WD 2005/ 079760 PCT/ GB200S/ 050014 1 PARTI CULATES The
present invention relates to particulates, and is
particular to nmelt extruded nul Uparti cul ates which
provide controlled release of an active ingredient.
BACKGROUND OF THE | NVENTI ON Mul ti partcul ates of

uni form di nmensions with nodified drug release
properties can readily be manufactured by nelt
wooasees  technol ogy. Melt extrusion is pel@bN@Rbois
free single-step process for nmanufacturing

mul tipartculates and is particularly useful for drug
rel ease nodification. By sefection of suitable

t hernopl astic polynmers and additives, nelt extrusion
technol ogy can: be used both to enhance the
solubility, and subsequently the bioavail ability. of
poorly water soluble drugs as well as to retard drug
rel ease of noderate t@ﬁﬁ&%ﬂ%ﬂTﬂ&uer sol ubl e drugs for
controlled rel ease products. The backbone of nelt

extrusign technql ogy is_the application of
t her rmpﬁ’is?m é &P@‘@Glﬂa&sbmdimrmrﬁaﬂar

emmm@ammupﬂhnhtee&h% BoSe" fsi % "'\Qogh' n
th%nrﬁf: ernopl astic polynmers w P
transi ion% atures (Tg) are preferred for
processing by nelt extrusion, Lower processing
tenperatures are also preferred with respect to the
stability of beat sensitive. drugs and ot her

ne BASERROPNG QF M IMENTIONPo| yer gl ass transition
tenperatures can also be further reduced to

facilitate processing at |lower tenperature with
opt i onAUHBRRERIsHes of upiferm digiepsions with REHEXDEAEE0

PGii€a32 Qoby =08 thA resiily he memufactured by melt extrusion
technology. Melt extrusion is a solvent-fres single-step procees for
manufacturing rmialtiparticuiates and iz particularly useful for drug
release modification. By selection of suitable thermoplastic polymers
and additives, melt extrusion technology can be used both to enhance
the solubility, and subsequenﬂy the bmavnﬂabdﬂy. of poorly water
soluble drugs as wen as to retard drug release of moderats to highly b
water soluble drugs for controlled release products,

The backbone of melt cxtrusion technology is the application of
thermoplastic materials which act as hindera for embedded drugs in
solution or dispersion form within the matrix. Thermoplastic
polymers with low glass transition temperatures (Ty) are preferred for
processing by melt extrusion, Lower processing temperatures are
also preferred with respect to the stability of heat senceitjve druge and
other necessary excipients, Polymer glass transition temperatures
can &lso be further reduced to facilitate processing at lower
temperature with optiona] addition of plasticiaers.



[llustratively, W 9614058 provi des a sustai ned

rel ease pharmaceutical fornulation, conprising a

mel t-extruded blend of a therapeutically active _

agent, one or nore materials selected fromthe group

consisting of allrylcellul oses, acrylic and

nmet hacrylic add polyners and copol yners, shell ac,

zero, hydrogenated castor oil, hydrogenated veget abl e

oil, and m xtures thereof, and one or

WOAMEPEERi ¢ fusible carriers which provi de ?T@Bmﬁf{’ﬁqgﬁ
retardant effect and are selected fromthe group
consi sting of natural or s&nthetlc waxes, fatty
acids, fa4 al cohols, and mxtures thereof, the fusible
carrier_having. a_ne point from30 to 200" C.
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retar dan ter| VI n ting point betweew SO
2005 BRP @?@“?‘ anbunt sufficient to

further slow the reI ease of the therapeutically

active Rokdrmole am BE1405EUchirfid alfiethod Gl FRepaing ©
sut &ir?ﬁ-re&e%s? oh - Jﬁcal extrudate suitable for oral
administration. The method comprises:
hlending a therapeutically active agent together with (1) a
material selected from the group consisting of alkyleelluloses, acrylic
and methacrylic acid polymers and copclymers, shellac, zein, -
hydrogenated castor oft, hydrogenated vegetsble oil, and mixtures
thereof and (?) a fusible carrier gelected from the group consisting of
natura or synthetic waxes, fatty acids, fatty alcohols, and mixtures
thereof: said retardant material having a melting point between: 30-
200°C and being included in an amount sufficient to further slow the
release of the therapcutically active agent,
heating eaid blend to a temperature sufficient to soften the
mivture sufficiently to extrude the same; -
extruding said heated mixture a9 8 strapd having a diameter of
from 0.1 -3 mm; '
cn'oling said strand; and
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m xture sufficiently to extrude the sane; extruding
said heated m xture as a stzand having a di aneter of
fromO0.1-3 nss; cooling said strand; and WO
20051079760 PCT/ GB2005/ 050014 3 dividing said strand
to form non-spheroidal nultf-particulates of said
extrudate having a length fromO0.1-5 nm and dividing
sai d non-spheroidal multi-particulates; into unit

doses containing an effective anount of '
VAR cal Iy active agent, said unit 13,2‘/%2005;050014
provi di ng a sustai ned-rel ease of said therapeutically
active agent for a tine pegiod of fromabout 8 to
about 24 hours. in certain preferred enbodi nents of WO
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SUNNARY - Pf3se Bty MR (3G acid), poly(methacrylic acid),
methaerylic acid alkylamine copolymer, poly(methyl methacrylate},
poly(methacylic acid) (anhydride), polymethacrylate, polyacrylamide,
poly(methacrylic acid anhydride), and, glycidyl methacrylate ‘
copolymers. Thus, in many of the Exarnples, the hydrophobic
material is Budragit RS PO {poly{ethyl acrylate, methyl methacrylate,
trimethylammoniure methacrylate chlpride)), optionally in the
presence of Eudragit L100 (poly (methacrylic acid, methyl

methacrylate),

SUMMARY OF THE INVENTION

The present invention provides forrmulatione which employ a
neutral polylethyl acrylate, smethy] methacrylate) copolymer as &
phacmacsutically acoeptable carzier. Such a copolymer ¢an impart
conirolled release properties to the formalativn, Furthermore, Taith
the present invention, we are able to provide a rubbery formulation

through the use of melt extrusion.



The present invention provides fornul ati ons which
enploy a neutral poly(etbyl acrylate, nethyl

net hacryl ate) copolyner as a pharmaceutically
acceptable carrier. ‘Such it copol yner can inpart
controlled rel ease properties to the lormmlation.
Furthernore, with the present invention, we are able
to provide a rubbery fornulation through the use of

e boaaghsepisi on. WO 2005079960 PCT/ GB2005/
Neutral po]y(ethyl acrylate, nethyl rretha%r%&?&?"ofﬁsom

copolynmer is commercially available in the formof an
aqueous di spersion. Two sych products, adragit NE 30
b and Eudragit NE 40 D, conprise respectively 30% and
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Eudraglt dlsperS|on grlndlng through a sieve, and
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ﬁ“&ﬁ %‘é‘g ?%%ﬁ%é%%%gﬁ%gnems for suse with
hy dentrbling egerto disnyles are made by mixing ibuprofen with

Budragit dispersion, grinding through a sisve, and drying, The

graxmles are ground, mived with disintegrant and other ingredients,

and then compressed to tablets. The mount of Eudragit NE is

relatively low.
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In WO 03004008, Eudregit NE is among a list of suggested
hydrophobie components for use with hydrophilic erodible
compenents and & poorly compressible pharmaceutical agent.
Sesmingly the jatention was to refer to another Eudragit, since
Budragit NE is a wet dispersion, and an objective of WO 03004009 is
to form a compreesible formulation by a process other ;han wet

granulation.

Spod et al. describe the use of extrusion-spheronization to
develop controlled release dosage forms for diltiazemn hydrochloride in
Pharmacentical Technology 2004 (April): 62-85. A series of candidate
materials were evaluated as pellet matrix-forming agents ina process
invioving wet granulation, extrusion of the wet granules, and



conmponents and a poorly conpressi bl e pharmaceutica
agent Seemingly the intention was to refer to another
Eudragit, since Eudragit NE is a wet dispersion, and
an objective of WD 03004009 is to forma conpressible
formul ati on by a process other than wet granul ation.
Sood at ai describe the use of extrusion-apheroni Mion
to develop controlled rel ease dosage' forns for

I hydrochl oride in pharmaceutica I
g‘é&%’%ﬁ%’?ﬂl l): 62-65. A series of candi dat ECEW@%
were evaluated as pellet matrix-formng agents in a

process invloving wet gra%I ation, extrusion of the
vvet granul es, and WD 2009/ 079760 PCT/ GBao0510500i 4 s
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drq&ﬂmmmﬂ&mg%@g@&émnveml on we can enpl oy
neutral poly(ethyi acrylate, methyl netbacrylate)

copolynmer as a carrier in it formJIation Typically

t he formﬂh& tprganPinvérttos wdo@éh

poI t hyl aﬁr%él at e rﬁthémﬁ'eﬁ% ¥.| ate) CODS msr

tlypiealln thecimaalation] bfrdis iheﬁnﬁbxaﬁdea nduh&l gl i on
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of whictnistdisprossl mmvabnmedg«a:ps u’rlmaufctmmplcl. theof
%ﬁeﬁ%ﬁ#ﬁ% \g;, arf_zghh wAf M,{ h.ﬁzgcr yl ate,
cry te opol'ynmer as carrier.

mJItl pardCU at es can be extrudates formed by extrusion
of a d%é?oﬁnuxaaeﬁsa&ﬁmmam&ubﬁmm&mmﬁf St es,

\/\ngltq%;q%udes a neu,tral ?ﬁ@?‘x&et @x | {ha:tze%tral
poly(ethyl acrylate, methyl meﬂ:am-ylate) copolymer as carrier. The
multiparticulates can be extrudates formed by extrusion of a dry mix,
notably a mixture of dry gramulates, which includes a neutral
poly{ethyl acrylate, methyl methacrylate) eopolymer.

Especially by the use of exirusion, the present mvention
provides controlled release multiparticulates which take the form of a
cylinder or are generally spherical, ellipsoidal or disc shaped. .

To this end, the invention further provides a dry mix as
unfinished compoeition comprising a neutral poly{ethyl asrylate,
methyl methacrylate) copolyraer and an active ingredient. Such a
composition is substantially free of water and is suited for extrusion
as part of a process to provide & forrmulation of this invention.
Typically the unfinished composition is a dry granulate and can be an
extruded granulate.

In particulay, we provide a dry granulate of neutral poly{ethyl
acrylate, methyl methacrylate) copelymer and an active ingredient,



Especially by the use of extrusion, the present
invention provides controlled rel ease
mui tiparticul ates which take the formof a cylinder
or are generally spherical, ellipsoidal or disc
shaped. To this end, the invention further provides a
dry mx as wunfinished conposition conprising a
neutral poly(etbyyl aerylate, nethyl nethacryl ate)
and an active ingredient such a Lbj.on
ﬁ@ﬂﬁﬁﬁgﬁéhtially free of water and is suiF%@gﬂﬁgﬁhﬁh
extrusion as past of a process to provide a
formul ati on of thiSiIﬂKHﬁgon. Typically the
unfini shed conposition is a dry granulate and can be
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desi roperties. Typically, anpunts of 20 to 66%
b)eﬁﬁvéllg%ﬁ? of neutral poly(ethyl acrylate, nethyl

met hacryl ate) copolyner in the dry granulate are
enpl Oélﬁ or6g 0 e Pedeat triventios seerdied proeide aquocess il so
e

provi a praoc for re [ 0 &l ease
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e Xchix bt @frisied idindesna neutrabpoly(ethy] aryipte, methpt at e,

nmet hyl t.hacryyl.at e) copol yner. Anot her aspect of

twg%ﬁﬂyﬁf}i%ﬁo%g'des in a nethod of adninistration

of an active ingredient, wherein the active ingredient

i's adglnh st orath F3hia 1RALDR rikdksif kGAARed 6f MUl ati on

enpl oy1q"’1§éh§'t neu rog?hﬁ‘pol (et hyi acwcl ate. ., et B&l:t

reddmisispragion of an pelivpiagredignt, wherein thie ackve in .
administered ag & controlled release formulation employing a neutral
poly(ethyl acrylate, sethyl methacrylate) copolymer as

pharmaceutieslly acceptable cerzier,

A related agpect of this invention is the use of a neutrsl
poly(ethyl acrylase, methyl methacrylate) eopolymer in the preparation
of & pharmacentical formulation to provide resistance to terper,
which is of impertance where the ective ingredient is open to abuse.
The invention pn;vides a method of mparting tamper resistance to a
pharmaceutical formulation which comprises the incorporation of &
neutral polyfethyl acrylate, methyl methacrylate) copolymer with the
active ingredient in the formulation.

DISCUSKION OF PREFERRED EMBODIMENTS

We fnd that by utilising a neutral polylethyl acrylate, methyl
methacrylate) copolymer in the preparation of controlled release
pharmaceutical extrudates, we can obtain melt extruded



pharmaceutical ly acceptable carrier. A related aspect
of this invention is the use of a neutral poly(ethyl
acryl ate, methyl nethaei 3late) copolyner in the
preparation of a pharmaceutical formulation to
provi de resistance to tenper, which is of |nportance
where the active ingredient is open to abuse. The
i nvention provides a nmethod of inparting tanper:
WPaYrABHAce to a pharmaceutical for mul atpcreeabvsadaois
conprises the incorporation of a neutral poly(ethyl
acrylate, nethyl nethacrylate) copolyner with the
active ingredient in thefformulation. DI SCUSSI ON of PI

g\gf%waMthat by utilising a neutral
sractesistinse) Suwipol yner
nibbefeextiaiatisahh QR BiRhid] le8dianth RASGper. In
%gg%ﬁegtl cal @é#%w can, gbtaln el text ruded
/1 nspcq: a%f impsatedibyu| at es
thieistdp epthelbedirusittber | i ke characteristics. such
rubbery extrudates can exhi bit enhanced resistance to

tanper. In particular, it appears that the rubbery
charm¢ma@tctpﬂzeanmnﬁun@r6ﬁdbdwcoduhﬁe$}£&séf mel t

BB Rl e B SRS e b B by i easien °

axidt includihgoy nevidt=d pnkblﬂwl layrydectt, i methy methe trylaas)d

(etbyl acrylate, methyl
nggh%cr%?eg op ym%‘%i and an active ingredient. In
a rel ated aspect the present i nvention provides a -

folr?Iﬂa@"ﬂ'lﬁé}:1 rubberl | k g?ﬁae?g'cft erilﬂg "es
‘% #‘E’SJ%WHB@F@EWEP typically are elastic
and conpréssi bl e w t hout breakl ng, and preferably

The rubbarlike characteriatics provide multiparticulates wlu’cbt
{ypically are elastic and compressible without breaking, and preferably
resilient.

In one preferted form, as » demonstration of the rubber-like
characteristics, the multiparticulates may be compressed by hand
between two rigid surfaces, for examgple a coin and a table top or
between two spoon‘a,. without breaking, The multiparticnlates usually
may be distarted but do not break or shatter and ray ideally
Teassurme more or lees their original shape., - . .

The rubbery characteristics can help impart resistance to
tamper, Tamper resistance is of especial imporianee for products
containing opicid analgesics or other ictive ingredicnta which are
subject to abuse. The tamper registance of preferred
rmultiparticulates of the invention can be dermonstrated by shaking a
dosage amount of multiparticulates in water and/or ethanol, for

example 40% ethanol.



resilient In one preferred form as it denonstration
of the rubber-like characteristics, the

nmul ti particul ates may be conpressed by hand between
two rigid surfaces, for exanple a coin and a table top
or between two spoons, w thout breaking. The

mul tiparticulates usually nay be distorted but do not
break or shatter and may ideally reassune nore or
WVR3WSHHEIr ori gi nal shape. The rubbery clrereBb@gisii CS
can help inpart resistance to. tanper. Tanper
resistance is of especial inportance for products
cont ai ni ng opl oi d analges?cs or other active

i ngre ct.to S The tanper
regl s?‘aﬁce o#‘bpre %ere ? Rﬁﬂ#ﬁ?@@%’f ethgp
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pﬁ;&mn&amm L,Q,rwé!,'élegh@,.ut es using a Stuart Scientific
Shaker, Moddel SF1, ©optionally after standing for 5

m nut es, The anounts of active agent extracted can

t hen hmedeésmmurtﬁih V&mﬁ h,%mgby W for
e

in this way
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m«:mm&acﬁmagmtone of the follow ng
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10% release of active agent, praferably less than 7.5% pelease of active

agent, more preferably less than 5% release of active agent, for

example 1.5 to 4% release of active apent,

§ eainutes standing in water at 50°C followed by 15 minutes
shalking at the same temperature: lazs than 20% release of active
agent, preferably less than 15% release of active agent, more
preferably less than 12% release of active agent, for example 4 to 12%
releage of active agent,

5 minutes standing at 75°C followed by 15 minutes shaking at
the seme temperature: Jegs than 25% relesse of active ageﬁt,
preferably less than 20% release of active agent, more preferably less
than 15% release of uctive agent, for example 10 to 15% reledse of
active agent )

S minutes standing at 100°C followed by 15 minutes shaking at
the sarne temperafure: lesa than 30% release of active agent,
preferably less than 25% release of active agent, more praferably less

than 20% release of active agent, for exazaple 12 to 20% release of
ective agent,

15 minutes shalding in 40% ethano) at room temperature: less
than 35% releese of active agent, preferably less then 30% release of

u




10% rel ease of active agent, preferably less than 7.5%
rel ease of active agent, nore preferably | ess than 5%
rel ease of active agent, for exanple 1.5 to 4%

rel ease of active agent. S mnutes standing in water

at 50C followed by 15 m nutes shaleag at the sane
tenperature: less than 20% rel ease of active agent,
‘mﬁpﬁh 4y | ess than 15%rel ease of active agent, nore
preferably less than 12%rel ease of acti yeragfioselo"
exanple 4 to 12% rel ease of active agent. 5 m nutes
standi ng at 750C foll O\A/ed9 by 15 m nutes shaki ng at

the sanme tenperature: less than 25%rel ease of active
FFEpe agenty wbey praleyale RSy | omrel ease. of active
3&&&%&& OLE &?ﬁar abf [ Eeﬂs%rhatzﬁg%&%g@? PEHvE fgentpfor
active agen%, fﬂ?a"'@ﬁggfﬂ"éa&mtto 15% rel ease of active
agent 5 minutes standing at 100C foll owed by 15

m nut | the seine tenperature- |ess than
30%_r‘gﬁease y;g'éec AT Trgtstance oppesfaredol y | ess than 25%
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Alternatively, the tanper resistance of preferred

mul tiparel cul ates of the invention can be denonstrated
by sWhiadsstaiusing this method, preferred multiparticulates

according to the invention showed the following relesse cheracteristics

of active agent; less than 12.5% release of active agent, preferably less

than 10% release of active agent, more preferably lese than 7.5%

release of active apent, for exatmple 2 to 7.5% release of active agent.

In & further method, the tarmper resistance of preferred
multiparticulates of the invention can be demonstrated by crushing a
dosage amount of multiparticulates between two 2po0ons or int a pill
crusher, such as a Pl Pulverizer a8 sold by Apex Healthoare Products,
and then extracting in 2 m! water heated to boiling on a spoon and
filtered off, The amounts of active agent extracted can then be

determined by HPLC and detection by UV far instance at 210 nin
wavelength,

When tested using this method, preferred multpariculates
according to the invention showed the following release characteristics
of active agent; less than 27.5% releass of active agent, preferably less
3 than 15% release of active agent, more preferably less than 5% relense

of active agent, for exawmple 1 to 5% releass of active agent.



a dosage anmount of nultiparFiciilates to grinding in a
nortar and pestle with 24 rotations of the pestle and
the product placed in 90D mM water at 37C for 45

M nutes. The anmounts of active agent extracted can

t hen be determ ned byRPLC and detection by Wfor

i nstance at 210 nan wavel ength_ Wen tested using
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t anper resi Present invention

o The aeutral Poly{ethyl actylate, methyl methacrylate) copolymer
is sultably employed in an amount by weight of up to 66% in the mix
_for extrusion, say 20 to 66% of the extrusion mix, more {ypically from
20 to 50% of the extrusjon. mix, such as 30 to 40% of the extrusion
miz. These percentagas aleo apply to the ampunt o'fneutral

polyfethyl acrylate, methyl methar
rylate) eopol i
of this frrvest ) copolymer in a dry sranuiata

The neutral polpfethyl acrylate, methyl methacrylate) copolymer
carf be employed with other ingredients including a drug or other
‘acuve ingredient. The readerig referred to WO 9614058,
#corporated herein in full by specific refarence, The neutral
Polyiethyl acrylate, methy] methactylate) copolymer can form all or
more preferably part of the release controlling materia] employed in
the extrusion method of that Patent specification,

| In this respect, our preferred compositions include at Jeast one
other polymer to modify release, In particular, it appears that the use



Provi des the use of a neutral poly{ethyl acrylate,

nmet hyl tuethacrylate) copolynmer in the preparation of
a pharmaceutical formulation to pravide resistance to
tanmper. A neutral po]y(ethyl acrylate, nethyl

nmet hacayyl ate) copolynmer is incorporated with the
active ingredient in the fornulation. In one aspect,
wo SiodyRpt i on provides a nethod of tnparting tanper
resistance in a pharnmaceéutical fornul ati Ger/eabiosisoos
conprises &dMoft an aettve ingredient and a neutra
poly(*thyl aerylate, nethyl nethaerylate) copol yner,
and form ng a pharmaceutical fornulation
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t hat e use
extruder with a relatively low torque capabzhty such as a Lelstritz

Micro 18 machine, With g Iarger axtmder, sur:h “as a Leistritz Micro
27, similer formulations, without or with re.latively low levels of
plasticiser and/or Iubricant, mey be processed.

The plasticiser is normally chosen from waﬁzr insoluble solids
suchs as cetyl alcoho, stearyl alcohol and cetostearyl aleohol; water
soluble solids such as sorbitol end sucross and bigh molecular weight
polyethylene glyeol, water msoluhla hquids such as dibuty) scbaca.te
and tributy] citrate and wa.ter goluble hqmdn such ag tristhyl cih'al:e,
propylene glyeol and low molewla.r weight pulyethy!ene glycol.

Tributyl citrate is a preferred plasticiser. Stearyl eleohol is also a,
preferred plasticiser.  Ancther preferred Plasticiger ie & high

molecular weight polyethylene glycol of MW 1000 to 20000, such as
PEG 6000, :
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Y, WD 2005/ 079760 PCTI GB200S/ 0S0014 11 of ethyl
cel lulose or |ike polymer can assist iii inparting

resistance to tanper, especially' resistance to
extraction by al cohol. An may; cellul ose such as et hyl

cellulose Is preferably enployed for exanple in an
anmount of 5 to 60% w w of the fonrul adon, Preferably

wWokodsprEP6 W w of the formulation, nost preferably 20
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such as

normal | y chosen from wat er insoluble solids
cetyl al cohol, stearyl alcohol and, cetosteatyl
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hydrocodone, fentanyl and analogues thereof, bupreuorphme,
diamorphine, meperidine, propexyphene and diphenoxylate Other
active ageats which may be formulated in aceordance with the
invention include stimulants such ag dextrormphetaming,
amphetamine, methamphetamine, gi ibutamine, methylphenidate;
barbiturates such as methobarbito] and pentobarbita]; antis
depressants guch as diazepam, bromazepam, chlordiazepoxide,
0xaztpam, malprazolam, triezolam and etazolam, flunitrazapam and
methagualone; and dissociative angesthetics such as ketamine; and
saita, acid addition salts, and esters thereof, |

Preferred multiparticulates of this invention therefore can
comprise a neutral poly(ethyl acrylate, methy]l methacrylate)
copolymer; an active ingredient; at least one other polymer to modify
release which is navally an alky] cellnlose; optionally a plasticiser; and
optonally a lubricant.



propyl ene gl ycol and | ow nol ecul ar wei ght pol yet hyl ene
glycol. Tnibutyl citrate is a preferred plasticiser.
$tearyl alcohol is also a preferred plasticiser.
Anot her preferred plasticiser is a; high nolecular
wei ght pol yet hyl ene gl ycol of MW 1000 to 20000, such
as PEG 6000. W 20051079760 PCTYGS200050011 12 A
wabms/ermh can be included, The lubricant is normally a
solid at roomtenperature, and i s suitabtCI/GHEIM30%014
fromstearie acid, glycerol dibehenate, nagnesium
si eamate, calciumstearatg talc and silicone dioxide
(fuseg Si ie%g%. ng presence of lubricant in the nelt
extru Geniage amonntahe WaSpal [ | neadi ng and
caivateiti the @Mé&%&eﬁmﬁsheﬁiﬁon ﬁagﬁgl_%gé%%ﬁhgﬁt’faﬁ ces.
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modify release
plasticiser 0to30 [0to25 |3t535 |3wm50
lubricant 0t025 10t 25 | Oto20 Ot 15

* The amount of active agent can be 0% placebo forrmplationg
for trials or development work.

A typical formulation may contain az well as for example up to
60% w/w of the active agent or Placebo, 15 to 50% w/w of neutral
poly(ethyl actylate, methyl methacrylate) copolymer; S to 60% w/w,
suftably 15 o 50% w/w, for example 15 to 25% or 25 to 45%, of an
alkyl celh.ﬂose_. preferably ethyl cellulose; and 0 to 25%, preferahly 7.5
to 20%, of one or more Plasticisers, for example stearyl aleohol and
tributyl citrate. For example up to 0% oxycodone cen be present ns
active agent. These ingredients mgy be the enly components, or if
desired the formulations may contain additional comiponents such as
5 to 60% of an insoluble ammonium methacrylate copolymer.
Dlustratively, the formulation can contain 10 to 50%, preferably 35 to
50% of an insohible ammonium methacrylate copolymear whieh is of



anphet am ne, net hanphet am ne, si butam ne,

nmet hyl pheni date; barbiturates such as net hobar bit oi
and pentobarbital; anti- depressants such as di azepam
bromazepam ehl ordi azepndde, oxezepam mal prazol am
triesol am and etezolam fl unitranmpam and

nmet haqual one; and di ssoci ati ve anaesthetics such as
Wz@dﬁo?ﬁéo and salts, acid addition salts, and esters
thereof. Preferred nuitiparticul ates of thCEHekBMRE:ION
therefore can conprise a neutral poly(etbyl acrylate,
met hyl net hacryl at e) cop?I ymer; an active ingredient
at | east one ot her pol yne 4t 0 nodi fy release which is
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raethz?g%l‘l ggldives mayalsmba craph @yeduce up to 5 to 65
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7guﬁﬂﬁgoag%gto fozt- gxs.%?ple cggsi,ywcmgs?nstaeﬂme celluloge and
calcium phosphate, are widely usled pharmaceutical excipients and
can be used in the preseént invention to modify the release rates
and/or total release, Other release modifying agents may alao be
considered to modulate the release rate and/or enhance total releage,

The multiparticulatea are preferahly produced by melt extrusion
of a granuiate, and in particular by a process comprising wet
granulation of the ingredients and drying of the granulates, and melt
extrusion of the granulate.

The granulation step may be earried out using conventional
procedures, for examaple using a high shear mizer such as a Gral
mizger or a fluid bed granwlator or & fuid bed granulator with & rotary
ingert.

When using a high shear mixer the process may comprise the
following steps;
a) granudlation, preferably wet granulation:
b) optionally extrusion of the granulate;
¢} drying of the grarmilate or the extruded granulate, preferably .
_ by meana of a. fluid bed dryer;
: d) optionally screening and/or milling the dried granulate or the
dried extruded granvlate from step ¢); and
#) melt extruaion of the praduct from etep ¢} or d).



plasticiser Dto 30 0 to 25 3 to 25 3 to 20 |ubricant
Oto250tD250to 20 0 to 15 * The anount of active
agent can be 0% in placebo forrmulations for trials or
devel opment work. A typical formnulation nmay contain as
well'as for exanple up to 60% w w of the active agent
or placebo, 1S to 50%w w of neutral poly(ethyl

acz%l ats, methyl methawyl ate) copolynmer; 5 to 60% w w,

YoU5 to 50% w w, for exanple 1S topeh¥asmismiid ©
45% of an al kyl cellul ose, preferably ethyl

cellulose; and O to 25% prelb ably 7.5 to 20% of
one or nore plasticisers, #or exanple stearyl al cohol
and tributyi citrate. For exanple up to 50% oxycodone
can be present as active agent. These ingredi ents nmay
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such as %& @g%@f&%ﬁ it can contain 5 to
40% for ef referably for exanple 5 to
25% doff mohallmsmmnmmnﬂbbmﬂhygﬂt@mdpalmktemsj ghis
hi ghly pgjgreable, such as Eudragit RL pp. O her
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speci fi Gabd@? $rom Qs nts for exanple |actose,
zicrocsystailine cellulose and cal ci um phosphate, are
wi del y used pharmaceutical eacipients and

The product from step {c} or {d) which is to be loaded intp the
melt extruder, that is the optionally milled or screened dried
granulete, is itaelf & novel product of this invention.

The granulation step may be carried out using convernitional
procedures, for exarmple ueing a high shear mixer such as a Gral.
Typically the dry ingredients are added first; these are mixed by
operation of the high shear mixer and then the dispersion of polymer
is added by spiaying or dropwise, and mizing continued,

Alternatively, for example, a liquid plagticiser may be added to
the dry ingredients and mixed by operation of the high shear mixer
and the dispersion of polymer is then added by spraying or dropwise
and mixing continued.

The granulate may then be extruded in cptionel step (b}, for
example using an Alexariderwerk extruder. The extrudate iz then
dried using preferably 2 fitiid bed dryer. The extrudate may be
produced directly of a suitable size for Auid bed drying using a
suitable extruder such as the aforementioned Alexanderwesk where
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can be used in the present invention to nodify the
rel ease was and/or total release. O her rel ease
nodi i vi ng agents nmay al so be considered to nodul ate
the rel ease rate aid/or enhance total release, The
mul ti particul aatea are preferably produced by nelt
extrusion of a granulate, and in particular by a

conmprising wet granulation of the ingredients
%QS@?@QWE of the granulates, and nelt e¥crashddosiii

the granul ate. The granul ation step may be carried out
Usi ng conventional procedures, for exanple using a
hi gh shear mi xer such as a’%al nmixer or a fluid bed
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t he gr nul"at e;

ex EFR melt exhugibar abl y. . by means of a.
fluid bed dryer d) optionally screening and/or
mlling the dried granulate or the dried extruded
gr anul ate dred s weli typisally contain lesscthen 535 w)w efatdhe

fost
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granul ator with or without a rotary insert the

proces St i Iber sion of tﬁﬁn ranul at e;
usi u
ggﬁfﬁ%ﬁdﬁgﬁgg‘#’éﬁﬂﬁ%ﬁ‘gé ‘t he extruded g?anul at e,
pre erably

For the present invention, we prefer to etmploy a twin screw
extruder. Essentially, the dried granulate or milled product is fed by
a feeder into the first segment of an extruder basrel preferably at
relatively low temperature (for example 10-20°C) to ensure g constant
flow of material to the high temperature barrels, The feeder provides
a uniform current of the material to the extrider. Congistency is
desirable as irregular and varisble feeding rates can produce
multiparticulates with various physical properties, such as density'
end porosity.

The prefesred extruder is designed with twin screws, which may
have co-rotating or counter-rotating screws, for the tasks of conveying,
blending and compressing the blend as well as providing mechaniesl
energy. The extruder will be equipped with hesting mesns and
cooling means ps required.  The screws which perform a significant
part of this melt extrusion process are built of different amalier
elements, The mixing and Jneading process can be significantly
altered by ehanging the type, length and configuration of the screws
elements. Short residence times and moderate to low shear forcea
comtribute to safe processing and stable product even with heat
sensitive druge.



by means of a fluid bed dryer, d) optionally screening
and/or amlling the product fromstep e) ; and e)
nmelt extrusion oft' he dried granulate or screened or
mlled product fromstep c) or step d). The product
fromstep (c) or (d) which is to be | oaded into the
nmelt extruder, that is the optlonally mlled or

Wg}C{“Fﬁned dri ed granulate, is itself a novel product
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"Q%}%g%breaks up the pellets, or may be broken down to
suitable size. Alternativel y the granul es produced

by hirHE esthS8dn heddsh Roks suitable size or
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strands of fixed dJameter, fox' example 1.0 mm. The number, shape

and dizmeter, of the orifices can be changed to guit a predetermined

specifieation.

In addition to the serew speéd, the other main influential
parameters are the ecrew torque, individual barrel temperature, and
extrusion head pressure end temperature,

In accordance with one cutting procedure of this invention, the
exttuded strands are carried away fom the die-head on a conveyer,
Strand diamstey is affected by the starting material feed rate, the
screwa speed, barrel tamperature, die-head orifiee diameter and
conveying speed and nip rolls speed. Conveying is appropriate to
carry the extruded strands to a laser gauge or other meaguring device.
During this conveying process the strands coof dewn gradually, but
essentially remain flexible, Flexible strands ratain integrity on the
laser ganging device, between the pelletiser feed nip rolls and during
entry to the pelletiser. Repidly cooled strands, depending on the
formulation, may lose their integrity and shatter during paesage



drying followed by nelt extrusion. The dried nmateri al

will typically contain | ess than 5% w w water for
exanple 2 to 3% w w water, or |less, such as trace
anounts. |i The nelt extrusion process may be carried

out In a manner simlar-to that described in WO
9614058. For the present invention,' we prefer to
enploy a twin screw extruder. Essentially, the dried

WGr2805Q719%4%e or mlled product is fed by apém%mfﬁﬁlﬁo
the first segnent eof an extruder barrel preferably at

relatively |low tenperature (for exanple 10-200) to

ensure a constant flow @ material to the high
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the nip redlsemdelletiser inte bacwxtshaped anfhpehusdrency
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the quentity, quality and repreducibility of the inal mpitiparficulate

products.

Multiparticulates produced by this cutting procedure where the
extruded strands are carried away from the die-bead typically take the
form of cylinders. Preferably the cylinders have a diameter of abouit 1
mm and a Iength of about 1 mm.,

In another preferred cutting procedure, a cutter cuts the
extraded mix as it emerges under pressuzre and still molten from the
orifices of the die-plate. The cutter is suitably a rotary cutter with

* one or more blades which sweep over the surface of the die-head to
pass the orifices. Two dismetrically opposed blades are preferred.
Ideelly, the outer surface of the die-head is coated with a non-stick
material, for example polytetraffuorosthylene (PTFE]. As the cut
extrudate multiparticulates expand and cool, they tend to form.
rounded swifaces. By appropriate adjuetment of the rate of extrusion
and the speed of the cutter blade, as well as generally cylindrical



17 Screw rotating speeds may play a part in the
quality of the nultiparticul ates, producod. H gh
rotation speeds w thout appropriate conpensation of
the feed rate may produce hi gh potr.osity

mul tipartiCU e.tes with a variable drug rel ease rate.
On the other hand slow screw rotati on would induce
unnecessary long residence times. A vacuum connected

truder barrel is desirable to r ed
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mat eri al and thus produce dense nultiparlicul ates

ideally of |low porosity. ghe extrusion head is
typically designed to proéuce mul ti ple strands of
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te t WL je-head orifice dianeter and conveying
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| aser garoitAEle deMeated Raipeptard he pelletiser feed nip
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Reduce or eliminate some problems that arise during conveying
and pelletising the stranda such as strande fracturing o different
length pellets and possible static charge.

The multiparticulates may be divided inte unit doses such that
each individuel unit dose includes a dose of drug for administration to
a mammal, preferably a human patient. For the preferred drug,
oxycodone or a salt thereof, preferably the hydrochloride, a suitable
dose of the active agent is 5 to 400 my, espedially 5 mg, 10 mg, 20 mg,
30 mg, 40 mg, 60 mg, 80 mg, 120 mg or 160 mwg unit dosages. Ia
this respect, a unit dose containe an effective amount of the
therapeutically active agent to produce pain. relief and/or anslgesia to
the patient. The dose of oxycodone administered to a patient will vay
due to nurnercus factors, including the weight of the patient,
tolerance, the severity of the pain, the metabolie status and the nature
of any other therapeutic agents being administered.

The resultant oitiparticulates can be employed as a fllin a
capsule. Thus, the pregent invention provides a capsule sujted for



formulation, may | ose their integrity and shatter
duri ng passage WO 2005/079760 PCT/ GB200S/ 050014 1s
through the nip rolls and pelletiserinto uneven-shaped
and irregular- eked multiparlicuiates. A |aser gauge
may be used to provide a continuous- neasurenent of
strand di aneter, for exanple 1.0 mm The neasured
strands are fed into the pelleliser by nip rollers.
W 2deEihRh 1 ser cuts the fed strands, for iPE'f'}Gﬁﬂt 050014
using a rotary knife cutter, to a predetermne
length, for exanple 1.0 mm The feeding rate of the
strands and the pelletiserpputter speed deternine the
l ength of the nultipartlculaates. Overall, the

COpAESb it 4y AREAC T DeierRRbNRAB b6 the eciftroled
extruder,, cqnyeyors and Re Uetiser is an inportant
pafﬁﬁﬁeé?%ﬁ?%@{?aﬁgbe BIR¥EYantity, quality and
reproduci bility of the final multiparticulate :
producf}ﬁgnﬁl\/}#&tri R%;ti C I.a%%gggg odﬁpea.bé tshi%%rqﬁ#é Eji ng
procedt away
frfaitbtdgbhﬁdrcgﬂﬁﬂwﬂe‘f 'hghﬁpbmﬁmgh i gmgdaﬁehmeﬁmﬁaﬁghd_ tin f
cyli nders referd the._c n ave_a diameter o
2bdRR Capstle s areErably i e Fapee ARG P00 mg Bordpralithiy,
pr 26 ts 800 mgt tlnrquﬁaﬁg}a oiitids reventigst, ¢he vuit dogdaef
extrude ] e r '
oS R oy et AR o BRI Bl
i s desage fermpulationy; far gragple upingjcompragpion or shaping Bl ades
Whingh s SMERD1BYRS, ok BP fTHihR e &bubiepidactBasiteGormass

the oritices. Two dianmetrically opposed bl ades are
pr &f 2 FERRPSiOeeal |y, the outer surface of the die-head

Is coated with a non-stick material, for exanple

POyt e el capbuleh Sr bihEE it doSe fofiSs & thie tavention
preferably are designed for administration at intervals of about 12
hours or 24 hours.

A preferred drog for inchision in the multiparticulstes is
oxycodone or selt thereof, preferably the hydrochloride. A unit dose
form suitable for 12-hourly dosing then suitably has en oxycodone
digsolution rate in vitro, when meaéu.red by the USP Paddle Method
(see the 1.8, Pharmacopoeia 00T 1990] at 100 rpm in 900 ml
agqueous buffer (pH between 1.6 and 7.2} at 37°C of between 12.5 and
42.5% (by wi} axycodone released after 1 hour, between 25 and 56%
(by wt) axycodone released after 2 hours, between 45 and 75% (by W)
axycodone released after 4 hours and between 55 and 85% {by wi)
oxycodone released after 6 hours.

A unit dose form containing axycodone ar a salt thereaf,
preferably the hydrochloride, suitable for 12 hourly dosing may also,
suitably have the following dissolution rate in vitro when measured
using the USP Bagket Method << 7 11 >> Apparatus 1 at 100 rpm in
900 mi aqueous buffer at pH 1.2 (simulated gastric fuid without




extrudate nultiparticul ates expand and cool, they tend
to form rounded surfaces. By appropriate adjustnent
of the rate of extrusion and the speed of the cutter
bl ade, as well as generally cylindrical WO 2005/079760
PCTI GB20051050014 1g , nultiparticulates, it is
possi bl e for exanple to arrange for spherical or
substantially spherical, ellipsoidal or disc shaped
Wol2tospomrdpi cul ates to be obtained. In on ‘_qﬂ%g ' a
streamof air is directed into the regi gpn 0 @E@ﬁﬂg
surface of the die-head, the air being at a reduced
tenperature to cool the e2trudate and to speed
solidification, Spherical nultiparticulatea produced
by PERY 3t Homithidetaction by BFBEwith UVay 206 ages; Bett er
b ajfBleh@hb FHopd10 dulGledal dgl, i) . i er..coatin nd
owg(r C%gti nbglgaetfegﬂﬁ' Ffe%%irﬂggs to E%?’tag,l ‘i"&'ﬁsf&?@ [1ing
art®l TRy RESEEISPIEA 10 (8 a2 Bbrs; fromedQt0cB084, HrelpdlAt ur e,
M5eto t7as) af 3 hegi debiee Bl 0
pr.obl ens@tnat.sgjﬁggﬂdﬁw ng.c nvel)%lbhggg%@%aqqﬁet i sing

t fhguLs; pad greater than, 20%:at Swirkact ur g to different

| ength pellets and possible static charge. The

mul ti garticul ates e divided into unit doses such
t hat %@W&? g Eﬁ%‘ b thepsak plapma emsbofoxyosionef
dubigidedrin aliabonat batween 2tedd 95 BBERRer RASEEL a

h ' For the preferred drug, oxycodone or a
sal% t%gir%g , preferably the hydrochloride, a suitable

dose of the active agent is 5 to 400 ng, especially 5

mg, 1 i &Q#%n . 80 ny, 120 ny

or 168“@“’%. - oéf&é@%%’%égﬂ’%tsﬂﬁ’?‘@&g%&‘! a unit dose

comrcadons femmuationsiip gven oW 9310763 which is incorporated
herein in full by specific refercnce..

As an alternative, the oxycodone capsules or other unit doze
forms of this invention ars designed for administration at intervals of
about 24 hours. To this end, the unit dose form suitably has an
oxyeodone dissolution rate i vitro, when measured by the USP Basket
Method at 100 rpm in 500 1l aqueous buffer at a pH between 1.6 and
7.2 at 37°C of fram 0% to sbout 40% at 1 hour, from absut 8% to
about 70% at 4 hours, from about 20% to about 80% at 8 hours, from
about 30% to about 95% at 12 howurs, from about 35% to about 95%
at 18 hours, and greater than about 50% at 24 hours. '

Furthermore, we prefer that the pesk plasma leve] of oxycodone
obtained in vivp is reached at about 2 hours to about 17 hours 2fter
administration at steady state of the dosage form,

A unit dose form containing oxycodone or a aalt thereof,
preferably the hydrochloride, suitable for dosing every 24 hours, may
also sujtably have the following dissolution rate in vitro when
measured using the USP Basket Method <<7 11>> Apparatus 1 at 100



A

therapeutically active agent to produce pain relief
and/ or analgesia to the patient The dose of oxyoodone
adm nistered to a patient will vary f due to nunerous
factors, including the weight of the patient,

tol erance, the severity of the pain, the netabolic
status and the nature of any other therapeutic agents
bei ng adm ni stered. The resultant mnultipartioul ates
V&?ﬁ'“sg“é”é‘?‘rpl oyed as a fill in a capsul e. pEMER008/RM14
present invention provides a capsule suited for WO
2005/ 079760 PCT/ GB2005/ 050014 20 once or tw ce a day
dosi ng. Ot her dosage formg of the controlled release
fornul ati on can be provided. In one preferred

eTptoi $hm] agheusibuffepatrtH t.2l (sibadatad gaétiiclgest | nto -

PP 2o2RR o7 78 B ERRe b B SV PR e+ ange
%vplctnaﬂl} frogry 16nb 80%, mrelerally ¥7 wzm; St Eﬁ&ngrg-o?ll:m a
e, e LS G2 e 0 P PR B oo i o
Aéatoréfile rtisdedurs; da:nd@mtértmanlsa% prd‘embbrﬁmm @t usi ng
sion or shaping or forming into tablets, or by

form ng the extruded product into the form of a
suppository. The preferred capsul es or other unit dose

for ,;,fyrﬁ,a lﬁ!’lﬁ}?{ si gned for
ad ”Blldnger at i nhg%{g?%%%%\?al S caﬁéout fgs gﬁou?s or
onio Josmapasions i GPeRinAR 02AETSAA whichis ¢ he

poratdd I4biatie full Sy ﬁgﬁemc@r salt thereof,
preferably the hydrochloride. A unit dose form

suitable for 12-hourly dosing then suitablty has an
oxy ¢ ddiveuriatina sthle ly_:ifés@m mMohrpruhaémmmsm wRasured by

the US%@%% ha omspeﬂ‘echveto Phar n%copoel a) GW
ta.mpenng In this respect, reference is made to WO 0313433 which

is incorporated herein in full by specific reference. In particular, the

unit dose can contein axyeodonie and nalirexone.

To this end, the present invention provides melt extruded
multiparticvlates of en aploid such'as oxycodone, and melt extruded
multiparticulates of an opioid antagonist such asnaltrezone. Inn
preferred formulation antagonist muitiparticulates do not release the
entagonist on conventional administration, and for example have &
non-release coating. Both populations of oploid and opieid
antagonist are preferably visuelly and physically identical,

An important aspect of this invention i3 a capsule with a unit
dose fill of less than 500 mp, comprising up to about 850 mg of
oxycodone multiparticulates, and vp 1o about 200 mg of tamper-proof
oxycodone antegonist multiparticulates, For example, there can be
120 to 300 mg of oxycodone multiparticulates, and 125 to 175 mg of
tamper-proof 6xycodone antagoniet multiparticulates.



aqueous buffer (pH between 1.6 and 7.2) at 37C of
between 12.5 and 42.5% (by wt) oxycodone rel eased
after 1 hour, between 25 and 56% (by wt) osycodone
rel eased after 2 hours, between 45 and 75% (by wt)
oucycodone rel eased after 4 hours and between 55 end
85% (by wt) oxycodone released after 6 hours. A unit

cont ai ni ng oxycodone or a salt thereof,
‘g‘?g“ﬁ%@’%ﬂ the hydrochl oride, suitable facTidebkosy

dosing may al so, suitably have the follow ng
dissolution rate in vitro when neasured using the USP
Basket Method <G 7 11 " Apparatus 1 at 100 rpmin 900
m aqueous buffer at pH 1.2 (sinulated gastric fluid
wi t hout WD 2405/ 079760 PCTI GB2005/ 050014 21 enzyne)

aSvREGrYbE s @midson by HPLC with UV at 206 nm
wavel ength; fromO to 40% preferably 25 to 35% at 1

hour from20 to 70% preferably 40 to 60% at 2

hour s Reféx@ietl risela &Y ﬂ&?ﬁ ; Q.20 @t 3
hours; from 60 _terS%“gre e?%@&gm&aﬁﬂ
h BEHCE PR ESRENER: IBAAMCIZ0% at 5 hours. Furthernore,

we prefer that the peak plasnma | evel of oxycodone
ohtained,in vitag occurs between 2 and 4.5 hours after
agﬁ$$?SF@S??éﬁ”ﬁﬁPﬁFﬁ@‘ﬁ6§H§€°ﬂﬁﬁﬁ$Pﬁﬂﬂ!nwukdnnation
oBxateplerthbl e characteristics for such oxycodone
formulations is given in WO 931076% which is
incorporated herein in full by specific reference. As
aFigura 2 shews the digshistion pf arjeodormedpan bl Ofmagh REr  uni t
qgﬁﬁniﬁ ﬁaﬁo?é this invention are designed for

a HIH?S

ration at intervals of about 24 hours. To
this end, the unit dose formsuitably has an

PR o A58l Hoh U ok b Rord it th Lerl T nRASHY ©0 DY

"B miples 11 & 15,

Figare 4 shows the disaclution of oxycodone from the pellets of
Examples 11 to 13 after milling using & 'pestle and mortar,
Figure 5 shaws the dissolution in solvents of exycodone from the
peliets of Exaraples 10 to 13,

EMAMPLES OF THE INVENTION

Exzamples ], 2and 3

Three batches (Examples) of multiparticulates were
manufactured following a similar procedurs:

Step 1. Initially, the following iterns were placed into a Gral 10
high ehear mizer, pre-heated o 40°C, and dry blended at high speed
fur 2 minutes: -



Met hod at 100 rpmin 900 m aqueous buffer at a pH
between 1.6 and 7.2 at 37t of fromO0%to about 40% at
1 hour, from about 8% to about 70% at 4 hours, from
about 20% to about 80% at 8 hours, from about 30%to
about 95% at 12 hours, from about 35%to about 95% at
18 hours, and greater than about 50% at 24 hours.
Furthernore, we prefer that the peak plasna |evel of

WONBHMIMe obtained in viva is reached apeReRebsnoots
hours to about 17 hours after adm nistration, at

steady state of the dosage form A unit dose form
cont ai ni ng oxycodone or a#salt thereof, preferably"

the hydr ochl orj de ui for dosing every 24 hours,
al SO%WQ‘M foll owi ng dissolution rate

|n V|tro \Ehednegin@B$Or ed using the USP Basket Method

cc7 11 ar at 100 WO 2005/ 079760

PCT/ GBZOO@?%%@E?%%Z rpmin 900 n] aqueous buffer at

pH 1.2 (siStedriateedl gastric fluid wthout enzyme) at

37t th Wat 206

vevel i T gt MG Mokl G Sraeredshongh o 1

maﬁamﬁmhtochﬁﬁ%tepwéﬂtm&ﬂis&rﬁﬁm&ﬂours

f referably 48 to 66% at 8 hours; and
g%‘ggtb@%eﬁgﬁgﬁ%q preferably 68 to 92% at - 16 hours

Mor e Bispdk ke sstecopd BudragitNR40 Paﬁ%ﬁom m:apzayed such

oamsadmsﬁ: ald S ths d g#ﬂﬁﬁd VW ch
ngcarp 5?& herein in Tul % speC| f| c re erence
Ilﬁ %‘P&’F-P& P )é\oﬁﬂ’nﬂr ovi des uni t
doneestpiac The @9 hé&ﬂ%n&ﬂ BRGNS DR ORintintled

%ivﬁiﬁ%ﬁt e”e‘“'eovq%ﬁ-eﬁaﬁreetvimm 0315433 v ch ti“iss
i ncor $ep st e bpphdationnf Eulitagh NESHEDI vﬁdscpdi-ﬁﬂitfaﬂﬁ ce.
A3l &'sd Bpe t[.‘nllesides of the mizing bowl. :

Step 6. After 2ll the Eudragit NE 40 D had been applied, the
granules were dried under the same temperature conditiona and at
reduced mixing/chopping speeds.

Step 7. The granules were then fed at a conirelled rate o a
Leistritz Micro 18 extruder equipped with a conveyor and pelletiser.
The exivuder had & 1.5 mm die-plate, and heated Stationy as follows;
Stations 3 to 8, 90°C {o 100°C; Stations 9 and 10, 100°C, The feed
mte was 2.0 t0 2.6 kg/hr and the screw speed 100 to 141 rpm, with a
torque/melt pressure of S0 to 60% [ 40 to 50 bar.

The extruded strands were carried away from the die-head on a
conveyer and cut into cylindrisal multiparticulates. '

Material Examples (% w/w)

Example 1 Example2 | Example 3
Lactose anhydrous 10.0 |00 .
Dx;réodone hydrochloride 10.0




unit dose can contain oxycodone and nalirexone. To
i nvention provides nelt extruded

this end,

mul ti pardcul at es of an .opioid such'as oxycodone,

t he present

melt extruded nmultiparficulates of an opioid
ant agoni st such as 'naltrexone, Ina preferred
formul atiron antagoni st nu] ti pai

rel ease the

tioul ates do not

ant agoni st on conventi onal
woedodsioveetor at i on. -and for exanpl e have a
coating. Both popul ati ons of opioid and opi Ol

POl

-antagoni st are preferably - visually and physically
i dentical. An inportant agpect of this invention is it

and

zﬁﬁsﬁ?nﬁﬁ

es.
one
oof

capsule with a unit dose fill of |ess than 500 ng,
TR REPOP (0 aboJupgpU NG Of 32 @Ky COUTTES

‘ i i 1 Ta I ! abhout 200 _Q?

Stepl alephelt oxycoddAB@Lant agoni] $0:0mul ti phi@Dcul at
i aill €, (Nere Cdg e 120 SO0 T P& ROX

ol tiparficil ates aﬁ?ﬁdioa to 1] §ofrg @fg %‘r%)e??of
pENEBEE NE* ant agoni st tAMOti parti C8B8t es. WHR005/ 07

E_IC%AUUSI—UbUUJ.LI- 2N
ef erence i s shade |

?hp follo

s'ols Budregis NE40 Dlpvaterpragied dydkranghgs, in whi ch:

Figure 1 shows the dissolution of oxycodoi.xe from

pell ets made in

Exanpte S. Figure 2 shows the

i on of oaycodone from pellets made in
Exanples 10 to 13. Figure 3 shows dissolution of

gl S

9760

s 11 to

| ets of  Examp
BRI SheRed

om

tixeryuiaks ehergeé fromaheivales drifices of tha did-hend ofia | i ng usi ng
%ﬁgﬁmﬂfa BRkb s A rotavy cutter with two blades is used to
cut the extruded mix as it emerges under pressure and still molten
from the orifices of the die-plate, The blades sweep over the surface
of the die-head to pass the orifices. Aa they erpand and cool, the cut
extrudate particles tend to form rounded surfaces,

The following formuletion was employed to produce placebo
product containing lactose as a pharmaceutical non-active ingredient. '

Material Exampis 4 (% w/ %)
Lactose anhydrouse 10.0
Eudragit RS PO — 870
Steatyl aloohol 10.0
Stearic acid 6.0
Eudragit NE 40 D az.a>
Totsl 100

* Value stated as solide content

By appropiiate adjustment of the extrusion parameters
including temperatire and rates of extrusion, apherical ox
substantially spherical mulﬁparﬁculams may be obtained.



Figure 5 shows the dissolution in solvents of or
ycodone fromthe pellets of Exanples 10 to 13.
EXAMPLES OF THE | NVENTI ON- F; xamml s-1. 2 and 3 Three
bat ches (Exanples) of nultipartieul ates were
manufactured following a simlar procedure; Step 1.
Initially, the following itens wereplaced into a Gal
“éP WQJ%E shear mi xer, pre-heated to 406C, and dry
BIREHo hi gh speed for 2 ninutes; WOPRDBBZGSHS0H60
PCT/ 0B2095/ 050014 24 QGaycodone Hydrochl ori de
Eudragit RS PO Stearyl Al cohol Stearlc Acid Step 2.
The Eudragit NE 40 D di sg&rsion was screened through
a 350 micron nmesh to elimnate aggregates and .
transferred into a suitably sized container. Step S.

w&dragit NE 40 D di spersion was sprayed
at Tow atom sing pressure on to the dry bl ended
materials fromstep 1 in the m xing bow, whilst

Mai NtBydbAEheY dfi:ﬁ%ﬂ%pﬂﬁeﬁﬁ'té%&ver%gﬁné%ﬁ#@ gﬁgﬁﬂg gat Ion

of Eudragit, NE 40 was conti nu
FUETHR S SRSttt (Fiagp 48p By wdrugy PRaCEEEGeBIRED
Coseat, w/Weweth 43 MBswaperiodically halted to scrape

the sides of the mxing bowl Stop 6. After all the

Eudragit NO 40 D had been applied, the granules were
Matedslunder the sgne tenpEkabpls (W& (1 0ns gnd at
. S 6

Oxycodone 42.2 422
hydrochloride
Ethyl cellulose N10 14.7 15,6
Budragit NE 40 D* 35.3 (8), 29,4 (8),

[88.3 ()] [73.5 (]
- Teibutyl citrate 59 6.9
Glycerol dibehenate | 2.0 1.9
Total 100 100

.. S =solid weight

D = dispersion weight

* 40% dispersion (% w/w}, water loet by evaporation

A procedure for prepating multiparticulates of Ezample 5 in the

form of pellets is as follows:

[T P TY

tributyl citrate was slowly

Step' 1. The

FEASL 8 e £ 1F

inn 2 Oral 10 high shear mixer and blended. '
Step 2. The oxycodone wae added to the blend from Step 1 in
* the Gral 10 high shear mixer and biended for § minutes.
Step 8. The Budragit NE 40 D dispersion was strezned through
a 350 micron mesh to eliminate ageregates and transferred into a
guitably sized container. The screened BEudragit NE 40 D dispersion
was then slowly added by sid of a peristaltic pump onto the blended

added to 'efhyl cellulose



reduced m xi ng/ choppi ng speeds.
were then fed at a controlled r
Mcro 18 extruder equipped with
pel l etiser. The eaUuder had a
heated Stations as follows; St
100C, Stations 9 and 10, 100C
/ hr and the screw spee
‘{é&“ﬁ%‘}’&’&@/ melt pressure of 50 t
The extruded strands were carri

di e-head on a conveyer and cut
nmultiparticulates. Materi & Exa
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ol t e Btepf6. okftariadl the Eiadtmttdlbéo
SHBARILE Weke ddtRideH thR0Eh a conventiq
in a fluid bed dryer at approximately 42°C.
Step 7. The dried granules were coole
and collected.
Step 8. The granules were then fed st

Leistritz Micro 18 extruder equipped with a

Step 7. The granul es
ate to a Leistritz

a conveyor and .
1.5 mm die-plate, and
ations 3 to 8 90C to
The feed rate was 2.0
d 100 to 141 rpm wth
0 60% / ARCTBEIH0S/30d14
ed away fromthe

into cylindrical

nples (% ww Exanple 1
hydrous 10.0 10.0
FrePrraed to

Re PO 40.0 32.0 32.0
Stearic acid 6.0 6.0
§E 4R)P Fms roptinesl 100  As
¢ WA peXax Ul €
cufting procedure was
m the twel ve orlflces

Mo Gmd SeAsdik A

Fﬁ% g’gﬂfe ;g:j stl |

all beenl ided, theevep! ades
nal extruder and the dried

d to room tempernture

a controlled rate to a
1.0 mm die-plate, 2

conveyor and pelletiser under the same canditions as in Example 1,

The extruded strands were carrled awsy frox

n, the die-head on a

conveyer and cut into cylindrical multiparticulates,

The procedure for the preparation of the formulation of Example 6
was the same as for Example § except in the| following respects:
» No plasticiser {tributyl citrate) was added in Step 1, Instead
Step 1 was excluded and Step 2 consisted of mixing the
oxycodone hydrochloride and the ethyl cellulose in the Gral 10

high shear mixer.

» The gramuiles were sieved (1.5 mm mesh) and the oversized

granules milled (1.0 rary mesh) and
granules,
» Lubricant (glycerel dibehenate) was
immediately before jeeding to the extru
o The extruder had 2 die-plate with 1.5 &

oxbined with the other

ed to the driad granules
der at the end of Stap 7.
m prifices,




of the die-head to pass the orifices. As they expend
and cool, the cut extrudate particles tend to form
rounded surfaces. The follow ng formul ati on was

enpl oyed to produce placebo product containing

| act ose as a pharmaceuti cal non-active ingredient
Material Exanple 4 (% Ww Lactose anhydrous 10.0
Eudragit RS PO, . . .. 37.0 Stearyl alcohol 16.0
W) WRFTYStci d 6. O Eudragit NE 40 D 37. 0* pcHiambsnbiits
* Val ue stated as solids content By appropriate

adj ustnent of the extrusion paraneters including
tenperature and rates of 2extrusion, spherical or
substantially spherical multiparliculates may be

obt ai &eaﬂtemmmﬂﬁzi@?mu?w EB20054 50,0 Bktriidtts-

d. . i ticul gt

B ook ol e s PR o5 e
48%'y\¢mvtei'mg1 tmblt,adeéﬂselspé teoartithe extradind mixt @ it W w,

| |
e i b o D BB bfeblot e B .
ate] Ahe Hldied switep ceagithe SiE{ate oDthediehed @ ig po@. the ( S)
orifices. As they expand and cool, the cut extrudate pan:cles tend to
form rounded surfaces,

Although in the above Examples a Leistritz Micro 18 extruder
was used, a larger extruder, for example a Leistritz Micro 27, may be
preferred to handle materials re¢quiring & higher torque for processing.

Extruded pellets abtained in Ezample § were dissolution tested
ugsing the USP Basket Method «711» Apparatiie I at 100 rpm in 300
] agueous buffer at pH 1.2 {simulated gastric iuid without enzyme)
at 37°C with detection by HPLC with UV at 206 nm wavelength and
gave the following resuits which are plotted in the accompeanying
Figure 1 along with a preferred profile for a once-a-day product.

Time (Howurs) Example 5
% oxyeodone released
¢

30

4] .

48

53

58

&2

66

59

71
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[88.3 (D)) [73.5 (D] Tributyl citrate 5.9 6.9

d ycerol dibehenate 2.0 1.9 Total 100 100 S = solid
wei ght D - dispersion weight 40% dispersion (%wn),
“water |ost by evaporation A procedure for preparing
mul tiparticul ates of Exanple Sin the formof pellets
is as follows. Step 1. The t ibutl+l ci rate was

S| OV\AI%/ xrlded to ethyl cellulose in a Oral 10 high
YReWFIMIRer and bl ended. Step 2. The oxyomEmmRG1
added to the blend fromStep 1 in the Gal 10 high
shear m xer and blended fgor 5 mnutes. Step S. The
Eudragit NE 40 D di spersi9n was screened through a
350 m cron ngsh 19 ettt ate regates and
transferred fnto a sultably sized confafner.: The
screened Eudfagi t1INE 4D D di s sion Was then slowy
added by ai dfofF—gsperiptatttepomp—ontd t he bl ended WO
2005/ 079760 pCI’ 71@200 /05001 is 27 Jmaterials from
Step 2 in the GdB 10 pbdnj b&& , pre-yarned to 380C,
whi | st mai nt g mxpgch g—Step 4. The
application pf Eddraqgitt E 40 D was conti nued until
granul e forngati odSoccurred - &Rl the dfagit NE 401)
was added. 18" 1 1 Eudragit 40 D
was peri odiclall.y

17 84
18 &5
19 25
30 86
31 87
52 88
23 R
24 8

les 7 )

Using the same procedure and cxtrusion conditions as for the
previous Examples spart from temperatures ranging from 100 to
120°C, a screw speed of up to 240 rpm and die-plate dimensionsg of
1.5 mm diameter (Examples 7 axid 8} and 1.0 mm (Example 9), the
following formulations were proces'sed to produce multiparticulates.

se ww

" | Material Examples (% w/w)
Example 7 Example 8 Example 9
Oxycodene HCI | 43 43 43
Ethyl celluiosa | 19 19 18
N10 _
Eudragit NE40 |29 29 27
Df.'




halted to permt scraping of the sides of the m xing
bow, Step 6. After all the Eudragit NE 40 had been
added, the wet granules were extruded through a
conventic nal extruder and the dried in a fluid bed
dryer at appr wdmateiy 42C. Step 7. The dried granul es
were cool d to roomtenperature and collected. Step
S. The granules were then fed a a controlled rate to a
wWoewsemdzoz M cro 18 extruder equi pped wi td&ﬁ% 2009/&%5”

di e- plate a conveyor and pelletiser ﬁw sa

con 'tions as in Exanple 1. The extruded strands were
carried away f the die-hegg on a conveyer and cut

to cyvlindrjical multiparti ates. The procedure for

t
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iyl sitrate on

of the rnu

@&tion of EXa

+ it o f N1
LINLIL crre Tt
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he
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| asticiser

(Tri butyl cif

g ng
rate) was ad

tead Step

1 was excl udf

Ed and Step

in Step 1. Ing
d1 . e I . v q
he yl cell yllose in thg Oal 10 hi
Id-lh&b@naie The granul es werle sieved (1.

I VA bl LC’U
%F&gg Ih Iﬂ gt her _ gr J‘rqﬁl es. Lubr?‘@nt (gl ycegr ol

du*mvammgeﬁ inaslidsaxintent vhly. diqdd digpereichheseizitigedl ai el y
bg@ﬁ %E&g@bng to the extra er at the and of Step 7.
The extr had a die-plate with 1.5 orifices. WO

20051079760 PCT/ GB2005/ 050014 26 An alternate cutting
p%ﬂﬁ@be consi dered. Extrudate' energes from
the oritices of the die-head of a Leistritz extruder.
A

;ﬁ shear

5 nm nee ) arld

—~ Q) —~ O

Using procedhures similar to those of the previous Examples
multiparticulates were produced with the following formuletions,

Material Examples (% w/w}
Example | Example 11 | Example | Ezample
10 | 12 13
Oxycodone HCL 10.0 10.0 10.0- 10.0
Bthyl cellulose 41.8 nil 32,0 nil
N10
Eudragit RS PO nil 41.8 il 22.0
Eudragit RL PO nil nil 10.0 20.0
Stearyl alcohal | 140 14.0 14.0 14.0
Endregit NE 40 34.2(8), 34.2 (8), 34.0(8}, | 34.0{9),
D* 185.5(D)) | [85.5(D) i [85.0 (D) | [85.0 ()]
Total 100 100 100 100
S = solid weight
D = dispersion weight

* 40% dispersion (% w/w), water Jast by evaporation



rotary cutter with two blades is used to cut the

extruded mx as it energes under pressure and still

nolten fromthe orifices of the die- plate. The bl ades

sweep over the surface of the die-head to W the
_orifices. As they expand and oool, the cut extrudate

panicles tend to formrounded surfaces. Although in

t he above Exanples a Leistdtz Mcro 18 extruder was

v}dﬁ@ﬂmg | arger extruder, for exanple a i*@i‘léﬁ{nbsgn%em

M<cro may be preferredto handl e mate
requi ring a higher torque for processing. Extruded
pel l ets obtained in Exanphge 5 were dissolution tested
using the USP Basket Method'it71la Apparatus | at 100
rpm i mHGhoveinuRtipaeticidates froat Etdenpléd 10 £ iswa}& at ed

oy i ey Shi AR Wik anEhor Babett irgod Cre "

f dlebmibed @bovednlBrampie 8h Rreaepiltsdre dhown thRigure 2,

7 ool G er A 05 s Ot b e BB Rl ©

o Bramgien d Zramkclicare sifiilfy inthidQest2o e reRadBprofilod a $ 58

® Btardtichimiiinpld 5'dr o 5 2RARL A SRH pREAIRL050014

oumber WO 2005/0002 10) which, when tested in vivo iz substantially
big-equivalent to OxyContin tablets.

The mulfiparticulates from Examples 10 and 11 have slower
release profiles which may indicate they would be suitable for use in
dosage forme for dosing at 24 hour intervals.

The multiparticulates from Examples 10 to 13 were tested to
determine their potential for tamper resistance as follows:

1) 400 mg of the multiparticulates from Exmmples 10 to 13 were
either crushed between two spoons or in a pill crusher, such as a Pill
Pulvesizer as sold by Apex Healtheare Froducts, and then extracted in
2 m! water heeted to boiling on @ spoen and fiitered off.  The amounts
of oxycodone extracted were then determined by HPLC and detection
by UV at 210 nn wavelength and are shown in the chart of Figure 3.

2} 400 mg of the multiparticn]ates from Exemples 10 to 13 were
subjected to grinding in a mortar and pestle with 24 rotations of the
pestle and the produet placed in 900 ml water at 37°C for 45 minutee.
The amount of axycodone dissolved was then determined by the
method described in 1) abave end the results are reprezented in the

bar chart of Figure 4,

3) In each of extractions a) to ¢) 400 mg of the multiperticulates
from one of Examples 10 to 13 were treated respectively as follows: the



29 10 _ 74. 11 76 12 78 13 78 14 81 15 82 16 82
17 84 18 85 19 SS 20 86 21 87 22 88 23 88 24 88
Exanples 7. _ ei d 9 Using the sane procedure and
extrusion conditions as for the previous Exanpl es
apart fromtenperatures ranging from100 to 120C a
satew speed of up to 240 rpm and di e-pl ate di nensi ons
of 1.5 mmdianeter (Exanples 7 And 8) ead 1.0 mm

wahadbA 9) . the following formulations
processed to produce nultiparticul ates. P /%;e%ulus 50014

Exanples (%W w) Exanple 7 Exanple 8 Exanple 9
Oxycodoae HClI 43 43 43 Etfayl- cellulose 19 19 18 NI10
multipartieulates were placed in the solvent indicated in a glass flask
which was then heated (if heating ie indicated) over a water bath. The
flask was then subjectad to shaking for the time indicated naing a
Btuart Scientific Flask Shaker Model SF1 set at 500 to 600 oscillations
per minute, After extraction the amount of axycodone dissolved was
then determined by the method used in 1).
) 15 minutes shaking in 10 ol water at room temnperature;
b} heating for 5 minvtes in 10 ml water at 50°C followed by 15
minates shaluag;
¢} heating for S minutes in 10 ml water at 75°C followed by 15
minutes shaking
d) heating for 5 minutes in’ 10 ml water at 100°C followed by 15
mioutes shaking
e) 15 minutes shaking in 10 ml 40% ethano] at room
temperature.

The test results are shown in the attached bar chart of Figure 5.

......



Eudtagit NE 40 29 29 27 WO 2005/ 079760

PCT/ GB20051050011 30 Tri butyl citrate 6 6 6 Stearyl
al cohol 3 dycerol 3 6 dibehenate Total 100 100 100
* Value stated is solids content oily- Liquid

di spersion weight is (value/40)xl OO Fxmm-les t0 4a 13
Usi ng procedures simlar to those of the previous
Exanpl es nulti pardcul ates were3droduced with the
following formulations, Materiel Exanples (% w w)
Exanpl e Exanpl e 11 Exanple Exanple 10 12 13
Oxycodone NO 1010 10.0 10.01 10.0 Ethyl cellul ose
dhafmni! 32.0 nil N1O Eudragit RS PO nil 41.8 nil
22.0 Eudragit RL POrut nil 10.0 20.0 Steeryl al cohol
14.0 14.0 14.0 14.0 Eudragit NE 40 34.2(S), .34.2(9)),

(%i) ¥ S%qn&é?%?seﬁ&%)se phariadsificad ridlaribf omplifthe rr{eﬁ%xﬁluded

wailgherticdiates, dibspar sidmultipagictlates comprise a rubbery matrix including a neutral

poly (ethyl acrylate, methyl methacrylate) copolymer and an active agent.

2. A formulation according to claim 1, wherein the active agent is an opioid, a stimulant, a

barbiturate, an anti-depressant or a dissociative anaesthetic.

3. A formulation according to claim 2, wherein the active agent is oxycodone or a

pharmaceutically acceptable salt thereof.

4, A formulation according to any preceding claim, which is resistant to tampering by
reducing the release of the active agent upon extraction in a liquid which is water, ethanol or

aqueous ethanol.

5. A formulation according to any preceding claim, which shows at least one of the
following characteristics (a) to (€) when tested by a test method comprising admixing a dosage
amount of multiparticulates with 10 ml of the liguid in a glass flask and shaking at 500 to 600

oscillations per minute for 15 minutes using a Stuart Scientific Shaker Model SF1:



40% di spersion (%Vvw), water |ost by evaporation WO
2005/ 079760 PCT/ Gi 200SI DS0014 31 The above

nmul tiparticul ates from Exanples 10 to 13 were
subjected to testing by dissolution using the USP
Basket Method described above in Exanple 5. The
results are shown in Figure 2. These denonstrate that
the rel ease profiles of the nul¥4i particul ates of
"Exanples 12 and 13 are simlar in this test to the

rel ease pr@fil eiDhiditesRhEEAS AWAE o o RhHen@t: our
co- pendi ng appljcation publ I cation nunber WO

2005/ 000310) whiegthamrp releaseed aptivaagent: i s

subst anti y bi 9%0(28

The nmul tiparti cﬁ ngtngg% rorH%EévJa%Ires 1 %Hd&,eﬁljw l%trﬁmutes shakang at
sl ower rel easethplsmﬁmteememhueﬁesmlyam ndi cat e they vvorl d

be swtableforl#ﬁ ) Fz? rrrsfor dosi ng at 24

hour intervals ﬂée'Fﬁff’P TaY F%‘?i’i’at es from Exanpl es 10

to 13 wer ech est Behifides stRidbipit Tﬂﬁ"G tibwedby eNtimlted dbking at the same
t anper resi stance as foll ows; 400 e)(rr% of the

nul tiparticti| JEBEECRMEHHIES Hﬁ’ﬁﬁlo grelegse f aghvpgent;

ei ther cr Wed ?ﬁ]ﬁﬂiﬁ%%tatnﬁﬁlg%f?wg f@ﬁod&r&ilﬁr pS Jnlmutes shakmg at the same
crusher, ch as a Pill Pdlverizer as sold by Apex

Heal t hcar e T cofdmpelsturquﬁsstmﬂS%aelea@tﬁaciWﬁ agent" 1

wat er heat n

The anmoun t@sj o f1 olﬁln(]:loe %%agan&l[n%g \%g?t erb{n%%rﬁger%ﬁe preferably less
det er mi ned by IthEiLES%melea:i;ebémdtweagenby Wat 210 nm

wavel ength and are shown in the chart of Figure 3 2)

400 ng. of the nultipar6cul atee from Exanples 10 to 13

gere A shbheaiRthct&dfiith dhysebddink didRi] MheRRHkhP &SP resistance reduces
with 24 rotations of the pestl e and the product

sleassef theadiye agentwaee grindinggfthe Ermyktigy nruf gdractiothe

anmount of Modone di ssol ved was then determ ned by the

nmet hod described in 1) above and the results are

7.epr eAdmtedation actrgding to claim 6, which releases less than 10% of active agent when

tested by a test method comprising subjecting a dosage amount of the formulation to grinding
in a mortar and pestle with 24 rotations of the pestle and placing in 900 ml water at 37°C for 45

minutes.

8. A formulation according to claim 6, which releases less than 15% of active agent when
tested by a test method comprising crushing a dosage amount in a pill pulverizer sold by Apex

Healthcare Products,



bar chart of Figure 4, 3) In each of extractions a) to
e) 400 ng of the nmultiparticulates from one of
Exanples 10 to 13 were treated respectively as
follows: the WO 20051079760 PCT/ GB2005/ 050014 3

mul f partieul ates were placed in the solvent indicated
in a glass flask which was then heated (if heating is
i ndi cated) over a water bath. Th® flask was then

subj ected to shaking for the time indicated using a
Stuart Scientific Flask Shaker Mdel SF1 set at 500 to

6 oscillati Qn per r ext ract 1 t he
a”H‘gﬁl}ﬁT‘e fra‘&%d% Sl evader ?6‘]‘3{’/%‘3@%@ on EIH%B?OHQP LFF‘H% by
the nethod used in 1). a) 15 mnutes shaking in 10 m
vvater at roomtenperature; b) heating for S mnutes in
m Anvéraplagion 5@Ording tqme'@rmdlms claivp,rwhesgin $reametiipgrcludes at least

f H]-F” in 10 M water at 75C
PLFP%%%%‘H%H tgré fg'fggsg‘eshakl ng d) heating for 5
m nut es MlO m water at 100C followed by 15 mnutes

aki ng 15 mnutes shakl in-19 m. 40% et hanol
rIB |:A[ fé’ﬁ‘f}élﬁg?lb pggordy totcéeg{n etnstgs P@eghq}%meﬁ‘ Isap ﬁchI cellulose ora

@&a&é%@&bﬁ?&mﬁbﬁiﬁh rﬁEthEdrngfe%oﬁalyﬁSr Caims 1. A
controll ed rel ease pharnaceutical fornulation
conprising melt extruded nmultiparticulates, wherein

id MinS I, X 1l
TR Lo bR o A5 R0} Bp ekl B PR ety ceiulose
rret hacryl ate) copol ynmer and an active agent. 2. A

g‘ent l‘dﬁa}é G C%ircgrl' 1% ti)? q%lalgnmwi}érgi%é aerllcr)]ur}t g? etﬁfrlt (;eﬁSIose is 10 to

50% by welght of the formulation.

13. A formulation according to any of claims 9 to 12, which contains the following

amounts of ingredients, based on the total weight of the specified ingredients:

water-insoluble neufral poly(ethyl acrylate, methyl 15 to 50
methacrylate) copolymer .
active agent 5 to 55
other polymer to modify release 5to 75
plasticiser _ 0 to 25

habricant 0 to 25.




barbi turate, an anti-depressant or a dissociative
anaesthetic. 3. A fornulation according to claim 2,
wherein the active agent is oxycodone or a
pharmaceutically acceptable salt thereof. 4. A
formul ati on according to any preceding claim which is
resistant to tanpering by reducing the release of the
active agent upon extraction irm% liquid which is

wat er, ethanol or aqueous ethanol. 5. A fornulation
according to any preceding claim which shows at | east
one of the following characteristics (a) to (e) when
tested by a test nethod conprising adm xi ng a dosage
aDUNA REmAléh R o828 191 #/hicA Qorthin®thetfbi®oving dm@unts of
in a _glass flask and shakin at 500 to 600

drgredienis, ibaved opdhe forah edeht of ¢ ispfmﬁ@tnege%mﬁg a Stuart

Madal SE1-

kar I~
I mqrgmwlﬁﬁ% RIS L BREHPe, A T14ES, FBe Nhan | 286k0 75
t b) 5 t t and
%%%@ﬁ@@w%mM%ﬁﬁﬁﬁ?m

A/—ef_\

gture: less than 15%rel ease of acti v=5 to 50
%qent (C) 5 ninutes_standing at 75C followed by

ee papmkemip alotillﬁsersme tenperature: |ess t 1§r¢° 60
laacao nf oot ano .

20%+alea aetve—agent——t—Snrrutes—starmd
fL@é@?Sﬁ%’\/\ed by 15 minutes shaking at the sane (RS

B IESS than 2Z5% el éase of active agephfto 20.
(EB%%%#ut es shaking in_40% ethanol _at room

tenperature: preferably less than 25%rel ease of

active agent. 6. A formulation according to any

5 ecedi B, ah@ddAcciaSigab R1akh 83 [ AINBE bort ARt Mk FIRvih L SM6@8Es of
rel ease of the active agent upon rinding of the
fngravidngs, based andhetetal acishbel the spepiffe 6@&5@2!5?1}%'(1 accor di ng

toclaimeg which—releases—es 1-6%;

genteminspluble nentsyl Robdetha TSRy T |IE§L o505

PR e PRI st oo th 24 xor at L o

m Q)

thhecthashkenand placing in 900 nl water at 37C f r 1330 45

other polymer o modify release Sto 45
plasticiser 310 20
hibricant . 0 to 15.

16. A formulation according to any preceding claim, which comprises up to 60% w/w of
the active agent, 15 to 50% w/w of neutral poly (ethyl acrylate, methyl methacrylate)
copolymer; 5 to 60% w/w of ethyl cellulose ; and 7.5 to 20% of plasticiser.

17. A formulation according to claim 16, which further contains 5 to 60% of an insoluble

ammonium methacrylate copolymer.



mnutes. 8. A formulation according to claim®6, which
rel eases | ess than 15% of active agent when tested by
a test nethod conprising crushing a dosage anount in a
pill pulverizer sold by Apex Healthcare Products, 35
and then extracting in 2 m water heated to boiling on
a spoon and filtering. 9. A fornulation according to
any preceding claim wherein thé7matrix includes at
| east one other polynmer to nodify release. 10. A
formul ati on according to claim9, wherein the other
polymer is an alkyl cellulose or a water insoluble
amoni um net hacryl ate copol yner. 11. A fornul ation
ageor di R ndufatioh akdrdify 1oMISHE1 ) whitd) cdhiagls 35ab yo%roflaﬁ 1nsoluble
ethyl cellulose. 12. A fornulatlon accordlng to clair
mnmvmamemthztcméa@ weRHymer wich s of dey peprsalilisangiprSdo 30% of an
rmmul ation

aaglgﬁagy dim g 5ﬁ %/tetgp &g%glgfr?gmgﬁ %Sgﬁﬁhzl}ﬁ%r?%g{ﬁgc ontains the
fol |l owi ng anDunts of ingredients based on the total

|gh f t he, speci ter S

e e Bmiian Roorcing A ErEPRy i MR gL Bilhg agent
nethacrylate) copol ymer actlve agent S to 55 other

| ymer to nodify release 5 to 75 _plasticiser. 0 to.
| 29@ i ohfrmylation adrordiag (ojany DACoRAInE G1eHT: BHCR ERias %01%181 and an

&5 Iﬁ\gych contains the foll owi ng amounts of

|ﬁbre based on the total weight of the
speC|f|ed |ngred|ents wat er -i nsol ubl e neutra

lp)cgl( %E%mg@a&o 39%)3%%%”%5{1%.5%? wthi)ch%%mpﬁgéshﬁ%rté’ hah ﬁ'x)g of oxycodone
multiparticulates and 125 to 175 mg of oxycodone antagonist multiparticulates.

22. A formulation according to claim 20 or 21, which contains oxycodone and nalirexone.

23, A formulation according to claim 20, 21 or 22, which comprises melt extruded

multiparticulates of an opioid and melt extruded multiparticulates of an opioid antagonist.

24. A unit dose of a pharmaceutical formulation according to any preceding claim suited

for adminisfration to a hurman.



ot her polynmer to nodify release 5 to 60 plasticiser 3
to 25 ( lubricant Dto 20. 15. A fornulation
according to claim13, which contains the follow ng
anounts of ingredients, based on the total weight of
the specified ingredients : water-insoluble neutra
poly(ethyl aciylate, nethyl 25 to 45 nethacryl ate)
copol ynmer active agent 10 to 4538 ot her polyner to
nodify release 5 to 45 plasticiser 3 to 20 |ubricant
0 to 15. 16. A fornulation according to any precedi ng
claim which conprises up to 60% w w of the active
agent, 15 to 50% w w of neutral poly (ethyl acrylate,

231 'yt Tt AR RUBEL 1o GOROM/ WRich Bpfahs S5 Y08 20Th 00 mg, 40 me,

f@rﬂ@lsatmg;rlzamgowrdm@zgafcﬁd:,rajddsha.G whi ch further
contains 5 to 60% of an insoluble anmmoni um
nmet hacryl ate copolynmer. 37 18. A formul ation

ggcor di i dRe Gh@rdihg o i mr%%ﬁém@r 3Rcd Lda3RE. an

i nsol ubl e ammoni um net hacryl ate copol yner which I's of
| ow perneability and/or 5 to 30% of an ammoni um

th e . .
8 oL R B .l 7, D)L, BECRRAA g ion
card, athes nﬁahméckby@e maskemahm §tai0fupratin 860 ad equediniguffer at a pH

T T e

Gt & hHre, Cﬁoﬁmbcﬁia 20%8 ab&2 B0%2A SthourOfoEbeit 30%Y RABEMD5% at 12 hours,
mul ti artl culates and 125 to 175 rr% of oxycodon
ca

éwp‘aﬂz@m 3% fuiplqup 8 oiat IF hews ang grealer fhap apul oDt 24 hours.

according to claim20 or 2 t, which contains oxycodone
and nal trexone. 23. A formulation according to claim
20, 25 wiit @R awioiding woripmi Fewheneintthe gpeakdastha level of oxycodone

obtained in vivto occurs at 2 hours to 17 hours after administration of the dosage form.

29. A unit dose form according to claim 26, which has an oxycodone dissolution rate in
vitro, when measured using the USP Basket Method <<7 11>> Apparatus 1 at 100 rpm in 200
ml aqueous buffer at pH 1.2 (simulated gastric fluid without enzyme) at 37A unit dose form
with detection by HPLC with UV at 206 nm wavelength; from 10 to 30% at 1 hour ; from 20 to
35% at 2 hours ; from 35 to 75%, at 8 hours; and greater than 50% at 16 hours.

30. A unit dose according to claim 24 or 25 suited for twice a day dosing,.



mul tiparticulates of an opioid and nelt extruded

mul tiparticul ates of an opioid antagonist. 24. A unit

dose of a pharnaceutical formulation according to any

preceding claimsuited for admnistration to a human.

" 38 25. A unit dose according to claim24, which

contains 5 ng, 10 ng, 20 ng, 30 ng, 40 ng, 60 ng, 80

nmg, 120 ng or 160 ng of oxycoddfAe. 26. A unit dose

according to claim24 or 25 suited for once a day

dosing. 27. A unit dose formaccording to claim 26,

whi ch has an oxycodone dissol utionsrate in vitro,

when measured by the USP Basket Method at 100 rpmin

900 mh 3SR rRBEEREingto daiiB0 AT WKER hds anfoxgBstione disédlution rate in

37C of from 0% to about 40% at |_hour, from about 8%

vieroaben mzeyseddry the HSBPaddle Mathodiswsttho bos Rhagpatnpoga kXl 1990) at
8_ho vl %% & I,

A RrbBalsp bR Rt RS Gec M RET Ao N Bon 12.5and

thav (b eu) 0:508d@ie rddashdafts:. [ 128, batwasi 25 dod 86%dby mill sxycodone

to clai , erein e lasma | evel -of

isloresCRRe  FopFaiBten 47 00 GRCTH Sop IS nged pherhous and
Bauksn 8 L8186 By WG bk pddden: efeatdiafidosagasf orm 29. A

unit dose formaccording to claim 26, which has an

oxycodone dissolution rate in vitro, when neasured

%%i ngthe r?ggg%%%lé%g%{gg@uggﬁﬁﬁ whith HaH\BP&yRb&she Hisdblution rate in

0O rpmi er at pH 1.°2 (sinul at ed .
gl when fkasucbdwistrigdbe USR Baslee) Meethod 7 7ukdPP Arpaeatysoly 3100 rpm in 900

wi.th detectio LC.with . & .
P e B3k ARG Bl i R Mt 900 actionty
HPE ConMB GVt £ 206 Yon wdveBenbitioSfrorando g0%ait ¢ hotih ArenbZB/Eat0%, at 2 hours;
16 hours. 30. A unit dgse ording to .claimZ24 .0n
Sam4dtoR8ye. atd heurs fmgé %%_at géo%s;_ anglg_rea’&erdﬁarnt ﬁ({&ét? hours.
formaccording to claim30 and whi ch has an oxycodone
di ssolution rate in vitro, when neasure? by th? ISP d
Baddl & uvitidesiaceemiing helagn 38, winrain RaRRsk Siagmile e 'igiﬁfo one

ins Q% JiPAThd 8bNELMc dobge form.
R R A i (i St

oxycodone rel eased after 1 hour, between 25 and 56%
gﬁ? .y MA)cogégl?e%cigfggse pharmaceutical formulation comprising multiparticulates, wherein

said multiparticulates comprise a neutral poly (ethyl acrylate, methyl methacrylate) copolymer

and an active agent and are obtainable by melt extrusion.

35, A formulation according to claim 3k, and which exhibits rubber-like characteristics,



rel eased after 2 hours, between 45 and 75% (by wt)

oxycodone rel eased after 4 hours and between 55 and

85% (by wt) oxycodone rel eased after 6 hours. 32. A

unit dose formaccording to claim30 which has an

oxycodone dissolution rate in vitro, when neasured

usi ng the USP Basket Method <<7 11" Apparatus 1 at 100

rpmin 900 m aqueous buffer att0pH 1.2 (sinul ated

gastric fluid without enzyne) at 37C with detection by

HPLC with UV at 206 nm wavel ength; of fromO to 40% at

1,hour;, fro to 70% at 2 .hours:; . om 40, t 9

2205 i PR R BateidtesBpfspe s i of Ny P ccrviate, merty
t afhadtMed tofolitae shd a8 dpiod araldesidose according to

claim 32, wherein the peak plasma | evel of oxycodone

obtained in vivo occurs between 2 and 4.5 hours after

aghm ni gh bRl o ?Eﬁ‘lﬁat‘é%éﬁ £ iﬁga MatrBlos 205 REERLY 8Right of a neutral
rel ease pharmaceutical for T'ation conpri sing

nedly ethal dcrdete amethy! metbraivlate) seriodymariand p ahainpgpuically active compound.
conprise a neutral poly (ethyl acrylate, nethyl

net hacryl ate) copol yner and an active agent and are

of8. ai naldheglayulamelatcoedibg tséleim 33 whekid tiephhmiacentically active compound
according to claim 34, and which exhibits rubber-Iike

cREPAEPEri stics. 40 36. An extruded dry granul ate

conprising a matrix of a neutral poly ethyl acrylate,

met hyl methacryl ate) copolynmer and_an opioid

a¥fal gekidey gramilataacesyding dreelaiat 38, grharein he oP©ihisOx¥pGogong or a salt
rﬁyé;f of 20%to 66% by weight of a neutral poly

e ﬁy?'acrylate, nmet hyl net hacryl ate) copol yner and a
pharmaceutically active conpound. 38. A dry granul ate

LT ch Aol =Peodine HTa. 38 S ROGRERRE 2910 50% neutral
5P (k1 GoryBite; bnt i Afbthavhiedie) dpdlpmenpi oi d i s

oxyocodone or a salt thereof. 40. A dry granul ate
according to claim 37, 38 or 39, which conprises 20 to

5% ney Hf)ﬁ%ramﬁ&'e YodoRdihY to iY@ WRichBkikes 30 to 40% neutral poly (ethyl
net hacrylate) copol yner. 41. A'dry granul ate according

tesryatej methyl, methaasylaieheqnolwess. 30 to 40% neutral poly

(ethyl acrylate, nethyl nethacrylate) copolynmer. 42.

Melt extruded multiparticul ates each conprising a

gzt r i XMelt exruded imatipapidulaiestdagit comprising a matrix of a neutral poly(ethyl

acrylate, methyl methacrylate) copolymer and an opioid analgesic.

43.  Melt extruded multiparticulates each comprising a matrix of 20% to 66% by weight of
a neutral poly (ethyl acrylate, methyl methacrylate) copolymer and a pharmaceutically active

compound.

44,  Multiparticulates according to claim 43, wherein the pharmaceutically active compound

is an opioid analgesic.

45.  Multiparticulates according to claim 44, wherein the opioid is oxycodone or a salt

thereof.



acrylate, nethyl nethacryl ate) copol ynmer and an opioid
anal gesic. 43. Melt extruded nultiparticul ates each
conprising a matrix of 20%to 66% by weight of a
neutral poly (ethyl acrylate, nethyl nethacrylate)
copol ymer and a pharmaceutically active conpound. 44.
Mul tiparticul ates according to claim43, wherein the
pharmaceutical |y active conpourfd is an opioid

anal gesic. 45. Miultiparticul ates according to claim
44, wherein the opioid is oxycodone or a salt
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mh;plamcelatqsewhqxbm salﬂentﬂapmma@tea commyisk ¢ matriaigludmg a neutral poly

i d a rel,
AP A0 A o R LR ol
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rlseamatrlxmcludln % t0 66%
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formul ati on according to claima47 or 48, and which
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ng a controll ed rel ease fornul ati on as
aﬁ‘fﬁze%rgf}@fﬁ{ any one of clains 1 to 23, 34, 35 or 47-49

whi ch conprises nelt extrusion of a mx including a

tral I th th t
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tiRrdetemisizsD0, wherein the neutral poly (ethyl acryl at e

met hyl methacryl ate) copolymer is provided in the
formof an aqueous dispersion conprising 40% of the
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the m X extrusion.
clalms 1t023,34,350r 47-49 whlch comprises melt extrusion of a mix including a neutral

poly (ethyl acrylate, methyl methacrylate) copolymer and an active agent.

51. A process according to claim 50, wherein the neutral poly (ethyl acrylate, methyl
methacrylate) copolymer is provided in the form of an aqueous dispersion comprising

40% of the polymer which is mixed with the active agent and dried to give the mix for melt

extrusion.

52. A process according to claim 50 or 51, wherein the mix includes a plasticiser.

53. A process according to claim 52, wherein the plasticiser is tributyl citrate, stearyl
alcohol or a high molecular weight polyethylene glycol.



52. A process according to claim50 or 51, wherein the
m x includes a plasticiser. 53. A process according
to claimb52, wherein the plasticiser is tributyl
citrate, stearyl alcohol or a high nolecul ar weight
pol yet hyl ene glycol. 42 54. A process according to
any of clains 50 to 53 wherein the m x includes a

| ubricant. 55. A process accordfthg to clai m 54,
wherein the lubricant is stearic acid, a stearic acid
salt, or glycerol dibehenate. 56. A process according

tgy any, of clains,50 to 55, . whi C i ses, wet . .

chanuisBioses 3rOtFiBE 1 Ryrbialit 0 e PhesSise iy ipghudes a lbricant

extruded to give a wet granulate, drying the

granul ate, and nelt extrusion of the dried granulate. . |

52 Adopioewss goansding & ¢elgim ot svharcin bie lubisantds searisaacidep stearic acid salt
- truded before drying. 58. A process

g%%@%%%Lng%mc%ain157, wherein the dried granul ate

contains less than 3% ww water. 59. A process

cordi ng to any,of clai 50 ' rein.the I .
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clainms 50 tq 59, wherein extruded strands are conveyed
retrasiorepf the fded stamglatéut to nultiparticul ates. 61. A
process according to any of clainms 50 to 60, wherein
each nultiparticulate has a dinaeter of about 1 mm i
&id a A pogishagfordibgte claimdf, whereinnhp wst grenulaiedoprdiuded before drying.
any of clains 50 to 61, wherein a cutter cuts the
extruded mx as it energes fromthe extruder. 63. The
¥8e ofA proouhcmkdinploycldint 3y Whaeinthatiged gretilyte contains less than 3% w/w
nmet hacryl ate) copolyner in the preparation of a

maceutical formulation as clained in any one of
claims 1 to 23, 34, 35 or 47 to 49 to provide

resistance to tanper. 43 _ 64. A nethod of jnpajting,
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| | I i ve i ngredient and
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I acryl ate, nethyl

60. A process according to any of claims 50 to 59, wherein extruded strands are conveyed

to a pelletiser and cut to multiparticulates.

61. A process according to any of claims 50 to 60, wherein each multiparticnlate has a

dimaeter of about 1 mm and a length of about 1 mm.

62. A process according to any of claims 50 to 61, wherein a cutter cuts the exfruded mix

as it emerges from the extruder.

63.  Theuse of a neutral poly (ethyl acrylate, methyl methacrylate) copolymer in the

preparation of 2 pharmaceutical formulation as claimed in any one of claims 1 to 23, 34,35 or

47 to 49 to provide resistance to tamper.



net hacryl ate) copol yner, nelt extruding

mul tiparticul ates incorporating the active ingredi ent
inamtrix with the neutral poly (ethyl acrylate,
nmet hyl net hacryl ate) copolyner and formng said
mul tiparticulates into a formul ation.

43

64. A method of imparting tamper resistance in a pharmaceutical formulation, which
comprises admixing an active ingredient and a neutral poly (ethyl acrylate, methyl
methacrylate) copolymer, melt extruding multiparticulates incorporating the active ingredient
in a matrix with the neutral poly (ethyl acrylate, metlyl methacrylate) copolymer and forming

said multiparticulates into a formulation.



