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BACKGROUND OF THE INVENTION

Extrusion processing to produce controlled release pharmaceutical
preparations is perceived as having the advantages of reducing the process
steps needed to manufacture the preparations as well as enabling the
manufacture to be carried out on a continuous or semi-continuous basis.
Such extrusion of a softened blend including an active agent is usually
referred to as melt extrusion. The backbone of melt extrusion technology is
the application of thermoplastic materials which act as binders for embedded
drugs in solution or dispersion form within a matrix. Thermoplastic
polymers with low glass transition temperatures (Tg) are preferred for
processing by melt extrusion. Lower processing temperatures are prelerred
with respect to the stability of heat sensitive drugs and other necessary
excipients. Polymer glass transition temperatures can be reduced to
facilitate processing at lower temperatures by optional addition of

plasticisers.

By selection of suitable pelymers and additives, melt extrusion
technology can be used both to enhance the solubility, and subsequently the
bivavailability, of poorly water soluble drugs as well as to retard drug release

of moderate to highly water soluble drugs for controlled release products.



Mul tiparticul ates of uniformdinmensions with nodified drug rel ease
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rel ease of the therapeutically active agent; heating said blend to a

t enper at ure $pstratively WO @@fk‘@@& describasa anels grirusiamethed Adxt r ude t he
f f
01 o e £8P PO bHaEnAR Al BLUAN NeicaL BPREEr O Trom

spher oi Mmjmd;ﬁrhﬂoart'ﬂ‘halrﬁéﬁmdoéorﬁphdegxtrudate having a length fromO0.1 -5
nm and di vi d| ng.sai d non-sphergidal, nmulti-partjculates into unit doses
cont ai ni ng akleldiggts therapsuhically asHye agaBt hep il (1)@ maéeglent , sai d

uni t  do3gs REPYioHh Pe 3r O&Hggcap@&% aggout &glc% hafi¥ed Ealg Oursh?%hgﬁafélve

agent for a tinme peri rom t'0 about wor ked
Exanpl esacid @dlytmerbesml icbpolyhiarsirehbibal;, z&ﬁe,ahydrogendtedscaﬁnpbﬂyed as a

For mul ASHOBGHRIS SR P mARGHTIORIe: BiTeD! aBAas) PRUSTIGRERGR od rol cace
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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 therapeutically active agent;
heating said blend to a temperature sufficient to soften the mixture
sufficiently to extrude the same;
extruding said heated mixture as a strand having a diameter of from
0.1 -3 mm; cooling said strand; and dividing said strand to form non-
spheroidal multi-particulates of said extrudate having a length from 0.1 -5
mm; and
dividing said non-spheroidal multi-particulates into unit doses
containing an effective amount of said therapeutically active agent, said unit
dose providing a sustained-release of said therapeutically active agent for a

time period of from about 8 to about 24 hours.

In the worked Examples used to describe this method, stearic acid is
employed as a lubricant in the extruded formulation. For instance in
Examples 1 to 6 the formulation contains 20% by weight of stearic acid, the
controlled release material being variously ethylcellulose and Eudragit

RS PO. Extrusion temperatures are in the range of 85°C to 105°C.

A disadvantage of thermoplastic material, however, is that the Tg may
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in which relatively high levels of a plasticiser, especially stearyl alcohol, and
a lubricant, namely stearic acid, are used together with acrylic copolymers
and oxycodone hydrochloride as active ingredient. The temperatures
required to extrude these formulations are typically in the range 75°C to
95°C. At such temperatures it was found that the extrudate had good
chemical stability after storage under accelerated storage conditions
(40°C/75% RH) but the release rate of the active agent from the formulation
was found in in vitro testing to change over time. Initially, stearic acid was
found to have an influence on release rates in buffers of different pHs, and
therefore a search was made for alternative lubricants. Glyceryl behenate

was found to be effective.

A need remains for the availability of new processes and formulations
which will allow the extrusion of controlled release formulations at relatively
low to moderate temperatures which do not give rise to the risk of
degradation of heat sensitive or heat labile active ingredients or other
components of the formulation, for example in the range 75°C to 95°C, as
well as allowing the extrusion of formulations from which conventional

components which may result in release rate instability can be excluded.

SUMMARY OF THE INVENTION
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WO 2005/000310, we found unexpectedly that by totally eliminating the
lubricant component and increasing the plasticiser concentration, extruded
formulations were obtained which had increased pH dissolution stability.
However some thermal dissolution instability was found. Reducing the
concentration of plasticiser reduced the thermal dissolution instability but
led to the requirement for higher processing temperatures and increased
torque. Surprisingly we found that by suitable adjustment of the plasticiser
concentration, processing could be carried out at low to moderate
temperatures to produce extruded products having good thermal dissolution
stability and good pH dissolution stability.

According to the present invention, we provide a plurality of particles,
referred to as multiparticulates, containing a pharmaceutically active agent.
The pharmaceutically active agent is usually in the form of a
pharmaceutically acceptable salt. The multiparticulates can be made by

extrusion without the need to include a lubricant additional to a plasticiser.

In one aspect, the present invention provides a method of preparing an
extruded pharmaceutical composition which comprises selecting a
plasticising excipient that provides plasticising and Iubricating properties,
and extruding a mix including a pharmaceutically active agent and the

plasticising excipient, said plasticising excipient being employed in an
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or a pharmaceutically active agent, an ammonium methacrylate copolymer, a

plasticiser which is a non-dominating plasticiser, and a water permeability

modifier. By non-dominating plasticiser we mean a plasticiser which when

added in an amount so as predominantly to affect the glass transition

temperatures (Tg) and the thermoplastic melt viscosity in order to enable

extrusion at low to moderate temperatures through a die-head orifice, also

has sufficient lubricating properties to avoid producing unnecessary stress

on the extruder which may be caused by increased torque and power supply

fo the motor.

In a specific aspect, multiparticulates of the invention contain or
consist essentially of the pharmnaceutically active agent, which is preferably
oxycodone and which is usually in the form of a pharmaceutically acceptable
salt, an ammonium methacrylate copolymer, a water permeability modifier

and a non-dominating plasticiser.

The water permeability modifier is preferably a pH-independent water
permeability modifier. More particularly, we prefer that the solubility of the
water permeability modifier is substantially the same in gastric and

intestinal environments.

The multiparticulates of this invention do not contain a dominating or
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formulation can be provided.

In a further aspect of the invention, there is provided a method of
treating a patient with a controlled release formulation of this invention.
The method includes administering a dosage form of this invention,
preferably one containing oxycedone or a salt thereof, to a patient in need of
appropriate therapy, especially oxycodone analgesic therapy. In arelated
asepct, the invention provides a method of providing analgesia to a patient
which comprises administering an effective amount of a controlled release
formulation comprising multiparticulates of the invention wherein the
pharmaceutically active agent is an analgesic. The invention further
extends to the use of an analgesic pharmaceutically active agent in the
preparation of a unit dose for a method of providing analgesia to a patient,
which method comprises administering an effective amount of a controlled
release formulation comprising multiparticulates of the invention wherein

the pharmaceutically active agent is an analgesic

The multiparticulates are preferably obtainable by extrusion of an
extrudable blend. Such an extrusion can be of the kind disclosed in
WO 9614058 and referred to as a melt extrusion. In practice, the polymer

softens but in practice might not melt.
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The invention further resides in a method of avoiding heat degradation
in an extrusion of an extrudable blend comprising a heat-sensitive
pharmaceutically active agent, an ammonium methacrylate copolymer, a
plasticiser, a lubricant and a water permeability modifier, which method
comprises selecting a sufficient amount of plasticiser which also acts as the
lubricant. In a related aspect, the present invention provides a method of
extruding an extrudable blend comprising a pharmacentically active agent
sensitive to heat, which involves using a sufficient amount of a plasticiser
which acts also as the lubricant and avoids the need for extrusion at high

temperatures by sufficiently reducing cohesive and adhesive forces.

DETAILS OF THE INVENTION

The preferred multiparticulates of this invention contain (a) active
agent, (b) water-insoluble ammonium methacrylate copolymer, (c} non-

dominating plasticiser, and {d} water permeability modifier.

Active agents which may be used in the formulations and processes of

the invention are preferably those which are heat sensitive at temperatures



conprises selecting a sufficient anount of plasticiser which also acts as

the lubricant. In a related aspect, the present invention provides a nethod
of extruding an extrudabl e blend conprising a pharmaceutically active agent
sensitive to heat, which involves using a sufficient appunt of a plasticiser

whi ch act ¥QPUE04881 he | ubricant and avoids the need fBYVEBMOYEOEN at high
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are preferably those are heaf sensitive at tenperatures WO 2006/ 024881
PCT/ GB2005/ 050140 8 above say 95 - 100C. Such active agents include for
exanpl e opi oLds,.., HVCoA reductase .i nhi pitars tat,ips) .and anti bioti cs.
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di hydr onor phi ne, di,nmenoxadol ,,.di hept.anol ,,, di net hy| t hj. ut ene,
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hydromorphone, hydroxypethidine, isomethadone, ketobemidone,
levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol,
metazocine, methadone, metopon, morphine, morphine-6-glucuronide,
myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol,
normethadone, normorphine, norpipanone, neroxymorphone, opium,
oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone,
phenomorphan, phenazocine, phenoperidine, piminodine, piritramide,
propheptazine, promedol, properidine, propiram, propoxyphene,
remifentanil, sufentanil, tilidine, tramadol, and pharmaceutically acceptable
salts.

Preferred opioids/opiates are: buprenorphine, codeine,
dihydrocodeine, dihydromorphine, fentanyl, hydrocodone, hydromorphone,
morphine, oxycodone, oxymorphone and tramadol, and pharmaceutically

acceptable salts.

Candidate hydroxymethylglutaryl coenzyme A reductase inhibitors
include atorvastatin, 6-[4,4-bis(fluorophenyl})-3-(1-methyl-1H-tetrazol-5-yl)-
1,3-butadienyl]-3,4,5,6-tetrahydro-4-hydroxy-2H-pyran-2-one, 3-(12-
carboxy-12-methyltridecyl)-3-hydroxyglutaric acid, cerivastatin, dalvastatin,
3,5-dihydroxy-9,9-diphenyl-6,8-nonadienoic acid methyl ester, fluindostatin,
fluvastatin, 6-[2-(4'-fluoro-3,3',5-trimethyl-2-biphenylyljvinyl]-4-hydroxy-2-
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2006/ 02i§’§ " PCT/ GB2005/ 050140 9 oxot et rahydropyran,

6-(2-[4-(4-fl uorophenyl)-2-isopropyl -6-phenyl - 3-

pyridyl]vinyl]-3,4,5, 6-tetrahydro-4-hydroxy-2H pyran-2-one, |ovastatin,
nevast atin, wavfiiate andibieties inplude griiroglycesisiesokig amikgeithyast at i n,

pravast atin, AN, S t at.l . | v t abl e
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gent am gndrppegently cephalogpotitise ey, cefHriamefadrori) cefpanadnle ecafixime penem
maropene%tcephal ospori ns, cefacl or, _cefﬁdroxi | , cefamandol e, cefi xi ne,

e.q. ROP
cef ot axF msmepicremﬁemée%f@a&zﬂ%@, cedprad; celtazigimgy PeftTRX0R%  t r i axone,

cefuroxime, cephalexin, cephazolin, cephradine; cephamycins, e.g. cefoxitin;
folic acid inhibitors, e.g. trimethoprim; lincosamides, e.g. clindamycin;
macrolides, e.g. azithromycin, clarithromycin, erythromycin, telithromycin;
monobactams, e.g. aztreonam,; nitroimidazoles, e.g. metronidazole,
tinidazole; penicillins, e.g. amoxycillin, ampicillin, piperacillin, penicillin G,
flucloxacillin, ticarcillin; quinolones, e.g. ciprofloxacin, levofloxacin, nalidixic
acid, ofloxacin; streptogramin, e.g. quinupristin/dalfopristin;
sulphonamides, e.g. sulfametopyrazine; and tetracyclines, e.g.
demeclocycline, doxycycline, lymecycline, minocycline, oxytetracycline,

tetracycline, chlortetracycline, and pharmaceutically acceptable salts.

The preferred active agent is oxycodone, either the free base or its
pharmaceutically acceptable salts, especially the hydrochloride. For further
information on oxycodone we refer to our co-pending PCT patent application
WO 2005/000310 entitled Multiparticulates, which is incorporated herein by
reference. Another preferred active agent is oxymorphone, either the free
base or a pharmaceutically acceptable salt thereof, especially the
hydrochloride salt.

The water-insoluble ammonium methacrylate copolymer, also referred
to as a water-inscluble ammonio methacrylate copolymer, is suitahly
Eudragit RS PO or Eudragit RS 100 milled to a fine powder. It offers the



cefuroxi ne, cephal exin, cephazolin, cephradine; cephanycins, e.g. cefoxitin;
folic acid inhibitors, e.g. trinmethoprim |incosam des, e.g. clindamycin;
macrol i des, e.g. azithronycin, clarithronycin, erythromycin, telithromnycin,;
nonobact ans, e.g. aztreonany nitroi m dazoles, e.g. netronidazole,

tini dazol NORWANEBHY i ns, e.g. anoxycillin, anpicillin, PHTSEFYIPN,
penicillin G flucloxacillin, ticarcillin; quinolones, e.g. ciprofloxacin,
| evof |l oxacin, nalidixic acid, ofloxatin; streptogramn, e.qg.

qui nupristin/dalfopristin, sulphonam des, e.g. sulfanetopyrazine; and

t et r acydollomeing prapertigginec| ocycl i ne, doxycycline, |ynmecycline, ninocycline,

oxytetracycline, .tetr cline o] cycline, and pharmaceutically
accept abl e sal ts.mﬁ?iu eﬁoel??oé@r ?ﬂ?%‘%&@g%t i s oxycodone, either the free
base or its sphar m@gqhggaglpgn%ggg{@pl e salts, especially the

hydrochl oride. For further “information on oxycodone we refer to our

co- pendi ng P€T pahestdeappisteatedoomp@iblis/ @634 0axaty of ddigs and
Mul ti particul ates,  whi 0(51 hs i ncorporated herein by reference. Another
preferred active QHétha 4 8%§nor phone, either the free base or a
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salt. The water-insol anmoni um net hacryl ate copol yner, "also referred to
as a wat er -i nsol ubt &ovarmigni pe raktiesciny et presepot piersuitahle plasthliyer, Eudr agi t
RS PO or Eudragit %%% Oml)ed to ,a fine powder, It _offers the WD

2006/ 024881 BCT/ GB etemtended sTRgRitHge SsheeRGIEEDS, | nsol ubl e to
poorly water solu Lagueous perneability, has denonstrated
conpatiblili t'y Wi ?Ilﬁl&én%laért?gyg&bf drugs and other additives,

In particular, Eudragit RS PO is a thermoplastic copolymer of low
water permeability which can significantly retard release of embedded
oxycodone in its matrix. It is described as a pH independent polymer
powder with low permeability for matrix formulations. It is a copolymer of
acrylic and methacyrylic acid esters, with a low content of quaternary
ammonium groups to control permeability, and an average molecular weight
of around 150,000.

The non-dominating plasticiser serves to soften the insoluble
ammonium methacrylate copolymer to make it more easy to extrude the
copolymer. To this end, the typical plasticiser is miscible with the insoluble
ammonium methacrylate copolymer to produce a decreased tensile strength,
a lower softening temperature, and a decrease in the glass transition
temperature, Tg, of the polymer. It serves to reduce cohesion by providing
internal lubrication of the polymer. The plasticiser is normally chosen from
water insoluble solids such as cetyl alcohol, stearyl alcohol and cetostearyl
alcohol; water soluble solids such as sorbitol and sucrose and high
molecular weight polyethylene glycol; water inseluble liguids such as dibutyl
sebacate and tributyl citrate and water soluble liquids such as triethyl
citrate, propylene glycol and low molecular weight polyethylene glycol.
Plasticisers which are solid at room temperature are preferred. Stearyl

alcohol is a preferred plasticiser. Another preferred plasticiser is a high



extrudabl e at noderate tenperatures w thout deconposition or at |ower
tenperatures in the presence of a suitable plasticiser, stable for the

i ntended storage tinme and conditions, thermal stability. In particular,
Eudragit RS POis a thernoplastic copolyner of low water perneability which
can si gni f¥@aH60%88%t ard rel ease of enbedded oxycodon@CF’rﬁgﬁz?"é’“ﬁ"dt"}i X. It is
descri bed as a pH i ndependent polyner powder with | ow perneability for
matrix formulations. It is a copolynell of acrylic and nethacyrylic acid
esters, with a |low content of quaternary anmoni um groups to control

per meabitholegulasritcight pobicahrlens|glivenlapraferagily with aaneleslasyedy.inThe
non-dom.patin l~as{ | Ci S es..t f the insol uble amonium

met hacr gtrgng%%gl%@néé’rh?@é%a%éﬁ ?S@%%gtg?g to extrude the copolyner. To
this end, the typical plasticiser is mscible with the insoluble amobnium

met hacryl ate _copol yner _to produce a decreased tensile strergg%h, a | owner
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al cohol ; water soluble solids such as sorbitol and sucrose and_ high

nol ecul FFORETLAR apRIoFEAling e thiope of 2 mateial ¢haseadirem ¢yl alsobabh as

di but yl ' v, | 1. .and Lqui ch as
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Stearyl _ alcohol is a gref erred plasticiser. Another preferred plasticiser

is a hi giPORD, 2R 6/BG EPREH Asheratsy tubutylcitrate, triethyl citrate,

propylene glycol and low molecular weight polyethylene glycol. For example,
suitable other plasticisers have plasticising and lubricating properties
approximating to those of cetyl alcohol, or of stearyl alcohol, or of cetostearyl
alcohol, or of sorbitol, or of sucrose, or of high molecular weight polyethylene
glycol preferably with a molecular weight in the range 4000 to 10000, e.g.
PEG 6000, or of dibutyl sebacate, or of tributyl citrate, or of triethyl citrate,
or of propylene glycol, or of low molecular weight polyethylene glycol.

Approximation to stearyl alcohol or PEG 6000 is preferred.

Plasticisers with plasticising and lubricating properties that
approximate to such a typical plasticiser can be identified by the following
criteria:

(a)}  when tested for plasticising effect by Differential Scanning
Calorimetry at a given concentration in Eudragit RS PO, will reduce
the Tg {(measured as °C) of the Eudragit polymer by within £ 50% of
the reduction provided by the same concentration of the typical
plasticiser;

(b)  when tested for lubricating effect in an IKA® MKD 0,6 - H 60 High-
performance measuring kneader at a given concentration in
Eudragit RS PO, will reduce the torque {(measured as Nm) by within
+ 50% of the reduction provided by the same concentration of the

typical plasticiser;



nol ecul ar wei ght pol yet hyl ene glycol, preferably with a nol ecular weight in
t he range 4000 to 10000, such as PEG 6000. More generally, other

pl asticisers which may be used according to the invention include

pl asticisers which can m mc one of the indicated typical | ast i ci sers.
Such ot heWDhIY¥A881sers t hus have pl asticising and Iub???ﬁ??"ﬂgosobﬁﬂopert i es
approximating to those of a material chosen fromcetyl alcohol, stearyl

al cohol , cet ostearyl al cohol , sorbitoP, sucrose, hi gh nmol ecul ar wei ght

pol yet hyI ene gl ycol prefera ly with a nol ecul a in the range 4000 to
10000, ®hg re%@ ghiRs, offh Hoﬁflgltog%l&%é‘é‘% ef‘%ﬁ%‘f‘{/ﬁhrc??t?%\tt’é?suﬂqsl ethyl citrate,
propyl ene glycol and | ow nol ecul ar wei ght pol yet hyl ene glycol. For exanple,

suitable oth ey 1?%}/ properties
appr oxi mat i ng{etfgllataﬁﬁ%s%ég y éc)aiﬁtvi'%%{rgo stégﬁgﬁé&%‘%‘ﬂ& or of

cet ost epiyidedl prwa]@ﬂaﬁﬁmbmol or of sucrose, or of hi gh mol ecul ar
wei ght pol yet hyl ene gl ycol pref erabl y with a nol ecular weight in the range

4000 to 10000, e.g. PEG 6000, or of dibutyl sebacate, or of tributyl
citrate, or Brefera yhly¢ reduction in ( @rlsoﬂtbﬁbﬁﬂ%ﬁ@f@h9®©ﬂiuc’mnof | ow

nmol ecul ar et col. Approximation to stearyl al cohol or
PEG 600877%¢ B&g"‘&e Cﬁ?‘é’i’?ﬁﬁ'&(ﬁg s with plasticising and |ubricating
properties that apprOX| mate to such a typical plasticiser can be identified

by the folloppg, sﬁxrtéﬁl%rdtﬁer pRstiied st a8t B8 el ANMHiCh SinOiRS f ect by
Differential Scanning Calorinetry at a given concentration in Eudragit RS

PO, wi | pladtbiciag effect Tjtqstda)s anedthesluriaaftingefiday af dgstt {bpol ynmer by wit hin
50% of the reduction provided by the same concentration of the typical
pl asticiser; (b) when tested for lubricating effect in an IKA(r) MKD 0,6 - H
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the dosage form. Typically the water permeability modifier serves to
enhance the drug release, especially in the later stages of the dissolution,
though we also envisage that thé water permeability modifier might in some
instances play a role in slowing release. Examples of agents used to modify
the water permeability of the extruded multiparticulates include an insoluble
hydrophilic wicking agent, a gelling agent which hydrates to form a gel to
control the water movement, a high molecular weight polyethylene glycol
such as PEG 6000, or a water permeable ammonium methacrylate
copolymer, also referred to as an ammonio methacrylate copolymer, such as
Eudragit RL PO or Eudragit RL 100 milled to a fine powder. Eudragit RL PO
is described as a highly permeable pH independent polymer powder for
matrix formulations. It is a copolymer of acrylic and methacyrylic acid
esters, with a content of quaternary ammonium groups to provide

permeability, and an average molecular weight of around 150,000.

For example, microcrystalline cellulose, high melecular weight
hydrogels such as high viscosity hydroxypropylmethyl cellulose and high
viscosity poly(ethylene oxide), and water permeable ammonium methacrylate
copelymers may be used to enhance the total release of the active. In this
last respect, the ammonium methacrylate copolymer employed as agent (d)

to modify the water permeability is not the same copolymer as the water



Eudragit RS PO will reduce the torque (neasured as Nm by within 50% of the
reduction provided by the sanme concentration of the typical plasticiser; WO
2006/ 024881 PCT/ GB2005/ 050140 12 where the values of Tg and torque are the
mean of three test results. Preferably the reduction in fg%é is within 25%
of the red¥@e?8M2488k ovi ded by the typical plasticiser. "EIEEA5H4 he
reduction in (b) is wwthin 25%of the reduction provided by the typical

pl asticiser. Thus, suitable other plaSticisers can be enpl oyed which give
the pl astici}ijng ef fect of test %a), and the lubricating effect of test
(b). Théspuble yamenitm methasarlaretoptiamesiusedsas mgredieng bl el ug from

t he dos f | ¥ fRdidd K lq.%rg:o
enhance?l?‘ﬁrg ‘gé{l% p-r% e%z)g% M&%g&%&%ﬁ%ﬁ%f’%@?{sst ag@sﬁgﬁ%ﬁ% I Ssol uti on,
t hough wenmbabuagiosapge that the water perneability nodifier mght in some

I nstances play a role in slowng rel ease. Exanples of agents used to nodify
the water perneability of the extruded nmultiparticul ates include an

i nsoluble h 31@?1',' WGkt ' ' ’ s to form
a gel to co)nogéo t!g@l\l/\llifﬁl\ét ggmﬁr}g\?g?f@%ﬁv% ﬂ?g‘# %D%gﬁ??%xﬁgﬁ?éggﬁ ygt hyl ene
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copol yner, .also, referredq .0 as, an amoni Q. net hacryl ate copol yper, such as
Eudr agi tlr}nlu% Bt Eﬁé?@é’f'ﬁw ICkRE ?ﬁqr}t_edgn"&naaw%tcbm@cwaﬁf%i t RL PO
LS descibRfhsR%e BbdtlihdfsarRbRignpldr B spalutiRaRapder for  matrix
formulations. It is a copolyner of acrylic and nmethacyrylic acid esters,
with a @yuodate.of quaternary ammoni um groups to provide perneability, and
an average nol ecul ar wei ght of around 150, 000.
High molecular weight grade (high viscosity) hydroxypropylmethyl

cellulose (HPMC) initially hydrates to form a thick gel to control the water

movement. The hydrated gel then gradually dissolves and/or erodes over

time leaving a porous and highly permeable structure. According to this

hypothesis, it is believed that high viscosity HPMC does not significantly

increase drug release at the earlier hours but enhances the release at later

time points. Other gelling agents are candidates, including polyethylene

oxide, pectin, locust bean gum or xanthan gum.

Eudragit RL PO is a highly water permeable analogue and can

significantly enhance the release rate and total drug release.

Suitable percentage amounts for the ingredients [a) to (d) are given in

the following table, based on the total weight of the four ingredients:

typical range | preferred most
range preferred
range
active agent 3 to 50 5 to 40 8 to 30
insoluble ammonium 25 to 85 35t0 75 55 to 70
methacrylate copolymer




For exanple, mcrocrystalline cellulose, high nolecular weight hydrogels
such as high viscosity hydroxypropyl net hyl cellul ose and high viscosity

pol y(et hyl ene oxi de), and water perneable annoniun1nethacry|ate copolyners
may be used to enhance the total release of the active. In this ast
respect, tW@2WMHI¥lum net hacryl ate copol ymer enpl oyed 5§“§§%ﬂ§mﬁﬂf' to

nodi fy the water perneability is not the sanme copolyner as the water WO
20061024881 PCT/ GB2005/ 050140 13 i ns®l ubl e ammoni um net hacryl ate copol yrer
used as ingredient (b) being nore water perneable due to different degrees
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agent. Alternatives to mcrocrystalfine cellUlosSe are croscarnellose
sodi um crospovi done or sodium starch glycollate. H gh nol ecul ar wei ght

grade (high ﬂthenaﬂditjvdswdap@m bpy:lmn[dbygtdi to pebtiuto seultigavtirulatesi al | y

hydrates .t.o form a.thi el to co he er novenent. The hydr at ed
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that high viscosity HP s not signif'i cant | nCcr ease rel ease at
t he ear langr cetrobcyswdtmetﬂm&nucesnt hEiemioeatcerrmdﬂyaﬂErrelctasee'apm and/ox her
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Sui t abl e percenta%_1 anounts for the ingredients (a) to (d) are given in
as butylated hydroxytoluene, may also be used to stabilise formulations of

the present invention by preventing or reducing chemical degradation of heat
sensitive or heat labile active ingredients or excipients at higher

manufacturing temperatures

The multiparticulates of the present invention do not include an
amount of a dominating or non-dominating lubricant sufficient to provide a
significant or useful amount of the lubrication during processing. Typical
dominating and non-dominating lubricants are solids, such as stearic acid,
glyceryl behenate, magnesium stearate, calcium stearate, talc or silicone

dioxide (fused silica).

A particularly preferred formulation comprises 7.5 to 9% w/w,
preferably about 8.3% w/w, oxycodone hydrochloride; 55 to 70% w/w,
preferably about 61.7% w/w, Eudragit RS PO; 10 to 20% w/w, preferably
about 15% w/w, Eugragit RL PO; and 10 to 20% w/w, preferably about 15%
w/w, stearyl alcohol.

Furthermore, requirements for providing a twice-a-day capsule in 40
mg and 80 mg strengths using size 1 capsules led to further re-assessment
of the drug load and in this connection we have identified the following
suitable percentage amounts for the ingredients (a) to {d) given in the

following table, based on the total weight of the four ingredients:



the follow ng table, based on the total weight of the four ingredients:
typical range preferred nost range preferred range active agent 3 to 50 5
to 40 8 to 30 insoluble ammonium?25 to 85 35 to 75 55 to 70 nethacryl ate
copol ymer WD 2006/ 024881 PCT/ GB2005/ 050140 14 non-dom natin | asticiser 1
to 30 3 tVO3MEE24BY 20 water perneability nmodifier 1 E’GT@@Z@%W% 10 to 20
O her additives may al so be enployed to produce multiparticulates within a
set of predeterm ned specifications. Bul king agents, for exanple |actose
and cal ci um phosphate, are w dely used pharnaceutical excipients and can be
used in the present invention to nodify the reI ease rates and/or total

rel ease—ﬁ‘hwm. rgfg-é? g &X‘?e COTS), C%Jé-{r edtO mdul ate
the rellease rate and/ or enhance al refepse. "Aniti oxi dan such

butyl atled hydroxytol uene, may al so be used|tzmgst abi | i s¢ prefeptddat i onF
present] i nventi on by preventing or reducing chem cal dg¢gradation of
sensitiljve or heat labile activeg i ngredl ents or excipi enfdRg& hi gher

f agqturi el T T at of —the—g t—ivent i d
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duri ng {processing. Tvn|ral 1 nating and non-dom natiing lubricantis are

sol i ds,|isselnblsagueeniwnaci d, | PYteBY bepdhie &5 magneSOuin &9 ear at ke,
cal ci um Séﬁ%c?-ylgtetal or_silidone dioxide (fused silifca).

heat

copolymer

non-dominating plasticiser 1 to 30, 3to 25 5to 15
e.g. 1to 10

water permeability modifier |1 to 30, 3 to 25 3to 15
e.g. 10 to 20

Preferred formulations, €.g. containing 8.3% w/w oxycodone
hydrochloride, according to this invention, when stored for up to 3 months
at 25°C/60% relative humidity, “RH”, or 30°C/65% RH, show no or
negligible change in dissolution when tested according to the methods
disclosed herein. When tested at 40°C/75% RH a minor change in
dissolution, e.g. with a reduction by 3 to 5%, has been observed after one
month’s storage which, however, has not further changed upon continued

storage.

In the process of the invention the ingredients are blended, and
extruded. Details of such procedures are given in WO 9614058, which is

incorporated herein in full by specific reference.

For the present invention, we prefer to employ a twin screw extruder,
which can have co-rotating or counter-rotating screws. Essentially, the
blend as a powder is fed by a feeder into the first segment of the barrel
usually at relatively low temperature, for example 10-20°C, to ensure a
constant powder flow to the high temperature barrels. The feeder provides a

uniform current of the blend to the extruder. Consistency is desirable as



A particularly preferred fornulation conprises 7.5 to 9% ww, preferably
about 8.3% w w, oxycodone hydrochloride; 55 to 70% w w, preferably about
61. 7% w w, Eudragit RS PO 10 to 20% w w, preferably about 15% w w,
Eugragit RL PO and 10 to 20% w w, preferably about 15% ww, stearyl

al cohol . PYPEHePHE¥le, requirements for providing a tw EETABIUWS0MHSl e in 40
ng and 80 ngy strengths using size 1 capsules led to further re-assessnent

of the drug load and in this connectidn we have identified the follow ng

sui tabl e percentage anpunts for the ingredients (a) to id) given in the
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oxycodone hydrochl ori de exanple 30.3 insoluble ammonium25 to 85 35 to 75
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change in dissolution when tested according to. the nethods

components of the blend and the extrusion conditions, it may be that the

blend will melt as well as soften. The screws which perform a significant

part of this extrusion process are built of different smaller elements chosen

from a variety of screw elements and kneader elements. Mixing and

kneading time can be significantly altered by changing the type, length and

configuration of the screw elements and possibly kneader elements. Short

residence times and moderate to low shear forces contribute to safe

processing and stable product even with heat sensitive drugs. Examples of

available extruders include those manufactured by Leistritz, Brabender,

Randcastle, and Kurimoto Co, Ltd, for example a Leistritz Micro 18 machine.

Screw rotating speeds may play a part in the quality of the
multiparticulates produced. High rotation speeds without appropriate
compensation of the blend feed rate may produce high porosity
multiparticulates with a variable drug release rate. On the other hand slow
screw rotation would induce unnecessary long residence times. A vacuum
connected to the extruder barrel is desirable to remove trapped air within the

softened blend and thus produce dense low porosity multiparticulates.

The extrusion head is typically designed to produce multiple strands of
fixed diameter. The number, shape and diameter of the orifices can be

changed to suit a predetermined specification.

In addition to the screw speed, the other main influential parameters
are the screw torque, individual barrel temperature, and extrusion head

pressure and temperature.
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gauging device, between the pelletiser feed nip rolls and during entry to the

pelletiser. Rapidly cooled strands, depending on the formulation, may lose

their integrity and shatter during passage through the nip rolls and pelletiser

into uneven-shaped and irregular-sized multiparticulates.

The strands are fed into the pelletiser by nip rolls. The pelletiser cuts
the fed strands, for instance using a rotary knife cutter, to a pre-determined
length, for example 1.0 mm. The feeding rate of the strands and the

pelletiser cutter speed determine the length of the multiparticulates.

Overall, the co-ordination/interaction between the powder feeder,
extruder, conveyor, laser gauge and pelletiser is an important parameter
affecting the quantity, quality and reproducibility of the final
multiparticulate products.

Multiparticulates produced by this cutting procedure where the
extruded strands are carried away from the die-head typically take the form

of cylinders.

In another preferred cutting procedure, a cutter cuts the extruded mix
as it emerges under pressure and still softened 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



processi ng and stable product even with heat sensitive drugs. Exanples of
avai l abl e extruders include those nmanufactured by Leistritz, Brabender,
Randcastl e, and Kurinoto Co. Ltd, for exanple a Leistritz Mcro 18 machi ne.
Screw rotating speeds may play a part in the quality of the

mul tiparticul ates produced. Hi gh rotation speeds w tho |.at e
corrpelr[:sat i %R 2/ %"ﬁg’ bl end feedgrate may proguce hi gh pgkg@?@gmgdlm

mul tiparticulates with a variable drug release rate. On the other hand sl ow
screw rotation would induce unnecessa}@y | ong residence tinmes. A vacuum
connected to the extruder barrel is tdeswable to renpve trapped air within
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temperature to cool the extrudate and speed solidification, thereby reducing

stickiness.

Spherical multiparticulates produced by this method offer a number of
possible advantages:

Better batch to batch reproducibility.

Easier coating and lower coating weight required.

Better capsule filling and higher yield.

More stable at elevated storage temperature.

More tamper resistant.

Reduced downstream processing.

Reduce or eliminate some problems that arise during conveying and
pelletising the strands such as strands shattering to different length pellets

and static charge.

The multiparticulates may be divided into unit doses such that each
individual unit dose includes a dose of oxycodone sufficient to provide
analgesia to a mamimal, preferably a human patient. A suitable dose of
oxycodone is 5 to 400 mg, especially 5 mg, 10 mg, 20 mg, 40 mg, 80 mg, 120
mg or 160 mg unit doses. In this respect, a unit dose contains an effective
amount of the therapeutically active agent to produce pain relief and/or

analgesia to the patient. The dose of oxycodone administered to a patient



pelletiser. Rapidly cool ed strands, depending on the formnulation, may | ose
their integrity and shatter during passage through the nip rolls and
pelletiser 1into uneven-shaped and irregular-sized nultiparticulates. The
strands are fed into the pelletiser by nip rolls. The %elletiser cuts the
fed strand¥02006{02488kt ance using a rotary knife cutter, PEYCBMPEH er ni ned

| ength, for exanple 1.0 nm The feeding rate of the strands and the

pel l etiser cutter speed determine thel¥ength of the nmultiparticul ates.
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of cylinders. In another preferred cutting procedure, a cutter cuts the
extruded mx as it energes under pressure and still softened fromthe
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forming the extruded product into the form of a suppository.

With the selection of ingredients according to the present invention it
becomes possible in a preferred aspect of the invention and as described in
embodiments below to prepare multiparticulates and thus capsules
containing oxycodone hydrochloride and which mirmic the in vitro and
preferably the in vive release characteristics of OxyContin® Tablets. In
particular, the combination enables an adequate initial release of oxycodone
(early hours) whilst maintaining a high total release of the active ingredient
in the later hours of dissolution. Such formulations in a preferred form
demonsirate good thermal chermnical stability and thermal
physical/dissolution rate stability in in vitro testing after storage under

accelerated conditions.

Oxycodone hydrochloride is the preferred form of oxycodone, though
other pharmaceutically acceptable salts can be used.

Oxycodone is indicated for the treatment of moderate to severe pain.
Controlled release oxycodone products enable management of pain when a
continuous and around-the-clock supply of analgesic is needed for an

extended period of time.



near-spherical nultiparticulates to be obtained. Alternatively, this process
can be operated to produce rods if desired. In one enbodi nent a stream of
air is directed at the surface of the die-head, the air being at a reduced
tenperature to cool the extrudate and speed solidification, thereby reducing
sticki nes3VO BHEHMBHal nul tiparticul ates produced by t hPSTHEBENGE% er a
nunmber of possi bl e advantages: Better batch to batch reproducibility.

Easi er coating and | ower coating wei gt required. Better capsule filling
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the tol erance, ong
and pharmacodynamic properties.

lllustratively, the in vitro release rates of the 10 mg and 20 mg

oxycodone tablets are given in WO 9310765 as follows:

% oxycodone hydrochloride
released
hour 10mg 20mg

1 38.0 31
2 47.5 44
4 62.0 S7
8 - .79.8. R 4
12 91.1 79
18 94.9 86
24 98.7 89

Tablets of this kind and with such release rates form the basis for a
commercial product. Controlled release oxycodone tablets are available as
OxyContin (Registered Trade Mark) Tablets, which are designed to provide

controlled delivery of oxycodone over 12 hours.

Oxycodone is well absorbed from OxyContin® Tablets with an oral
bioavailability of 60% to 87%. The relative oral bioavailability of
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Mean [% coefficient variation)]

Please c

rmace

f 8F 1

Regimen |Dosage AUC Cmax Tmax Trough
Form {ng.hr/mL)* | (ng/ml) [hrs] Conc.
(ng/ml)
Single 10mg 100.7 10.6 2.7 [44.1] |n.a.
Dose OxyContin® | [26.6) [20.1]
Tablets
20 mg 207.5 21.4 3.2[57.9] |na
OxyContin® | [35.9] [36.6]
Tablets | -
40 mg 423.1 39.3 3.1[77.4] |n.a.
OxyContin® | [33.3] [34.0]
Tablets
80mg 1085.5 98.5 2.1[52.3] [na
OxyContin® | [32.3] [32.1]
Tablets**
Multiple | 10mg 103.6 15.1 3.2169.5] |7.2 [48.1]
Dose OxyContin® | [38.6] [31.0]
Tablets ql2h
Smg 99.0{36.2] [15.5 1.6 [49.7] |7.4 [50.9]
immediate- [28.8]

In one preferred
the multiparticulates are filled into hard gelatin capsules

each containing a unit dose.
in the range 80 to 500 ny,

is preferably
rr%. In a variation of
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Formul ati ons of oxycodone which provide controlled rel ease of oxycodone are
described for instance in WD 9310765. A granulation procedure is typically
enpl oyed. In Exanple 3, a tablet containing 10 ng of oxycodone
hydrochloride is prepared froma m x of oxycodone hydrochl oride, |actose,
povi done, Eudra it R5 30 D, triacetin, stearyl alcohol, talc and magnesium
st ear at e. W0 %ﬁ@lngredlents I n adjusted anount s arep'HﬁﬁpU?@ﬁnﬁh Exanpl e
4 to prepare tablets containing 20 ng oxycodone hydrochloride. The

resul tant products exhibit differing,pharmacokinetic and pharmacodynani c
properties. Illustratively, the in vitro rel ease rates of the 10 ng and 20
ng  OX) H ne
hydrochloride riéelsase @bhhgur 10ng 20ng 1 38. ) 31 2 47.5 44 4 62.|0 57 .8

€ tts—kind d
Wi thgsucir?r Sé’i]%ﬁsdebsrga‘ﬂt(gg fgr‘“?‘i‘ﬂ’é??fa?iiguﬁ%rdoscc‘%%r‘éﬁ o7, product Cont ?gl | ed

r el ease ~eiataasinahddawhik yohligeay@rective] AaltrédreoRhidh (aeahbheced Trade
Mar k) Tablets, which are designed to provide controlled delivery of

oxycodoﬁbS@ﬂgFOT!l_Z hours. Oxycodone is wel|l absorbed from OxyContin(r)
Tablets with an oral bioavailability of 60%to 87% The relative oral
bi coavai l ability of

Oxycodone is extensively metabolized and eliminated primarily in

the urine as both conjugated and unconjugated metabolites. The
apparent elimination half-life of oxycodone following the administration of
OxyContin® Tablets was 4.5 hours compared to 3.2 hours for immediate-

release oxycodone.

About 60% to 87% of an oral dose of oxycedone reaches the central
compartment in comparison to a parenteral dose. This high oral
bioavailability is due to low pre-systemic and/or first-pass metabolism. In
normal volunteers, the tiy2 of absorption is 0.4 hours for immediate-release
oral oxycodone. In contrast, OxyContin® Tablets exhibit a biphasic
absorption pattern with two apparent absorption half-lives of 0.6 and 6.9
hours, which describes the initial release of oxycodone from the tablet

followed by a prolonged release.

According to a preferred aspect of the present invention, we provide
a plurality of particles of oxycodone, referred to as oxycodone

multiparticulates.

In one aspect, we provide oxycodone multiparticulates with a high
initial release of oxycodone, and a high total release of oxycodone. The
release properties can be expressed in terms of release of oxycodone under
controlled in vitro conditions which for example simulate human gastric
fluids or the human intestinal environment. Release at a physiological pH,
for example a pH of about 1.2 or about 6.8, can be tested. Test

procedures can also be designed to reflect a switch from the stomach to



WD 2006/ 024881 PCT/ GB2005/ 050140 21 OxyContin(r) Tablets to

I mredi ate-rel ease oral dosage forns is 100% Upon repeated dosing in normal
vol unteers in pharmacoki netic studies, steady-state |levels were achieved

Wi thin 24-36 hours. Dose proportionality has been established for 10 ng, 20
nmy, 40 ng,WOSMsR#s8lind 160 ng tabl et strengths with redFdEBRGHYH peak
plasma |levels (Cmax) and extent of absorption (bioavailability), AUC as
indicated by the follow ng data: M [ % coefficient variation] Reginen
Dosage AUC Cmax Tmax Trough Form (ng-hr/nmL)* (ng/m) hrs) Conc. (ng/nl)
Single 10ng 100.7 10.6 2.7 [44.1] n.a. Dose OxyContin(r) [26.6) [20.1)

Tabl et s thedniagtimerdwring passage tiapugh theabod¥oxyConti n(D 135. 91 136.6) Tabl ets
40 mg 423.1 39.3 3.1 [77.4] n.a. OxyContin(r) [33.3] [34.0] Tablets 80ny
1085.5 98.5 2.1 [52.3] n.a. OxyContin(r) 132.3] 132.1] Tablets** Miltiple

10mg 103. 6 1%n badtidul)wel havefoldid dHat tHesacaiée vl anwaer[ 38. 61 [31. 0]
permeability modifier can permit extrusion of multiparticulates of
oxycodone which show some bioequivalence to OxyContin® Tablets. The
multiparticulates can have pharmacokinetic and/or pharmacodynamic
properties approximating to those of OxyContin® Tablets. In particular,
the multiparticulates can have in vitro release rates that approximate to
those of OxyContin® Tablets.

In a related aspect, we provide oxycodone multiparticulates
comprising oxycodone usually in the form of a pharmaceutically acceptable
salt, an ammonium methacrylate copolymer, a plasticiser which also acts

as a lubricant, and a water permeability modifier.

The dosage form using the oxycodone multiparticulates is preferably
a unit dosage form, and preferably shows some bicequivalence to
OxyContin® Tablets. The dosage form can have pharmacokinetic and/or
pharmacodynamic properties approximating to those of OxyContin®
Tablets. In particular, the dosage formi can have in vitro release rates that

approximate to those of OxyContin® Tablets,

The oxycodone multiparticulates of this invention preferably give in
vitro release rates that approximate to those of OxyContin® Tablets. The
release rates of OxyContin® Tablets are notable for a high initial release,
and a high total release. Preferably the release of oxycodone is
substantially independent of pH in the pH range of around 1 to around 7.
To this end, substantially pH-independent release can mean that for a
given formulation when tested in simulated intestinal fluid at pH 6.8, at
any given time point the amount of oxycodone released as a percentage of

the original amount of oxycodone in the formulation is substantially equal



Tablets gl 2h 5nmg 99.0 [36.2] 15.5 1.6 [49.7] 7.4 [50.9] immediate- [28. 8]
WO 2006/ 024881 PCT/ GB2005/ 050140 22 rel ease q6h *for single-dose AUC =
AUCo-if, for multiple dose AUC =AUCo-T **data obtai ned while vol unteers
received nal trexone which can enhance absorption Oxycodone is extensively
met abol i z&¥O ANEYBFEIni nated primarily in the urine as BoTABEVAWIHk ed and
unconj ugated netabolites. The apparent elimnation half-life of oxycodone
following the adm nistration of Oxy{ontin(r) Tablets was 4.5 hours conpared
to 3.2 hours for i medi ate- rel ease Oxycodone. About 60%to 87% of an oral

dose of oxycodone reaches the central conp men conparison to a
par ent etathe gecentags amopntnt, aﬂxyce%la@aﬂeaﬁmi%ﬁ;? é@ndtke 13 pre-system c
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rel ease. ghHccor ding to a preferred aspect of the present invention, we
provi de a plurality of particles of oxycodone, referred to as oxycodone
mul tiparticulates. In one aspect, we provide oxycodone nultiparticul ates
with a high i n| tial release, of 8xycodone, and a high total re C?\se of
oxycodone. TH&less otherwise indicated, we measure release rates by a specilie

method which involves using Ph.Eur. basket dissolution apparatus at

37°C, 100 rpm in 900 ml of USP simulated gastric fluid at pH 1.2 without

enzyme. In one variation, the dissolution medium is simulated intestinal

fluid at pH 6.8 without enzyme.

For simulated gastric fluid at pH 1.2, the oxycodone
multiparticulates of this invention typically release at least 15% oxycodone
after 1 hour, reflecting a high initial release. Preferably they release at
least 20%, more preferably at least 25% and most preferably at least 35%
of the oxycodone after 1 hour.

The oxycodone multiparticulates of this invention typically release at
least 30% oxycodene after 2 hours, reflecting a high initial relesdse.
Preferably they release at least 40%, more preferably at least 50% and
most preferably at least 55% of the oxycodone after 2 hours.

The oxycodone multiparticulates of this invention typically release at
least 60% oxycodone after 4 hours, reflecting a high initial release.
Preferably they release at least 70%, more preferably at least 75% and
most preferably at least 80% of the oxycodone after 4 hours.

The oxycodone multiparticulates of this invention typically release at

least 75% oxycodone after 10 hours, reflecting a high total release.



rel ease properties can be expressed in terns of rel ease of oxycodone under
controlled in vitro conditions which for exanple sinulate human gastric
fluids or the human intestinal environment. Release at a physiol ogi cal pH,
for exanple a pH of about 1.2 or about 6.8, can be tested. Test rocedures

can al so B HWEPHEH] to reflect a switch fromthe st onBEHGBYWEFMB 06/ 024881
PCT/ GB2005/ 050140 23 the intestine during passage through the body. In
particular, we have found that the inclusion of a water perneability

nodi fier can permt extrusion of nul qparticul ates of oxycodone whi ch show
sone bi gequi val ence to OxyContin rc) Tablets. The nulti gart I cul ates can have
phar nac &keisealy tﬁ‘ﬁﬁﬂ@reaﬁﬁéﬂtr}%ﬁcéﬂ]énﬂtoreﬂ?réfﬁé?ﬂYe%t Bast 897abfng to those of

phar mc: . plveat ot
vitror SpestlortpBl et LacERRM G ol RS B To( ) Tabl et s, In a

rel ated aspect, we provi de oxycodone nultiparticulates conprising oxycodone
usually in the formof a phar maceut ically acceptable salt, an amoni um
met hacr yl at e FEsBMITRASE, ablegsh §07 relensqnl erveadopesdier 8 29ugsigbri cant, and a

wat er 41 | . I i C
mul ti pgﬁlti— %wg‘g?ﬁi@%&? g%gtﬁ[ gﬁq%qﬁ%ﬂfa tggégégﬂ%&:‘%lrg‘rznhagﬁ prgﬁgé%bl y shows
sone bi dequs vayerdmed afterOkY Ganirsnfef)ectinly e high Tdtel delsage f orm can have

phar macoki neti ¢ and/ or pharmacodynam ¢ properties approxi mating to those of
OxyContin(r) Tablets. In particular, the dosage formcan have in vitro

xycodone milTEpArITRL BRALREErpRU e B iR n AT oIl (Ve 7 vitro
r el ease oxgtedond)db) wpperesohulse tamtroosanomethyGytate opplykabt,dts. The
plasticiser and (d) water permeability modifier. With this selection of
ingredients it becomes possible to prepare multiparticulates and thus
capsules containing oxycodone and which mimic the in vitro and preferably
the in vivo release characteristics of OxyContin® Tablets. In particular,
the combination including a water permeability modifier enables an
adequate initial release of oxycodone (early hours) whilst maintaining a

high total release of the active ingredient in the later hours of dissolution.

The capsules or other unit dose forms of this invention preferably
are designed for administration at intervals of about 12 hours. To this
end, the unit dose form suitably has an oxycodone dissoluition rate in vitro,
when measured by the USP Paddle Method (see the U.S. Pharmacopoeia
XXII 1990) at 100 rpm in 900 ml aqueous buffer (pH between 1.6 and 7.2)

at 37°C of between 12.5 and 42.5% (by wt) oxycodone released after 1
hour, between 25 and 56% (by wt) oxycodone released after 2 hours,
between 45 and 75% (by wt) oxycodone released after 4 hours and between
55 and 85% {by wt) oxycodone released after 6 hours. Furthermore, we
prefer that the peak plasma level of oxycodone obtained in vivo occurs

between 2 and 4.5 hours after administration of the dosage form.

More information on desirable characteristics for such oxycodone

formulations is given in WO 9310765 which is incorporated herein in full



rel ease rates of OxyContin(r) Tablets are notable for a high initial

release, and a high total release. Preferably the rel ease of oxycodone is
substantially independent of pHin the pH range of around 1 to around 7. To
this end, substantially pHindependent release can nean that for a given
formul ati SYO$MER8B¥st ed in sinmulated intestinal fluid SEVGEEIEOY “any
given tinme point the anount of oxycodone rel eased as a percentage of the
original anount of oxycodone in the ﬁé)rnul ation is substantially equal WO
2006/ 024881 PCT/ GB2005/ 050140 24 to the percentage anount of oxycodone

rel easeq based.on the original amunt of oxycodone in the fornulation when
tested iy PREANGILEGEStric fluid at pH 1.2 The release is substantially
equal when the respective amounts differ by 30% nore preferably 20% and
nost preferably 15% Unl ess ot herw se indicated, we neasure rel ease rates
by a speci fi &ésingretinegerificdhmithor aepHubi2ngimuidied. gastrik dhuidj fsol ut i on
apparatus at 37C, 100 _.r Om of USP sinulated gastric fluid at pH
1.2 wit H’Bl?faseéﬁfze)ﬁn%'e qmt%:ﬂ]ggg PHE¥Son, the dissolution mediumis simnulated
intestinal fluid at pH 6.8 wi thout enzyne. For sinulated gastric fluid at
pH 1.2, the oxycodone nultiparticulates of this invention typically release
at | eastPréfs¥senkisnidene after 1 hour, reflecting a high initial release,
Preferably they rel ease at |east 20% nore preferably at |east 25% and nost
preferably at |east 35% of the oxycodone after 1 hour. The oxycodone

mul tiparticul ateg Of TR NVENT T dNof YRal&RERY r%l}@fqggsa-_t 11 30% oxycodone
after 2 hours, reflecting a high ijnitial rele east
Lower Limit | Upper Limit
16 56
2 37 77
4 &0 100
10 75 100

More Preferable Limits

Hour % Released | % Released
Lower Limit | Upper Limit
21 51
4 65 95
10 80 100

Most Preferred Limits

Hour % Released | % Released
Lower Limit | Upper Limit

24 48

45 69

68 92

10 83 100




Preferably they rel ease at
| east 55% of the oxycodone after

preferably at

| east 40%

nore preferably at

2 hours.

mul ti particulates of this invention typically rel ease at

oxycodone after 4 hours,

reflecting a high initial

rel ease.

| east 50% and nost

The oxycodone

| east 60%
Preferably they

rel ease aWQWAGA248800) nore preferably at |east 75% and?CHBEI YR ably at

| east 80% of the oxycodone after 4 hours.
this invention typically rel ease at

reflecting a high total

Preferably they rel ease at
| east 95% of the oxycodone after

edonahalil A pl d18UsSnhifmted ghRktiadl ATRE @eycodone
i nvention can rel ease

preferably at

| east 85% r elgeo

mul tiparticulates of tt
hours, raéascratng aseisigiablyealfollevsase. The preferred nultiparticul ates of

this invention contain (a)

met hacryl ate copol yner,
nodi f i eprefi¥¥reR Iiikiiss sel ecti on of

mul tiparticul ates and thus
the in vitro and preferably

&fs?%?’g

r el ease.

(c)

| east 80%

oxycodone,

east 75% oxycodone after
WD 2006/ 024881 PCT/ GB2005/ 050140 25
nore preferably at

10 hours.

100% oxycodone after

The oxycodone nultiparticul ates of

10 hours,

| east 90% and nost
Furt her nore, at

12

(b) water-insol ubl e ammoni um
pl asticiser and (d) water perneability

ingredients it becones possible to prepare

OxyContin(r) Tabl
permeabi l ity nodi
(early hours) whi

in the Later

capsul es cont ai ni ng oxycodone and which mmc
the in vivo rel ease characteristics of

i ngredi ent
dose fornms of thi

interval s of aboy
an oxycodone di s§

More Preferable Limits

Most Preferred Limjits

i or o9ites an Féoeﬁ%ﬁﬁaé# o P BT Bage of |oxycodone
I'st maintaining & LévahLimital Uppepasmio] the active
hours of dissolution.|Thée capsulés or other unit
s invention prefegrabl ¥l are Hesi ghkd for administration at
iglafigg“"zie$?ntﬁ:froiﬁg,%h Uﬁiésduoc form suitably has
4 48 88
10 61 100
Hour % Released | % Released
Lower Limit { Upper Limit
1 16 46
33 63
53 83
10 66 96
Hour % Released | % Released
Lower Limit | Upper Limit
19 43
2 36 60
56 80
10 69 93




when neasured by the USP Paddl e Method (see the U.S. Pharnmacopoeia XXl
1990) at 100 rpmin 900 m 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) oxycodone rel eased after 2 hours, between 45 and 75% ( by
wt) oxycodWh00682488sed after 4 hours and between 55 aRETSHHIFHIPIL} )
oxycodone rel eased after 6 hours. Furthernore, we prefer that the peak

pl asma | evel of oxycodone obtained ik, vivo occurs between 2 and 4.5 hours
after adm nistration of the dosage form WMre information on desirable
characteristics for such oxycq(I)dQn,e formulations is gi ven in WO 9310765

which i s i ncApet altemnatbrecionrdminisatian sbbgrr2I8 el aPewt 820087950140 26 by
speci fi ' | : Y ated gastric
TP S BABEASEy PR OSPRFLY EPUTESA T Bt Byt o0 gost 1
Rel easeddiRédteaised at howevalsi ofidbop@=¥ hbiws.t TdtHi6 evfl, tRe3hiTdosd 60 100 10
75 100 More Preferable Limts HOéJr % Rel eased % Rel eased Lower, Limt Upper
Limt form sslita%éy has-apn oxycodone dissolution rate in vifro, when measured

by the USP Basket Method at 100 rpm in 900 ml aqueous buffer at a pH

between 1.6 and 7.2 at 37°C of from 0% 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.

Furthermore, we prefer that the peak plasma level of oxycodone obtained

in. vivo is reached at about 2 hours to about 17 hours after administration

at steady state of the dosage form.

More information on desirable characteristics for such oxycodone
formulations is given in WO 02087512 which is incorporated herein in full

by specific reference.

In a variation, the present invention provides unit doses which
contain oxycodone and an oxycodone antagonist effective to prevent
~ tampering. In this respect, reference is made fo WO 0313433 whichis
incorporated herein in full by specific reference. In particular, the unit
dose can contain oxycodone and naltrexone. Other opioid antagonists

which are known in the art can be used, for example naloxone.

To this end, another aspect of the present invention provides
extruded multiparticulates of oxycodone, and extruded multiparticulates of
oxycodone antagonist such as naltrexone or naloxone. The naltrexone
multiparticulates do not release naltrexone on conventional
administration, and for example have a non-release coating. Both

populations are preferably visually and physically identical.



4 65 95 10 80 100 Most Preferred Limts Hour % Rel eased % Rel eased Lower
Limt Upper Limt 1 24 48 2 4569 4 68 92 10 83 100 WD 2006/ 024881

PCT/ GB2005/ 050140 27 Using our specified nethod at pH 6.8, sinmulated
intestinal fluid, the release rates are suitably as follows: Preferred
Limits HoWYO W8 sed % Rel eased Lower Linit Upper LFGHEB2R545014:7 5 238 68
4 48 88 10 61 100 More Preferable Limts Hour % Rel eased % Rel eased Lower
Limt Upper Limit 1 16 46 2 33 63 54 53 83 10 66 96

An important aspect of this invention is a capsule with a unit dose
fill of less than 500 mg, comprising up to about 350 mg of oxycodone
multiparticulates, and up to about 200 mg of tamper-proof oxycodone
antagonist. For example, there can be 120 to 300 mg of oxycodone
multiparticulates, and 125 to 175 mg of tamper-proof oxycodone

antagonist multiparticulates.
DRAWINGS

Reference is made to the accompanying drawings, wherein:

Figure 1 is a schematic representation of one of the screw trains of the

Leistritz Micro 18 twin screw extruder used in the Examples.

Figures 2 to 5 provide in vitro release rates for the indicated products.

EXAMPLES OF THE INVENTION
Standardised Conditions

For the following experimental work, standardised conditions were
established for the extrusion of oxycodone hydrochiocride blends. Unless
specified otherwise, the extruder was a Leistritz Micro 18 running at a
screw speed of 140 rpm, with a feed rate of 2.6 kg/h producing pellets of 1

mm diameter and 1 mm length.

The design of the screw is shown in Figure 1 using components
indicated by the manufacturing codes of the distributor Leistritz USA.

The aim is to optimise the mixture by adding extra mixing elements ‘GGC2’



Most Preferred Limts Hour % Rel eased % Rel eased Lower Limt Upper Limt 1
19 43 2 36 60 4 56 80 10 69 93 WD 2006/ 024881 PCT/ GB2005/ 050140 28 As an
alternative to adm nistration at intervals of about 12 hours, the capsules
or other unit dose forns of this invention are designed, for dmj ni stration
at i nter v¥iO208f0248§but 24 hours. To this end, the unit ‘afoTé‘g‘“"Pfg‘Pm“Sui tably
has an oxycodone dissolution rate in vitro, when neasured by the USP Basket
Met hod at 100 rpmin 900 m aqueous fuffer at a pH between 1.6 and 7.2 at
37C of fromO0%to about 40% at 1 hour, from about 8%to about 70% at 4

hour s, . . 2004 0%.at I f % to about 95%
at 12 h%{frfsg %S%g%cggaoﬁﬁn%aé&%f%mgaé%éttoggg}?%%ei@eh%gﬁe%%gﬁgmg% ater than
about SiPeadingAF0 elaneniyid desidaretingeprobedies. t hat the peak plasma |evel of
oxycodone obtained in vivo is reached at about 2 hours to about 17 hours

after admnistration at steady state of the dosage form More information

on desi rabl i Sti for.s (0)'4Y7eYe) ] aty ons~i.s given in WD
02087512 m?ﬁlﬁg%‘?ﬁgﬁgé%’%‘?pﬁ? t{?élréebﬁ-lrﬁlésr ﬁ%gﬁﬂg%yé’%%@?% f(ggfr}le(i;)et‘r:’ence. In a
vari at i BI) orh MegudeeBeiting D \egbériding Frai 318 3o WOD oddBigaravd| ahd soahai n
oxycodone and an_oxycodone ant agoni st _effective to prevent tanpering. In
this re¥pdetzoned} ex gérqm@b & $Blo sl dErperes Pand 10 are at

the extruder head.
Typical batch zone temperatures are given later.
Release rate studies

The oxycodone extruded multiparticulates of Examples 1 to 7 were
tested for dissolution using Ph.Eur. basket dissolution apparatus at 37°C,
100 rpm in 900 ml of USP simulated gastric fluid, SGF, at pH 1.2 without

enzyme. Standard HPLC procedures were used for assay.

Additionally, the oxycodone extruded multiparticulates of Example 2
were tested for dissolution using Ph.Eur. basket dissolution apparatus at
©37°C, 100 1in in 900 il of simulated intestinal fiuid, SIF, at pH 6.8

without enzyme. Agein, standard HPLC procedures were used for assay.

The in vitro release rates were measured, and gave the resuits

plotted in the accompanying Figures 2 to 5.

Examples 1 to 3

The following trial batches with a drug load of 8.3% w/w were

prepared, where the weights are mg per unit dose.
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Total 120 mg 120 mg 120 mg

Typical batch zone temperatures (°C), melt pressures and torque

used in processing the formulations of Examples 1 to 3 were as follows:

Example Zone temperature (°C}
123678 9 10 Melt Pressure | Torque (%)
(bar)
1 14 | 401 125 | 115 | 120 | 125 74-85, 82-91,
e.g. 74-81, e.g. 82-85,
75-830r | 8387or |
79-85 86-91
2 14 | 40 | 125 | 115 | 120 | 125 72-90 85-92
¢.g. 72-79 or e.g. 88-92
83-90
3 14 | 40 | 103 | 102 { 105 | 105 83-90 87-90

The formulation of Example 3 is the currently preferred 8.3% w/w

drug load product.

Examples 4 and 5




screw speed of 140 rpm with a feed rate of 2.6 kg/h producing pellets of |
mm di aneter and 1 nm | ength. The design of the screwis shown in Figure 1
usi ng conponents indicated by the manufacturing codes of the distributor
Leistritz USA. The aimis to optim se the m xture by add] ra mxing

el enent s WER096/024§81 2006/ 024881 PCT/ GB2005/ 050140 30 o‘?cdf*"g%“ﬁ%“@\‘}oi d m xi ng
probl ens, and to increase the residence tinme by including 'FD elenents to
avoi d wetting problens. The extruderyconprises ten zones, with zone 1
extending fromO to 5D on Figure 1; zone 2 extending fromSD to 10D on

Figure 1, a n 0..zone 8 _extending f 5 and then zones
9 and 10 ar gaééﬁr?ﬂgng%tﬁ e‘(r% ﬁ%gﬂ‘?pafggi%%ﬁ %@ﬁ-ﬁﬁ%@é@@%&r‘% res are
gi ven | &f efableRalinasetd size 1Stalskites: 4@ nox e adonageidseudeighiund g@r ti cul at es
of Exanples 1 to 7 were tested for dissolution usi ngj Ph."Eur . basket

3|

di ssol umoin appanadase seigrnc, Theowmpanent Byelsgnalledsplatively leved gastric

fluid, i t LC pr ures were used
for assgﬁjeﬁg%g@%%#}%gﬁé %&g%ﬁﬁ% iﬁ?ggggeﬁl ?J?‘gé’(réﬁ ?‘gﬁ Tates of Exanpl e
2 wer esp@sisedlefObpidinisal aurion pivcgsiBe. Elhe pfraskaingiceaaltidriofprappar at us at
37C, 100 rpm.in 900 ml of sinulated intestinal fluid, SIF, at pH 6.8

wi t hout E%‘ﬁ-ﬁ&l-ﬂé'i 4/@'&1 f,aretshefit-d HPLC procedures were used for assay. The in
vitro rel ease rates were nmeasured, and gave the results plotted in the
acconpanying Figures 2 to 5. Exanples 1 to 3 The following trial batches

W th a drug Egaspdd 48s 0pmifayreer38.3% w/w drug load product.

Quantity (mg) per unit dose

weight (% of total}

Example 4 Example 5
Oxycodone HCI 40.0 {30.3%) 40.0 {30.3%)
Eudragit RS PO 68.0 (51.5%) 66.0 (50.0%)
Eudragit RL PO 8.0 (6.1%) 7.0 (5.3%)
Stearyl alcohol 16.0 (12.1%) 19.0 {14.4%)

Total 132 mg 132 mg

Example 4: Extruder Processing Conditions:

Extruder: Leistritz Micro 18

Screw configuration: See diagram in Figure 1

Feed rate (kg/hour): 2.0

Screw speed (rpm): 120

Die plate orifice diameter (mm): 1.0 ( 8 orifice plate)

Pellet dimensions: 1.0mm x 1.0mm (range 0.8 ~ 1.2 mm)
Example 4:

Heating zone: 1 2 3-8 9-10




prepared, where the weights are ng per unit dose. WD 2006/ 024881

PCT/ GB2005/ 050140 31 Quantity (nmg) per unit dose weight (% of total)
Exanpl e 1 Exanple 2 Exanple 3 Oxycodone HCl 10.0 (8. 3% 10 0 (8.3% 10.0
(8.3% Eudragit RS PO 79.0 (65.8% 71.0 (59.2% 74. 0 61. Fudragit RL
PO 18.0 (W9 20990238810 (21.7% 18.0 (15.0% Stearyl ?B’i’ S50, 899 13.0
(10.8% 18.0 (15.09% Total 120 ng 120 ng 120 ny Typ| cal batch zone
tenperatures (C), nelt pressures andstorque used in processing the

formul ati ons of Exarrpl es 1 to 3 wer e as foIIovvs Exanpl e Zone tenperature

n.p,- k. avr-oHe Lo

e.g 81 3

125 74-|8 mBZI or 83-87 or 79-85 86-91 2
14 40 125 cé“kbb o d0 1257 72-90 &5- 92 694_@.7 /2-790f €. g. 88-92 83-90 3 14 40
103 102 10 83-90 87-90 The formulation of Exanple 3 is the currently
pr ef er r MeligP8%swrevibat):ug | oad producd4-1anples 4 and 5

Die plate orifice depth (mm): 3.7

Example 5: Extruder Processing Conditions:

Extruder; Leistritz Micro 18
Screw configuration: See diagram in Figure 1
Feed rate (kg/hour): 2.6
Screw speed (rpm): 140
Die plate orifice diameter (mm): 1.0 ( 8 orifice plate)
Pellet dimensions: 1.0mm x 1.0mm (range 0.8 - 1.2 min)
Example 5:
Heating zone; 1 2 3-6 7-8 9-10
Temp* (°C ) 14 40 102-103 | 103 104
Torque (%): 81-84
Melt Pressure (bar): 79-83
Die plate orifice depth (mm): 3.7
Example 6

A formulation was prepared based on the batch of Example 5 with
an adjusted level of plasticiser. Processing of this batch was carried out
using an exirusion die plate with an orifice depth of 2.4 mm. Further
improvements in processing conditions, i.e. melt pressure and screw
torque, were obtained after adjustment of the extrusion die plate depth
from 3.7 mm to 2.4 mm. The temperature and die plate conditions used

are shown below.



WO 2006/ 024881 PCT/ GB2005/ 050140 32 QL2Hr formul ati ons were prepared wth a
drug load of 30.3% wWw, to enable filling into size 1 capsules: 40 ng in
132 ng dose weight and 80 ng in 264 ng dose wei ght. The conponent |evels
enabled relatively low processing tenperatures to be achi eved. The conveyor
and pel | eWs8p6/02488deds were optim sed during processi nE TP ssi ng
conditions for Exanples 4 and 5 are shown. Exanple 4 is a preferred 30.3%
w w drug | oad product. Quantity (n%) per unit dose weight (% of total)
Exanpl e 4 Exanple 5 Oxycodone HC 6.0 (30.3% 40.0 (30.3% Eudragit RS PO
68.0 (51.5% 66.0 (50.0% Eudragit RL PO 8.0.(6.1% 7.0 (5.3% Stearyl

al cohol 16.0 (12.1% 19.0 (14 k‘#‘t‘t&&?’érpfé 132 ng Exanpl e 4: Extruder
Processing Conditions: Extrudsse wheiihl(®d brt ro 18 Screw configuration:
See diagramin Figure 1 Feed rate g/'hour): 2.0 Screw speed (rpm: 120 D e
pl ate orifi Batch avenker (mm): ExamgBe 6rifice plate) Pellet dinmensions: 1.0mm

x 1.0mm (rapge 0,8 - 4.2 m) 4: | Heating zone: 1 2 3-8 9 10 WO
5006/ 02451 OBEFH &I I0501 1000 (30,5

Eudragit RSPO 70.0 (53.0%)
Eudragit RLPO 4.0 ( 3.0%)
Stearyl alcohol 18.0 {13.6%)
Total 132 mg
Example 6:
Heating zone: 1 2 3-6 7-8 9-10
Temp* (°C ) 14 40 102-103 | 102-103 | 104
Torque (%): 74-76
Melt Pressure (bar): 70-73
Die plate orifice depth (mm): 24

Disselution tests were carried out for the capsules of Example 6, also
referred to as F764/61. As shown in Figure 5, oxycodone dissolution
- profiles from this formulation compared well with the target profile
designated PN2797 (encapsulated product). The profile for a commercial
batch of OxyContin® 40mg tablets is also given in Figure 5.

Example 7

A further formulation, with a reduced content of stearyl alcohol, was
designed to ensure improved stability to storage and minimise changes in
the dissclution profiles during storage. This approach had previcusly
been shown to improve the stability of the dissolution rate under
accelerated storage conditions for 10/20 mg dose product formulations,

e.g. 10 mg oxycodone hydrochloride in 120 mg capsule fill weight and 20



33 Temp* (C) 14 40 107 109 Torque (% : 94-97 Melt Pressure (bar): 94-101
Die plate orifice depth (mm: 3.7 Exanple 5. Extruder Processing

Condi tions: Extruder: Leistritz Mcro 18 Screw configuration: See di agram
in Figure | Feed rate (kg/hour) 2.6 Screw speed (rpm: 140 Die

orifice dMho0e2488m): 1.0 (8 orifice plate) Pellet di ReHSPYIYOY: 0Orrm X
1.0mm (range 0.8 - 1.2 mm) Exanple 5. Heating zone: 1 2 3-6 7-8 9-10 Tenp*
(C 14 40 102-103 103 104 Torque (9 s 81-84 Melt Pressure (bar): 79-83 Die
plate orifice depth (mm: 3.7 Exanple 6 A forrrul ation was prepared based on
t he batch of Ex }gg_ h.,an ggusted Iei/eh1 asticiser. Processing of
this baf%oﬁ%‘) o6 OHQF‘thg TRB S EPFRIGH! tate with an orifice
depth of 2.4 mm Further i mprovenents in proce55| ng conditions, i.e. nelt
pressure and screw torque, were obtained after adjustnment of the extrusion
di e pl ate dePxhmple Gnis3 prafarned 320.3%rm/v»7|’ Heug bogpbpapduct. addcepimbit at e
condltlonf used are shown /02 a‘gl}s PCT/ %0(}‘/050140

TUSION PTOCESSITNE Con %ons cou cl no e es hed on eistntz
Micro 18 extruder due to the maximum torque limit being reached with
this formulation. This formulation would, however, be recommended for
processing on a Leistritz Micro 27 extruder, which is able to handle higher

torque levels, to generate products with improved storage stability.

Quantity {mg) per unit
dose weight (% of total)

Batch number Example 7

Oxycodone HCI 40.0 (30.3%)

Eudragit RSPO 71.0 (53.8%)

Eudragit RLPO 5.0 ( 3.8%)

Stearyl alcohol 16.0 (12.1%)

Total 132 mg
Example 8

Co-encapsulation of extruded oxycodone multiparticulates and
extruded naltrexone multiparticulates can be used for a tamper resistant

combination product.

Oxycodone multiparticulates and naltrexone multiparticulates as
described in WO 03013433 may be filled into capsules using a single or
dual stage filling process. The quantity of naltrexone multiparticulates
which may be filled is 150 mg, containing 8 mg of naltrexone. The

recommended fill weights of oxycodone multiparticulates to achieve



34 Quantity (ng) per unit dose weight (% of total) Batch nunber Exanple 6
Oxycodone HC1l 40.0 (30.39% Eudragit RSPO 70.0 (53.0% Eudragit RLPO 4.0 (
3.0 Stearyl alcohol 18.0 (13.6% Total 132 ng Exanple 6: Heating zone:
12 3-6 7-8 9-10 Tenp* (C) 14 40 102-103 102-103 104 Torgue g/i 74-76
Melt PresqRWOP4I8L: 70-73 Die plate orifice depth (nFyVCR2EYENYs) ution
tests were carried out for the capsules of Exanple 6, also referred to as

F764/61. As shown in Figure 5, oxycogpne dissolution profiles fromthis
formul ati on conpared well with the target profile designated PN2797

(encapsul at e roduct) . The.profile for conmer ci bat ch .of .OxyContin(r)
oy ¢ aBrlrtorl S anelhE PR G Pe' 8 4 Ll aTeens oy e bPo Rt on.
with a rambwEed tepryent of stearyl al cohol, was designed to ensure inproved

stability to Sstorage and minimse changes in the dissolution profiles
during storage. This approach had previously been shown to inprove the

10120 g dise proOUEE o rarme s B T 5% BBl s R BER or i do 1 1
120 ng capsul e forldxydeiahé doses 8010 mg and 20 mg, respectively.
2. 160 mg of 25% (w/w) drug loaded multiparticulates for an
oxycodone dose of 40 mg.
3. 132 mg of 30.3% (w/w) drug loaded multiparticulates for an
oxycodone dose of 40 mg.

In addition, 5 mg and 80 mg oxycodone doses may also be

considered, with respective capsule fill weights as follows:

1. 60 mg of 8.3% (w/w) drug loaded multiparticulates for an
oxycodone dose of 5 mg.

2. 320 mg of 25% (w/w} drug loaded multiparticulates for an
oxycodone dose of 80 mg.

3. 264 mg of 30.3% (w/w) drug loaded multiparticulates for an
oxycodone dose of 80 mg.

Capsule filling of the required proportions of oxycodone and
naltrexone multiparticulates may be achieved using either a single stage
pracess or preferably a dual stage filling process. In the single stage filling
process, the respective proportions of muitiparticulates may be pre-
blended and filled into capsules either by manual or preferably automated
processes. By the preferred dual stage filling process, one type of
multiparticulates can be filled in a first stage, either by manual or
preferably automated processes. The second type of multiparticulates can
then be filled in the second filling stage, again either by manual or

preferably automated processes.



WO 2006/ 024881 PCT/ GB2005/ 050140 35 ng oxycodone hydrochloride in 240 ng
capsule fill weight. Exanple 7 is a preferred 30.3% w w drug | oad product.
Acceptabl e extrusion processing conditions could not be established on the
Leistritz Mcro 18 extruder due to the maxinmumtorque |linmt being reached
with thiOReA6HAB8Y i on. This formulati on woul d, howev&CTERSERYdended for
processing on a Leistritz Mcro 27 extruder, which is able to handl e hi gher
torque levels, to generate productsywith inproved storage stability.
Quantity (nmg) per unit dose weight (% of total) Batch nunber Exanple 7
Oxycodone HCl 40.0 (30.3% Eudragit RSPO 71.0 (53.8% Eudragit RLPO 5.0 (
3.899 Stearyl alcohol 16.0 (12.1% Total 132 ngy Exanple 8

Co- encapsul atietheire G¥AIr flf & ighes T8 ananpel Ji RPstic WhrahsthPhgseeyhr uded
nal trexone nultiparticul ates tan be used for a tanper resistant conbination
pr oductdru@ipediuneragivengarthiedallewing taldenal t rexone nul tiparticul ates as
described in WO 03013433 nay be filled into capsules using a single or dual

stage filling process. The quantity of naltrexone nultiparticulates which
may be filled is 150 ng, containing 8 ng of naltrexone. The recomended
fill ights of oxycadone multiparticulates to achieve WD 2006/024881
PCT/ GH28y50050¢ 40 Oxycodone loading
mg per capsule 8.3% w/w
oxycodone multi- oxycodone and naltrexoned
particulates {mg) multi-particulates (mg)
10 120 270 [capsule Size 1)
20 240 390 (capsule Size 0)
40 480 630 (can not be filled)
S+ 60* 210 (capsule Size 1)
80+ 960 1110 {can not be filled}

* Weight below assumed minimum possible capsule fill weight.
+ Included as an illustration of possibilities, if lower or higher strengths
in the range are required.

@ 120 mg naltrexone multiparticulates + 20% coat.

oxycodone T Oﬁcycéd.one loading
mg per capsule 25% wiw
oxycodone multi- oxycodone and naltrexone@
particulates (mg) multi-particulates {mg)
10 40* Low to fill
20 80 230 (capsule Size 1)
40 160 310 (capsule Size 0)
S+ 20* Low to fill
80+ 320 470 (capsule Size OE}

* Weight below assumed minimum possible capsule {ill weight.
+ Included as an illustration of pessibilities, if lower or higher strengths

in the range are required.



36 oxycodone doses ranging from10 ng to 40 ng are as follows (see also the
followng table): 1. 120 ng and 240ng of 8.3% (W w) drug | oaded

mul ti particul ates for oxycodone doses of 10 ng and 20 ny, respectively. 2.
160 ng of 25% (w drug | oaded nultiparticulates for an xycodone dose of
40 ny. 3. W@Z’“ﬁgﬁf’z 130.3% (W w) drug | oaded mul ti partic'{ﬁTéﬁ "qj(bifmﬁn
oxycodone dose of 40 ng. In addition, 5 ng and 80 ng oxycodone doses may

al so be considered, with respective ggapsule fill weights as follows: 1. 60
ng of 8.3% (ww drug |oaded nultiparticulates for an oxycodone dose of 5

ng. 2. 320 f 25% (ww drug. 1o de%rrult' rticulates for an oxycodone
dose of 80 283?3 &ﬁﬁO%ﬁn§gﬁﬁﬁggﬁP teﬁ?daﬁﬁdﬁﬁéd nul tiparticulates for an

oxycodone dose of 80 ny. Capsule filling of the required proportions of
oxycodone and naltrexone nultiparticul ates may be achi eved using either a
single stage process or preferably a dual stage filling process. In the
single stage filling process, the respective proportions of

mul tiparticul ates may be pre- blended and filled into capsul es either by
manual or preferably automated processes. By the preferred dual stage

filling process, one type of nmultiparticulates can be filled in a first
stage, either by manual or preferably autonated processes. The second type
of multiparticulates can then be filled in the second filling stage, again

ei ther by manual or preferably autonated processes.



WO 2006/ 024881 PCT/ GB2005/ 050140 37 The theoretical fill weights for a
range of capsule strengths based on drug |oading are given in the follow ng
tabl e. oxycodone Oxycodone | oading ng per capsule 8,3% w w oxycodone nul ti -
oxycodone and nal trexoneO particulates (ng) nulti-particulates (ng) 10 120

270 (capsulg Bogeadsh 20 240 390 (capsule Size 0) 40 48Cr/6Btho{geiyonot be
filled) 5+ 60* 210 (capsule Size 1) 80+ 960 1110 (can not be filled) *

Wi ght bel ow assuned nmi ni mrum possi ble capsule fill weight. + Included as an
illustration of possibilities, if |low or higher strengths in the range
are required. 0 120 ng naltrexone nultiparticulates + 20% coat. oxycodone
Oxycodongplag®@ ng ng per capsule 25% w w oxycodone nmulti- oxycodone and

nal trexoneO particulates (nmg) nulti-particulates (nmg) 10 40* Low to fill 20
80 230 (capsule Size 1) 40 160 310 (capsul e Si ze 0) 5+ 20* Lowto fill 80+

320, 470, (203 £oFF e Fhring LA DS P AR ML IUD P05 Rl capsul e
comprises selecting a plasticising excipient that provides plasticising and
lubricating properties, and extruding a mix including a pharmaceutically
active agent and the plasticising excipient, said plasticising excipient being
employed in an amount effective to act as a plasticiser for the mix and to

act as a lubricant for the mix.

2. A method according to claim 1, wherein the mix is substantially free of

further excipient acting to lubricate the mix.

3. Multiparticulates containing a pharmaceutically active agent and a
plasticising excipient with lubricating properties, substantially free of
further lubricant.

4, Multiparticulates according to claim 3, which contain a’
pharmaceutically active agent, ammonium methacrylate copolymer,
plasticising excipient with lubricating properties, and water permeability

medifier.

5. Multiparticulates which consist essentially of a pharmaceutically active
agent, ammonium methacrylate copolymer, plasticising excipient with

lubricating properties, and water permeability modifier.,

6. Multiparticulates according to any of claims 3 to 5 wherein the



+ Included as an illustration of possibilities, if |ower or higher strengths
in the range are required. WO 2006/ 024881 PCT/ GB2005/ 050140 38 0 120 ny

nal trexone nultiparticulates + 20% coat. WO 2006/ 024881 PCT/ GB2005/ 050140

39 CLAIMS 1. A nethod of preparing an extruded pharnmaceutical conposition
whi ch  conwo mesomsdiect i ng a pl astici sing excipi ent t haPCHGBW0FE140

pl asticising and |lubricating properties, and extruding a mx including a
pharmaceutically active agent and th&)plasticising exci pient, said

pl asti ci sing excipient being enployetin an anount effective to act as a

pl asticiser for the mx and to act as a lubricant for the mx. 2. A nethod
accor di nghasmecantically antive agenhis amopigidsubst antially free of further
excipient acting to lubricate the mx. 3. Miultiparticulates containing a
pharmaceutically active agent and a plasticising excipient with lubricating
properties, substantially free of further lubricant. 4. Miltiparticul ates
according to claim3, which contain a pharnmaceutically active agent,

ammoni um/miltipartimudates pelcgnding topilain iccwhienejnahe phameasguticallybr i cat i ng
properties,. and ter per,meahil i nodi f.ier. 5. MilLtiparticulates which
Pong: st BeGEhREaRt 1 G eRaRa Hantas SERIRPEsu A A e Rl R Rah

met hacr ykgé@ogopol ymer, plasticising excipient wwth |ubricating properties,

and water perneability nodifier. 6. Miultiparticulates according to any of
clains 3 to 5 wherein the

8. Multiparticulates according to any of claims 4 to 7, wherein the
ammonium methacrylate copolymer is Eudragit RS PO.

8. Multiparticulates according to any of claims 3 to 8, wherein the
plasticising excipient is chosen from water insoluble solids such as cetyl
alcohol, stearyl alcohol and cetostearyl alcohaol; water soluble solids such
as sorbitol and sucrose and high molecular weight polyethylene glycol;
water insoluble liguids such as dibutyl sebacate and tributyl citrate and
water scluble ligquids such as triethyl citrate, propylene glycol and low

molecular weight polyethylene glycol.

10. Multiparticulates according to any of claims 4 to 9, wherein the
water permeability medifier is chosen from an insoluble hydrophilic
wicking agent such as microcrystalline ceillulose, a gelling agent which
hydrates to form a gel to control the water movement, a high molecular
weight polyethylene glycol such as PEG 6000, or a water permeable
ammonium methacrylate copolymer, also referred to as an ammonio

methacrylate copolymer, such as Eudragit RL PO or Eudragit RL 100,

11. Multiparticulates according to any of claims 4 to 10, which contains



WO 2006/ 024881 PCT/ GB2005/ 050140 40 pharnaceutically active agent is an
opioid. 7. Multiparticulates according to claim®6 wherein the
pharmaceutically active agent is oxycodone free base or a pharmaceutically
acceptable salt thereof. 8 Miltiparticulates according to any of clains 4
to 7, wherwionosdmesssanmoni um net hacryl ate copol yner i s MREHIVGREWS/ERS4PO, 9.

Mul tiparticul ates according to any of clains 3 to 8, wherein the

pl astici sing excipient is chosen fromwater insoluble solids such as cetyl
al cohol, stearyl alcohol and cet osteé‘rlyl al cohol ; water soluble solids such
as sorbitol and sucrose and hi gh nol ecul ar wei ght pol yethyl ene gl ycol;

wat er i nemlaudl w basjsidde SChpharmiatantydallyedetivet thdEﬁrﬁOb%/ﬁ%l citrate and

wat er sol ub | i qui ds .such triethyl citrat r | en lycol and | ow

nol ecul amﬁﬂbfe@ﬁtﬁﬂm%?%ﬁa@qy%t& C.V'C’PP@V.“’R/M f ;t?)gp%o \éﬁpé‘({f 1%%%5 ding to any
of clai ”Ela@ﬁb&c? aMier g QOWmatéﬁ%&EndﬁiﬁﬁﬁHiddiiﬁéi‘. modi fier is chosen froman
i nsol uble hydrop’i‘ui ltc wcking agent such®as mcrocrystalline cellulose, a
gelling agent which hydrates to forma gel to control the water novenent, a

hi gh nmol ecul ar wei ght pol yet hyl ene gl ycol such as PEG 6000, or a water
per neabl e amoni um net hacryl ate copol yner, also referred to as an amoni o

met hacryiat e £Qnat MBBE foreéd fdtn BuRAGIHcilaBOaeEoldifg 89 bhnyR3f cllins 11.

Mul tiparticul ates according to any of clains 4 to 10, which contai ns WO
2006/ 02438a 12CT/ GB2005/ 050140 41 on a w w basis 3 to 50% pharmaceutically
active agent, 25 to 85% insol uble ammoni um net hacryl ate copolynmer, 1 to 30%
non- dom nati ng

13. A unit dose according to claim 12, which contains 5 to 400 mg of
oxycodone hydrochloride.

14. A unit dose according to claim 12 or 13, suited for administration

once daily.

15. A unit dose according to claim 12 or 13, suited for administration

twice daily.

16. A unit dose according to any of claims 12 to 15 comprising a capsule

with a fill of the multiparticulates.

17. A unit dose according to any of claims 12 to 16, wherein the
pharmaceutically active agent is oxycodone and the unit dose further

comprises an oxycodone antagonist.

18. A process for preparing multiparticulates containing a



plasticiser, and 1 to 30% water pernmeability nodifier. 12. A unit dose
formed fromnultiparticulates according to any of clains 3 to 12. 13. A
unit dose according to claim 12, which contains 5 to 400 ng of oxycodone
hydr ochl or wiez006/e2488A unit dose according to clai m 12 orPQBGBANSREHIOf or

adm nistration. once daily. 15. A unit dose according to claim12 or 13,
suited for admnistration tw ce dai I&/,J 16. A unit dose according to any of
claims 12 to 15 conprising a capsule ™wth a fill of the nmultiparticul ates.
17. A unit dose according to any of clains 12 to 16, wherein the

phar macephroairsutieally acivreagents wiighowsmpriger extveisinn of apsxtrudabler

conpri seg;.an one anta i L. Dpr - 1.0

o Bl LGN hARRRb Bl Bl s ShRehBEeh SRR, o,

phar maceyticitlaldb aksiacclaghiint, Yhticha e Herhebileyt mudifivy. of an extrudabl e
bl end of active agent, ammoni um net hacryl ate copol yner, plasticiser which
al so acts as lubricant, and water perneability nodifier. 19. The use of an
anal gesi ¢ pharnaceutically active agent in the preparation of a unit dose
for a nethod of providing analgesia to a patient, which method conprises
adm ni st ol NngTRE 18EfFeH ¥LaREBIPhO&mAcAREAT d@de dgdraametteor mul ation
conpri.sing nultiparticul ates according to any of <clainms 12 to 17 wherein

t he phar pieraretionl ofya uoiti desealpem methed of pabyiding analgesia to a patient,
which method comprises administering an effective amount of a controlled
release formulation comprising multiparticulates according to any of

claims 12 to 17 wherein the pharmaceutically active agent is an analgesic.



