MULTIPARTICULATES

The present invention relates to a process for the production of
extruded pharmaceutical products, especially multiparticulates, and in
particular to extruded products, especially multiparticulates which provide

controlled release of pharmaceutically active ingredients.

BACKGROUND OF THE INVENTION

Exirusion 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
polyrners with low glass transition temperatures (Tg} are preferred for
processing by melt extrusion. Lower processing temperatures are preferred
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 polymers and additives, melt extrusion
technology can be used both o enhance the solubility, and subsequently the
bioavailability, of poorly water soluble drugs as well as fo retard drnug release

of moderate to highly water soluble drugs for controlled release products.
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Multiparticulates of uniform dimensions with modified drug release

properiies can readily be manufachured by such melt extrusion technology.

NIustratively WO 96 14058 describes a melt extrusion method of
preparing a sustained-release pharmaceutical extrudate suitable for oral
administration. The method comprises:

blending a therapeutically active agent together with (1} a material
selected from the group consisting of alkylcelluloses, acrylic and methacrylic
acid polymers and copolymers, shellac, zein, hydrogenated castor oil,
hydrogenated vegetable oil, and mixtures thereof and (2] a fusible carrier
selected from the group consisting of natural or synthetic waxes, fatty acids,
fatty alcohols, and mixtures thercof; 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 mizture as a strand having a diameter of {rom
0.1 -3 mm; cooling said strand; and dividing said strand to form nor-
spheroidal multi-particulates of said extrudate having a length from 0.1 -5
min; and

dividing said non-spheroidal multi-particulates into unit doses
containing an elfective amount of said therapeutically active agent, said unit
dose providing a sustained-release of said therapeutically active agent for a

tirme 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 Budragit

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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be too high to enable processing to be carried out at temperatures low

enough to avoid degradation of the active ingredient and/or excipients.

One solution used to mitigate this problem has been to add excipient
material which has a plasticising effect and thus lowers the Tg of the
thermoplastic polymer. It serves to reduce cohesion by providing internal

lubrication of the polymer.

In our co-pending PCT patent application PCT WO 2005/000310 of 27
June 2004 entitled Multiparticulates, we describe examples of formulations
in which relatively high levels of a plasticiser, especially stearyl alcohol, and
a Jubricant, namely stearic acid, are used together with aciylic 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 he 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 -



We have surprisingly found that excipients exhibiting a plasticising
effect may also have useful lubricating properties. The lubrication reduces
the adhesion of the matrix material in an extruder to the extrusion chamber
walls, the orifice walls, and the surfaces of the screws and other elements in
the extiuder. The effect of this reduction allows for the torque required for
extrusion and the power which has to be supplied to the motor to be

reduced.

More particularly, in connection with the investigations resulting in
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
extriided pharmaceutical composition which comprises seleciing 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.
Preferably the mix is substantially free of further excipient acting to lubricate the mix.

In another aspect there is provided melt extruded, controlled release
multiparticulates containing a pharmaceutically active agent, an insoluble ammonium
methacrylate copolymer, a water permeability modifier and a non-dominating plasticiser,
substantially free of dominating or non-dominating lubricants selected from stearic acid,
glyceryl behenate, magnesium stearate, calcium stearate, talc or silicone dioxide (fused
silica), wherein the amount of non-dominating plasticiser is 10 to 20 % based on the total
weight of ingredients.

Thus, by the invention, i is possible to prepare multiparticulates containing a
pharmaceutically active agent and a plasticising excipient with lubricating properties,
substantially free of further lubricant,

The multiparticulates of this invention employ a plasticiser to act secondarily as a
lubricant. Thus, for example, the multiparticulates contain 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
exirusion 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 to the motor.

In a specific aspect, multiparticulates of the invention contain or consist essentially
of the pharmaceutically 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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non-dominating Iubricant, in an amount which at least provides a significant
amount of the lubrication during processing. By dominating lubricant we
mean a material which significantly reduces adhesion of the thermoplastic
polymer to the extruder surfaces without significantly reducing the Tg of the
thermoplastic polymer. A non-dominating lubricant will predominantly

reduce the adhesion but will also reduce Tg to some degree.

The multiparticulates of this invention can be used as afillin a
capsule. Thus, the present invention provides a capsule suited for once or
twice a day dosing, Other dosage forms of the controlled release

formulation can be provided.

In a further aspect of the invention, there is provided a method of
ireating a patient with a controlled release formulation of this invention.
The method includes administering a dosage form of this invention,
preferably one containing oxycodone or a salt thereof, to a patient in need of
appropriate therapy, especially oxycodone analgesic therapy. In a related
asepet, the invention provides a method of providing analgesia to a patient
which comprises administering an effective amonnt of a controlled release
forrmmulation 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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Inz a related aspect, we provide a process for preparing
multiparticulates containing an active agent, preferably oxycodone or a salt
thereof, which comprises extrusion of an extrudable blend of active agent
usually in the form of a pharmaceutically acceptable salt, an ammonium
methacrylate copolymer, a non-dominating plasticiser, and a water

permeability modifier.

A preferred process of this invention comprises extruding an
extrudable blend to form the multiparticuilates, using one or more

plasticisers which also act as the lubricant.

The invention Turther 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 pharmaceutically 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

ternperatures 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, (¢} 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
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above say 95 - 100°C. Such active agents include for example opioids,

HMGCoA reductase inhibitors {statins) and antibiotics.

Candidate opioids or opiates include alfentanil, allylprodine,
alphaprodine, anileridine, benzyimorphine, bezitramide, buprenorphine,
butorphanaol, clonitazene, codeine, cyclazocine, desomorphine,
dextromoramide, dezocine, diacetylmorphine, diampromide, dihydrocodeine,
dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,
dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine,
ethylmethylthiambutene, ethylmorphine, etonitazene, fentanyl, hydrocodone,
hydromorphone, hydroxypethidine, isomethadone, ketobemidone,
levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinaol,
metazocine, methadone, metopon, morphine, morphine-6-glucuronide,
myrophine, nalbuphine, narceine, nicomorphine, norlevorphanol,
normethadone, normorphine, norpipanone, noroxymorphone, opium,
oxycodore, oxymorphone, papaverestium, pentazocine, phenadoxone,
phenomorphan, phenazocing, phenoperidine, piminodine, piritramide,
propheptazine, promedol, properidine, propiram, propoxyphene,
remifentanil, sufentanil, tilidine, tramadol, and pharmaceutically acceptable

salts.

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

acceptable salts.

Candidate hydroxymethylglutaryl coenzyme A reductase inthibitors
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'-fluere-3,3',5-trimethyl-2-biphenylyljvinyl}-4-liydroxy-2-
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oxotetrahydropyran, 6-[2-{4-(4-fluorophenyl}-2-isopropyl-6-phenyl-3-
pyridyllvinyl]-2,4,5,6-tetrahydro-4-hydroxy-2H-pyran-2-one, lovastatin,
mevastatin, mevinolinic acid, monacolin J, monacolin L, pitavastatin,
pravastatin, rosuvastatin, simvastatin, and pharmaceutically acceptable

salts,

Candidate antibiotics include aminoglycosides, e.g, amikacin,
gentamicin, neomycin, netilmicin, tobramyein; carbapenems, e.g. imipenem,
meropenent; cephalosporing, e.g. cefaclor, cefadroxil, cefamandole, cefixime,
cefotaxime, cefpirome, cefpodoxime, cefprozil, ceftazidime, cefiriaxzone,
cefuroxime, cephalexin, cephazolin, cephradine; cephamycins, e.g. cefoxitin;
folic acid inhibitors, e.g. trimethoprim; lincosamides, ¢.g. clindamycin;
macrolides, e.g. azithromycin, clarithromycin, erythromycin, telithromycin;
monoebactams, e.g. azlreonam; nitroimidazoles, ¢.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, doxyceycline, lymecycline, minocycline, oxytetracycline,

tetracycline, chlortetracycline, and pharmaceutically acceptable salts.

The preferred active agent is oxycodone, cither the free base or its
pharmacceutically acceptable salts, especially the hydrochloride. For further
information on oxycodene we refer to our co-pending PCT patent application
WO 20057000310 entitled Multiparticulates, which is incorporated herein by
reference.  Another preferred active agent is oxymorphone, either the free
base or a pharmaceutically acceptable salt thercof, especially the
hydrochloride salt.

The water-insoluble ammonium methacrylate copolymer, also referred
to as a water-insohuble ammonio methacrylate copolymer, is suitably
Eudragit RS PO or Eudragit RS 100 milled to a fine powder. It offers the
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following properties:

e insoluble to poorly water soluble,

° low aqueous permeability,

v has demonstrated compatiblility with a variety of drugs and
other additives,

° extrudable at moderate temperatures without decomposition or

at lower temperatures in the presence of a suitable plasticiser,
° stable for the intended storage time and conditions,

b thermal stability,

In particular, Budragit RS PO is a thermoplastic copolymer of low
water permeability which can significantly retard release of emmbedded
oxycodone in its matrix. Itis described as a pH independent polymer
powder with low permeability for matrix formulations. I 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 130,000,

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
ternperature, Tg, of the polymer. [t 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 insoluble liquids such as dibutyl
sebacate and tributyl citrate and water soluble liguids such as triethyl
citrate, propylene glycol and low molecular weight polyethylene glycol.
Plasticisers which are solid at room temperature are preferred. Siearyl

alcohol is a preferred plasticiser. Another preferred plasticiser is a high
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molecular weight polyethylene glycol, preferably with a molecular weight in
the range 4000 to 10000, such as PEG 6000.

More generally, other plasticisers which may be used according to the
invention include plasticisers which can mimic one of the indicated typical
plasticisers. Such other plasticisers thus have plasticising and hubricating
properties approximating to those of a material chosen from cetyl alcohol,
stearyl aleohol, cetostearyl alcohol, sorbitol, sucrose, high molecular weight
polyethylene glycol preferably with a molecular weight in the range 4000 to
10000, e.g. PEG 6000, dibuiyl sebacate, tributyl citrate, triethyl citrate,
propylene glycol and low molecular weight polyethylene glycol. For examiple,
suitable other plasticisers have plasticising and lubricating properties
approximating to those of cetyl alcohol, or of stearyl alcohol, or of cetostearyl
aleohol, 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 tribulyl citrate, or of triethyl citrate,
or of propylene glycol, or of low molecular weight polyethylene glycol.

Approximation o stearyl alcohoel or PEG 6000 is preferred.

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

{8)  when tested for plasticising effect by Diiferential Scanning
Calorimetry at a given concentration in Eudragit RS PO, will reduce
the Ty (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
Budragit RS PO, will reduce the torque (measured as Nm) by within

* 50% of the reduction provided by the same concentration of the

typical plasticiser;
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where the values of Tg and torque are the mean of three test results.

Preferably the reduction in (a) is within % 25% of the reduction

provided by the typical plasticiser,

Preferably the reduction in (b} is within + 25% of the reduction

provided by the typical plasticiser.

Thus, suitable other plasticisers can be employed which give the

plasticising effect of test (2}, and the lubricating effect of test (b).

The water permeability modifier modulates secretion of the drug from
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 the 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 waler 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 hipghly permeable pH independent polymer powder for
matriz 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 molecular weight
hydrogels such as high viscosity hydroxypropylmethyl cellulose and high
viscosity poly(ethylene oxide), and water permeable ammonium methacrylate
copolymers 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



13

insoluble ammmonium methacrylate copolymer used as ingredient (b}, being
more water permeable due to different degrees of substitution by quaternary

ammenium groups.

Microcrystalline cellulose improves water diffusion and exchange and
thus enhances drug release. The microcrystalline cellulose acts as an
insoluble but hydrophilic wicking agent, Alternatives to microcrystalline
cellulose are croscarmellose sodium, crospovidone or sodium starch

glycollate.

High molecular weight grade (high viscosity) hydroxypropylmethyl
cellidose (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 pelyethylene

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
Tange
active agent 3 to 50 5 to 40 8 to 30
insoluble aromonium 25 to 85 35t 75 55to 70
methacrylate copolymer
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non-dominating plasticiser 1 te 30 3to25 10 to 20

water permeability modifier |1 to 30 31025 10 to 20

Other additives may also be employed to produce multiparticulates
within a set of predetermined specifications, Bulking agents, for example
lactose and calcium phosphate, ave widely used pharmaceutical excipients
and can be used in the present invention to modify the release rates and/or
total release. Other release modifying agents may also be considered to
modulate the release rate and/or enhance total release. Antioxidants, such
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 lubtication 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 ahout 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 strenpgths using size 1 capsules led to further re-agsessment
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:
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typical range | Preferred most
Tange preferred
range

active agent, preferably 25 to 32 20 1o 31 about 30, for
oxycodone hydrochloride example 30.3
insoluble ammonium 25 to 85 35 to 75 50 to 60
methacrylate copolymer
non-dominating plasticiser 1 to 30, 3 to 25 5to 15

eg lio 10
water permeability modifier |1 to 30, 31025 3to 15

e.g. 1010 20

Preferred formulations, e.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 110 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 obseived after one
menth’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 fo the extruder. Consistency is desirable as
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irregular and variable feeding rates can produce multiparticulates with

varying physical properties, such as density and porosity.

The preferred extruder is designed with twin screws, preferably
counter-rotating screws, for the task of conveying, blending, compressing,
heating and softening the blend. Depending on the choice of the
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 smmaller 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 sirands 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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In accordance with one cutting procedure of this invention, the
extruded strands are carried away from the die-head on a conveyer. The
stranid diameter is affected by the blend feed rate, screw speed, barrel
temperature, die-head design and crifice diameter, conveying speed and nip
rolls speed. Conveying is appropriate to carry the extruded strand to a laser
gauge or other measuring device to monitor a desired diameter such as 1.0
mim. During this conveying process the strands cool down gradually, but
essentially remain flexible. Flexible strands retain integrity on the laser
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 cutier speed determine the length of the multiparticulates.

Overall, the co-ordination/intevaction 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
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diametrically opposed blades are preferred. Ideally, the inner and outer
surface boundaries {o the extrusion orifices are coated with a non-stick
material, e.g. a polytetrafluoroethylene {PTFE). As the cut extrudate
particles expand and cool, they tend to form rounded surfaces. By
appropriate adjustment of the die-head extrusion pressure, the raie of
extrusion, the die-head design and orifice diameter and number of orifices,
and the speed of the cutter blade, it is possible to arrange for spherical or
near-spherical multiparticulates to be obtained. Alternatively, this process
can be operated to produce rods if desired. Tn one embodiment a stream of
air is directed at the surface of the die-head, the air being at a reduced
temperature to cool the extrudate and speed solidification, thereby reducing

stickiness.

Spherical multiparticulates produced by this method offer a nmumber 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 S 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 reiief and/or

analgesia to the patient. The dose of oxycodone administered to a patient
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will vary due to numerous factors, including the weight of the patient, the
severity of the pain, the metabolic status and the tolerance, along with the

nature of any other therapeutic agents being administered.

In one preferred embodiment, the multiparticulates are filled into hard
gelatin capsules each containing a unit dose, The fill weight in the capsule
is preferably in the range 80 to 500 mg, more preferably 120 to S00 mg. In
a variation of this invention, the unit doses of multiparticulates may be
incorporated into other solid pharmaceutical dosage forms, for example
using compression or shaping into tablets, by filling into sachets or by

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 mimic the in vitro and
preferably the in vivo 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
demonstrate good thermal chemical 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.
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Formulations of oxycodone which provide controlled release of
oxycodone are described for instance in WO 9310765, A granulation
procedure is typically employed. In Example 3, a tablet confaining 10 mg of
oxycedone hydrechloride is prepared from a mix of oxycodone hydrochloride,
lactose, povidone, Eudragit RS 30 D, triacetin, stearyl alcohol, talc and
magnesium stearate. The same ingredients in adjusted amounts are
employed in Example 4 to prepare tablets containing 20 mg oxycodone
hydrochloride. The resultant products exhibit differing pharmacokinetic

and pharmacodynamic properties,

Ihastratively, the in vifro 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
62.0 57

12 91.1 79
i8 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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OxyContin® Tablets to immmediate-release oral dosage formas is 100%.
Upon repeated dosing in normal volunteers in pharmacokinetic studies,

steady-state levels were achieved within 24-36 hours,

Dose proportionality has been established for 10 mg, 20 mg, 40 mg,
80 mg, and 160 mg tablet strengths with respect to both peak plasma
levels (Caax) and extent of absorption (bioavailability), AUC, as indicated by
the following data:

Mean {% coefficient variation]

Regimen | Daosage 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]

Tahblets

20 mg 207.5 21.4 3.2 [57.9] |n.a.

OxyContin® | [35.9] [36.6]

E R R S

40 mg 423.1 39.3 3.1[77.4} |n.a,

OxyContin® | [33.3] [34.01

Tablets

80mg 1085.5 98.5 2.1[52.3] [n.a.

OxyContin® | {32.3] [32.1}

Tablets™
Multiple | 10mg 103.6 15.1 3.2 [69.5] |7.2[48.1]
Dose OxyContin® | [38.6] [31.0]

Tablets qi2h

Smg 99.0 [36.2] |15.5 1.6 [49.7] |7.4 [50.9]

immediate- (28.8]
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release g6h

*for single-dose AUC = AUCq.inf, for multiple dose AUC =AUCq.1
**data obtained while volunteers received naltrexone which can enhance

absorption

Oxycodone is extensively metabolized and eliminated primarily in
the urine as both conjugated and uncanjugated metabolites. The
apparent elimination half-life of oxycodone following the administration of
OxyContin® Tablets was 4.5 hours cormpared to 3.2 hours for immediate-

release oxycodone.

About 60% to 87% of an oral dose of oxycodone 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 1)z of absorption is 0.4 hours for immediate-release
oral oxycodone, In contrast, OxyContin® Tablets exhibit a biphasic
absorption pattern with two apparent absorption haif-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 oxycodaone, 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
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the intestine during passage through the body.

In particular, we have found that the inclusion of a water
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 armmoninm methacrylate copolymmer, a plasticiser which also acts

as a lubricant, and a water permeability modifier.

The dosage form using the oxycodone multiparticulates is preferably
a uuit 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 Torin can hiave in vilio 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
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to the percentage amount of oxycodone released based on the original
amount of oxycodone in the formulation when tested In simulated gastric
flujd at pH 1.2. The release is substantially equal when the respective
amounts differ by £ 30%, more preferably £ 20% and most preferably +

15%.

Unless otherwise indicated, we measure release rates by a specified
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 sinnilated 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 306% oxycodone after 2 hours, reflecting 4 High ifitial téléase.
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.
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Preferably they release at least 80%, more preferably at least 90% and
most preferably at least 95% of the oxycodone after 10 hours.

Furthermore, at least 85% release of oxycodone after 8 hours is
preferred. The oxycodone multiparticulates of this invention can release

100% oxycodone after 12 hours, reflecting a high total release.

The preferred multiparticulates of this invention contain (a)
oxycodone, (b) water-insclhuble ammmonium methacrylate copolymer, {c)
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 stitably has an oxycodone dissoliiticn rate it vitio,
when measured by the USP Paddle Method {see the U.8. Pharmacopoeia
XX 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 wi) oxycodone released after 1
hour, between 25 and 56% {by wit} oxycodone released after 2 hours,
between 45 and 75% (by wit) oxycodone released after 4 hours and between
35 and 85% {by wt) oxycodone released after & 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



by specific reference.

Using our specified method at pH 1.2, simulated gastric fluid, the
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release rates are suitably as follows:

Preferred Limitls

Hour % Released | % Released
Lower Limit | Upper Limit
1 16 56
2 a7 77
4 60 100
10 75 100

More Preferable Limits

Hour % Released | % Released
Lower Limit | Upper Limit
1 21 51
65 95
10 80 100
Most Preferred Limits
Hour % Released | % Released
Lower Limit | Upper Limit
24 48
45 69
68 92
10 83 100




Using our specifled method at pH 6.8, simulated intestinal fluid, the
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release rates are suitably as follows:

Preferred Limits

Hour % Released | % Released
Lower Limit | Upper Limit
I 11 S1
28 68
4 48 88
10 61 100

More Preferable Limits

Hour % Released | % Released
Lower Limit | Upper Limit

1 16 46

2 33 63

4 53 83

10 66 26

Most Preferred Limits

Hour % Released | % Released
Lower Limit | Upper Limit

19 43

36 60

56 80

10 69 93
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As an alternative to administration at intervals of about 12 hours,
the capsules or other unit dose forms of this invention are designed for
adminigtration at intervals of about 24 hours. To this end, the unit dose
form suitably has an oxycodone dissolution rate in vitro, 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% 1o 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 plasimna 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 varjation, the present invention provides unit doses which
" contain oxycodone and an oxycodone antagonist effective to prevent

tampering.  In this respect, reference 1§ made fo WO 0313488 Which'is'
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 mulliparticulates 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.
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An important aspect of this invention is a capsule with a unit dose
filf of less than 500 mg, comprising up to about 350 mg of axycodons
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 frains of the

Leistritz Micro 18 twin screw extruder used in the Examples.

Figures 2 to § provide in vifro 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 hydrochloride 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 disiributor Leistritz USA.,

The aim is to optimise the mixture by adding extra mixing elements ‘GGC2’
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or Z3’ to avoid mixing problems, and fo increase the residence time by

including FD’ elements to avoid wetting problems.

The extruder comprises ten zones, with zone 1 extending from O to
SD on Figure 1; zone 2 extending from 5D to 10D on Figure 1, and so on
up to zone 8 extending from 35D to 40D, and then zones 9 and 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 dissclution using Ph.Eur, basket dissolution apparatus at 37°C,
100 rpm in 900 ml of USP simulated gastric fluid, SGP, at pH 1.2 without

enzyme. Standard HPLC procedures were used for assay.

Additionally, the oxycodone extruded multiparticulates of Example 2
were fested for dissolution using Ph.FEur. basket dissolution apparatus at
TUB7RC,U100 T i 900 mil'of simuildated ivitegtinal uid; SIF,atpH 6.8

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

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

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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Quantity {mg) per unit dose weight (% of

total)
BExample 1 Example 2 Example 3
Oxycodone HCI 10.0 {8.3%) 10.0 (8.3%) 10.0 {8.3%)
Eudragit RS PO | 79.0 {65.8%) | 71.0 (89.2%)} | 74.0 (61.7%)
Eudragit RLPO | 18.0 (15.0%) | 26.0 (21.7%} | 18.0 (15.0%)

Stearyl alcohol

13.0 (10.8%)

13.0 (10.8%)

18.0 (15.0%)

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)
142136 78] 9 10 Melt Pressure | Torque {%)
(bar)
1 14 140 | 1251115 120 ] 125 74-85, 82-91,
e.g 74-81, e.g. 82-85,
7>83or | 8%:87or |
79-85 B86-91
2 14 } 40} 125 | 115} 120 | 125 72-90 85-92
e.g. 72-79 or e.g. 88-92
83-90
3 14 {401 103 | 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
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Q12Hr formulations were prepared with a drug load of 30.3% w/w,
to enable filling into size 1 capsules: 40 mg in 132 mg dose weight and 80
mg in 264 mg dose weight. The component levels enabled relatively low
processing temperatures to be achieved. The conveyor and pelletiser
speeds were optimised during processing. The processing conditions for

Examples 4 and 5 are shown.

Example 4 is a preferred 30.3% 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%)
BEudragit RS PO 68.0 (51.5%) 66.0 (50.0%)
Budragit 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:

Extruader: 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
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Temp® PG 12 (40  [107 109
Torque (%): 94-97

Melt Pressure (bartj: 94-101
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 {rpmy}): 140
Die plate orifice diameter (mm): 1.0 ( 8 orifice plate)
Pellet dimensions: 1.0mm x 1.0mm (range 0.8 -~ 1.2 mm)
Example S:
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 extrusion die plate with an orifice depth of 2.4 mum. Purther
Improvements in processing conditions, i.e. melt pressure and screw
forque, 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.
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Quantity (mg) per unit
dose weight {% of total)

Batch number Example 6
Oxycodone HCI 40.0 (30.3%)
Eudragit RSPO 70.0 (53.0%)
Eudragit RLPO 4.0 { 3.0%)
Stearyl alcohol 18.0 {13.6%]
Total 132 mg
BExamiple 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 (har): 70-73
Die plate orifice depth (mm): 2.4

Dissolution tests were carried out for the capsules of Example 6, also
reflerred to as F764/61. As shown in Figure 5, oxycodone dissolution
* profiles from this formulation compared well with the farget 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 dissolution profiles during storage. This approach had previously
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
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mg oxycodone hydrochloride in 240 mg capsule fill weight,

Example 7 is a preferred 30.3% w/w drug load product. Acceptable
extrusion processing conditions could not be established on the Leistritz
Micro 18 exiruder 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 alcchol 16.0 (12.1%)

Total 132 mg
Example 8

Co-encapsulation of extruded oxycodone multiparticulates and
exiruded naltrexone mulliparticulates 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

recornmended fill weights of oxycodone multiparticulates to achieve
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oxycodone doses ranging from 10 mg to 40 ing are as follows (see also the

following table}:

1. 120 mg and 240mg of 8.3% {(w/w} drug loaded multiparticulates
for oxycodone doses of 10 mg and 20 mg, respectively.

2. 160 mg of 25% (w/w) drug loaded rultiparticulates for an
oxycodone dose of 40 mg.

3. 132 mg of 30.3% {w/w) drug loaded muitiparticulates 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 rmultiparticulates 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
process or preferably a dual stage filling process. In the single stage filling
process, the respective proportions of multiparticulates 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.
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The theoretical fill weights for a range of capsule strengths based on

drug loading are given in the following table.

oxycodone

mg per capsule

Oxycodone loading
8.3% w/w

oxycodone multi-
particulates (mg)

oxycodone and naltrexone

multi-particulates (mg)

10 120 270 (capsule Size 1)
20 240 390 {capsule Size 0}
40 480 630 (can not be filled)
5+ 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 sirengths

in the range are required.

120 mg nalirexone multiparticulates + 20% coat.

mg per capsule

oxycodone

. .O;:yc‘c;d'one Ioading

25% w/w

oxycodone multi-

particulates (mg)

oxycodone and naltrexoned

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 fill weight.

+ Included as an illustration of possibilities, if lower or higher strengths

in the range are required.
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& 120 mg naltrexone multiparticulates + 20% coat,
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CLAIMS

1. Melt extruded, controlled release mulitiparticulates containing a pharmaceutically
active agent, an insoluble ammonium methacrylate copolymer, a water permeability
modifier and a non-dominating plasticiser, substantially free of dominating or non-
dominating lubricants selected from stearic acid, glyceryl behenate, magnesium
stearate, calcium stearate, faic or silicone dioxide (fused silica), wherein the amount of

non-dominating plasticiser is 10 to 20 % based on the total weight of ingredients.

2. Multiparticulates according to claim 1, wherein the pharmaceutically active agent is
selected from alfentanil, allylprodine, alphaprodine, anileridine, benzylmorphine,
bezitramide, buprenorphine, butorphanol, clonitazene, codeine, cyclazocine,
desomorphine, dextromoramide, dezocine, diacetylmorphine, diampromide,
dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol, dimethylthiambutene,
dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine, ethylmethylthiambutene,
ethylmorphine, etonitazene, fentanyl, hydroxypethidine, isomethadone, ketobemidone,
levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol, metazocine,
methadone, metopon, morphine, morphine-8-glucuronide, myrophine, nalbuphine,
narceine, nicomorphine, norlevorphanol, normethadone, normorphine, norpipanone,
noroxymorphone, opium, oxycodone, oxymorphone, papaveretum, pentazocine,
phenadoxone, phenomorphan, phenazocine, phenoperidine, piminodine, piritramide,
propheptazine, promedol, properidine, propiram, propoxyphene, remifentanil,
sufentanil, tilidine, tramadol, atorvastatin, 6-[4,4-bis{fltuorophenyl}-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, fiuindostatin, fluvastatin, 6-
[2-(4'-fluoro-3,3',5-trimethyl-2-biphenylylvinyl]-4-hydroxy-2-oxotetrahydropyran, 6-[2-[4-
(4-flucrophenyl)-2-isopropyl-6-phenyl-3-pyridyl]vinyl]-3,4,5,6-tetrahydro-4-hydroxy-2H-
pyran-2-one, lovastatin, mevastatin, mevinolinic acid, monacolin J, monacolin L,
pitavastatin, pravastatin, rosuvastatin, simvastatin, aminoglycosides, carbapenems,
cephalosporins, cephamycins, folic acid inhibitors, lincosamides, macrolides,
monobactams, nitroimidazoles, penicillins, quinolones, streptogramin, sulphonamides,

tefracyclines and pharmaceutically acceptable salts.

3. Multiparticulates according to claim 1 or 2, wherein the pharmaceutically active

agent is an opioid.
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4. Multiparticulates according to any of claims 1 to 3, wherein the pharmaceutically

active agent is oxycodone iree base or a pharmaceutically acceptable salt thereof.

5. Muitiparticulates according to ¢laim 4, wherein the oxycodone is present as a

pharmaceutically acceptable salt.

6. Multiparticulates according to claim 5, wherein the oxycodone is present as

oxycodone hydrochloride.

7. Multiparticulates according to any of claims 1 to 6, wherein the plasticiser is chosen
from cetyl alcohol, stearyl alcohol, cetostearyl alcohol, sorbitol, sucrose, high molecular
weight polyethylene glycol, dibutyl sebacate, tributyl citrate, triethyl citrate, propylene
glycol and low molecular weight polyethylene glycol.

8. Multiparticulates according to claim 7, wherein the plasticiser is stearyl alcohol.

9, Multiparticulates accerding fo any of claims 1 to 8, wherein the ammonium

methacrylate copolymer is Eudragit RS PO.

10. Multiparticulates according to any of claims 1 to 9, wherein the water permeability
modifier is chosen from an insoluble hydrophilic wicking agent, a gelling agent which
hydrates {o form a gel to controf the water movement, a high molecular weight

polyethylene giycol, or a water permeable ammonium methacrylate copolymer.

11. Multiparticulates according to claim 10, wherein the water permeability modifier is

a water permeable ammonium methacrylate copolymer.

12. Multiparticulates according to claim 11, wherein the water permeability modifier is
Eudragit RLPO.

13. Multiparticulates according to any of claims 1 to 12 which contain on a w/w basis 3
to 50% pharmaceutically active agent, 25 to 85% insoluble ammonium methacrylate
copolymer, 10 to 20% non-dominating plasticiser, and 1 to 30% water permeability
modifier.
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14. Multiparticulates according to any one of claims 1 {o 13 which consist essentially
of a pharmaceutically active agent, an insoluble ammonium methacrylate copeolymer, a
non-dominating plasticiser and a water permeability modifier.

15. A unit dose formed from multiparticulates according to any of claims 1 to 14.

16. A unit dose according to claim 15, which contains 5 to 400 mg of oxycodone

hydrochloride.

17. A unit dose according to claim 15 or 16, suited for administration once daily.

18. A unit dose according to claim 15 or 16, suited for administration twice daily.

19. A unit dose according to any of claims 15 to 18 comprising a capsule with & fill of

the multiparticulates.

20. A unit dose according to any of claims 15 to 19, wherein the pharmaceutically
active agent is oxycodone and the unit dose further comprises an oxycodone

antagonist.

21. A process for preparing multiparticulates as claimed in any one of claims 1 to 14,
comprising preparing a blend which contains a pharmaceutically active agent, an
insoluble ammonium methacrylate copolymer, a non-dominating plasticiser and a water

permeability madifier; and extruding the blend.

22. Use of a pharmaceutically active agent in the preparation of a unit dose as claimed

in any one of claims 15 to 20 for use as an analgesic.

23. A unit dose as claimed in any one of claims 15 to 20 for use as an analgesic.



