate rel ease oxynor phone woul d necessitate

adm ni stration every four hours in order to maintain
opti mal |evels of analge3|a |n patlents mnth chronlc
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In still another aspect, the invention provides a

sustai ned rel ease fornul ati on conprising: a drug; and

a sustained rel ease delivery system conprising a
“RYﬂkQRHhJ'C gum a cationic cross-linking copppyeshosiosors
sel'ected from nonoval ent cations, multival ent cations

and salts, and a pharnmaceuti cal d|Iuent wher ei n at

| east about 30% of t he hydr ophi lic gun1partic|es used

to make the sustained release fornulation are smaller

t han about 53 ntcrgns in dianmeter and the sustained

- 1 el esEInRg sthangt (287 and He%s dhe doseof mernhing 094 wis relaesedi wagjalcohol
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an a essant, a drug used to treat bipolar

di so‘ggg\gij‘&%gﬁr%ydl sorder, epilepsy, mgraine, and/or
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but oA PheRPCommitRe MRERINOt, ZHJedsye, cycl azoci ne,
desonor phi ne, .dextronoram de, dezoci ne, di anprom de,

di hydr oc ofesoring taithe P A vt elcohsl Freistanasdet is not the preferred

di mepBRALPARto pteATRI Rafntthd RERH1IE PEse t8h ﬁmahs%wékt The preferred
butyrate, dipipano t.azoci ne, et hohept azi ne,
et hyaPReHy Ptqercg%@tt@r@ A% #y vETgfissabitiontesiin the Arasence of 40%

fentannbl. THY Dbfdact Ml Wﬁ%‘?&i beldWAE HIRY &F most common “hard”

hydroxypethldlne I somet'hadone, ket obem done,

| evdiquarsphzheut §0mreeiporahent 40%ethapple FRA is prapsingiclassifying
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and solid dosage fornms conprising the sust ai ned

rel ease fornul ations. I n one aspect, the

i nvention provides a nmethod for making a sustai ned

rel ease fornulation conprising: a drug; and a

sustai ned rel ease delivery gystem wherein the

sustai ned rel ease delivery system conprises a

hydrophi lic gum a honopol ysaccharide gum and a

phar maceuti cal diluent, the nethod conpri sing:
prOV|d|ng the hydrophlllc gun1mnth at Ieast a fractlon
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I n one enbodi nent, the sustained.rel ease fornulation

conpri ses about 20 ng of oxynorphone "hydrochloride. In

anot her enbodi ment, the sustained release formulation
wWOsREh a6 about 160 nmy of a sustained rel easg. @Eiﬂ\‘&ﬁs\hsl

system In yet another enbodi nent, the sustalne

rel ease fornul ati on conpri ses about 360 ng of a

sust ai ned rel ease delivery system In still another

enbodi nent, the sustained rel ease delivery system

conpri ses about 25% | ocust bean gum about 25% xant han

gum abohanBsdodych kbelinglfistadd@raraings erth@ddngatoé taking the drug

di hy %

anotﬂi@lgoggg%gv@t?hgs }u%x\{ %oﬁ{ ! onang?iléclvr%ogﬁﬁeq%to de:%e}l~| aatleTnt who intends to

prev@nteith‘gdldgse dun’pl ng of a drug in the presence of

e SR ] BB AR BBl 2y S s probien

ef f etbaticomramtbe tlirgdiart. Hﬂard'r idfiong of freeplie gu thie &fnitadStates suffer from

conpi s R B A e Bis SR GO Bl T Tpgpipica
systtenﬁulrkkse)f thel anvlgeyc pdritenof opipids hasrtgexatecéghmtt f@renturies, and
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and Bepae 1o i B TR BIHAd o one et o o i o variey

| easdf chiioaltpaid@f4tedf the hydrophilic gum used to rrake

4270° oSO FETLON AC] A R KB EP RS WOPHIPIAR By s

r el egadetid phegantitaie-Rboative 6p¥digokiteusdd ll&chWtrEehinQnt%f acute and
hour after i tgestl on th eit her an et hanol -free, or
e‘ilfPé‘FFd?a“b&’ﬁ APRBTHY BESASY sRgparable to othepopipid analgssics.

t he G)?i&ﬁ‘éﬂoﬁ@ ispA¥ktHaRarRetéPdsRQ thi@tioR ( EMEMI M g m] ampules) for
dose-dunping of a drug in the presence of ethano]

conpPirERYsEH arpf@wtatwgs an<b'§FP\@H?HW@IIE%TﬂtISI‘ cOhg e, a 10 mg oral
et hapledithtl rbRade @dvMd férRABSIESH oMb !s?)h&e 1t 1Ugasdihrigddde Oy M@rphone
amount of the drug in the form an et hanol -resi st ant
sustBFhiemetabelizad pripcipalyinthe Grer @adprdesgongyconjugation wigh slucuronic

and R4S ruPRsh tB%laﬁﬁﬁ%n&jglbét!ﬁfdfoﬁyéﬁrﬁgfh the delivery
system conpri si ng | east one hydrophilic gum at

| east ond\ndappiHit 602 phalgesie fiergy SdapAuYE cortinuppsaglief of chronic
from.gp %‘éf’i‘llaiez{mmﬂﬁﬁ‘ﬁlon (6?56 'Qﬁ&eméﬂél g(ehéfﬁl}ﬁr@&ulfgﬁ t@dnsure that the next -

cati‘ons and salts, | east one p armaceut i cal

di | udsg is giyee befpﬁ: the eﬂffeéisxf thetpeayioug dosedipve Werniofid [Copplipncg with
gum
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t he 1%'&(#:9” %I‘BﬂiSHiﬂ%Oﬂ%%hl%l(ﬂﬁSt c%[‘rclltlt @t’?‘otnjlrg d\% E}u?dehne% fordheir use in
et hanol -free or an ethanol - containi ng

| n aretiteshradpeat malignentipaine rﬁtnlfantmnquahywvutmc@frmphwcblmfcal trials
Ip?.g\r/ﬁ% Icﬂ%casl %%p%%%nce su egtr Ei'%b gs}%:oon Sutrja:,trfépl é) gano V&qg?dlate release
bei rrg(ympwabmdwwld hecefsgatd ndiginsivateimfeseyifowg hans imordefto tramtain

g 638 UXM afjég ?-1 @3@?%?_‘9&@?%’: cfé%'{‘ﬁm yee?\éeer immediate release

for m:dymbmhmmhﬂms &ivnoral Hibesaithbiligy, bacudseoxyumiphoneld extensively
rel eas ol glﬁl stem the sustained rel ease

del |‘9€é?el§5’ lgﬁffs'f‘ E6tpri sing at | east one hydrophilic

gum at [Beedke magy drognpgl, yﬁaﬁﬁh&hiaﬁex}@tm}&ﬁé,oaﬁcdt@aﬁious
one harmaf eutlcald uent fSenth lnaP ms %rf
saf eyeTPEeTFCi QLAY d5tth EpmpdightiEte ptnsARsIFASE ation fails, there is
particle size and ethanol -resi stant sustali ned rel ease
properties of the fornulation. I n yet another
aspect, the invention provides a nmethod of inproving
safety of a drug fornulation conprising: providing a
patient who could consune ef hanol while being treated
with the drug an effective anount of the drug in the
form of an ethanol -resi stant sustai ned rel ease

formul ation conprising: the drug; and a sustained

rel ease deI [ very system the deI | very system
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WD 2008/ 045047PCT/ US2006/ 039781 I.n sonme enbodi nent s,

the formnul ati on provi des a maxi mum bl'ood concentration

of oxynorphone from about 0.5 ng/nL to about 7.5 ng/nL
bout 1 ng/nL to about 4 ng/nL.

“gfn%)i)%fpﬁgﬁt the formul ati on conprises from a ot/tfﬁsilhg&owm

to about 20 nmg of oxynorphone and the fornul ation

provi des a nmaxi mrum bl ood concentrati on of oxynorphone

fromabout 0.3 ng,/nL to about 3.2 nginL or from about

0.4 ng/mL to about 2.8 ng/nL. In some enbodi nents, the

f or ranead inghe aroprpliwmsceati@m formolatigns slfat exeymnye piboster angged, and

t he I I I nt r.at |

of  gHHEte sl e RE L 8800 By P T bl S ARSI o

or from abcwl sme&nng#:ln&setfmmkmum }myébqegﬂmgnbed mU S. IPrat No.

an 0%8%%% clhs a(%%{ft()f Xgucf_iésf %FUOI%‘%J;%%@ b%ﬁ X r{eencgn are{nnlg N entirety. It
f or rhak adw betn mhexpectedy discoverettin the paxticle eize eﬁhydatphﬂn gofns, e.g.,
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anotfhetul@ishodi ment, the fornul ati on conpri ses about 20

ng of oxyjor ph nd th for I.OV.

o trurn DIBIAR SC BAEEEIeaE SEHOBE o6 B ADRISHUSILS P g dpisgion tat the
0. 5 rofgfenite ik prigoit 3.2 ng/ nL or from about 0.75 ng/nL

to about 2.8 ng/nmi. In one errbodl nment, the

formul ati on conprissf ﬁut 80 ny
S maxi mum

of oxynor phone and fn%— MaK
arm? eatlcia%ongulagoni ﬁnd solid

o0 CoREEI Ao SRR
ng/ rdosagk forens Odsl’ﬂmsnfg‘thedlsmﬂ reléahefohnmlnmdmt Therinvention also provides

t 40 f. h the .
o FETEER 67 5 6 daben R T BTt B Reaqes ] mfhods for
OXY rivévehiirpaiobd duinpaiyy) fdr eXarfyglé, by ptavidifiiotpaifenty tikrapeutically

Lo rERne it AR T B R et B G TreteraBstinh o

My obmAuativhs PReRd aadint dﬂ@leﬁsﬂﬂ@w tatibsadup evinpleed @ conventional

maxi num b] ood concentrati o 0 hone fr out .,

s SR s ST A AR ke T PR IeEe, FTn racagplicable to o
abou{ndaaalﬁg/dﬂdmgs I n one aspect the invention

provi des a sust al gﬁlrﬂ@r el e se oXYy hon f or mu| gtl on
conpri si Age BVErfon firthegprog) desany WCF%W aynapftical feymulations and

f r orm@hdd tfor5nd?‘&sin? dalQbtety 430 rdliciaf tHR Py iR IT&rdi@ug abuse. This can be
wherein the fornulation provides a m ni num bl ood

concashieyediby providing meﬁwél% pdminisfeging to pafignis apeffpeayve amount

Ng/ rds agbthaRMidsistedt NOY fotmafati®]. THe@thaAslbdiitsr Bk foMuPHtions are
single dose to a patient with about 200 nL to about

300 ter 14 hiwe ges pobeia) TRERAIES Wl cemA#AS 0, COBMFr Y Bvailable

for niytralidcRis Plcsh #Rd: s AhaERleaseldRsdioriRbAIE M ard éﬁrue@hts solution or
| east about 12 hours after adm nistration.

one ipppeldiinebpentaining selation i esserially bigpane ds oap @ubodsm?rg the drug in
of qxy Efﬁ&%hfé@i@ta?ﬂgnﬂflﬁ}éhQ:S&gﬁsemnpbﬂ]ﬂmc% &lﬁind or a derivative thereof.
concentrati on of oxynorphon at” [ east” about 0.07

ng/ mL.  The inventionnis peavidssrbibatiolressistant therniagevtispbfiofrprations and
co

e A R R L
abouand@r adémnlgv%ng to patients gnrefigetivezmonhienf ar ptberhil-meststant ding

for '@dlaﬂhétfbﬂ ?‘ngtflan%gfesﬂ%ﬁﬂﬁha&gacgglcglffomwﬁp H&&%eﬁrﬁgrem do not
provi des a ncentration Of oxynorp

of at |east about 0.3 ng/ni. I n one enbodi nent,

the formul ati on conpri ses about 40 ng of oxynorphone

and provides a m ni mum bl ood concentration of

oxynor phone of at |east about 0.6 ng/ni. In yet

anot her enbodi nent, the forqmul ati on conprises about 80

nmg of oxynor phone and provides a m ni num bl ood
concentration of oxynorphone of at |east about 1.2

ng/ nL. In sone enbodi nents, the fornulation is a

sol | d dosage form for exan‘pl e, a tabI et, a capsule, a

I o,

onggﬁrom




In sone enbodi nents, the fornulation conprises from

about 20 ng to about 60 ng of oxyrnorphone or about 40

ng of oxynorphone. I n one enbodi nent, the for mul at i on
W(f‘zo@s/fﬁbbd dosage, for exanple, a tablet, {‘ﬁﬂ?%?ﬁﬂ/%%&
capsul e or a powder. I n anot her aspec

i nvention provides a nethod of relieving pain

conprising admnistering to a patient a sustained

rel ease oxynorphone formulation conprising a sustained

rel ease delivery systemand from about 5 ng to about

80 rAysoduneipiiy pyesomas, of hmragpﬁtrafgﬁ'eahamphl In one embodiment, the drug in
admtﬁ+ & Jn% l'eggtalqtf fgl%uﬂt{&glcgm S%g%lfg

I on providées a maxi con

oxy rmcqptubhesalt eSan dpiraccaiipund, 5r b ldmtlhe @heof when

i ngested,wi th ab about. 300 up_.t o C.
about a0t Ririshar et it e eyt YorilsR comprising o
et hained; andamehstained fej)afawdl@ltve@rsywm vordgisirgradlyd@phidic igomf He

pati.ent for out 12 hou 0
D PP Sfoe irid €8, RPR phagmiccifish it Sherpina gt e 0% of
bl oahe kyalfsphilicrgain wwed 1o fmabox yirmnnhﬁalereleaiselfaaﬁllanbﬁ Barbg@sthrough a

sh| her en . i.n ted wt abo to
o BN and S St e e etk R e e i B iyt 70% ofthe
whe nirigngiisih 2 thoitvs i@ Uligesidhariet either an ethandlFfré@@iBn ethanol-containing
enbqdi nents, the fornulation conprises from about 20
my tOVEBSut 60 ng of oxynorphone or about 40 ng of

OXynor phefghotHePaspBR, tREIAQELHFR Blovideh & sds@id¥d r@éds® forinGlafion
solid dosage, for exanple a tablet, a granule,

a
capsMenypg:a s 2 sustained relqape debivery Sptse FoRIsIgR hydigghilic

| NV ek, @ BatRInR\k A8 SinRng B rkn@beldc@di iR Mendvaleht catlons multivalent
conprising adm nistering to a_patient_a sustain

r el €28NSERY SIS A BhFrBATAYHEA! F‘B‘FP“& Shsreinsat ﬂf@st&b@u%% Hdhp

r el Q@ﬁﬁpﬁlﬁk M8 hi¥edSY faRdMha @&istaiﬁea%l@&@ @Jmﬁlaff& ¢ palibugh a #270
oxymor phone, wherein after oral

ad mrm8b 2Z: @I@ﬁhfbwstamgci ielylaee fgondation relegsag lewsribantahgut 70% of the drug

for ngakiad b 8P Ef?e\f ifleSiod “ﬁfﬁtéltﬁer%ﬁ ethBfol TR bF M RiinBREntaining

concentrati on of oxynorphone when i ngested wth about

200 heverege. about 300 nl of about 40% et hanol to the

maxi num i

i nglest ed ki’%?o?%r a ‘?’% {S%E H%eg{ml%fatg thg{éﬁg%%ﬁgl%ande gum. [n
abouemg eEmbodimaiys e Iydrophidicighm if xanthah gbinon pr ovi des

anal gesi %o b etnh)%dlﬂféhf %EugtgﬁedqjﬁleLs%%%ﬁ n_ggp mlfartﬁ'eq u&'ﬁpnses a

after admnistrati
r at i cgtigific ¢rass- lmugwumpcmnd sdeaehtem moapyabemt mons, multlvalent cations,

oXYy oI, n

ey OB S SRR Rek Sk AGGE g hbm

t he maxi dmpetbhalat asp@ctc&nunvanmamrprmﬁddsm)smtaim&dcrnleasmlfmulatlon
E\Ahtehfog{prqls’il{lg ; Indgrﬁli]g, Iar?d 3 otre%llsntgg (rjeleiaafs ! (?eélv?rg % i:onlpqssmg a hydrophilic
In mahnﬂn@pﬁlm@mdetgum ﬁmﬂmpﬂaahaoemoabdrmemtswherémameast about

abo out 60 hone . or, gbout 40, .

o oA RS Fem PR Risdal AR o PG Fodgioh farEption e
| S anfallkr tHaIdﬂbS&tgie mitohs i@t andithe aﬁﬁta&ﬂie;d raeagé &ﬁﬂﬂuﬁtnoﬁreleases
capsul e o aspe
i nvearssi lg]ﬁ 78?00 tl?fég“%wﬁ]@{l ﬁ&‘ﬁur(ﬁ]aﬁ?ré1l$eé%nn‘§ﬁbed hﬁr an ethanol-free or an
conpithanbin@nadifgbesérggd Ng to a patient a sustai ned
rel ease oxynor phone fornul ati on conprising a sustained
rel ease delivery systemand fromabout 5 ng to about
80 ng of oxynorphone, wherein after ora
admnistration of a single dose to a patient with
about 200 nL to about 300 nL of about 4% to about 40%
et hanol the formulation provides a maxi mum bl ood
concentration of oxynorphong fromabout 0.1 ng/nL to
about 15 ng/nL, and the fornul ation provi des anal gesi a
to the patient for at |east about 12 hours after
adm ni strati on. In sone enbodi nents, the
fornulatlon prOV|des a naX|nun1bIood concentratlon of

~ - a 1 g e g

P | gﬁacelftlcally



sustai ned rel ease fornul ati ons dgscribed herein can be
used for the manufacture of a nedicanent for relieving

pai n. In some enbodi nents, the fornulation is a
wiPhdoslpdppage form for exanple, a tablet, Féﬂ%ghﬁwmﬁnn
granu?e or a powder. These and ot her aspects an
enbodi nents of the invention are described in detai

herein. 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 4. 1.
Definitions As used herein, unless specifically
indicateﬂ ot herwi se, the conjunction "or" is used in
the i ncl J8Ftilbanothss %SPEHt theiygrdien pepvidlend sustainsd eslesseifrmulation
SeNSflisin i (68 ol o ustained rldie U3tk &

r obug{% 1 IP gf edr}gg tao gsusra:)ngerrei g e ag? g{tgjfl E% lg%ﬁeﬁg y g)EH- ophilic
f or rEYFh ¢ cBFPIGfapssriakiog opTPqLE §el¢qt¢deﬂrcyr_1 mon¢waiest ¢atigns, multivalent
di s sQlistisiaRf sdifs O:Irﬂdla%hm%uﬁ@zf Idﬁ{l rF 11§t dfbgﬁtl‘ﬁr(ﬁdof the
or otherw se f exanpl e o ure
s us thydrepHilic ghmasdicies psed tampksrthe slsuiwd releaspfomgulation are smaller than

" RobySL's 331y Qﬁ&% h
As oours3 T grong i terd @th?'?l?s%netdq?lga%g (%ITH]%{AYIQ;? fe ease]s less than 70%
si zeofdife Chug)wltlyln@rhowa\aftcrgn@st@hnamt gthesanadthappl- ﬂrdfcam aﬁ 8thanol-
mcr |veI ng _part.icl abl e

pas Scl%ﬁtémgr%'bgger r@% n¥b méengsv%e sustame% d%ﬁvel% gya em er
hersbnmd&heiWémmh&mnmﬁwmunp|ng refers to a rapid

rel ease d n ient .fr a .
st ned rrEatReflona Gl o (IR irkBloyt b gomprises an
Thi soutea poaﬂlng eheasge cimbodjments,ahd yutérasititg cofmpiisek B@ydrophobic polymer
sustahp {% ease of a drug fromthe fornul ati on. Dose

or asticlze

du P88'4SFers to a rel ease havi ng a peak
co n Cc e nt r am bcine cmﬁboﬁim@cnd;r the dfug id dieater-diblgdrag.ni sbing hmbodlments
t han, t he peak ncentration of the jntengded, sust ai

rel éB%%m%P r?&“ RIgsse %lﬁﬁ?ﬂlt%ﬁeaé!é\ olay fisarlgrgpanic di dn order,

i NStepileRs, m@kdmby\aﬂmgamuﬁ dencaypEhaity QisOrden Tn sodi éiﬁbodlments,

can dto ences her ei n,
the ‘L’“’e THE 155 Ftﬁ‘? feph heeiensiftngag alﬂ)ﬁi‘a@?‘%@ﬁwm@lhogate
r el ersadstody Ll Bet@r mﬂatatsmrbf a&xt@aﬁpmarnqhé 8l dphetamthe with the
t hat therapeutlcally benef|C|aI(HLood | evel s (but
bel diFxFoPRen f gmpastapipe sasehamts gndh empleminenseprigizaponghydrate,
ext Qﬁ%ﬂolﬂ@ﬂf&ﬁioﬂae, Eﬁd’@her phmac@ﬁﬁcﬂ&%@ce@ﬁbﬁ'sﬁlts df e BRtive
"sust ai ned rel ease”, "extended rel ease" and
" corthpacayicaldngradient theref neant to be synonyns, i.e.

have i dem i@l enfBRRMAE; the drug is anﬁﬁndi&‘f‘e% hete b, aﬂﬁﬁodme
term"imedi ate rel ease” nmeans that the drug is

r el edphaprofingrantleridigco bepgylmormbine; ‘PPZﬁra%‘%ﬂs bupseriorRiinegputorphanol,

ti ”%lon@ta&ne c%élﬁkl By@&gélﬁe ﬂesla%l:p?mﬁf &&&oﬂgmﬁﬁesaé'z@&hé)n
of formul ati on. used herein, the term

r ef él*%nﬁr@mtdﬁedlblfdé%ﬁoéﬁ% dihyfrememhinendimsraxedels dlmepl@mawl

As r t i )
o L e A

r ef esthylmeshylthéanpttene, qvle'lmrahmaredmdmoafm@nyl Igoipgedrocodone,
her I .
e bl 18T et L Bl e SOBLAIGAL Rvpigran
neallévorgiagslslevephanavglaiorphhe defertazil prepmdmt eﬂeptaﬁﬁbl metazocine,

per calor.ic _con ent
der .rgeg%ad? it $°£t°“ ' rgh‘“e mXF%’ “Pf“h‘ f §Jt°e‘“e a{‘|‘°°F§"R‘\}6be
egg snoflcvcxmhanoi mumemadonb vualomlnnepsomfoplnae; @nrpifanmesbpiaas

of toast wi t h but

pot aTSES % 8"’8”?‘%‘“81& %lrj""df”‘%“?hmﬁa HaRavereg*m » PEIRAZOGE
herein, the term"liquids" includes, for exanple,
gastroi ntestinal fluids, aqueous solutions (such as
those used for in vitro dissolution testing), and
nmucosas (e.g., of the nouth, nose, lungs, esophagus,
and the like). As used herein, the term

"ethanol -resistant” refers to releasing | ess than 50%
of an active ingredient (e.g., a drug) wi thin one hour
in a dissolution profile measurement by USP Procedure
EXug Release USP 23 |n O 1N HCI and 4096ethano

T .



m xed mu- agoni st s/ antagoni sts. Exenpl ary opi oi ds

i nclude alfentanil, allyl prodine, al phaprodine,

ani | eri di ne, benzyl noi phi ne, bezitram de,
Wi RbE6Re$NI ne, butorphanol, clonitazene, codgiRGs2006/039781
cycl azoci ne, desonor phi ne, dextronoram de, dezocl ne,

di anprom de, di hydrocodei ne, di hydronorphi ne,

di menoxadol , di mepheptanol, dinethylthianbutene,

di oxaphetyl butyrate, dipipanone, eptazocine,

et hohept azi ne, et hyl met hyl t hi anbut ene, et hyl nor phi ne,

et orkhengsprae, ghsperagiphan, phenevopine phenoperidion piminodine, piritramide,
ot AEOCAEans probledh BBl b 0rank BARIANAL Satentanl, ramadol,
| evdpEsarsieraeipqira therdobfagnetzhelite thereqdeani efien hereof, an ester thereof, and
nmept.azl: ' r phi ne,
B R s

nor | evor pliditiohallyn the imstehtémiqmevides ajethrogd fon eyaking smatgiinidnelgase
nor Rj : ' . Q | phone. .
O ol Bk oSSR o SR SRS g sostained rease
pherfadiotasioss. phenonor phan, phenazoci ne, phenoperi di ne,

pi m nodi ne i-ritramde,. propheptazinge, pronmedol, .

properi d ?nn%rf afi?eé% itl?ealﬂen,ﬁ?'g%r ﬁg%%ae%éogﬁf E’ﬁg‘ﬁ%fi pustained release

t r arfehoilgtioh icbmpliisigg: a sitver el asosmeinsd teleesealafiyerieysaday wheem the
thereqﬁ (Paits ereof, ether.s thereof.,. esters .

t herBEPNCLREFG A HETY PRI RTPEFE SYrophilic g Homopolysaccharide
e b qimyend SphatrheceoiviaDdithentSthemicthod BEmprisibe pfo@iding the hydrophilic

hydr onor phone, hydr.ocodone, oxycodone, _di hydr ocodei ne,
G it T i s

(h i SCI udi @gmﬁlaﬁhé‘t}dd?kamwgﬁ:henﬂﬁﬁ&shﬁclﬁrﬂﬁguén and the

ydr oxyoxynor.phone), . or tranmadql.. yse

her éa%ﬁ%/nae%éw%léﬂmm & Ef?ﬁglﬁ% ixing fhg eeanulss wﬁ Hsrfpgeto form a
met égbzﬁiuiateﬁ%ofn 84186 and@ @gplﬁﬁg piéadute Shel Ma1uBAId composition to make
Met abol it es. of oxynorphone 1 nclude, for exanple, 6-

hy drtiesdpBRYA#iphone (e.g., 6-a- hydr oxyoxynor phone '
and/ or  61nl@rotHay peet X WRBHHR BRRIdes a method A nkbkBY a sustained release
herein, the term"condition" includes any di sease or a

col |femmylasion Gompsising: @ dee; fiha suEejned wleaserdely o pystam. thergin the
dr UGnsth¥Q&RledeXe Gl byisteRN @ mpASds W3S dRBIIIE goth SOE6Kic cross-linking
(wth or without agoraphobia), bipolar disorder (manic
depreesapund selestediem mogevalent pations mayitiveleabeptians and galts, and a

as s Qph fa86h0h1du AL AEmE - ;rO4iliER e hyioBhiRt ith
att anpieetyti gl REntd RolpSing, H5ERHE gt Bein with o
deprleassd aetigmaf prgtiqies less than atjiwe Shmiqionsdn digmeter; gmanulaing the

mod e ' :

N Ly I T T A
r equersnglegignixingdleuigrariesuyith-thhdug fodlokm p granelatefl gempgsition; and

ext ' j ny s I.at ed
P o e L

i nf ect i olrssonsampiodanientsy pravidmg compriscs fed@ning) manuiagiveisg, and/or

The i.ent - ni a . . .
MY T T T e N
ac c ejt iz of aklabst a fnactiom of thethiydropliitic gum panpitlas and/or passing at least a

Egg:%gﬁcrengcﬁt e?flyklﬁqpﬁﬂ?;ie Ifnq.ﬁrlkﬁgqsgsl’ict:v%h n%{qge?e?rtb’odiments, the sieve is a
hy dr#aibe meshcsievenl eric, malic, ascorbic, citric
tartaric, panmoic, lauric, stearic, pah-nitic, oleic,
nyristic, lauryl sulfuric, napthalinesulfonic,
linoleic, linolenic acid, and the I|ike. The
robust sustained release fornul ati ons of drugs are
adm ni stered in an anobunt sufficient to alleviate
synptons, treat or prevent a condition for an extended
period of time, for exanpl g about 8 hours to about 24
hours, or for a period of about 12 hours to about 24
hours. The robust sustained release oral solid dosage
formul ati ons descri bed herein nay be adm ni stered four
times a day, three tinmes a day, twice daily, or only

— e o o




When the granul ati on nethod of choice is wet

granul ation with water or any ot her aqueous sol ution,

the hydration will be effected using the water from
\M‘f‘ooé}ﬂﬁﬁ’ﬁus solution, and the particle size gfrxanbhlesdrs
gum w have a Iesser negligi bl e, or even

nonexi stent effect on the hydration of the solid

dosage fornmul ati on. Based on their poor col d-water
solubility, certain honopol ysacchari de guns, such as

| ocust bean gum_are not expected to contribute to the
initial AYERSEeIBRensyhe §U’§’Pﬂ iforarpking| thasyistaingd ralgase fosmulation
and §g |a's€’lldj&b§9@Q'oxanﬁmherT£%ﬁ£é§ raﬁplylhg‘ &n Guer c%g@-xgad'ﬁ% feast part of
mean particle size of these honbpol ysacchari des guns
doesthn@istaied edease foemplpiemat i on properties and integrity

Of (Lhe SURldd\tholfl RS Erah AT b Aind REredRhis Gt o golution
dosage form Parffcle size can ured usin

any eouiprising wateet Inothen emabodiments; granylatingrempzipss miking m«tdlents with
COMMBINITELINGHG], eTRARHE L 0B dofilosiBh ERaRETP! | S
screening particle rough a si éeve. er exenpl ary

met hods ilmeneadeect phq mxgdntimepﬂq@iglg a method for meking a sustained release

dl f ff%ﬁl%}lat%g c%ﬁ%ﬁ' eg%ln'l}g, anJ | s%mamg& I%Iegsseccgﬂ\{! ry%}l"lsl‘;en? C%erem the

-

rea nmeasur
gas etgioedptelease, dekvemsﬁttng@mpasls@rlpﬂmmm)lc gﬁihl’mhomopolysacchande
phys caI asur enent sed.to._calc
par t ufi}, and 2 armaceutlca?dlﬁl , e rr{leeghsog gom pms1 m1x1{1%/%e?.y§rophlhc gum

sol iaf adasgtmd/br)mam pastictdsizedargedihadt @putdépmuﬂoﬁsl,n diameter, the

P eoriraieemouane o B pirmaR prLR ot Hibs e dpgprising

Ex enpdtarty fotingsanules; miringrthd grbenlsywdtildnen® s 4 pahulsted composition;

rug rel ease measurenents using a USP T 1,
Ty p e FREGE PARSSE tOci A G ORos e A1 te forgtifion.
Et hanol &f fretes asoct/ O LS tMRA Provides bl lethiod €6t nidkirASRstained release

formul ati ons It has, been, djs¢ov d that th )

sus ?Eéi’?ﬂéﬂ“’fléf”@a’gsé“& 8PS &G LStaige '&?fef“ é{?ﬁ}ﬁf‘é Y &Y™ é‘ﬁ“gﬁeﬁ‘ the

t hei gustaided alea@dieneirya aﬁ&ndio‘ﬁﬁ)@lkéﬂal l@ﬁroplilﬂ@ giith] £&tibflic tdes-linking
presence of eth endi ng to be
bourf@Mpgundrss tﬁ‘gBP? mqrﬁéalﬁwgt}oea ﬁlﬁa@ar PR spliss angy

t he ﬂﬂﬂﬁa@&hichl' cﬁlu@rﬁ nReHethod %Iﬂ)rlslrﬁgaxﬂth}fgﬁhghm%hlhc gum of average
cross-|inked a cross-1linking agent (e.g., |ocust

bearf"§ @hfleara?aéﬂ%w lovgsy thffhaévutt Ygeras inditirer GaRdtignic cross-
gum krivk@ coRp&ind aant‘l\’fHe‘i)haﬂrrﬁcéu'ﬁ@Q lgHEdne wih a §MQ§$r?d'@iﬂp%E1|n¥ water to

i nsol ubl’'e in ethanol. These solublllty properties o

t he fPBR gandes; BRipmc sEanales vith thedipete firme svpmlasphompesition; and

nat ucfpslyﬁfg pﬁ‘é}ﬁuf? Wth@bRgdak el SR8l rﬂzﬁé'ey_hegﬂbﬁﬁlﬁﬁﬁonvm ich
i n one enbodi nent_conprises one or nore hydrophilic

gurs  and lnere exbogdimeat, Hmﬂp@ilfwamsuaen Feicasefiqemylefion further
an Ot&%n%@&@fm dxgsgm?iBh plofileVf tM@stQﬁe&@fc@se formulation or a solid
hydrophilic gu and one or nore nonoval ent cati ons,

mul tdogagedonm @amn@ng thezrettingd relspsedornmintioh irsancaingl-eoptaining
hydn@ ??IC agents (e.g., hydrophobic polyners such as

et hylcellul ose), do not substantially nodify the

di ssol ut |Imonqcﬂnd19éimdne ¢heghventien frovides| sanéthod fonredievingpdin comprising
pres| ' release

Oy ot R 2Rl 0o Blh Eu DAl B s setnse

of tfhenwdatisg oar eolidatosdge Keinconprisihf e sustdinvd rejease (ﬁcmnulatlon described
gunwm:§e properties of the matrix, making the

formif&ti ons described herein suitable and/ or

adaptable to a w de range of drugs. Severa

factors are believed to affect the rel ease of a drug
fromthe formulation in the presence of ethanol:

solubility of the drug in ethanol, materials

conprising the fornulation {e.g., hydrophilic

conpounds are nore resistant to ethanol than

hydr ophobi ¢ conpounds), and dosage form of the

fornulation (e.g., tablets are nore resistant to

ethanol than capsules) Addi tional factors

Y e Y



Due to the slow release of the drug fromthe

formul ati ons descri bed herein, the patient (e.g., a

drug addi ct) woul d not experience the euphoria that

wWiPshslodlgy, edi ately avail abl e by abusi ng COF&ﬁﬂEﬁB@@kﬂn

for ?atlons (e.g., opioid formul ati ons) by oral

i nhal ation/ingestion or oral ingestion with an

al cohol i ¢ beverage. Accordingly, the drug fornul ations

descri bed herein would not be abused by patients or

their potential for abuse would be significantly

reduced (anpther grbadimeniphe Buention pravidehe methad faspieating a patient

for [ t

ol oo S0tion comprisEharih TR 1o hBE BriRicaly efterive

ext raoupint agpstaings relletsg formuation er 4 seliddbsags &mnk@ympnsmg a sustained

gro ] ge fornms into powder,

pou?gggg%%gﬁkgggﬂéﬁhgﬂgﬁgﬁglIutlng the resulting

sol ut i on Imarnothenaspedt, thoinyention agwidss p megm)th fetrétaniok dogriimping of a

re .. .

tbr ot ied SR 0B SBRANRRBL LR, pBYidhe bl BRustined release

contfemulaifontdasccibédi h!pl:ﬂil! s is typically in ther ange of

40- 45% e erod o pExtraction. é W&i |o%§d

ool oy ed Iyt AT Siraft 8 TR ey oS <SR- ER TP oo

t he sastaihed nehalserfelhTan ﬁénsrcﬁblédaicre(hn Insod eralsodierny) it sdlid dosage
|$%ect|n dthenselve with the ?rug extracted from

the it PRI PRY g2 sranuie, a ?{’d‘gr? %HBIMS, because the drug

i s rel eadeohesksmat, yhefsuaimal wlsadedbmathtiot k@amtses from about 5 to about

st Tt TR RERAT oG SeORPAFH bt }ERY of geined

ano LtEllE@se ﬂéllﬁchesyﬁémgwhﬁéiﬁﬁlﬂi sigttinédleRasalefiaiyisttii @igrises from

cont ai ni h tfs of can be nore r nf ul
to a'f‘%B‘&tgn%h % Wagbtqe%l ARG OWﬁ‘F’r%‘H%Z;tWO about 41.7%

r el agseife muﬂ;aaggumnﬂaerem htQbasOROET 3% Uf tBOKHneah gﬁlﬁ’@hfti@rcs can pass
anmounts of the Therefore, the d géfornulatlo

des AROBEHE #70 aresh sae: fAmrbastd0%p abapt S v gight fexfrogea fiom about

be a4 tf dbbut0W 13 wdight Bakivatsulthie aﬂl&dﬂaféa&d from about 9% to about 10%
therapeutically beneficial levels, 4.4, Sustain

r el eXwbedvloss éﬁ«}fhgygsfaé?ﬁ Trlgass frpalafigrireleases é"ééﬂ’&% I79°6’é>|f {he drug

SYStRIRIE D Al SRS idkstloR3th ARG al ¥BERAIHL bEarC AR taidifg
sone enbodi nents, the hydrophilic conpound is a gum

for‘@%ﬁ#ﬁte a heteropolysacchar|de gum forms a gel

matri x t Rainofel %@é& Sthd Hﬁtaﬁ’fe&' Qelél%e RArAkShH cBﬁlgngétﬁ%nP%Qt Sto
exposure to |iqui he rate of rel ease of

dr ugbpwtShme el og@nommmuhxd@e@@ﬁ@sané rompabogr3qg mg to about 420 mg of a
par t{ihinth GRS fd'eﬁxte?yé REE %Q@mttﬂeesugﬁ q{@@f&feﬁgédeﬂtler& Rfstem

gel matrix an ueous hase wthin the :
gastaowiprises ﬁonrﬁ@butt&% to abpnt 41Wé/o by wpight lp¢uetrisanl geror frdye about 8.3%
her &b Bho EEFTW%% }ﬁt%lt}ﬁn%uqu Vlg t0e Y OQQO_J;U/I bﬁ)agtlcles smaller

co npoun# ne ran e o 1

abo uhanlabrz@ 53cm10n0ns mid@rrremng@om fAbcabdfb t01ab©u155 50obaleight dextrose,

1: 2 Vst I o

co YT%FOII 1 abe f ﬁ?é tt(ﬁébgﬁgwﬁ/e %)}? @'&ghtdc%iciu\ﬁ?gdfat% d%hyﬁrr&eg %Foe frf;ljﬂ about 2% to
aboubo (1984 athydh be:ihutossaﬁ’d the suﬂmg&dtrplease f«amuhanom redeasds less than 70% of

abo 0% t Qut 0% b

aboute Gt En2R ety R bt b endFRes R brrgpol-
aboubmﬁm%@hyvmmgqﬂn The hydr ophi i ¢ conpound
can be any known in the art. Exenplary hydrophilic
conmpounds include guns, cellulose ethers, acrylic
resins, polyvinyl pyrrolidone, protein-derived
conpounds, and m xtures thereof. Exenplary guns

i ncl ude heteropol ysacchari de guns and

honopol ysacchari de guns, such as xanthan, tragacanth,
pectins, acacia, karaya, alginates, agar, qguar,

hydr oxypr opyl guar, carrageenan, |ocust bean guns, and
gell an guns. Exenplary cellul ose ethers include

hydr oxyal kyl cel |l ul oses and car boxyal kyl cel | ul oses,
such as hydroxyethyl ceIIquses hydroxypropyl

o o T o -




Exenpl ary hydrophobi ¢ pol yners include al kyl
celluloses (e.g., CL -6 al kyl cellul oses,
car boxynet hyl cel | ul ose), other hydrophobic cellul osic
or conpounds (e.g., cellul ose acet
“gﬁ%ﬁ&tﬁté hydr oxypr opyl met hyl cel | ul ose phthﬁfgpganwmwnn
pol yvi nyl acetate polyners (e.g., polyvinyl acetate
pht hal ate), pol yners or oopolyners derived from
acrylic and/or nmethacrylic acid esters, zein, maxes

shel | ac, drogenat ed veget ahl e oil s, and m xture
t her eof . l“'l‘%@ ﬁ'g Bl E“Sfi‘d?eg felpase. fgmplation %ﬂmpél)?%ﬁr?BP‘g 20 mg of

met Byﬁn&ﬁhddém?&r%chl@ﬁd'éy I £RHeHERBRIm R, (RS Qﬁéélned release formulation
cel I ul ose. conposi tions descri bed herein may

be FRIFPTRES 2boyhi @9@3% 9t astained leaspglelivem systary lagelangther
(suehbeiimPR! Hetivemeh adiede ﬁﬁ%ﬁl@ﬁorpédl prif&d dﬂé?&t'?@?f mg%'fggustained
hydrogenated castor oil, polyeth oxy ate atty ac

f r offileasz ddiveryisystemonssl! rasther smbadifrgnt; thegustainddrelgase delivery
hyd CRERNAISHIsEARLAM59 bdust BAE o0, IBRAE: ?ut’arnt}aﬂ I oz LD

@gpe3|untstearate) one of nore tering-agents,

o n e dexiropg akout P % roalaium SUHiitd Aydrgtehand abomt\ﬁé/ncthyi nalllulose

i ngredi ept S

sust ai negl ano Eéraagtéec or rm o ]ﬁgg g%s%exgétﬁod ofl})?evgﬁmtg Hose- dumpmg of

s ol Rdrugde &g@refsorqemf etbmh@mpmma IasVldma lalpgtient who could consume
n}e@'{ngotl RA@QL Eﬂﬁ% Sr’éagegqnxgﬁlﬁgg %1%13 gﬁ@#f&tn Ount 1’; th gF) &b form of

s ubhn ctgam)ll-retsabheaustampnbmtbeseﬁfpnmﬂat@nanmbﬁmg Itlm dsu[gmnd a sustained

enbod| nent s adm ni strabl e s

For SieRg e sPerp B e Ty o a3 e ARG bt gum, o

confeastdee homepolwrdchartlo giunngd etrleast nechhayivobiticalciiiadnt,Ngherein at

4 o AR o ST DA B TR Mok S TREsS hMutaion
S usbzm medthraakle a 8270 oeshuicad andnike dsaimed bddsdformuilation releases less

ﬁ d:ﬁ 20‘9 ?&%gﬁg\ﬁhﬂ&%ﬁ Eﬁ];tfggi(l:l%%; Y%&%@Btwéﬁ?l egL%ré'lp tcthanol-free or an

theémaﬁﬂcmnmnmgﬁﬁﬂiﬁkstratIOn of oxynorphone is
frequentiy hi ndered, by t he ve gﬁgavallablllty of

t he or al ™MW e f&b?gé’“t prgyenting dose-dumping of a
oxyﬂﬁ@p:hthe Prestifet 6Nethfdldoiriding: ;b@\kiﬂlhg a @@gengho could consume

fre e bj oavaill a t.he robust. sustai ned
rel & et? %BHﬁE?l%ﬁ freted v ?tlh'ueanﬁ% svwm@n&e#fht @P&Hﬂhaform of
hi ghn échalol-FiIRtahORME e RhR fO@Eh1 4tRh RSErii: Ml dAld; @MBa sustained
can (aﬁagsd to treat $ itients suffering frompain with

onl {f ISPy SHIee thes 1vera w%compnsmg aﬂq@st ngfophlhc gum, at

SusteadtiogélcdtdhRasRs flﬂﬁﬁ%ﬁo%ﬁo&ﬂtﬁse%tea X6HDHEHY Aent M al cations,
adm njstered in an anmpunt sufficient to alleviate pain

f or MatHivalentaneitl safins pedisalis anqd peloast e Rbgmnppusicaldgpeng wherein at
per le@g aBdut @b%%tf t}ﬁ h@@l‘éﬁﬁh@ ?AI@Q&H% %ﬁkmy EfstairRl rdl&se ﬁ)nnulatlon

peri od of about hour s about hour s,
oxyﬁ@rﬁﬁwﬁ@usmﬁ%ﬂ Oryacsh ﬁleveealgéh%%uaqmns@)reteesmf@gag@ron releases less
for muh a8 duene% @@ﬁ& ahisdmes ﬁa,u@s Ry utg@sﬁ%ﬁ ml eﬁﬂ& of @tht&&t lfree or an
times a day, three tines a day, tw ce

dai ftpanol-containing beveragai n embodi nent s, upon ora

i ngesti op aggthéﬂgpécﬁ eShveRti fbNed 4 rrﬁ%tﬁ' & i o n%?ﬁf%t?%f a drug
conpri si ng oxynor phone and contact o 'S

wi t Frrgaigtierp¢ampsising ripvidingp datient wko mbtssmsmmﬂamledule being
rel [

e | o3RG} o Bplii P ) B stpanol esitan
rel eased. The swelling of the gel matrix causes a
reduction in the bulk density of the fornulation and

provi des the buoyancy necessary to allow the ge

matrix to float on the stomach contents to provide a

sl ow delivery of the oxynopphone. The hydrophilic

matri x, the size of which is dependent upon the size

of the original formulation, can swell considerably

and becone obstructed near the opening of the pyl orus.
Because the oxynolphone |s dlspersed throughout t he

o o 1. . "



4.6. Preparation of the robust sustained rel ease

formul ati ons The robust sustained rel ease
formul ati ons descri bed herein can be prepared by wet
“gfﬁ[g%@&l on net hods. The solid dosage forns 9@?/%%%9&?&9781

herern can be prepared by direct conpression or wet
granul ation of the fornul ations. In sone

enbodi nents, the sustained release formulations are
manuf actured by a wet granul ation technique In t he

wet granul ation technique,, the c nts
hy dFUS1RES releasoIRFBYAND OmpHsing: ¥ rH ﬁmg a ,shlstamed Yetbase delivery

CT O\3retn, 1HéisiiGaiRQIGBleSse dQlﬁ\@FM@t%tcbﬁmghslﬂg htU&A3t Sne hydrophilic gum, at
cati'oni ¢ cross-1linking conpounds, hydrophobic

pol epsh pre hcetqpoyysa&fﬂéart# 4| atlfb@étaﬁteffﬂeé’het‘&aﬁetﬁlcﬁétlgtnéﬁéﬁmn the

Wit ?%nféﬁt 1H‘§£t€ty ié ?l‘é%lﬂfsof(c@ntﬂ)lled WodrBphili PP YArBEE size and ethanol-

glycg ycer ol cohol roduce a noi stened nass

t hateSIStsntsa?utisleefhletW?fe;Pl@eﬁ@éi of tiip forgplaign.nass i s then

mlled wth oY b Qﬁé msé;mbm%otdeg D e ?§V1r%fsafety ofa

t he sustaine ease delivery system Thereafter,

sus tmg fetukagpe afseprdimgt preyiding p patigpt wao ﬁv% gorisyme Ptéanol whlle being

desi ¢ fe fpueh b Vttﬂetteéths {64t oPRE ar3f R o an bEndMlresistant
5 one or nore ricants, one or

rmr sustaufeﬁ eahasg fcagehatl@ compeisiog: thairagico ersisignadgelaass deliyiery

ot her, copve

ar a5 B SO D Slpe BBl SheBAHRe Bum, o eat onc caronic

SybeeEE-laﬂ:dhgt dmmpdumgsebatnd fremphomnvident wietah catioos, rre»hatﬁrblnenetal

B L5 B0 BRSNS e
del safey ys sipailaificoritdled hﬁjm}ihdtc@ﬂm:mmmm aud ethiapolgesistant
anount . s ffICIentg% qah Y {%orntbatch of tablets,

i s Stskns F@ﬁ”?B“? PRt %PFﬂl%f%onventlonal product i on

scal e t alaloat hepgctihe irivesticatprdvidesa |summ@1rrelsme ©Rymorphone
pressures, . about .2, 000- OOO t

S et 3¢ BG4 B i B8 Y RSP H g eop ) Sin to o
subse eigebx gthdrphdnie| Wiyersth tterloyatl mhmtsrrammmf a@inglesiosetotagatient

| d EX
rIeI i abo PR B0 Syt ettt pLbou LR RY ehPa Rl BhoT B pappaton
5 & Erzo%zcggése%gﬁiarﬁpelﬁ gté 3716&1 %)@mbﬁﬁoll?éaonc&trﬁﬁéfi; Do, 12 hours after
an e .di sclosures o
i nc @ﬁrﬁwsggtga] blyj tIh%? g]ﬁfé@] H%Y‘g‘?sr?n?lﬁesf%t&ﬂ?e p@ﬂ%‘f? If%rtzxt/ fehst about 12

It hassbesnamisRest. edl y di scovered that the particle
size of the hydrophilic conpound

. 0., Xantha
af fect s Irremespredipsats, tBﬁ@”PW?%ﬁ’r‘iothﬁqs ftoﬂbabo“tnzoq“gn?o about 60

formy a%kﬁﬁo Rshe3R bkt APH2 BEofRIPhoAbET dnBemBodiinaht/ il
rel ease del |verﬁds ystemis wet- %ranulate W th

nonfergussian iseoiolid Pesge: Sureraepe. atalletmerary %taﬁﬁll’sél% or g ggwder.
SUSPensi fhnother asp&ﬁ‘ tl?@ﬁl%n@i% ﬁxrov1dE§‘§stfaﬁféH rddhsObxyaiBRiHone
particl es f . 53 microns in dianmeter)
of tfbrenulajign ggm]pmspr(g acs(gﬁtp@gmr@lees@ dglivery g)ﬁ,f%qud‘mﬂ about 5 g to about
af T o3 (%f%ﬁ Bfﬂgﬂéﬁen@ﬁéelﬂ Qﬁeﬂ o%l %@ﬁﬂrﬁéﬁraﬁ«gn $tsirisdodé RRhatient the
rel ease Ul atiohs and solid dosage forns pre par ed
by vtemuganan ptoxideon makimneblpesironepniraiion of ok yiaprphonedgss than about 5
exa ghgr \}/lji%% i ﬁ%@é@@?ﬂh %Mt&aﬂﬁkﬁdx@@ of up to about 40%
fornﬂf on cont I'es an a certaln fraction
(e. gthanal tcompargcﬂ)%wl@ﬁ! ingvatbd witkawt bhencdend Brerfermmlation profyides
SUSLALDELh & BheiRG kY THLRLEAN 13 Roukd 12 adiflinl Bl

th racti on o xant han gum particles used
to make the fornulatlon meets or exceeds certain
threshol d value, the fornul ati ons are robust and not
prone to failure. For exanple, once a threshold
fraction of about 30% of xanthan gum particles smaller
than 53 microns in dianeteg,is net or exceeded, no
change in robustness and integrity of the formnulation
and solid dosage formis observed (see Table 4).
It will be apparent to one skilled in the art that
other conblnatlons of xanthan guntpartlcle Si zes and

. o o Y T




WD 2008/ 045047PCT/ US2006/ 039781 descri bed herein, are
coated with an enteric coating, such as cellul ose

acet at e pht hal at e, hydroxypropylnethylcellulose
“Ryhﬂﬁhﬁﬁﬁ pol yvinyl acetate phthal ate, nethagp ? ﬁmammnn
aci d copol yner, shellac, hydroxypropyl met hyl cel'T Ul ose€
succi nate, cellulose acetate trinelliate, or m xtures
thereof. In still other enbodi nents, the conpositions
conprising at |east one drug and a sustained rel ease

del i very systen1 as described herein, are coated with
a_hydr opHpBRecenhadimast, theymaxdaum bided gonertedtion ofprymorphone is less
f UrUAGT a0 0l AiPhd WHERGELE 8RB0 AT ASRELIBFRL of up to

herein. In any o odi ment escri bed
t he POWHO% ch@nkw@mmdit@m@ ingrsted m@owtmhaaols ust a| ned

rel ease e

opt i onal qu? Ldbr?{ee%%‘bgt% e dén vérthﬁ ?@nnﬁﬁ?%%ﬁﬁq%scs %ogta?%é Qg\mgé% about 60
may lbeownoemomommom@w@kmomhomuﬁt anerathot@lean sie

fil ro atin and/ or
aboggnggaﬁgﬁgggﬁﬁ g%erlc %baglng %EQ& éﬁ?ﬂeoraPNMEr
hydr ophi Il get @whermgscc trepmiesdon provides a sustamed release oxymorphone

hydr hout nten
o, pE AR RS § byt Bests iy SR oAt Rfbs o sbow
i ngestmpof Qxﬁ/mbi'phonbr u@elsmsaiftan sralchdmirligasion 60d sﬂihiélélﬂd»setb a patient the

and ont ct of for ati o astroi ntestina
f1 ui tg l%ﬁ’@ PEYL scteil P RS 0%6&%“‘%%?8? g NCERTatiGR, Pf@‘yﬁ’r‘?l}’hme when
gel Slnge@teﬂ ofittnabout R00 ;phb hbaiit 5{&1 mDBf 4ot 409 Bhidl Qﬂhé R@ximum

released The swel | of t mat ri
o R FofesTReR 9 e o esoiaia s highmgt meal without ethanol

f or nitdn@ibo0. aftﬁab[aﬁlOB{ afittte fdiRuteOyRBGiles @ERESAoMhS Shtient for at
aII X to float on the stomach contents

8?@9%88&?{ @Pﬁ\ﬁiﬂareﬁdl“\}‘é‘Ft{FtlS? the drug. The

hyd r ophi I énetsiibolnent, B riZe 1R mplvheh blcvddeRenEfioch of
upon the Elze of the original formulation, can swe

co nsqxéi’é‘Plé’ P3F Wien tsclonmrlationds ingested avithekputi 298 rrépteﬁbwg 389 mL of

t he PyhtA0USthaBEIGS Ut dxi8ul bltdd tenceitRsk éﬁ&yﬁﬂ%ﬁf&%ﬁl@@%n the
t he fornulatlon (and consequently throughout the

mat ripseylatign e%a%qsgﬁtaﬁ%rrﬁduﬁrfabmeﬂ Migowsthapel ip @P@éb@d 0@6‘? about
unity4inme in vivo by dispersion or erosion of the

outer portions of the hydrophilic gel matrix. This
phenomen§hsoms efmbpdieaty, the fomuigtiongogpeiseseiront eloahzdmeg to about 60
pr ofd @f RYmEPhher d68ut kb BGldr Qy'é)gm;l:lﬂﬁ)ng r chcﬁé%m%gﬁlHeﬂtuEé
with the gel matrix renaini ﬁ uoyant 1n the stonat

unt |mew(§1§t1 iriesolifl Hosagg, fforgrample adeblef, ¢ gramép a@zgpsyle or a powder.
Wt hout HE:@QEBeGQ tHeQnJ%ﬁtlwmdQ3é sﬂﬁXm 5% OQ%%’ABI%EODC
invention, the chem str certarn o e co ents

of tiprnulasioprporaprising a sy@teme@@lemeiehwy s»pmm dnd fmyn;d@uhidmg to about

(e B0y sy i T b SN 8015

s ubstithrabpet 20§ mlrte ebgit 80 mLtof alndue4%cbd> ghiwiut 40% ethfind] tte formulation

drugs he |l e

gas r0|nte§F HRFL QQg%Eﬁ@?g%%giwawgﬁgﬁ IFV?%§H?Hg”°
conpboif sg/imd., askthe Gradlation frevidésninhlgesid to tlmaqratlmt forkain as about 12
muc t ances, such as pol ycar bophi

Muc gmggﬁgéfééun#%%ertles are desirable for bucca
delivery systens. Thus, it may be possible that the
sust ai ned rel ease formulation coul d potentially

| oosely interact with the nmucin in the

gastroi ntestinal tract and thereby provide another

node by which a constant rate of delivery of the drug

i s achi eved. The two phenonena di scussed above
(hydrophilic gel matrix and nuco-adhesive properties)
are possi bl e mechani sns by yywhi ch the robust sustai ned
rel ease fornul ati ons described herein could interact
with the mucin and fluids of the gastrointestina

tract and provide a constant rate of delivery of the
drugs. 4.7. Useful ness of robust sustalned rel ease

. o



Preparation of TIMERx-N(r) sustained rel ease delivery
system usi ng et hanol /et hyl cel | ul ose granul ati on

Lots of TIMERX-N(r) sustained rel ease delivery system
wWibs8s/ds6par ed according to the procedures re

yéﬁose Identified in U S. Patent Nos. 4,994,2 ?/%%05@039781
5,128, 143 and 5, 554, 387, i ncorporated hereln by

reference in their entirety. Lots of xanthan gum
(Jungbunzlauer Per hoven, Austria or CP Kel co,
Chi cago

, e test d usinag eries .
of mesh Igls‘é g %ﬁﬁ%nés gfeete v leﬁﬁ’clp s %m#’éu/]J"mslé?]J concentration
si evﬁyxymbnmbndaﬂrdrﬁmmﬂt P.amigingl ﬁShbSl[tﬂlSl yml oafroh3bont d mghsL to

aﬁFn$ er to pass through (fine particles). The
B on of xant han gum particl es passing

t h rough Ihhge shsoe@ser th€formblate doafprisds ffonnaboxialitham about 20 mg
gun) was ‘determ ned, Batches th knpown

1 et AP PRGBS PR T P ipneshiration of

Tl VERXndMHohe Yo$ aBHR P ffimbYo &byt 12 epehing fioheaboaiiM ff/ink to
anounts_of xanthan gum |ocust bean gum cal cium

sul poub2-8agnldext rose in a hi gh speed i xer/granul ator

for 3 mpub@sembodihbts, Yheoff)nmgfoﬁ@tiﬂphs‘és By DBfng of oxymorphone
(ethyl cel lul ose) was prepared b dlssoIV|ng eth

cel paf 8 @WHIaMWPVIQ‘FS@dH@‘Pm““F%mé CORFYrARAR B%ra’@*é’mhaﬂe from

t he gy oBh ?H’r@e@ aBoutt l$r /rﬁﬂ dr ?r&ﬁ aB& 6151 n@/mMBsSabout 1.5 ng/mL
subsequent ranulat for m nutes while runn

the c hopbé‘ﬂéth?rr?p'@w@ent q?we%l@rumep SO RTireRAem e 2A e 2bout 40
in g.fde Utﬂncﬁﬁ%ng Elydeﬁle ?ﬁmﬁlahgpp&l/i@é"ssa ﬁﬁhﬁkﬁﬁﬁlﬁm Bhceh@&fon of

t han 9@6 y wel pical LOD The

gr anyymearplmme \ﬁcagl albh'érﬁ) Smila/rrnédo emthnami Q frﬁm a(oeuq&%ns/mL to about
scrg E/ The ingredients of the sustained release

exci are set forth in Table 1. WO

2008/ 045sz@wh@sa@@@r@@@,¢mfomaw@n1compmbw 2§ mg of

O
conR R R SRTRERERL e KB B o AR o
Et hyky@abhank five a@oﬁ 0. gyl te\htoohdP ng/dror fromeshyuel)75 ng/mlL to
duri Iagcglt Br OCPmSJf'I ng

In one embodiment, the formulation comprises from about 40 mg to about 80 mg
of oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 1 ng/mL to about 15 ng/mL or from about 1.9 ng/mL to about
12 ng/mL.

In another embodiment, the formulation comprises about 40 mg of oxymorphone
and the formulation provides a maximum blood concentration of oxymorphone from
about 1 ng/mL to about 7 ng/mL or from about 1.4 ng/mL to about 5 ng/mL.

In yet another embodiment, the formulation comprises about 80 mg of
oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 3.5 ng/mL to about 15 ng/mL or from about 4 ng/mL to about
13 ng/mL.

In one aspect, the invention provides a sustained release oxymorphone

formulation comprising a sustained release delivery system and from about 5 mg to about
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Exanple 2 Preparation of TIMERXx- MbOA(r) sustai ned
rel ease delivery system using water granul ation
Lots of TI MERX- MbOA(r) sustai ned rel ease delivery

Wpre prepared according to the proced%ﬁlszoos/owm
WWateétothoserdentrfred|n U S. Patent .

5,399, 358, incorporated herein by reference inits
entirety. Xant han gum bat ches wi th known
fractions of fine particles were prepared according to
le 1. TIMERXx- MbOA(r) was prepared by dry bl ending
t he lemyz pEeRyEomhone: twhergin thMmelntlgxmvxﬂ@@usmummahlogdrm

%alx gér %@rnglﬁél{ ac%fg)?(ylﬁ&?hngx%%? !ﬁthl st Ab%vﬁo #5113%2/1'3}9 gtea%out 12 hours after oral

c hoplerisistiation of @sisgle et & a M@ntaﬁﬂeatoutcﬂoolmd tstraymbB@@r ohdcbf about

m Xt Y, 50 a anf:l 4d° gth i(t Y fe YR anrl),ll! aIdesd nfa e31a %e i r% or at least
&s> Pfhe UafTonc was "t HERP I e i {FHEe cf

dr yeabottolzalohmsaﬁtexmdlmim;trangn ( L(D) of I ess t han about 6%

o amal ot A E RIS W PR el TR 5 B > B oL gymeppone d

i ng rlﬁ'dVIéﬂtaSnmmetdﬂ Blosdianaéntation &l @amerptiend ofar lgass yisied07 ng/mL.

Compos ¢ DA B, ke AR A R B bt 0 e o mprohone

30 Madmprdvides 4@11£iﬁiuﬁi tlevdshdentrstiohGf Yyredrphon ofl&l east about 0.15

*relgy g during processing Exanple 3 Preparation of

sust®fed rel ease fornul ations and solid

In yet another embodiment, the formulation comprises about 20 mg of
oxymorphone and provides a minimum blood concentration of oxymorphone of at least
about 0.3 ng/mL.

In one embodiment, the formulation comprises about 40 mg of oxymorphone and
provides a minimum blood concentration of oxymorphone of at least about 0.6 ng/mlL.

In yet another embodiment, the formulation comprises about 80 mg of
oxymorphone and provides a minimum blood concentration of oxymorphone of at least
about 1.2 ng/mL.

In some embodiments, the formulation is a solid dosage form, for example, a
tablet, a capsule, a granule, or a powder.

In one aspect, the invention provides a method of relieving pain comprising
administering to a patient a sustained release oxymorphone formulation comprising a
sustained release delivery system and from about 5 mg to about 80 mg of oxymorphone,
wherein after oral administration of a single dose to the patient with about 200 mL to
about 300 mL of about 4% to about 40% ethanol the formulation provides a secondary
peak of blood oxymorphone concentration about 12 hours after administration, and the
formulation provides analgesia to the patient for at least about 12 hours after
administration.

In some embodiments, the formulation comprises from about 20 mg to about 60
mg of oxymorphone or about 40 mg of oxymorphone. In one embodiment, the

formulation is a solid dosage, for example, a tablet, a granule, a capsule or a powder.
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dosage fornms with variable anmounts of fine xanthan gum
A sustai ned rel ease fornul ati on was prepared by
screening al buterol sulfate, ProSolv SMCC(r) 90

lobd/Gdsbd-€d M crocrystalline Cellul ose, JRS P,
atote/r4soﬂ, New York) and TIMERX-N(r) or TI I\/ER{?P/[I\I/E%,& rsfm

separately through a #20 nesh sieve. The al buterol

sul fate, ProSolv SMCC(r) 90 and either TIMERX-NO or

TI MERXx- MbOA(r )., prepared according to Exanples 1 and

2, respegtlV re blended for 11 mnutes i.n a. .y

Pt or St RRieLpentf e yitlieR er o il ar Ryt g comprising
( SodidminiSeréxeprty la phiisins aiserjnellielead ok yrivaptoRe Fdrmulation comprising a

Pat t er.s.on, New York s added to this mxture and the
TR oA PP R0 3RM Apb e et UFmeforymorhone,
gr anvteddin effer\ved aGRINBeEHeS a kinglRAsdio AGafdif tire ¥drmfifition provides a
hardness on. a  tabl et ljcf))r e?s USIr;%% 5‘@16" round_ st andard
concBRETHB PIod GOuEREtop §f 9xYgorPhREe fefsfim 4bqp mes higher when
COoNngdstell tithiabodti260 £4. tb BbdubB00kabbeupto abakl46%%iabl ®impared to
Conpasi ti OQ{F(ﬁ%@onent % ng/ tabl et Al buterol sulfate

17. 9D 1gge Q%Btha?o{rpp onEdAkiop Proyides anpigssig to the patient for

Pr 030ledst 2b6ue 2 ho@9 affer Addfhisthatid VIM 1.8 4.0 Exanpl e 4
Di ssolution profile nmeasurenments of solid dosage forns

wi th var ihgfeembegimsnt ﬂtS”F“ﬁ"‘i’f‘i‘E“ kiond renserftatipn of oxymorphone is less
Al byt RrBbutH ﬁﬁ&ﬁﬁ%}ia%pbvﬁ&ﬁingﬁsfeh with B 206uBNE about 300 mL of up to

TI MERx- MBOA(r) sustained rel ease delivery systens were

pr e faPE d0%sethraslqompargd twispdngssied gritheytstenalt i on

profi | es ppdonicabhieh r '

Appar at us 2o di ssol ﬁl%ezﬁghﬁte gﬁ%@@ﬁgggﬁ S%Lgfr(g? &@gt ?Fr(%\/lmg to about 60
pot aB&hyPRTSpREArabeifp a1 of prymorBhoneTieonsembpdigninde

Sti rep, 1 fon 20a $o1if dPRagh) (&K hifiFte Qhabbal rgtﬁlleora gﬁgglrlétora }pg‘wder.

mL were w thdrawn at “predetermned interva
peri od ofn YRy anasher 4spsetu thg invention prpvides e etetodef fabieviag bain

t abl . ni . RP- : L0 S .

LoD AN s bl A8 B i coppon

pr esenpasiby/a susRinsd oremesdiviry Setem and/fBra ebioiv/b GleBo gout 80 mg of
3.0 d. ol Lt OF | el h s set .to

2,0 ko MAES LA TR AR S 1

ac etfomviatioh gravisteh a retio of the @ixib@mnbbledd conatritasion dirvacymorphone when

buf f. S triethyl ani ne 1 .

o1 BRERR TR B8]t b A B0 A0 Tl e i

t e mbéood icameentraen 80 & yautipohe whérningestel aftevasshigle fat indal wvithout ethanol
nL./ m et.er

T 1 ne. Lh ercenta of drug, rel ease
ot ool B 2SR U o RleRoh PP pple ol RS Tor ot eas
t ak@bowatl2 hinat afiérmepoisatatioras conpared to the
concentration of .a standard_sol ution. The standard
sol uti on em%g?})‘g}egtdg'ﬁ)?gﬂ’iog 3&1’%".’{@“‘2%1%3 coReenragiaR f o
?ul fo&&m;ﬂpnorib%eﬁﬁhedﬁréfﬁﬂatﬂ%ﬂﬁge%&fa i“Uﬂﬂ apb\ﬁszlobl al fo Ia!;ucfuzI 800 mL of
pH 4. ngd then taking 5 inl of this solution an
P gbout BoRbhabONS it WoPe oGt o egiha when the
phogahatation isfihgusted pftr4. hgh-fat meal without ethanol is from about 0.8 to about
1.5.

In some embodiments, the formulation comprises from about 20 mg to about 60
mg of oxymorphone or about 40 mg of oxymorphone. In one embodiment, the

formulation is a solid dosage, for example, a tablet, a granule, a capsule or a powder.
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In one aspect, the invention provides a method of relieving pain comprising
administering to a patient a sustained release oxymorphone formulation comprising a
sustained release delivery system and from about 5 mg to about 80 mg of oxymorphone,
wherein after oral administration of a single dose to a patient with about 200 mL to about
300 mL of about 4% to about 40% ethanol the formulation provides a maximum blood
concentration of oxymorphone from about 0.1 ng/mL to about 15 ng/mL, and the
formulation provides analgesia to the patient for at least about 12 hours after
administration.

In some embodiments, the formulation provides a maximum blood concentration
of oxymorphone from about 0.5 ng/mL to about 7.5 ng/mL or from about 1 ng/mL to
about 4 ng/mL.

In one embodiment, the formulation comprises from about 10 mg to about 20 mg
of oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 0.3 ng/mL to about 3.2 ng/mL or from about 0.4 ng/mL to
about 2.8 ng/mL.

In some embodiments, the formulation comprises about 10 mg of oxymorphone
and the formulation provides a maximum blood concentration of oxymorphone from
about 0.3 ng/mL to about 1.8 ng/mL or from about 0.5 ng/mL to about 1.5 ng/mL.

In another embodiment, the formulation comprises from about 20 mg to about 40
mg of oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 0.5 ng/mL to about 7 ng/mL or from about 0.9 ng/mL to about
6ng/mL. |

In yet another embodiment, the formulation comprises about 20 mg of
oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 0.5 ng/mL to about 3.2 ng/mL or from about 0.75 ng/mL to
about 2.8 ng/mL.

In one embodiment, the formulation comprises from about 40 mg to about 80 mg
of oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 1 ng/mL to about 15 ng/mL or from about 1.9 ng/mL to about
12 ng/mL.
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In another embodiment, the formulation comprises about 40 mg of oxymorphone
and the formulation provides a maximum blood concentration of oxymorphone from
about 1 ng/mL to about 7 ng/mL or from about 1.4 ng/mL to about 5 ng/mL.

In yet another embodiment, the formulation comprises about 80 mg of
oxymorphone and the formulation provides a maximum blood concentration of
oxymorphone from about 3.5 ng/mL to about 15 ng/mL or from about 4 ng/mL to about
13 ng/mL.

In another aspect, the invention provides a method of relieving pain comprising
administering to a patient a sustained release oxymorphone formulation comprising a
sustained release delivery system and from about 5 mg to about 80 mg of oxymorphone,
wherein the formulation provides a minimum blood concentration of oxymorphone of at
least about 0.013 ng/mL at about 12 hours after oral administration of a single dose to a
patient with about 200 mL to about 300 mL of about 4% to about 40% ethanol, and the
formulation provides analgesia to the patient for at least about 12 hours after
administration.

In one embodiment, the formulation comprises about 5 mg of oxymorphone and
provides a minimum blood concentration of oxymorphone of at least about 0.07 ng/mL.

In another embodiment, the formulation comprises about 10 mg of oxymorphone
and provides a minimum blood concentration of oxymorphone of at least about 0.15
ng/mL.

In yet another embodiment, the formulation comprises about 20 mg of
oxymorphone and provides a minimum blood concentration of oxymorphone of at least
about 0.3 ng/mL.

In one embodiment, the formulation .compn'ses about 40 mg of oxymorphone and
provides a minimum blood concentration of oxymorphone of at least about 0.6 ng/mL..

In yet another embodiment, the formulation comprises about 80 mg of
oxymorphone and provides a minimum blood concentration of oxymorphone of at least
about 1.2 ng/mL. Sustained release formulations described herein can be used in therapy.
Furthermore, sustained release formulations described herein can be used ih the

manufacture of a medicament for treatment of a condition. In one embodiment, the
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sustained release formulations described herein can be used for the manufacture of a
medicament for relieving pain.

In some embodiments, the formulation is a solid dosage form, for example, a
tablet, a capsule, a granule, or a powder.

These and other aspects and embodiments of the invention are described in detail

herein.

4. DETAILED DESCRIPTION OF THE INVENTION

4.1. Definitions

As used herein, unless specifically indicated otherwise, the conjunction “or” is
used in the inclusive sense of “and/or” and not the exclusive sense of “either/or.”

As used herein, the term “robust” refers to a property of a sustained release
formulation that makes it less likely to have its dissolution profile substahtially modified,
injured, or otherwise fail. An example of a failure of a sustained release formulation is
dose dumping. “Robust” and “rugged” are meant to be synonyms.

As used herein, the term “fine” refers to a particle size of a polymer having a
diameter smaller than 53 microns, or alternatively, having particles capable of passing
through a #270 mesh sieve.

As used herein, the term “dose dumping” refers to a rapid release of a drug or an
active ingredient from a sustained release formulation into the bloodstream. This rapid
release is generally faster than the sustained release of a drug from the formulation. Dose
dumping also refers to a release having a peak concentration of the drug in the blood
plasma higher than the peak concentration of the intended sustained release of the drug.
Dose dumping can, in some instances, allow dangerous overdosing to occur, which can
lead to fatal consequences.

As used herein, the term “sustained release” means that the drug is released from
the formulation at a controlled rate so that therapeutically beneficial blood levels (but
below toxic levels) of the drug are maintained over an extended period of time.

As used herein, terms “sustained release”, “extended release™ and “controlled

release” are meant to be synonyms, i.e., have identical meaning.
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As used herein, the term “immediate release” means that the drug is released from

the formulation in a short period of time, e.g., within about 4 hours after administration of
"the formulation. ’ | '

As used herein, the term “AUC” refers to the area under the concentration-time
curve.

As used herein, the term “Cax”’ refers to the maximum observed concentration.

As used herein, the term “RSD” refers to the relative standard deviation.

As used herein, the term “CI” refers to the confidence interval.

As used herein, the term “high-fat meal” refers to a meal wherein approximately
50 percent of total caloric content of the meal is derived from fat. An example of a high-
fat meal is two eggs fried in butter, two strips of bacon, two slices of toast with butter,
four ounces of hash brown potatoes and eight ounces of whole milk.

As used herein, the term “liquids” includes, for example, gastrointestinal fluids,
aqueous solutions (such as those used for in vitro dissolution testing), and mucosas (e.g.,
of the mouth, nose, lungs, esophagus, and the like).

As used herein, the term “ethanol-resistant” refers to releasing less than 50% of an
active ingredient (e.g., a drug) within one hour in a dissolution profile measurement by
USP Procedure Drug Release USP 23 in 0.1N HCI and 40% ethanol solution.

As used herein, the term “drug” includes any pharmaceutically active chemical or
biological compound, and any pharmaceutically acceptable salt thereof, used for
alleviating symptoms, treating or preventing a condition.

Drugs suited for the robust sustained release formulations described herein
include, but are not limited to, alprazolam (XANAX XR®), lithium carbonate
(LITHOBID®), divalproex sodium (DEPAKOTE®), neutral sulfate salts of
dextroamphetamine and amphetamine, with the dextro isomer of amphetamine saccharate
and d,l-amphetamine aspartate monohydrate (ADDERALL XR®), tramadol
hydrochloride (TRAMADOL ER®) and opioids such as morphine (AVINZA® and
KADIAN®) and oxycodone (OXYCONTIN®).

As used herein, the term “opioid” includes stereoisomers thereof, metabolites
thereof, salts thereof, ethers thereof, esters thereof and/or derivatives thereof (e.g.,

pharmaceutically acceptable salts thereof). The opioids may be mu-antagonists and/or

20



102.7 97.9 98.4 98.2 98.7 Tabl ets conpri sing

13.

7% and 27.9% of fine xanthan gumin the

et hanol / et hyl cel | uose-granul ated TI MERx-N(r) rel eased
‘{Fﬁ%"g’&ssbe entire quantity of drug al nost imﬂ@?]uﬁ%o%@/wm
'S g ablets

W t

'S an exanpl e of undesired dose dunpi ng.
h 31.6% or nore of fine xanthan gum di ssolved in

t he expected sustained rel ease manner. The data in
Table 4 indicate that there appears to be no
substantial difference in dissolution profiles of

for
88.
di s
wat
W t
in

mif e agonistyantazanialy. Beampay oripdainchile glisniand, allyyedine,
. . ' . |

BBl 8 SRR B A ity

etonijazane kedegt, TichERRd/BGNDPIPhinesKirehergmidenddzating um

GRS s b A i,

% aldiodtieylthianduiehegtdioxaptietd batiraf, MpRandvEOdtazpcifevathoheptazine,

<#2

gr a%g-llyﬁrrtées th%éantg%%?ﬁe%x&%osryl%ﬁ& te{o‘ﬁjtzgzimcéi, ?eﬁtaﬁﬁ?l@er&gﬁl}drocodone,

hydromorphone, hydroxypethidine, isomethadone, ketobemidone, levallorphan,
levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol, metazocine,
methadone, metopon, morphine, myrophine, nalbuphine, narceine, nicomorphine,
norlevorphanol, normethadone, nalorphine, normophine, norpipanone, opium,
oxycodone, oxymorphone, 6-hydroxyoxymorphone, papaveretum, pentazocine,
phenadoxone, phenomorphan, phenazocine, phenoperidine, piminodine, piritramide,
propheptazine, promedol, properidine, propiram, propoxyphene, sufentanil, tramadol,
tilidine, stereoisomers thereof, metabolites thereof, salts thereof, ethers thereof, esters
thereof, and/or derivatives thereof. In some embodiments, the opioid is morphine,
codeine, hydromorphone, hydrocodone, oxycodone, dihydrocodeine, dihydromorphine,
oxymorphone, 6-hydroxyoxymorphone (including 6-a-hydroxyoxymorphone and/or 6-B-
hydroxyoxymorphone), or tramadol.

As used herein, the term “oxymorphone” includes oxymorphone, metabolites
thereof, and derivatives thereof. Metabolites of oxymorphone include, for example, 6~
hydroxyoxymorphone (e.g., 6-0-hydroxyoxymorphone and/or 6-f-
hydroxyoxymorphone). '

As used herein, the term “condition” includes any disease or a collection of
symptoms that requires treatment with a drug. Exemplary conditions include panic
disorder (with or without agoraphobia), bipolar disorder (manic depressive illness), acute
manic or mixed episodes associated with bipolar disorder, epilepsy, migraine, attention
deficit hyperactivity disorder (ADHD), depression and pain.

The pain can be minor to moderate, or moderate to severe. The pain can be acute
or chronic. The pain can also be persistent and require continuous around-the-clock relief

for an extended period of time. The pain can be associated with, for example, cancer,
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autoimmune diseases, infections, surgical traumas, or accidental traumas. The patient can
be an animal, a mammal, or a human. '

The drug may be in the form of any pharmaceutically acceptable salt known in the
art. Exemplary pharmaceutically acceptable salts include hydrochloric, sulfuric, nitric,
phosphoric, hydrobromic, maleric, malic, ascorbic, citric, tartaric, pamoic, lauric, stearic,
palmitic, oleic, myristic, lauryl sulfuric, napthalinesulfonic, linoleic, linolenic acid, and
the like.

The robust sustained release formulations of drugs are administered in an amount
sufficient to alleviate symptoms, treat or prevent a condition for an extended period of
time, for example about 8 hours to about 24 hours, or for a period of about 12 hours to
about 24 hours. The robust sustained release oral solid dosage formulations described
herein may be administered four times a day, three times a day, twice daily, or only once
daily.

The sustained release formulations of opioids are administered in an amount
sufficient to alleviate pain for an extended period of time, for example about 8 hours to
about 24 hours, or for a period of about 12 hours to about 24 hours. The opioid sustained
release oral solid dosage formulations described herein may be administered four times a
day, three times a day, twice daily, or only once daily.

A therapeutically effective amount of a drug is an amount sufficient to eliminate
or to alleviate symptoms of a condition (e.g., reduce the pain compared to the pain present
prior to administration of the opioid sustained release formulation).

The drug can be present in the composition in an amount of about 0.5 milligrams
to about 1000 milligrams, in an amount of about 1 milligram to about 800 milligrams, in
an amount of about 1 milligram to about 200 milligrams, or in an amount of about |

milligram to about 100 milligrams.

4.2. Particle size effects on robustness of sustained release formulations

It has been unexpectedly discovered that the particle size of hydrophilic gums,
e.g., xanthan gum, affects dissolution properties of the sustained release formulations and
solid dosage forms comprising the sustained release formulations, thereby affecting their

robustness. Discovering such a quality-by-design principle and understanding how it
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Fr aciuf[femnt hydropiﬁh(f gune tlﬂ?frgﬁﬁpn mlght be smaller or larger, for example between
about 20-80%, about 40-60%, or about 50%. Furthermore, if hydrophilic gum particles
are screened through a different mesh filter, the size distribution of the hydrophilic gum
required to produce a robust sustained release formulation can be differen_t. Robustness
of the sustained release formulations described herein is likely to be a combination of the
choice of hydrophilic gum and particle size distribution. In general, the coarser the
hydrophilic gum is, the larger the fraction of small particles is required for a robust
formulation. Similarly, the finer the hydrophilic gum is, the smaller the fraction of small
particles is required for a robust formulation. In some instances, it may be desirable for
the formulation to have a percentage of the hydrophilic gum larger than the amount that
makes the formulation robust. If the hydrophilic gum is xanthan gum, the formulation
may comprise more than 30% of xanthan gum particles smaller than 53 microns, for
example, about 40%, about 50%, or about 60%.

Without intending to be bound by any theory, the hydrophilic properties of certain
hydrophilic gums (e.g., xanthan gum) contribute to the initial hydration of the sustained
release formulations and the solid dosage forms, which in one embodiment comprise a
drug, one or more heteropolysaccharide gums and one or more homopolysaccharide
gums, and in another embodiment comprise a drug, one or more heteropolysaccharide
gums and one or more cross-linking compound selected from monovalent cations,
multivalent cations, and salts.

Integrity of sustained release formulations and solid dosage forms comprising
hydrophilic gums, e.g., xanthan gum, has also been found to be sensitive to the method
used for granulation of formulations comprising xanthan gum particles. '

When the granulation method of choice is wet-granulation with non-aqueous

solvents such as alcohols, glycerol, propylene glycol, or other non-aqueous solvents, the
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particle size of xanthan gum will have a substantial effect on hydration and integrity of
the granulated sustained release formulation and the solid dosage form.

Rapid hydration of xanthan gum in cold water contributes to the integrity of non-
water granulated sustained release formulations and finished solid dosage forms described
herein. The rate of hydration of xanthan gum was found to depend on the xanthan gum
particle size. Xanthan gum particles of small diameter will, for example, hydrate faster
than xanthan gum particles of large diameter. Therefore, non-water granulated sustained
release formulations and solid dosage forms éomprising xanthan gum particles of smaller
average and/or mean diameter will hydrate faster and be more robust than granulated |
sustained release formulations and solid dosage forms comprising xanthan gum particles
of larger average and/or mean diameter.

In some embodiments, wet-granulation with non-aqueous solvents includes a
dispersion of one or more hydrophobic materials (e.g., an alkylcellulose, a copolymer of
acrylic and methacrylic acid esters, waxes, shellac, zein, hydrogenated vegetable oils, and
mixtures of any of the foregoing) in an amount effective to slow the hydration of the
formulation when exposed to an environmental fluid.

For example, when the granulation method of choice is wet granulation with
ethanol and ethylcellulose, the size of xanthan gum pal’ticles. affects the hydration
properties and integrity of the granulated sustained release formulation and the solid
dosage form.

When the granulation method of choice is wet granulation with water or any other
aqueous solution, the hydration will be effected using the water from the aqueous
solution, and the particle size of xanthan gum will have a lesser, negligible, or even non-
existent effect on the hydration of the solid dosage formulation. Based on their poor cold-
water solubility, certain homopolysaccharide gums, such as locust bean gum, are not
expected to contribute to the initial hydration of the sustained release formulation and
solid dosage form. Therefore, the average and/or mean particle size of these
homopolysaccharides gums does not affect the hydration properties and integrity of the
sustained release formulation and the solid dosage form.

Particle size can be measured using any suitable method used in the art. Perhaps

the most common method of measuring particle size comprises screening particles
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through a sieve. Other exemplary methods include optical methods, e.g., laser diffraction
measurements, light microscopy, surface area measurements (e.g., mercury porosimetry,
nitrogen gas adsorption, krypton gas adsorpt_ion).- Other physical measurements can also
be used to calculate particle size.

Robustness and integrity of solid dosage forms, such as tablets, capsules, granules
and powders, can be measured using several techniques, such as dissolution profile
measurements. Exemplary dissolution profile measurements include drug release

measurements using a USP Type I, Type II, Type III, or Type IV dissolution apparatus.

4.3, Ethanol effects on robustness of sustained release formulations

It has been discovered that the sustained release formulations described herein
retain their sustained release dissolution properties in the presence of ethanol.

Without intending to be bound by any theory, the physicochemical properties of |
the hydrophilic compound (e.g., xanthan gum) cross-linked by a cross-linking agent (e.g.,
locust bean gum), are such that they together form a gum or gum-like matrix, which is
insoluble or substantially insoluble in ethanol. These solubility properties of the
formulation may be attributed to the hydrophilic nature of the sustained release delivery
system, which in one embodiment comprises one or more hydrophilic gums and one or
more homopolysaccharide gums, and in another embodiment comprises or one or more
hydrophilic gums, and one or more monovalent cations, multivalent cations, and/or salts.
Small amounts of hydrophobic agents (e.g., hydrophobic polymers such as
ethylcellulose), do not substantially modify the dissolution properties of the formulation
in ethanol, presumably because the sustained release delivery system retains its
hydrophilic character. Properties of the drug are not likely to affect the gum or gum-like
properties of the matrix, making the formulations described herein suitable and/or
adaptable to a wide range of drugs.

Several factors are believed to affect the release of a drug from the formulation in
the presence of ethanol: solubility of the drug in ethanol, materials comprising the
formulation (e.g., hydrophilic compounds are more resistant to ethanol than hydrophobic
compounds), and dosage form of the formulation (e.g., tablets are more resistant to

ethanol than capsules).
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Alteration of a sustained release profile can be exhibited, for example, in the
bioavailability profile of the drug, such as altered blood plasma concentration time curve
after administration of the drug with or without a beverage containing ethanol. Typical
parameters measured are the high peak drug concentration (Cpax), an increase of which
can increase the safety risk of a drug, drug concentration at the end of the therapeutic
period (Cuin), a decrease of which can reduce the efficacy of the drug. The sustained
release formulations described herein exhibit mean increases in Cpyx of about 1.7 fold
when taken with 40% alcohol compared to 0% alcohol. This is considered acceptable
because Cpex ratios in an individual when a drug is administered to a fed (with a standard
high-fat meal) vs. a fasted individual can vary from about 0.7 to about 3.5, with a mean
Cax ratio of about 1.5, Therefore, taking a drug with 40% ethanol has a comparable
effect to taking the drug after a high-fat meal. Taking the drug with 20% or 4% ethanol
has a smaller effect on Cyax than a high-fat meal, as exhibited by the mean Cpuy ratios of
about 1.2 and about 1.1, respectively.

In an exemplary scenario, a formulation with an altered sustained release profile
by ethanol may, for example, release a larger amount of the drug shortly after
administration (e.g., within 0-6 hours), resulting in a higher-than-intended Cpax. If the
drug is toxic, a higher-than-intended Cpax can lead to harmful side effects for the patient,
including death. As a consequence of this rapid release, less drug is available for
subsequent release, resulting in a lower-than-intended Cyy, at the end of the therapeutic

period (i.e., just prior to administration of a subsequent dose). A lower-than-intended
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35% i n  Atthe Pharmaceutical Sciences Advisory Committee Meeting of Oct. 26, 2005,

FDA personnel presented results of a post-approval in vivo study of a known drug. The
study showed that taking the drug with a beverage containing 40% alcohol led to a five-
fold increase in Cyax and taking the same drug with a beverage containing 20% alcohol
led to a doubling of Cpnax. Taking the drug with a beverage containing 5% alcohol led to a
small mean effect, but at least one subject doubled their Cpyx.

The sustained release formulations described herein can, therefore, be used to
increase safety of drugs with potentially harmful effects at high concentrations and to
reduce abuse of drugs producing a euphoric effect, such as opioids. The formulations
described herein can also be used to reduce or prevent harm to a patient in situations
where a reduced level of a drug (e.g., lower than the therapeutically beneficial level) can
adversely affect the health of the patient. The formulations described herein can be useful
for formulation of narrow therapeutic range drugs, sometimes referred to as narrow
therapeutic index drugs.

If a formulation described herein is ingested with an alcoholic beverage, or
ingested by a patient prior to or after consumption of an alcoholic beverage, the
formulation will essentially retain its sustained release properties and will slowly release
the drug from the resulting hydrophilic gel matrix.

Because the formulations described herein do not dose dump in the presence of
ethanol, they can be used for formulation of drugs that are at risk to be taken with ethanol,
such as abuse-potential drugs and drugs prescribed to alcohol and/or drug abusers, or
drugs that produce harmful or lethal side effects if over-dosed. Examples of such drugs
include opioids.

In addition, patients being treated for conditions such as panic disorder (with or

without agoraphobia), bipolar disorder (manic depressive illness), acute manic or mixed
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103.3 105.9 108.0 28.8 38.1 51.5 63.6 76.9 92.8 99.0
101.7 103.5 105.0 18.7 29.6 46.9 60.2 70.9 85.4 94.2
98.9 101.7 103.7 16.1 25.5 40.3 53.0 63.7 78.0 87.6

96. 6 103. 1 106.5 17.8 27.5 45.1 57.9 67.7 81.5 89.4
94 £Pgdes agsgcipted with bipolar disorder, epilepsy, migraine, attention deficit

hyperactivity disorder (ADHD), depression and/or pain may be more likely to consume
alcohol compared to the general population. This could be a result of the patients’ desire
to experience the euphoric effects from inebriation and/or to eliminate or alleviate the
symptoms of their condition, such as pain. |

Due to the slow release of the drug from the formulations described herein, the
patient (e.g., a drug addict) would not experience the euphoria that would be immediately
available by abusing conventional formulations (e.g., opioid formulations) by oral
inhalation/ingestion or oral ingestion with an alcoholic beverage. Accordingly, the drug
formulations described herein would not be abused by patients or their potential for abuse
would be significantly reduced (e.g., when compared to conventional opioid
formulations).

For example, the sustained release formulations described herein resist extraction
of the drug from the formulation by grounding up the solid dosage forms into powder,
pouring over 95% ethanol, diluting the resulting solution with water to beverage-strength
ethanol, and removing the undissolved material by filtration through a coffee or other
paper filter. Ethanol content of hard liquors is typically in the range of 40-45%. This
method of extraction is envisioned to be employed by drug addicts, wanting to abuse a
drug from the sustained release formulation, such as an opioid, by injecting themselves
with the drug extracted from the formulation.

Additionally, because the drug is released slowly from a sustained release
formulation over an extended period of time, many sustained release formulations contain
relatively high amounts of the drug. Sustained release formulations containing high
amounts of drugs can be more harmful to a patient when they fail compared to immediate
release formulations, which generally contain smaller amounts of the drug. Therefore,
the drug formulations described herein can increase safety of drugs that can be harmful

and/or lethal at higher than therapeutically beneficial levels.

4.4. Sustained release delivery system

The sustained release delivery system comprises at least one hydrophilic

compound. In some embodiments, the hydrophilic compound is a gum, for example a
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Exemplary acrylic resins include polymers and copolymers of acrylié acid, methacrylic

acid, methyl acrylate and methyl methacrylate. In some embodiments, the hydrophilic
compound is a gum, for example a heteropolysaccharide gum, such as a xanthan gum or
derivative thereof. Derivatives of xanthan gum include, for example, deacylated xanthan
gum, the carboxymethy! esters of xanthan gum, and the propylene glycol esters of
xanthan gum.

In another embodimént, the sustained release delivery system further comprises at
least one cross-linking agent. The cross-linking agent can be a compound that is capable
of cross-linking the hydrophilic compound to form a gel matrix in the presence of liquids.
The sustained release delivery system generally comprises the cross-linking agent in an
amount of about 0.5% to about 80% by weight, in an amount of about 2% to about 54%
by weight, in an amount of about 20% to about 30% by weight, or in an amount of about

25% by weight.
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(10) Total 100.0 Tabl ets conprising 40 ng of
oxynor phone hydrochl ori de were prepared using the
controlled rel ease delivery system shown in Table 8A

; ities of ingredients per tablet arep
W AEH L& 20081 045047 PCT! US006, 030781 TEETESHiosm:
Conponent Anount per tablet [ng] Oxynorphone HCl, USP
(rmg) 40 TI MERX- NO sustained rel ease delivery system
160 Silicified mcrocrystalline cellulose, NF. 20

Sodium stearyl fumarate, N F.. 2 Total theoretical
wei ght oﬂixe;nnlatatcwsmlggg pgeatsumludzmmmlmman@ﬁgeExemplary

0. 0%ﬁ%pg@é?’agg%né&%c%o%dg)ala§t‘o§1§nnan gums, such as guar gum, hydroxypropyl
guar gum, and locust bean gum. In some embodiments, the cross-linking agent is a locust
bean gum, a guar gum, or a derivative thereof. In other embodiments, the cross-linking
agent is an alginic acid derivative or a hydrocolloid.

When the sustained release delivery system comprises at least one hydrophilic
compound and at least one cross-linking agent, the ratio of hydrophilic compound to
cross-linking agent is génerally from about 1:9 to about 9:1, or from about 1:3 to about
3:1.

In some embodiments, the sustained release delivery system comprises one or
more cationic cross-linking compounds. In some embodiments, the cationic cross-linking
compound can be used instead of or in addition to the cross-linking agent. The cationic
cross-linking compound can be used in an amount sufficient to cross-link the hydrophilic
compound to form a gel matrix in the presence of liquids. The cationic cross-linking
compound is present in the sustained release delivery system in an amount of about 0.5%
to about 30% by weight, or from about 5% to about 20% by weight.

Exemplary cationic cross-linking compounds include monovalent metal cations,
multivalent metal cations, and inorganic salts, including alkali metal and/or alkaline earth
metal sulfates, chlorides, borates, bromides, citrates, ‘acetates, lactates, and mixtures
thereof. For example, the cationic cross-linking compound can be one or more of calcium
sulfate, sodium chloride, potassium sulfate, sodium carbonate, lithium chloride,
tripotassium phosphate, sodium borate, potassium bromide, potassium fluoride, sodium
bicarbonate, calcium chloride, magnesium chloride, sodium citrate, sodium acetate,
calcium lactate, magnesium sulfate, sodium fluoride, or mixtures thereof.

When the sustained release delivery system comprises at least one hydrophilic
compound and at least one cationic cross-linking compound, the ratio of the hydrophilic
compound to the cationic cross-linking compound is generally from about 1:9 to about
9:1, or from about 1:3 to about 3:1.

Two properties of compounds (e.g., the at least one hydrophilic compound and the
at least one cross-linking agent; or the at least one hydrophilic compound and the at least

one cationic cross-linking compound) that form a gel matrix upon exposure to liquids are
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ixgrrl udtflzlr?(glolgagol@rl et:sgcrhgacglcl% E:sh 30 OL}’(%ICV\?CO}IOIS an% 1;)1/1nxteuresahcreof such
as starch, lactose, dextrose, sucrose, microcrystalline cellulose, sorbitol, xylitol, fructose,
and mixtures thereof. In other embodiments, the pharmaceutical diluent is water-soluble,
such as lactose, dextrose, sucrose, or mixtures thereof. The ratio of pharmaceutical
diluent to hydrophilic compound is generally from about 1:8 to about 8:1, or from about
1:3 to about 3:1. The sustained release delivery system generally comprises one or more
pharmaceutical diluents in an amount of about 20% to about 80% by weight, for example
about 35% by weight. In other embodiments, the sustained release delivery system
comprises one or more pharmaceutical diluents in an amount of about 40% to about 80%
by weight.

In some embodiments, the sustained release delivery system further comprises one
or more hydrophobic polymers. The hydrophobic polymers can be used in an amount
sufficient to slow the hydration of the hydrophilic compound without disrupting it. For
example, the hydrophobic polymer may be present in the sustained release delivery
system in an amount of about 0.5% to about 20% by weight, in an amount of about 2% to
about 10% by weight, in an amount of about 3% to about 7% by weight, or in an amount

of about 5% by weight.
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comprise an analgesically effective amount of oxymorphone or a pharmaceutically

acceptable salt thereof.

Administration of oxymorphone is frequently hindered by the very low
bioavailability of the oral immediate release formulations of oxymorphone, which require
a 4 hourly dosing frequency. The bioavailability of the robust sustained release
formulations described herein is sufficiently high that the robust sustained release
formulations can be used to treat patients suffering from pain with only once or twice
daily dosing.

The robust sustained release formulations of oxymorphone are administered in an

amount sufficient to alleviate pain for an extended period of time, for example, for a
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period of about 8 hours to about 24 hours, or for a period of about 12 hours to about 24
hours.
The oxymorphone sustained release oral solid dosage formulations described
herein can be administered four times a day, three times a day, twice daily, or once daily.
In certain embodiments, upon oral ingestion of the robust sustained release
formulation comprising oxymorphone and contact of this formulation with
gastrointestinal fluids, the robust sustained release formulation swells and gels to form a
hydrophilic gel matrix from which the oxymorphone is released. The swelling of the gel
matrix causes a reduction in the bulk density of the formulation and provides the
buoyancy necessary to allow the gel matrix to float on the stomach contents to provide a
slow delivery of the oxymorphone. The hydrophilic matrix, the size of which is
dependent upon the size of the original formulation, can swell considerably and become
obstructed near the opening of the pylorus. Because the oxymorphone is dispersed
throughout the formulation (and consequently throughout the gel matrix), a constant
amount of oxymorphone is released per unit time in vivo by dispersion or erosion of the
outer portions of the hydrophilic gel matrix. The process continues, with the gel matrix
remaining buoyant in the stomach, until substantially all of the oxymorphone is released.

In certain embodiments, the chemistry of certain of the components of the
formulation, such as the hydrophilic compound (e.g., xanthan gum), is such that the
components are considered to be self-buffering agents which are substantially insensitive
to the solubility of the oxymorphone and the pH changes along the length of the
gastrointestinal tract. Moreover, the chemistry of the components is believed to be
similar to certain known muco-adhesive substances, such as pofycarbophil. Muco-
adhesive properties are desirable for buccal delivery systems. Thus, the robust sustained
release formulation can loosely interact with the mucin in the- gastrointestinal tract and
thereby provide another mode by which a constant rate of delivery of the oxymorphone is
achieved.

In one embodiment, when measured by USP Procedure Drug Release USP 23
(incorporated by reference herein in its entirety), the robust sustained release formulations
described herein exhibit an in vitro dissolution rate of about 15% to about 50% by weight

oxymorphone after 1 hour, about 45% to about 80% by weight oxymorphone after 4
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hours, and at least about 80% by weight oxymorphone after 10 hours. The in vitro and in
vivo release characteristics of the robust sustained release formulations described herein
can be modified using mixtures of one or more different water insoluble and/or water
soluble compounds, using different plasticizers, varying the thickness of the sustained
release film, including providing release-modifying compounds in the coating, and/or by
providing passageways through the coating.

Some embodiments provide robust sustained release solid dosage formulations
comprisirig from about 1 mg to about 200 mg of oxyrhorphbne hydrochloride, or from
about 5 mg to about 80 mg of oxymorphone hydrochloride; and from about 80 mg to
about 200 mg of a sustained release delivery system, or from about 120 mg to about 200
mg of a sustained release delivery system, or about 160 mg of a sustained release delivery
system; where the sustained release delivery system comprises about 8.3 to about 41.7%
locust bean gum, or about 25% locust bean gum; from about 8.3 to about 41.7% xanthan
gum having at least about 30% of particles smaller than about 53 microns in diameter, or
about 25% xanthan gum with at least about 30% of particles smaller than about 53
microns in diameter; from about 20 to about 55% dextrose, or about 35% dextrose; from
about 5 to about 20% calcium sulfate dihydrate, or about 10% calcium sulfate dihydrate;
and from about 2 to 10% ethyl cellulose, or about 5% ethyl cellulose.

Other embodiments provide robust sustained release solid dosage formulations
comprising from about 1 mg to about 200 mg of oxymorphone hydrochloride, or from
about 5 mg to about 80 mg of oxymorphone hydrochloride; and from about 80 mg to
about 200 mg of a sustained release delivery system, or from about 120 mg to about 200 -
mg of a sustained release delivery system, or about 160 mg of a sustained release delivery
system; where the sustained release delivery system comprises from about 8.3 to about
41.7% locust bean gum, or about 25% locust bean gum; from about 8.3 to about 41.7%
xanthan gum wherein at least about 30% of the xanthan gum particles can pass through a
#270 mesh sieve, or about 25% xanthan gum of which at least about 30% of the particles
can pass through a #270 mesh sieve; from about 20 to about 55% dextrose, or about 35%
dextrose; from about 5 to about 20% calcium sulfate dihydrate, or about 10% calcium
sulfate dihydrate; and from about 2 to about 10% ethyl cellulose, or about 5% ethyl

cellulose.
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Some embodiments provide robust sustained release solid dosage formulations
comprising from about 1 mg to about 200 mg of oxymorphone hydrochloride, or from
about 5 mg to about 80 mg of oxymorphone hydrochloride; and from about 200 mg to
about 420 mg of a sustained release delivery system, or from about 300 mg to about 420
mg of a sustained release delivery system, or about 360 mg of a sustained release delivery
system; where the sustained release delivery system comprises from about 8.3 to about
41.7% locust bean gum, or about 25% locust bean gum; from about 8.3 to about 41.7%
xanthan gum having at least about 30% of particles smaller than about 53 microns in
diameter, or about 25% xanthan gum with at least about 30% of particles smaller than
about 53 microns in diameter; from about 20 to about 55% dextrose, or about 35%
dextrose; from about 5 to about 20% calcium sulfate dihydrate, or about 10% calcium
sulfate dihydrate; and from about 2 to 10% ethy! cellulose, or about 5% ethyl cellulose.

Other embodiments provide robust sustained release solid dosage formulations
comprising from about 1 mg to about 200 mg of oxymorphone hydrochloride, or from
about 5 mg to about 80 mg of oxymorphone hydrochloride; and from about 200 mg to
about 420 mg of a sustained release delivery system, or from about 300 mg to about 420
mg of a sustained release delivery system, or about 360 mg of a sustained release delivery
system; where the sustained release delivéry system comprises from about 8.3 to about
41.7% locust bean gum, or about 25% locust bean gum; from about 8.3 to about 41.7%
xanthan gum wherein at least about 30% of the xanthan gum particles can pass through a
#270 mesh sieve, or about 25% xanthan gum of which at least about 30% of the particles
can pass through a #270 mesh sieve; from about 20 to about 55% dextrose, or about 35%
dextrose; from about 5 to about 20% calcium sulfate dihydrate, or about 10% calcium
sulfate dihydrate; and from about 2 to 10% ethyl cellulose, or about 5% ethyl cellulose.

When administered orally to patients the robust sustained release formulations
described herein exhibit the following in vivo characteristics: (a) a peak plasma level of
oxymorphone occurs within about 2 to about 6 hours after administration; (b) the duration
of the oxymorphone analgesic effect is about 8 to about 24 hours; and (c) the relative
oxymorphone bioavailability is about 0.5 to about 1.5 compared to an orally administered

aqueous solution of oxymorphone.
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While the oxymorphone compositions described herein can be administered as the
sole active pharmaceutical compound in the methods described herein, they can also be
used in combination with one or more compounds which are known to be therapeutically
effective against pain.

. In one embodiment, pharmaceutical kits comprising one or more containers filled
with one or more of robust sustained release oxymorphone formulations described herein
are provided. The kits can further comprise other pharmaceutical compounds known in

the art to be therapeutically effective against pain, and instructions for use.

4.6. Preparation of the robust sustained release formulations

The robust sustained release formulations described herein can be prepared by wet
granulation methods. The solid dosage forms described herein can be prepared by direct
compression or by wet granulation of the formulations.

In some embodiments, the sustained release formulations are manufactured by a
wet granulation technique. In the wet granulation technique, the components (e.g.,
hydrophilic compounds such a xanthan gum, cross-linking agents, pharmaceutical
diluents, cationic cross-linking compounds, hydrophobic polyfners, etc.) are mixed
together and then moistened with one or more liquids (e.g., water, propylene glycol,
glycerol, alcohol) to produce a moistened mass that is subsequently dried. The dried
mass is then milled with conventional equipment into granules of the sustained release
delivery system. Thereafter, the sustained release delivery system is mixed in the desired

~amounts with the drug and, optionally, one or more wetting agents, one or more
lubricants, one or more buffering agents, one or more coloring agents, or other
conventional ingredients, to produce a granulated composition. The sustained release
delivery system and the drug can be blended with, for example, a high shear mixer. The
drug can be finely and homogeneously dispersed in the sustained release delivery system.
The granulated composition, in an amount sufficient to make a uniform batch of tablets, is
subjected to tableting in a conventional production scale tableting machine at normal
compression pressures, i.e., about 2,000-16,000 psi. The mixture should not be
compressed to a point where there is subsequent difficulty with hydration upon exposure

to liquids. Exemplary methods for preparing sustained release delivery systems are
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threshold fraction of about 30% of xanthan gum particles smaller than 53 microns in

diameter is met or exceeded, no change in robustness and integrity of the formulation and
solid dosage form is observed (see Table 4).

It will be apparent to one skilled in the art that other combinations of xanthan gum
particle sizes and threshold fractions may also be used to manufacture robust sustained
release formulations described herein, For example, a formulation comprising xanthan
gum particles smaller than 45, 38, 32, 25, or 20 microns in diameter may be robust when
the threshold fraction is less than about 30%, for example between about 5-25%, or
between about 10-20%. A formulation comprising xanthan gum particles smaller than
63, 75, 90, 106, 125, or 150 microns in diameter may be robust when the threshold
fraction is more than about 30%, for example between about 30-100%, or between about
50-90%. Robustness and integrity of sustained release formulations and solid dosage
forms granulated with a non-aqueous solution can be improved by controlling the particle
size distribution of the hydrophilic compound (e.g., xanthan gum). Control of the particle
size distribution of the hydrophilic compound can be achieved, for example, by screening
the hydrophilic compound (e.g., xanthan gum) particles through a sievé, (e.g., a#270

mesh sieve) which allows particles smaller than a certain size (e.g., 53 microns in
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sustained release film, which, upon exposure to liquids, releases the drug from the core at
a sustained rate.

In one embodiment, the sustained release coating comprises at least one water
insoluble compound. The water insoluble compound can be a hydrophobic polymer. The
hydrophobic polymer can be the same as or different from the hydrophobic polymer used
in the sustained release delivery system. Exemplary hydrophobic polymers include alkyl

celluloses (e.g., Ci.¢ alkyl celluloses, carboxymethylcellulose), other hydrophobic

38



0.25 hr 316.248 269.400 255.910 686.880 0.5 hr
1218. 988 1067.048 1307.611 1968.407 0.75 hr 1572. 360
1469. 992 2067. 158 2520.593 1 hr 1716.480 1556. 372

W 25s/530;,2630. 867 1.5 hrs 1726.720 1785.560 2352siRf0307s1
2746. 200

cellulosic materials or compounds (e.g., cellulose acetate phthalate,
hydroxypropylmethylcellulose phthalate), polyvinyl acetate polymers (e.g., polyvinyl
acetate phthalate), polymers or copolymers derived from acrylic and/or methacrylic acid
esters, zein, waxes (alone or in admixture with fatty alcohols), shellac, hydrogenated
vegetable oils, and mixtures thereof. The hydrophobic polymer can be, for example,
methyl cellulose, ethyl cellulose, or propyl cellulose. The robust sustained release
formulations can be coated with a water insoluble compound to a weight gain from about
1 to about 20% by weight.

The sustained release coating can further comprise at least one plasticizer such as
triethyl citrate, dibutyl phthalate, propylene glycol, polyethylene glycol, or mixtures
thereof.

The sustained release coating can also contain at least one water soluble
compound, such as polyvinylpyrrolidones, hydroxypropylmethylcelluloses, or mixtures
thereof. The sustained release coating can comprise at least one water soluble compound
in an amount from about 1% to about 6% by weight, for example, in an amount of about
3% by weight.

The sustained release coating can be applied to the drug core by spraying an
aqueous dispersion of the water insoluble co.mpound onto the drug core. The drug core
canbe a granulated composition made, for example, by dry or wet granulation of mixed
powders of drug and at least one binding agent; by coating an inert bead with an drug and
at least one binding agent; or by spheronizing mixed powders of an drug and at least one
spheronizing agent. Exemplary binding agents include hydroxypropylmethylcelluloses.
Exemplary spheronizing agents include microcrystalline celluloses. The inner core can
be a tablet made by compressing the granules or by compressing a powder comprising a
drug.

In other embodiments, the compositions comprising at least one drug and a
sustained release delivery system, as described herein, are coated with a sustained release
coating, as described herein, In still other embodiments, the compositions comprising at
least one drug and a sustained release delivery system, as described herein, are coated
with a hydrophobic polymer, as described herein. In still other embodiments, the

compositions comprising at least one drug and a sustained release delivery system, as
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described herein, are coated with an enteric coating, such as cellulose acetate phthalate,
hydroxy'propylmethylcellulose phthalate, polyvinylacetate phthalate, methacrylic acid
copolymer, shellac, hydroxypropylmethylcellulose succinate, cellulose acetate trimelliate,
or mixtures thereof. In still other embodiments, the compositions comprising at least one
drug and a sustained release delivery system, as described herein, are coated with a
hydrophobic polymer, as described herein, and further coated with an enteric coating, as
described herein. In any of the embodiments described herein, the compositions
comprising the drug and a sustained release delivery system, as described herein, can
optionally be coated with a hydrophilic coating which may be applied above or beneath
the sustained release film, above or beneath the hydrophobic coating, and/or above or
beneath the enteric coating. Exemplary hydrophilic coatings comprise
hydroxypropylmethylcellulose.

Without intending to be bound by any theory of the invention, upon oral ingestion
of the drug sustained release formulation and contact of the formulation with
gastrointestinal fluids, the sustained release formulation swells and gels to form a
hydrophilic gel matrix from which the drug is released. The swelling of the gel matrix
causes a reduction in the bulk density of the formulation and provides the buoyancy
necessary to allow the gel matrix to float on the stomach contents to provide a slow
delivery of the drug. The hydrophilic matrix, the size of which is dependent upon the size
of the original formulation, can swell considerably and become obstructed near the
opening of the pylorus. Because the drug is dispersed throughout the formulation (and
consequently throughout the gel matrix), a constant amount of drug can be released per
unit time in vivo by dispersion or erosion of the outer portions of the hydrophilic gel
matrix. This phenomenon is referred to as a zero order release profile or zero order
kinetics. The process continues, with the gel matrix remaining buoyant in the stomach,
until substantially all of the drug is released.

Without intending to be bound by any theory of the invention, the chemistry of
certain of the components of the formulation, such as the hydrophilic compound (e.g.,
xanthan gum), is such that the components are considered to be self-buffering agents
which are substantially insensitive to the solubility of the drugs and the pH changes along

the length of the gastrointestinal tract. Moreover, the chemistry of the components is
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believed to be similar to certain known muco-adhesive substances, such as polycarbophil.
Muco-adhesive properties are desirable for buccal delivery systems. Thus, it may be
possible that the sustained release formulation could potentially loosely interact with the
mucin in the gastrointestinal tract and thereby provide another mode by which a constant
rate of delivery of the drug is achieved.

The two phenomena discussed above (hydrophilic gel matrix and muco-adhesive
properties) are possible mechanisms by which the robust sustained release formulations
described herein could interact with the mucin and fluids of the gastrointestinal tract and

provide a constant rate of delivery of the drugs.

4.7. Usefulness of robust sustained release formulations

The robust sustained release formulations and solid dosage forms described herein
are useful for formulation of drugs that pose a risk to the patient in case of a formulation
failure. The formulations and solid dosage forms comprising the formulations described
herein are useful for providing (e.g., prescribing, administering) drugs that pose a risk to
the patient in case of a formulation failure. Examples of such drugs include, for example,
opioids such as oxymorphone.

The robust sustained release formulations and solid dosage forms described herein
are useful for treating a condition (e.g., pain), by prescribing and/or administering a
therapeutically effective amount of the robust sustained release formulations of the drug
(e.g., an opioid such as oxymorphone) to a patient who could consume ethanol while
being treated with the drug. A therapeutically effective amount is an amount sufficient to
eliminate the condition or to alleviate the condition (i.e., reduce the symptoms compared
to the symptoms present prior to administration of the robust sustained release
formulation).

While the formulations and solid dosage forms described herein can be
administered as the sole active pharmaceutical composition in the methods described
herein, they can also be used in combination with one or more compounds and/or
compositions that are known to be therapeutically effective against the condition.

Pharmaceutical kits comprising one or more of the drug formulations described
herein are provided. Pharmaceutical kits can, for example, comprise one or more

containers filled with one or more of the robust sustained release formulations and/or

41



36 hrs 254.988 238.020 241.980 261.647 48 hrs 95.180
99. 976 85.675 116.207 WD 2008/ 045047PCT/ US2006/ 039781
Statistical analyses of the pharnmacokinetic paraneters

w Sodlb8sented in Table 12. Table 12 Phar macokipgitiossosorsi
parameter (SD) Oxynorphone treatnent (excluding

subjects that vomted) 40% ethanol 20% et hanol 4%
et hanol 0% et hanol Clax, pg/nL 3917 3089

solid dosage forms described herein. The kits can further comprise other pharmaceutical
compounds known in the art to be therapeutically effective against a condition, and

instructions for use.

5. EXAMPLES

The following examples are for purposes of illustration only and are not intended
to limit the scope of the appended claims.

Some experiments were performed with albuterol sulfate, which has dosage,
solubility and other physicochemical properties similar to opioids, such as oxymorphone

and oxycodone.

Example 1

Preparation of TIMERx-N® sustained release

delivery system using ethanol/ethylcellulose granulation

Lots of TIMERx-N® sustained release delivery system were prepared according
to the procedures related to those identified in U.S. Patent Nos. 4,994,276, 5,128,143 and
5,554,387, incorporated herein by reference in their entirety.

Lots of xanthan gum (Jungbunzlauer, Perhoven, Austria or CP Kelco, Chicago,
IL) were particle-size tested using a series of mesh sieves. These sieves included a #270
mesh sieve, which allowed particles smaller than 53 microns in diameter to pass through
(fine particles). The weight fraction of xanthan gum particles passing through the sieves
(i.e., fraction of fine xanthan gum) was determined. Batches with known fractions of fine
xanthan gum particles were then prepared. TIMERx-N® was prepared by dry blending
the requisite amounts of xanthan gum, locust bean gum, calcium sulfate, and dextrose in a
high speed mixer/granulator for 3 minutes. A slurry of hydrophobic polymer
(ethylcellulose) was prepared by dissolving ethyl cellulose in ethyl alcohol. The slurry
was added to the dry blended mixture and the material was subsequently granulated for 4
minutes while running the choppers/impeller. The granulation was then dried in a fluid
bed dryer to a LOD (loss on drying) of less than 9% by weight (e.g., typical LOD was ~3-
5%). The granulation was then milled using a 1.0 mm (0.040”) screen. The ingredients of

the sustained release excipient are set forth in Table 1:

42



2564 2373 (1672) (1150) (1037) (870) Tmax, h 1.50
1.50 3.0 2.0 (0.75-6.0) (0.75-8.0) (1.0-12.0)
(0.5-12.0) AUCo.t, pg.h/nml 36385 35389 35146 33350

\&(;‘ %67&)504‘71 149 5) PCT/US2006/039781
Table 1
TIMERx-N® Composition
Component %
1. Xanthan Gum 25
2. Locust Bean Gum 25
3. Calcium Sulfate 10 .
4. Dextrose 35
5. Ethyl Cellulose 5
6. Ethyl Alcohol __ ~20*

*removed during processing

Example 2
Preparation of TIMERx-M50A® sustained release

delivery system using water granulation

Lots of TIMERx-M50A® sustained release delivery system were prepared
according to the procedures related to those identified in U.S. Patent No. 5,399,358,
incorporated herein by reference in its entirety.

Xanthan gum batches with known fractions of fine particles were prepared
according to Example 1. TIMERx-M50A® was prepared by dry blending the requisite
amounts of xanthan gum, locust bean gum, calcium sulfate, and mannitol in a high speed
mixer/granulator for 3 minutes. While running choppers/impellers, water was added to
the dry blended mixture, and the mixture was granulated for another 3 minutes. The
granulation was then dried in a fluid bed dryer to a loss on drying (LOD) of less than
about 6% by weight. Typical LOD was between ~3-5%. The granulation was then
milled using a 0.065” screen. The ingredients of the sustained release delivery system are

set forth in Table 2.
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Table 2
TIMERx-MS50A® Composition

Component %
Xanthan Gum 20
Locust Bean Gum 30
Mannitol 40
Calcium Sulfate 10
Water ~30-40%*

*removed during processing

Example 3

Preparation of sustained release formulations and solid

dosage forms with variable amounts of fine xanthan gum

A sustained release formulation was prepared by screening albuterol sulfate,
ProSolv SMCC® 90 (Silicified Microcrystalline Cellulose, JRS Pharma LP, Patterson,
New York) and TIMERx-N® or TIMERX-M50A® separately through a #20 mesh sieve.
The albuterol sulfate, ProSolv SMCC® 90 and either TIMERX-N® or TIMERx-MS0A®,
prepared according to Examples 1 and 2, respectively, were blended for 11 minutes in a
Patterson-Kelley P/K Blendmaster V-Blender. Pruv™ (Sodium Stearyl Fumarate, NF,
JRS Pharma LP, Patterson, New York) was added to this mixture and the mixture was
blended for five minutes. The blended granulation was compressed to 224.0 mg and ~11
Kp hardness on a tablet press using 5/16” round standard concave beveled edge tooling.

The final tablet composition is listed in the Table 3.

Table 3
Tablet Composition
Component % mg/tablet
Albuterol sulfate 17.9 40.0
TIMERxX-N® or TIMERx-MS50A® 71.4 160.0
ProSolv SMCC® 90 8.9 20.0
Pray™ 1.8 4.0
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Example 4
Dissolution profile measurements of solid dosage forms

with variable amounts of fine xanthan gum

Albuterol sulfate tablets with TIMERx-N® and TIMERx-M50A® sustained
release delivery systems were prepared as described in Example 3. Dissolution profiles
of tablets were evaluated using a USP Apparatus 2 dissolution tester in 900 mL of 50 mM
potassium phosphate buffer (pH 4.5). The solution was stirred at 50 r.p.m. A series of
samples of about 1.5 mL were withdrawn at predetermined intervals for a period of up to
14 hours.

Drug release for all tablets was monitored by RP-HPLC using a Waters
Symmetry® C18 column (4.6 x 250 mm) (or equivalent) preceded by a Phenomenex®

SecurityGuard™

C18 (4 x 3.0 mm) guard column. Monitoring wavelength was set to 226
nm. The mobile phase consisted of buffer: acetonitrile:methanol in 85:10:5 v/v ratios.
The buffer consisted of 1 mL triethylamine and 1 mL trifluoroacetic acid in 1 L of H,O.
The column temperature was 30°C and the flow rate was set to 1.5 mL/min. To
determine the percentage of drug released at each timepoint, the concentration of the
sample taken at that timepoint was compared to the concentration of a standard solution.
The standard solution was prepared by dissolving 45 mg of albuterol sulfate in 100 mL of
50 mM potassium phosphate buffer (pH 4.5) and then taking 5 mL of this solution and
diluting it to 50 mL with more of 50 mM potassium phosphate buffer (pH 4.5).

Results of dissolution experiments with tablets made with alcohol/ethylcellulose-
granulated TIMERx-N® comprising xanthan gum with different particle size distributions

are shown in Table 4.
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Tablets comprising 13.7% and 27.9% of fine xanthan gum in the
ethanol/ethylcelluose-granulated TIMERx-N® released nearly the entire quantity of drug
almost immediately. This is an example of undesired dose dumping. Tablets with 31.6%
or more of fine xanthan gum dissolved in the expected sustained release manner. The
data in Table 4 indicate that there appears to be no substantial difference in dissolution
profiles of formulations containing between about 31.6% and about 88.8% of fine
xanthan gum particles.

Results of dissolution experiments with tablets made with water-granulated
TIMERx-MS50A® comprising xanthan gum with different particle size distributions are

shown in Table 5.
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Table 5
Sustained release % albuterol sulfate released
delivery system _
TIMERx-MS0A® (water- granulated)
Xanthan gum
particle size < #80 mesh < #200 mesh
(<180 microns) (<75 microns)
Time
0.5 hr 17.5 19.8
1 hr 29.5 29.9
2 hrs 47.6 45.4
3 hrs 62.6 58.1
4 hrs 74.2 68.6
6 hrs 88.4 83.0
8 hrs 96.8 91.6
10 hrs 101.0 96.5
12 hrs 103.4 99.0
14 hrs 104.8 99.9

Tablets made by direct compression of water-granulated TIMERx-M50A®
formulations comprising xanthan gum are not sensitive to xanthan gum particle size. The
data in Table 5 indicate that there appears to be no substantial difference between the
dissolution profiles of tablets made with xanthan gum having particle size of less than 180
microns and less than 75 microns when xanthan gum is granulated with water in the
process of making the formulation.

Table 6 shows dissolution profiles of tablets made by direct compression and
granulation of ethanol/ethylcellulose-granulated sustained release formulations with

different fractions of #270 (fine) mesh xanthan gum particles.
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1218. 988 1067. 048 1090.458 1775.428 0.75 hr 1572. 360
1469. 992 1718.917 2641,636 1 hr 1716.480 1556. 372
1860. 552 2640.640 1.5 hrs 1726.720 1785.560 2045. 680

wifsos a2 hrs 1930. 840 1944.920 2138. 240 2298;06R06l039781
hrs

Table 6
Sustained % albuterol sulfate released
release
delivery TIMERx-N® (ethanol/ethylcellulose-granulated)
system
Fraction
of fine 27.9% 27.9% 34.8% 42.0%
xanthan | (tablet made (tablet (tablet made | (tablet made
gum by direct made by by direct by direct
compression) wet compression) | compression)
Time granulation)
0.5 hr 80.1 17.3 17.2 17.9
1 hr 92.8 25.6 28.7 29.0
2 hrs 39.2 45.2 46.3
3 hrs 50.7 57.8 597
4 hrs 59.6 68.0 70.5
6 hrs 72.5 82.6 83.9
8 hrs 81.2 91.7 92.1
10 hrs 88.1 97.2 97.2
12 hrs 91.9 100.5 99.2
14 hrs 102.7 99.7

Comparison of dissolution profiles of tablets comprising TIMERx-N® that were
manufactured either using direct compression or wet granulation in the tableting step,
shows that robustness of tablets appears to be sensitive to xanthan gun particle size when
the tablets are manufactured by direct compression, but not when they are manufactured
by wet granulation, Tablets with ethanol/ethylcellulose-granulated TIMERx-N® with
27.9% of fine particles had desired dissolution profiles when tableted using wet
granulation, but not when tableted using direct compression. Direct compression of
ethanol/ethylcellulose-granulated formulations produced tablets with desired dissolution

profiles when the fraction of fine xanthan gum was more than about 30%.

Example 5

Ethanol resistance of solid dosage forms with variable amounts of fine xanthan gum

Tablets of TIMERx-N® formulations of albuterol sulfate were prepared as
described in Example 3. Dissolution profiles of each formulation were measured as

described in Example 4. A medium of 40% ethanol and 60% 0.1 M HCl was used as a
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model of dissolution in the presence of alcohol. 0.1M HCl was chosen to mimic the
biological environment of upper GI tract/stomach area, where the sustained release
formulation first begins to release the drug.

Dissolution experiments were performed using a USP II Type dissolution
apparatus according to methodé described above. Results of dissolution experiments with
tablets made with alcohol/ethylcellulose-granulated TIMERX-N® comprising xanthan

gum with different particle size distributions are shown in Table 7.

Table 7
Sl::lt:;';:d % albuterol sulfate released
dseylsi::;ly TIMERx-N® (ethanol/ethylcellulose-granulated)
Fraction of
fine
x;:::]h;? 28%in | 2506 /j“ 3% | 35%in | 42%in | 42%in | 86%n 833/3 /j"
d;sls:(;;lut:::n buffer Ethanol buffer Ethanol buffer Ethanol buffer Ethanol
Time
0.5 hr 98.5 100.0 15.7 28.8 18.7 16.1 17.8 15.8
1hr 99.9 101.2 26.8 38.1 29.6 25.5 275 24.1
2 hrs 99.8 99.5 45.2 51.5 46.9 40.3 45.1 34.9
3 hrs 99.8 99.5 58.7 63.6 60.2 53.0 57.9 44.6
4 hrs 99.8 99.5 69.6 76.9 70.9 63.7 67.7 52.5
6 hrs 99.8 99.5 86.5 92.8 85.4 78.0 81.5 66.0
8 hrs 99.8 99.5 96.8 99.0 94.2 87.6 89.4 74.2
10 hrs 99.8 99.5 103.3 101.7 98.9 96.6 943 80.9
12 hrs 99.8 99.5 1059 | 1035 101.7 103.1 96.9 85.5
14 hrs 99.8 99.5 108.0 105.0 103.7 106.5 98.1 88.9

Tablets comprising 28% of fine xanthan gum in the ethanol/ethylcelluose-
granulated TIMERx-N® released nearly the entire quantity of drug almost immediately.
This is an example of undesired dose dumping. Tablets with 35% or more of fine
xanthan gum dissolve in the expected sustained release manner. The data in Table 7
indicate that there appears to be no substantial difference in dissolution profiles of

formulations containing between about 35% and about 86% of fine xanthan gum
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1002. 800 1187.000 1024.568 866.844 12 hrs 1429. 316
1489. 280 1250. 080 981.016 16 hrs 876. 800 872. 760
844.264 692.216 24 hrs 443.872 451.920 359. 224 338. 700

worRosipRos38. 020 227. 056 233.728 PCT/US2006/039781

particles, although the formulation containing about 86% of fine xanthan gum particles
dissolved slightly slower in 40% ethanol solution than in a standard buffer.

Therefore, formulations comprising about 30% or more of fine xanthan gum,
exhibit robust dissolution properties, and dissolve in a sustained release manner in the

presence and absence of beverage-strength ethanol.

Example 6

Preparation of robust sustained release oxymorphone formulations
and solid dosage forms

A controlled release delivery system was prepared by dry blending xanthan gum,
locust bean gum, calcium sulfate dihydrate, and dextrose in a high speed
mixed/granulator for a few minutes. A shurry was prepared by mixing ethyl cellulose
with alcohol. While running choppers/impellers, the slurry was added to the dry blended
mixture, and granulated for a few minutes. The granulation was then dried to a LOD
(loss on drying) of less than about 10% by weight. The granulation was then milled using
a screen. The relative quantities of the ingredients used to prepare the sustained release

delivery system are listed in Table SA.

Table 8A
Excipient % of Formulation
Locust Bean Gum, FCC 25.0
Xanthan Gum, NF 25.0
Dextrose, USP 35.0
Calcium Sulfate Dihydrate, NF 10.0
Ethylcellulose, NF 5.0
Alcohol, SD3A (Anyhdrous) (10)
Total 100.0

Tablets comprising 40 mg of oxymorphone hydrochloride were prepared using the
controlled release delivery system shown in Table 8A. The quantities of ingredients per

tablet are listed in Table 8§B.
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2008/ 045p@XAaATphiBRUB/ USO@E) Tabl e 15 Mean 40

Phar macokizpetiec—Raranet SEI—Oyrorphon t "y
(i ncl udi hg e D SRR trleaR dShVOK S 4004 et hanol 1

20% et hapsilic4i¥d etidredrgstal i¥bcelidiaseoN.FCmax, pg/ nL 4124 20

2815 256152373 stearyl fumarate, N.F. - 2

Total theoretical weight of uncoated drug product 222
Methylparaben 0.08140
Opadry (colored) 8.88
Opadry (clear) 1.11
Total theoretical weight of final drug product 232.07
(coated)

Example 7

Extraction-resistance of powdered sustained release oxymorphone tablets

Tablets of TIMERx-N® sustained release formulations with 40 mg of
oxymorphone were tested for abuse potential in an intravenous route of administration. A
person, such as a drug addict, trying to abuse the formulation, may attempt to extract the
opioid from the tablets and inject themselves with the resulting solution.

Tablets of TIMERx-N® sustained release formulations with 40 mg of
oxymorphone were prepared according to procedures in Example 6 and ground into
powder. In the water extraction test, the resulting powder was dispersed into 30 mL of
water and stirred for 5 seconds. In the 95% ethanol/water extraction test, the resulting
powder was dispersed into 15 mL of 95% ethanol, stirred for 5 seconds, and then diluted
with an additional 15 mL of water. In the 95% ethanol extraction test, the resulting
powder was dispersed into 30 mL of 95% ethanol and stirred for 5 seconds. In each test,
the resulting solution was allowed to set for 15 minutes before being filtered through a
paper filter. Oxymorphone recovery from the filtered solutions was measured using
HPLC at 40°C, using a Zorbax® XDB-C18 column and a UV detector set at 230 nm.

Recovery of oxymorphone from each test is shown in Table 9.
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(2251) (1227) (1037) (870) Tinpx, h 1.50 2.0 3.0 2.0
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h/ mL 33677 31815 35146 33350 (13772) (13456) (12533)

wolb§§dkeAUCo- 1 ne, pg h/m PCT/US2006/039781
Table 9
Tablet % Deose recovered after extraction in
water 95% ethanol / water 95 % ethanol
1 3.3 14.8 87.3
2 3.8 13.3 85.3
3 3.3 11.3 82.5
Mean 3.5 13.0 85.0

When sustained release tablets comprising 40 mg of oxymorphone, formulated
with TIMERx-N® made with xanthan gum in which at least 30% of particles can pass
through a #270 mesh sieve, were powdered and extracted with water, approximately 3-
4% of oxymorphone was released into water after 15 minutes. To mimic abuse by
dropping a tablet into 95% ethanol and then diluting it to an ingestible concentration,
powdered tablets were first suspended in 95% ethanol for 5 seconds, followed by dilution
with water to provide a 47.5% ethanol solution. In this experiment, approximately 11-
15% of oxymorphone was released into the water/ethanol solution after 15 minutes. The
powdered sustained release 40 mg oxymorphone tablets formulated with TIMERx-N®
with xanthan gum of which at least 30% of the particles can pass through a #270 mesh

sieve, therefore, resist extraction in more than one potential abuse scenario.

Example 8

Dissolution profiles of sustained release oxymorphone

tablets in the presence of beverage-strength ethanol

Sustained release 40 mg oxymorphone tablets were prepared as described in
Example 6. Dissolution tests were performed on sets of 12 tablets in 500 mL of 0.1IN
HCI and ethanol/0.1N HCIl solutions at 4%, 20%, and 40% ethanol concentrations.
Oxymorphone release was determined by HPLC as described above.

Tablets remained intact throughout the dissolution tests in all media. Mean
concentrations of oxymorphone released are shown in Table 10A. Similarity factors (f;)
for the ethanol dissolution media against the 0.1N HCl medium were calculated using
standard methods and the results indicate that the drug release rate is inversely correlated
with the amount of ethanol in the dissolution medium (Table 10B). An increase in

ethanol content of the dissolution medium moderately decreased the drug release rate.

52



37128' 34677b 37551 36034
(11388) t1/4, h 11.7

WO 2008/045047

Results of dissolution experiments are summarized in Table 10A.

9.9b 10.4 10.7
(4.1) (4.7) N 25 25 25 25 an =22 bh=23

(14803) (13432) (13452)
(4.5) (3.1)

PCT/US2006/039781

Table 10A
Medium Mean % oxymorphone released (n=12)
0 hrs 0.5 hrs 1hr 2 hrs 4 hrs 8 hrs 12 hrs

0.IN HCI 0 22 33 49 70 97 102
RSD %* 0 3.2 2.7 1.8 1.0 0.6 0.6
Range 0 21-23 32-35 48-50 69-71 96-97 101-102
4% Ethanol 0 22 33 49 69 96 102
RSD %* 0 33 3.0 2.5 2.0 1.6 1.8
Range 0 21-23 31-34 46-50 66-70 93-99 99-106
20% 0 18 28 42 61 89 100
Ethanoel 0 2.1 2.4 2.5 29 2.0 1.9
% RSD* 0 17-18 27-29 40-45 59-66 86-93 97-103
40% 0 15 24 37 54 78 94
Ethanol 0 6.0 2.2 1.8 1.9 2.3 3.2
RSD %* 0 14-18 23-25 35-38 52-56 74-81 90-101

* RSD = Relative Standard Deviation

The presence of up to 40% ethanol did not significantly affect the dissolution

profile of sustained release 40 mg oxymorphone tablets. The presence of 4% ethanol had

an insignificant effect on the dissolution profile of 40 mg sustained release oxymorphone

tablets compared to their dissolution profile in the absence of ethanol. Oxymorphone

release was inversely correlated with the amount of ethanol in the dissolution medium.

Presence of 20% and 40% ethanol in the dissolution medium slowed down the release of

oxymorphone, which was still released in a controlled-manner. No dose dumping was

observed at concentrations of ethanol between 0% and 40%. Therefore, tablets with

sustained release formulations described herein release oxymorphone in a controlled

manner in the presence of up to at least 40% ethanol.

Table 10B

Similarity factor (f;) for dissolution profiles of 40 mg
oxymorphone sustained release tablets in 0.1N HCI and ethanol

solutions

Medium

4%

ethanol

20% ethanol

40% ethanol

Relative to 0.1N
HCl

97

60

45
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dose dump in the presence of at least up to 40% ethanol.

Example 9
Effect of ethanol on bioavailability of oxymorphone from

sustained release oxymorphone tablets

Healthy volunteers were used in a study to assess the pharmacokinetics of
oxymorphone 40 mg sustained release tablets when co-administered with 240 mL of
40%, 20%, 4%, and 0% (water) ethanol.

The study design was a randomized, open-label, single-dose, four-period
crossover in 28 subjects. To block the opioid effects of oxymorphone, naltrexone HCI
(50 mg) was administered approximately 12 and 2 hours prior to each oxymorphone
administration, and again at 12 hours after administration. Subjects were fasted overnight
for at least 8 hours prior to dosing. Water was allowed ad lib except from 1 hour before
dosing until 1 hour after dosing. A standardized meal was served 4 hours and 10 hours
after dosing.

Oxymorphone 40 mg sustained release tablets were administered on four separate
occasions with 240 mL of: A) 40% ethanol, B) 20% ethanol, C) 4% ethanol, or D) 0%
ethanol. Serial blood samples were obtained from 0 to 48 hours after dosing. Plasma
samples were assayed for oxymorphone. Pharmacokinetic parameters for oxymorphone
were determined using non-compartmental methods for data evaluation. Point estimates
and 90% confidence intervals (Cls) for natural logarithmic transformed Cyax, AUCq., and
AUC.inr were calculated using Least Squares Means (LSMeans). Any treatment in
which a subject vomited during the dosing interval (0-12 hours) was excluded from the
primary pharmacokinetic analysis.

Thirty subjects were enrolled in the study. Twenty-five subjects completed the
study, meaning these subjects received all four treatments. Subjects who vomited within
the dosing interval (0-12 hours) were to have that treatment excluded from the

pharmacokinetic analysis. There were 10 subjects who vomited between 0-12 hours on
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treatment A (40% ethanol) and 5 subjects who vomited between 0-12 hours on treatment
B (20%) ethanol. There were no subjects who vomited on treatments C (4% ethanol) or
D (0% ethanol). Mean plasma concentration-time data for each treatment, excluding

subject data from a treatment if the subject vomited, are shown in Table 11.

Table 11
Mean oxymorphone plasma concentrations (excluding subjects with emesis) [pg/ml]
Time 0% ethanol 4% ethanol 20% ethahol 40% ethanol
(hr) (N=25) (N=25) (N=20). (N=15)
0 hr 0.000 4.200 1.115 0.000
0.25 hr 316.248 269.400 255.910 686.880
0.5 hr 1218.988 1067.048 1307.611 1968.407
0.75 hr 1572.360 1469.992 2067.158 2520.593
1hr 1716.480 1556.372 2135.500 2630.867
1.5 hrs 1726.720 1785.560 2352.500 2746.200
2 hrs 1930.840 1944.920 2442.000 2466.000
3 hrs 1694.800 1854.040 2179.750 2556.667
4 hrs 1450.800 1754.880 1838.400 2416.000
5 hrs 1800.600 2002.400 1768.700 2402.533
6 hrs 1681.080 1877.440 1591.350 1944.933
8 hrs 1262.880 1517.480 1359.550 1061.200
10 hrs 1002.800 1187.000 1162.000 889.200
12 hrs 1429.316 1489.280 1420.050 - 1223.667
16 hrs 876.800 872.760 958.400 854.067
24 hrs 443,872 451.920 403.305 407.933
36 hrs 254.988 238.020 241.980 261.647
48 hrs 95.180 99.976 85.675 116.207
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Geometric mean ratios (GMR) and 90% CI for those treatments in which subjects
completed the study without vomiting between 0-12 hours are shown in Table 13.

Table 13

Oxymorphone treatment

Pharmacokinetic | 40% ethanol/0% ethanol 20% ethanol/0% ethanol 4% ethanol/0% ethanol
Parameter Ratio 90% CI Ratio 90% CI Ratio 90% CI

Cinax 1.703 1.476,1.966 1.309 1.151, 1.488 1.073 0.952,1.209
AUC, 1.129 1.03,1.24 1.040 0.95,1.13 1.055 0.97,1.14
AUCq0r 1.127 1.03,1.24 1.010 0.93, 1.09 1.022 0.95,1.10

The mean plasma concentration-time data in Table 11 show that the 40% and 20%
ethanol treatments produce higher plasma concentrations during the first 4 to 6 hours
compared to the 0% ethanol treatment. The 4% ethanol treatment mean plasma

concentrations were similar to those for the 0% ethanol treatment. All data were
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comparable from 16 to 48 hours after dosing. Secondary peaks were observed at 5 hours
for the 4% and 0% ethanol treatments and 12 hours for all four treatments. Although the
40% ethanol treatment mean plasma concentration was higher than 0%, 4%, or 20% from
0.5 to 6 hours, the concentration then declined and was lower than the other three
treatments at 8 to 12 hours. Cyax was the only pharmacokinetic parameter that appeared
to be directly related to the ethanol treatment (Table 12). From the ratios shown in Table
13, it can be seen that the increases in Cyax were 70%, 31%, and 7% for the 40% ethanol,
.20% ethanol and 4% ethanol treatments, respectively, compared to the 0% ethanol
treatment. Changes in AUCy., and AUCy.inr ranged from 1% to 13% for the ethanol
treatments compared to 0% ethanol (Table 13). Other than Cpu.y, no significant
differences for the pharmacokinetic parameters were observed among various treatments.
Analysis of all subjects regardless of whether they vomited is presented in Tables

14 and 15. Mean plasma concentration-time data for each treatment, without any

exclusions for vomiting, are shown in Table 14.

57



10 hrs 1.11 1.17 12 hrs 1.34 1.21 24 hrs 0.55 0.47 36
hrs 0.21 0.20 48 hrs 0.06 0.05 60 hrs 0.03 0.01 72 hrs
0.00 0.00 As shown in Table 17 the fed

wd HeddieaL produced hi gher plasma oxym)rphonePCT/ $2006/039781
concentrations during the first 8 hours conpared to
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for both treatments were simlar from10 to 48 hours
after dosing. Secondary peaks were observed at 5 hours
for the fasted treatnent and at 12 hours both
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0.5 hr 1218.988 1067.048 1090.458 1775.428
0.75 hr 1572.360 1469.992 1718.917 2641.636
1hr 1716.480 1556.372 1860.552 2640.640
1.5 hrs 1726.720 1785.560 2045.680 2481.396
2 hrs 1930.840 1944.920 2138.240 2208.060
3 hrs 1694.800 1854.040 1981.320 2166.160
4 hrs 1450.800 1754.880 1720.920 2152.960
5 hrs 1800.600 2002.400 1695.680 2635.628
6 hrs 1681.080 1877.440 1481.040 ° 2311.740
8 hrs 1262.880 1517.480 1226.040 1259.644
10 hrs 1002.800 1187.000 1024.568 866.844
12 hrs 1429.316 1489.280 1250.080 981.016
16 hrs 876.800 - 872.760 844.264 692.216
24 hrs 443.872 451.920 359.224 338.700
254,988 238.020 227.056 233,728
95.180 99.976 80.784 97.752

Mean plasma concentration-time profiles without excluding treatments (n=25) in
which subjects vomited (Table 14), showed the 40% ethanol treatment with a secondary
peak at 5 hours, which was not clearly evident in Table 11, where only 15 subjects were
represented. The 20% ethanol treatment (n=25) appeared to be similar to that of Table
11, where there were 20 subjects. The 4% and 0% ethanol treatments represented the
same sample of subjects as those in Table 11, As previously indicated in Table 12, Crax
was the only pharmacokinetic parameter that appeared to be directly related to the ethanol

treatment (Table 15).
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Mean pl asma oxynor phone concentration tinme profiles

for the fed and fasted treatnents for the i nmedi ate

rel ease oxynor phone tablets (4 x 10 ng) are shown in
Tabl e 18 Mean oxynor phone pl asma

‘%%%@gﬁﬁﬁgtion 4 x 10 nmg | R oxynor phone tabIngTTﬁawﬂ$?ml

Time (hr) Fasted Fed 0 0.00 0.00 0.25 hr 3.34 1.79

0.50 hr 7.28 6.59 0.75 hr 6.60 9.49 1 hr 6.03 9.91 1.5

hrs 4.67

Table 15
Mean - Oxymorphone treatment (including subjects who vomited, N=25)
Pharmacokinetic | 490, ethanol | 20% ethanol 4% ethanol 0% ethanol
Parameter (SD)
Cinux, pg/mL 4124 2815 2564 2373
(2251) 1227) (1037) (870)
T, 1.50 2.0 3.0 2.0
(0.75-6.0) (0.75-8.0) (1.0-12.0) (0.5-12.0)
AUC,,, pg lvml 33677 31815 35146 33350
(13772) (13456) (12533) (11864)
AUCq.ns, pg h/ml 37128° 34677° 37551 36034
(14803) (13432) (13452) (11388)
ty, h 1.7 9.9° 10.4 10.7
4.5) 3. 4.1 “.7n
N 25 25 25 25
’n=22
*n=23

GMR data shown in Table 16 indicate that increases in Cp,x Were 62%, 15%, and
8% for the 40% ethanol, 20% ethanol and 4% ethanol treatments, respectively, as
compared to the 0% ethanol treatment. Changes in AUCy. and AUCo.ins ranged from -
10% to 7% for the ethanol treatments as compared to 0% ethanol (Table 16). The 40%
and 20% Cumax, AUCo.c and AUCy.iyr increases were lower when subjects who vomited

were included.
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8.76 2 hrs 3.68 7.29 3 hrs 2.34 4.93 4 hrs 1.65 3.11 5

hrs 1.48 2.19 6 hrs 1.28 1.71 8 hrs 0.92 1.28 10 hrs

0.78 1.09 12 hrs 1.04 1.24

WO 2008/045047 PCT/US2006/039781
Table 16
Oxymorphone treatment (including subjects who vomited, N=25)
40% ethanol 20 % ethanol 4% ethanol
Parameter /0% ethanol /0% ethanol /0% ethanol
Ratio 90% CI Ratio 90% CI Ratio 90% CI
Crnax 1.623 1.365, 1,931 1.145 0.963, 1.362 1.077 0.905, 1,281
AUCp, 0.961 0.79, 1.18 0.897 0.73, 1.10 1.070 0.87,1.31
AUCo.int 0.953 | 0.78,1.16 | 0.920 0.75,1.12 1.034 0.85, 1.26
Example 10

Effect of food on bioavailability of 40 mg sustained release oxymorphone

tablets and 4 x 10 mg oxymorphone immediate release tablets

A study was performed in healthy volunteers to assess the effect of food on the

bioavailability of sustained release 40 mg oxymorphone tablets and oxymorphone

immediate release tablets (4x10 mg). The study design was a randomized, open-label,

single-dose, four-period crossover in 28 subjects. The 40 mg oxymorphone sustained

release tablet and 4x10 mg oxymorphone immediate release tablets were evaluated under

fed and fasted conditions. To block the opioid effects of oxymorphone, naltrexone HCI

(50 mg) was administered approximately 12 hours prior to each oxymorphone

administration. Subjects were fasted overnight for at least 8 hours prior to dosing. For

the fed treatment subjects were served a high-fat breakfast and were dosed 10 minutes

after completion of the breakfast. Each dose was administered with 240 mL of water.

Subjects were not permitted any other food until 4 hours after dosing. Serial blood

samples were obtained from 0 to 72 hours after dosing. Plasma samples were assayed for

oxymorphone. Pharmacokinetic parameters for oxymorphone were determined using

non-compartmental methods. Point estimates and 90% ClIs for natural logarithmic

transformed Cpax, AUCy., and AUCq.inr were calculated using LSMeans.
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24 hrs 0.40 0.44 36 hrs 0.16 0.18 48 hrs 0.04 0.05 60

hrs 0.01 0.01 72 hrs 0.00 0.00 The fed

treatment with 4 x 10 ng i mredi ate rel ease oxynor phone
wWlth§haso4r oduced higher plasma oxymor phone  peryeaee039781
concentrations during the first 10 hours conpared to

the fasted treatnent. The nean pl asna oxynor phone
concentrations for both treatnments were simlar from

12 to 48 hours after dosing. Secondary peaks were

observed at 12 hours for the fasted treatnent and fed

t r eat nenTwent@fig sudestsicamplsted dlet studlyt Abe mreasplpsse cohcenaiipn-time
for . i : i ' :

ol S B BT A b B R BN FRE shon n Table
I ma@i ate rel ease tablets (Table 19). Fromthe G VER

data (Table 20) it can be seep, Zﬁhf} food increased C

by 51% and 38% for the sustai né’ el ease and i mredi at e

rel ease tabl et s—trespect i—vet Yy —whret—conhpat ed—to ]
adni ni strati on under |f ast edeoodinarplreae pRgwicopsrafretwe d
AUCo_t and AUCo-inf By 485%eandaindifelesse SBokphoRe dablelng/mi]
the i Mmedi at e releasg tablets. For the sustalned
rel ease tabl ¢t aqgpe ni|st ered whdtdd f ood, tlhe AUCoO ¥edand
AUCof increases igre || ess than 10% and tfthe 90% Cl s
were within 80- 125% |Tabl e 19, fKynor pnone treat g
(N=25) Mean 40 1sust ai ned rg‘ ase tabllet 4x10 i,
i mredi ate rel eds® "®har macoki ngf{c tabl dts :

0.50 hr 1.68 0.97

0.75 hr 1.92 1.90

1hr 2.09 2.61

1.5 hrs 2.18 3.48

2 hrs 2.18 3.65

3hrs 2.00 2.86

4 hrs 1.78 2.45

5 hrs 1.86 2.37

6 hrs 1.67 2.02

8 hrs 1.25 1.46

10 hrs 1.11 . 1.17

12 hrs 1.34 1.21

24 hrs 0.55 0.47

36 hrs 0.21 0.20

48 hrs 0.06 0.05

60 hrs 0.03 0.01

72 hrs 0.00 0.00

As shown in Table 17 the fed treatment produced higher plasma oxymorphone
concentrations during the first 8 hours compared to the fasted treatment. The mean
plasma concentrations for both treatments were similar from 10 to 48 hours after dosing.
Secondary peaks were observed at 5 hours for the fasted treatment and at 12 hours both

treatments. The mean plasma oxymorphone concentration-time data or the fasted and fed
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Paraneter (SD) Fed Fasted Fed Fasted C. .", pernL 4250
2790 12090 9070 (1210) (840) (5420) (4090) Tmax, h
2.00 1.00 1.00 0.50 (0.5-5.0) (0.5-12.0) (0.25-3.0)

“((920%§04%049) PCT/US2006/039781

treatments for the immediate release tablets are shown in Table 18. The fed treatment
produced higher plasma concentrations during the first 10 hours compared to the fasted
treatment. The mean plasma concentrations for both treatments were similar from 12 to
48 hours after dosing. Secondary peaks were seen at 12 hours for the fasted and fed
treatments.

Mean plasma oxymorphone concentration time profiles for the fed and fasted

treatments for the immediate release oxymorphone tablets (4 x 10 mg) are shown in Table

18.
Table 18
Mean oxymorphone plasﬁm concentration
4 x 10 mg IR oxymorphone tablets [ng/ml]
Time (hr) Fasted Fed
0 0.00 0.00
0.25 hr 3.34 1.79
0.50 hr 7.28 6.59
0.75 hr 6.60 9.49
1 hr 6.03 9.91
1.5 hrs 4.67 8.76
2 hrs 3.68 7.29
3hrs 2.34 4.93
4 hrs 1.65 3.11
5 hrs 1.48 2.19
6 hrs 1.28 1.7
8 hrs 0.92 1.28
10 hrs 0.78 1.09
12 hrs 1.04 124
24 hrs 0.40 : 0.44
36 hrs 0.16 0.18
48 hrs 0.04 0.05
60 hrs 0.0 0.01
72 hrs 0.00 0.00
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AUCO_" pg.h/nL 38200 35700 51350 36000 (11040)
(10580) (20200) (12520) AUCo-int, Pg.h/nL 41170 40620
54100 39040 (10460) (11380) (20260) (12440) tA, h

WZO%S/J‘-%O% 9.6 11.7 PCT/US2006/039781

The fed treatment with 4 x 10 mg immediate release oxilmorphone tablets
produced higher plasma oxymorphone concentrations during the first 10 hours compared
to the fasted treatment. The mean plasma oxymorphone concentrations for both
treatments were similar from 12 to 48 hours after dosing. Secondary peaks were
observed at 12 hours for the fasted treatment and fed treatments. C,.x was increased in
the presence of food for both the sustained release and the immediate release tablets and
AUC was increased by food for the immediate release tablets (Table 19). From the GMR
data (Table 20) it can be seen that food increased Cpax by 51% and 38% for the sustained
release and immediate release tablets, respectively, when compared to administration
under fasted conditions. Food increased AUCy and AUCy.ins by 43% and 38%,
respectively for the immediate release tablets. For the sustained release tablet
administered with food, the AUCp; and AUCy.ins increases were less than 10% and the

90% Cls were within 80-125%.

Table 19
Oxymorphone treatment (N=25)
Mean 40 mg sustained release tablet 4x10 mg immediate release
Pharmacokinetic tablets
Parameter (SD) Fed Fasted Fed Fasted
Cuaxs pg/mL 4250 2790 12090 9070
(1210) (840) (5420) (4090)
Taxs 2.00 1.00 1.00 0.50
(0.5-5.0) (0.5-12.0) (0.25-3.0) (0.25-2.0)
AUCy,, pg-h/mL 38200 35700 51350 36000
(11040) (10580) (20200) (12520)
AUCq.inp, pgrh/mL 41170 40620 54100 39040
(10460) (11380) (20260) (12440)
ty, h 10.5 12.2 9.6 11.7
(5.5) (7.6) (3.6) (6.2)
Median and range reported for Ty
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(5.5) (7.6) (3.6) (6.2) Median and range reported for
T ,"" WD 2008/ 045047PCT/ US2006/ 039781 Tabl e 20
Oxynor phone treat ment Pharmacol dnetic 40 ng sust ai ned

gobablet 4 x 10 ng i medi ate rel ease p
WpaRRE ] o (fed/fasted) 90% C Ratio (fed?ﬁsggggg‘i"’”m
90% Cl Cmax 1.507 1.3777, 1.376

Table 20
Oxymorphone treatment

Pharmacokinetic 40 mg sustained release tablet 4 x 10 mg immediate release
parameter tablet

Ratio (fed/fasted) 90% CI Ratio (fed/fasted) 90% CI
Cnax 1.507 1.3777, 1.376 1.156, 1.637

1.6970
AUC. 1.07 1.43 1.32,1.55
AUCoin 1.02 0.94,122 1.38 1.28,1.41
0.91, 1.15

From the GMR data (Table 20) it can be seen that food increased Cpax by 51%
and 38% for the sustained release and iminediate release tablets, respectively, when
compared to administration under fasted conditions. Food increased AUCq.cand AUCo.in
by 43% and 38%, respectively for the immediate release tablets. For the sustained release
tablet, the AUCy.;and AUCq.ins increases with food were small and the 90% Cls were
within 80-125%. ,

The in vitro study (Example 8) showed that 40% ethanol did not increase the
dissolution rate of the oxymorphone sustained release 40 mg tablet. These data indicate
that the formulation drug release matrix is not compromised by beverage-strength ethanol
concentrations and the premature release of oxymorphone in vivo when exposed to
ethanol at concentrations up to 40% does not occur. However, the data from the human
ethanol study demonstrated that co-administration of 240 mL of 40% ethanol, and to a
lesser extent 20% ethanol, increased the Cpax of ox'ymorphone from the 40 mg sustained
release tablet while having no demonstrable effect on the AUC (Tables 12 and 13). The
in vitro and in vivo results suggest that beverage-strength ethanol does not directly effect
the integrity of formulation, but may cause other effect(s), that can lead to an apparent
increased rate of absorption of oxymorphone.

Interestingly, an increased rate of absorption of oxymorphone is also observéd
when oxymorphone 40 mg sustained release tablets are administered after a high-fat meal
(Tables 19 and 20). The magnitude of the increase and the plasma concentration-time
course are similar when oxymorphone tablets formulated with TIMERx-N® are
administered after a high-fat meal or with ethanol (see Tables 11 and 16). This
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0.3 ng/nmL to about 3.2 ng/nL, preferably from about
0.4 ng/nmL to about 2.8 ng/nlL. 10. The use of claim?9,
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delivery system and about 10 ng of oxynorphone and
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15. The use of claim 13, wherein said medicament comprises a sustained release
delivery system and about 80 mg of oxymorphone and wherein the formulation provides
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c) about 20 ng of oxynorphone; or d) about 40 ng of
oxynor phone; or e) about 80 ng of oxynorphone. 18. The
use of claim16, wherein the m ni num bl ood
concentration of oxynorphone is: a) at |east about
0.07 ng/nL; or b) at |east about 0.15 ng/rnL; or c) at
| east about 0.3 ng/nL or d) at |east about 0.6 ng/nL;
or e) at least about 1.2 ng/nL, 19.The use of any
precedi ng cl aimwherein the nedicanent is a solid
dosage form 20.The use of claim 19, wherein the solid
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oxynor phone for at’l tof use In atnent of

pain for about 12 hours wherein said sust ai ned

rel ease formulation is adninistered in an oral dosage
formin the anount of about 5 ng to about 80 ng of
oxynor phone, wherein said fornulation can be

admi ni stered with ethanol séfkh that after oral

adm nistration of a single dose to the patient with
about 200 nL to about 300 inL of about 4%to about 40%
et hanol, the fornul ati on provides a second peak of

bl ood oxynor phone concentrati on about 5 hours after.
adm ni stration.



23. A sustained rel ease oxynor phone fornul ation for
use in the treatnent of pain for about 12 hours,
wherei n said sustained release formulation is

adm nistered in an oral dosage formin the anmount of
about 5 ng to about 80 ng of oxynorphone, wherein said
formul ati on can be adm ni stered with ethanol such that
after oral adm nistration of a single dose to the
patient with about 200 unL to about 300 niL of up to
about 40% et hanol, the fornul ati on provides a maxi mum
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cl ai m 28, wherein the sustained rel ease oxynor phone
formul ati on conprises fromabout 10 ng to about 20 ng
of oxynorphone and the fornul ati on provi des a maxi mum
bl ood concentration of oxyn@%phone fromabout 0.3
ng/m. to about 3.2 ng/nL, preferably fromabout 0.4
ng/ m. to about 2.8 ng/nL. 31.The fornul ati on of claim
30, wherein the formnulation conprises about 10 ng of
oxynor phone and the fornul ati on provides a nmaxi mum
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oxynor phone from about 0.3 ng/nL to about 1.8 ng/ni,
preferably fromabout 0.5 ng/nL to about 1.5 ng/ni.
32. The formul ation of claim 28, wherein the
formul ati on conprises fromabout 20 ng to about 40 ngy
of oxynorphone and the fornul ati on provides a maxi mum
bl ood concentration of oxynorphone from about 0.5
ng/ m. to about 7 ng/nL, preferably fromabout 0.9
ng/ m. to about 6 ng/nL. 33.The formrulation of claim
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g/ M. OFThe formulation of claim 28, wherein the sustained release oxymorphone
formulation comprises from about 10 mg to about 20 mg of oxymorphone and the
formulation provides a maximum blood concentration of oxymorphone from about 0.3
ng/mL to about 3.2 ng/mL, preferably from about 0.4 ng/mL to about 2.8 ng/mL.

31. The formulation of claim 30, wherein the formulation comprises about 10
mg of oxymorphone and the formulation provides a maximum blood concentration of
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d) at least about 0.6 ng/nL; or e) at |east about 1.2
ng/ mL. 40. The formulation of any preceding claim
wherei n the sustained rel ease oxynorphone formnul ati on
is a solid dosage form 41. The formulation of claim
40, wherein the solid dosage formis selected froma
group consisting of a tablet, a capsule, a granul e,
and a powder. 42. A sustained rel ease oxynorphone
formulation for use in the treatnent of pain for about
12 hours, wherein said sustained rel ease fornul ation
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said founulatlon can be administered with ethanol such that after oral administration of a
single dose to the patient with about 200 mL to about 300 mL of about 4% to 40%
ethanol, the formulation provides a minimum blood concentration of oxymorphone of at
least about 0.013 ng/mL about 5 hours after administration.

38. The formulation of claim 37, wherein the formulation comprises;
a) about 5 mg of oxymorphone; or
b) about 10 mg of oxymorphone; or
c) about 20 mg of oxymorphone; or
d} about 40 mg of oxymorphone; or
e) about 80 mg of oxymorphone.

39. The formulation of claim 37, wherein the minimum blood concentration of
oxymorphone is:
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a)  atleast about 0.07 ng/mL; or

b) atleastabout 0.15 ng/mL; orc) at least about 0.3 ng/mL; or
d) atleast about 0.6 ng/mL; or

e) at least about 1.2 ng/mL.

40.  The formulation of any preceding claim wherein the sustained release
oxymorphone formulation is a solid dosage form.

41.  The formulation of claim 40, wherein the solid dosage form is selected from a
group consisting of a tablet, a capsule, a granule, and a powder.

42. A sustained release oxymorphone formulation for use in the treatment of
pain for about 12 hours, wherein said sustained release formulation is administered in an
oral dosage form in the amount of about 5 mg to about 80 mg of oxymorphone, wherein
said formulation can be administered with ethanol such that;

a) after oral administration of a single dose to the patient with about 200 mL
to about 300 mL of about 4% to about 40% ethanol, the formulation provides
a second peak of blood oxymorphone concentration about 5 hours after
administration; or

b) after oral administration of a single dose to the patient the formulation
provides a maximum blood concentration of oxymorphone less than about 5
times higher when ingested with about 200 mL to about 300 mL of up to
about 40% ethanol compared to when ingested without ethanol; or

¢) after oral administration of a single dose to the patient the formulation
provides a ratio of the maximum blood concentration of oxymorphone when
ingested with about 200 mL to about 300 mL of about 40% ethanol to the
maximum blood concentration of oxymorphone when ingested after a high-fat
meal without ethanol of about 0.5 to about 2; or

d) after oral administration of a single dose to the patient with about 200 mL
to about 300 mL of about 4% to about 40% ethanol, the formulation provides
a maximum blood concentration of oxymorphone from about 0.1 ng/mL to
about 15 ng/mL; or

e) after oral administration of a single dose to the patient with about 200 mL
to about 300 mL of about 4% to about 40% ethanol, the formulation provides
a minimum blood concentration of oxymorphone of at least about 0.013
ng/mL about S hours after administration.
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