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COMBINATION OF ACTIVE LOADED GRANULES WITH

ADDITIONAL ACTIVES

FIELD OF THE INVENTION

The present invention relates to prolonged release pharmaceutical dosage forms, the

manufacture thereof as well as their use for administration to human beings.

BACKGROUND OF THE INVENTION

Prolonged release pharmaceutical dosage forms represent an important tool in a medical

practioner's armoury for treating diseases. One of the general benefits generally attributed to

prolonged release pharmaceutical dosage forms versus immediate release pharmaceutical

dosage forms includes increased patient compliance as a consequence of reduced

administration frequency.

Various technologies are available for obtaining prolonged release dosage forms. Prolonged

release properties may be conveyed by so-called prolonged release matrix systems, prolonged

release coatings, osmotic dosage forms, multi-layered dosage forms, etc.

When developing a prolonged release formulation, it is generally necessary to choose the

formulation technology with respect to the physico-chemical and physiological properties of

the pharmaceutically active agent(s) in question. This means a substantial amount of work to

the formulation specialist.

There is thus a continuing interest in further developments which make manufacturing of

prolonged release dosage forms more straightforward.

SUMMARY OF THE INVENTION

It is an objective of the present invention to provide prolonged release pharmaceutical dosage

forms and methods of manufacture thereof.



These and other objectives, as they will become apparent from the ensuing descriptions, are

attained by the subject matter of the independent claims. Some of the preferred embodiments

are referred to by the dependent claims.

To some extent, the present invention is based on the finding that it is possible to produce

granules containing a prolonged release material and at least one first pharmaceutically active

agent and to then compress these granules with at least one additional pharmaceutically active

agent. It seems that a prolonged release matrix is obtained at least upon compression which

conveys prolonged release properties on the prolonged release pharmaceutical composition.

As the active agent loaded-granules may be used with a variety of different pharmaceutically

active agents, this approach greatly facilitates the manufacture of prolonged release dosage

forms having at least two pharmaceutically active agents.

In one aspect, the present invention thus relates to a method of manufacturing an oral

prolonged release pharmaceutical composition comprising at least the steps of:

a) producing granules comprising at least one prolonged release material and at

least one first pharmaceutically active agent;

b) optionally selecting granules of step a) of substantially uniform size;

c) blending said granules of step a) or step b) with at least one additional

pharmaceutically active agent;

d) compressing said granules of step c) to obtain an oral prolonged release

pharmaceutical composition in the form of a tablet.

In one embodiment, granules of step a) are manufactured by fluidised bed or wet granulation.

In another embodiment, the granules are obtained by extrusion

In one embodiment, the granules are optionally screened in order to select granules of

substantially uniform size. For example, granules may be selected to have granule mean sizes

in the range of about 100 µιη to about 2 mm. Before screening, the granules may also be

milled.

In one embodiment, an additional curing step may be included after step d).



In one embodiment the at least one first pharmaceutically active agent is an opioid agonist and

the at least one additional pharmaceutically active agent is an opioid antagonist. Oxycodone

hydrochloride, hydrocodone hydrochloride and hydromorphone hydrochloride are particularly

preferred as opioid agonists and naloxone hydrochloride is preferably used as an opioid

antagonist.

Another aspect of the present invention relates to prolonged release pharmaceutical

compositions as they are obtainable by methods in accordance with the invention.

Such dosage forms may be alcohol resistant as described hereinafter. They may also provide

good mechanical tamper resistance.

DETAILED DESCRIPTION OF THE INVENTION

The present invention as illustratively described in the following may suitably be practiced in

the absence of any element or elements, limitation or limitations, not specifically disclosed

herein.

The present invention will be described with respect to particular embodiments and with

reference to certain figures but the invention is not limited thereto but only by the claims.

Terms as set forth hereinafter are generally to be understood in their common sense unless

indicated otherwise.

Where the term "comprising" is used in the present description and claims, it does not exclude

other elements. For the purposes of the present invention, the term "consisting of is

considered to be a preferred embodiment of the term "comprising of. If hereinafter a group

is defined to comprise at least a certain number of embodiments, this is also to be understood

to disclose a group which preferably consists only of these embodiments.

Where an indefinite or definite article is used when referring to a singular noun, e.g. "a", "an"

or "the", this includes a plural of that noun unless something else is specifically stated.

In the context of the present invention the terms "about" or "approximately" denote an

interval of accuracy that the person skilled in the art will understand to still ensure the



technical effect of the feature in question. The term typically indicates deviation from the

indicated numerical value of ±10%, and preferably of ±5%.

The term "in vitro release" and its grammatical variations as well as similar expression refers

to the release rate by which a pharmaceutically active agent, e.g. hydromorphone HC1 is

released from the pharmaceutical composition when the in vitro release rate is tested by the

paddle method according to the European Pharmacopeia as described in as described in the

Ph. Eur. 2.9.3 6th edition. The paddle speed is set at 100 rpm in simulated gastric fluid (SGF)

dissolution medium with pH 1.2. Aliquots of the dissolution media are withdrawn at the

respective time points and analysed by HPLC with a CI 8 column, eluted with 30mM

phosphate buffer in acetonitrile (70:70; pH 2.9) with a flow rate of 1.0 ml/min and detected at

220 nm. It is specifically indicated if in the context of the present invention in vitro release

rates are determined using a different test method (such as SGF with 40% (v/v) of ethanol).

The term "Simulated Gastric Fluid, pH 1.2" refers to 0.1 N HC1, pH 1.2.

In the context of the present invention, the terms "immediate release" or "conventional

release" refer to pharmaceutical compositions showing a release of the active substance(s)

which is not deliberately modified by a special formulation design and/or manufacturing

methods. For oral dosage forms this means that the dissolution profile of the active

substance(s) depends essentially on its (theirs) intrinsic properties. Typically, the terms

"immediate release" or "conventional release" refer to pharmaceutical compositions which

release in vitro >75% (by weight) of the pharmaceutically active agent(s) at 45 min.

In the context of the present, the terms "prolonged release" and "controlled release" are used

interchangeably and refer to pharmaceutical compositions showing a slower release of the

active agent(s) than that of a conventional release pharmaceutical composition administered

by the same route. Prolonged or controlled release is achieved by a special formulation design

and/or manufacturing method. Typically, the terms "prolonged release" and "controlled

release refer to pharmaceutical compositions which release in vitro <75% (by weight) of the

pharmaceutically active agent at 45 min.



Prolonged release properties may be obtained by different means such as by a coating which

is then designated as a prolonged release coating, a matrix which is then designated as a

prolonged release matrix or e.g. by an osmotic structure of the pharmaceutical composition.

In order to obtain "prolonged or controlled release" properties, one typically uses materials

which are known to prolong the release from a dosage form comprising e.g. a prolonged

release matrix and/or prolonged release coating. Typical examples of such "prolonged or

controlled release materials" are hydrophobic polymers such as ethyl cellulose, hydrophilic

polymers such as hydroxypropyl cellulose and the like. The nature of the "prolonged or

controlled release material" may depend on whether the release properties are attained by a

"prolonged release matrix" or a "prolonged release coating". The term "prolonged release

materials" thus describes both types of materials. The term "prolonged release matrix

material" indicates that a material is used for obtaining a prolonged release matrix. Likewise,

the term "prolonged release coating material" indicate that a material is used for obtaining a

prolonged release coating.

The terms "prolonged release matrix formulation" or "controlled release matrix formulation"

refer to a pharmaceutical composition including at least one prolonged release material or

controlled release material, and at least one pharmaceutically active agent. The terms

"prolonged release material" and "controlled release material" can be used interchangeably.

In a "prolonged release matrix formulation" or "controlled release matrix formulation", the

"prolonged release material" or "controlled release material" are combined with the

pharmaceutically active agent(s) to form a mixture from which the pharmaceutically active

agent is released over prolonged periods of time, such as e.g. 8, 10, 12, 14, 16, 18, 20, 22 or

24 hours.

It is to be understood that a material will be considered to act as prolonged or controlled

release material if the dissolution profile of the pharmaceutically active agent(s) is slowed

down compared to an immediate or conventional release formulation. If a prolonged or

controlled release material can be used for manufacturing a prolonged or controlled release

matrix, it will be considered as a prolonged or controlled release matrix material.



Pharmaceutically acceptable excipients which are used to adjust an already prolonged or

controlled release to a specific profile are not necessarily considered to be prolonged or

controlled release materials.

It is to be understood that a prolonged release matrix or a controlled release matrix does not

necessarily consist only of the pharmaceutically active agent(s) and the prolonged or

controlled release material. The prolonged or controlled release matrix may comprise in

addition pharmaceutically acceptable excipients such as fillers, lubricants, glidants, etc.

The terms "prolonged release coating formulation" or "controlled release coating

formulation" refer to a pharmaceutical composition including at least one prolonged release

material or controlled release material, and at least one pharmaceutically active agent. The

terms "prolonged release material" and "controlled release material" can be used

interchangeably. In a "prolonged release coating formulation" or "controlled release coating

formulation", the "prolonged release material" or "controlled release material" are disposed

on the pharmaceutically active agents to form a diffusion barrier. Other than in prolonged

release matrix formulation, the actives are not intimately mixed with the prolonged release

material and the prolonged release coating does not form a three dimensional structure within

which the actives are distributed. As the term implies, the prolonged release material forms a

layer above the actives. The pharmaceutically active agent is released from a prolonged

release coating formulation over prolonged periods of time, such as e.g. 8, 10, 12, 14, 16, 18,

20, 22 or 24 hours.

It is to be understood that a material will be considered to act as prolonged or controlled

release material if the dissolution profile of the pharmaceutically active agent(s) is slowed

down compared to an immediate or conventional release formulation. If a prolonged or

controlled release material can be used for manufacturing a prolonged or controlled release

coating, it will be considered as a prolonged or controlled release coating material.

Pharmaceutically acceptable excipients which are used to adjust an already prolonged or

controlled release to a specific profile are not necessarily considered to be prolonged or

controlled release materials.



When it is mentioned that a prolonged release coating is disposed on pharmaceutically active

agents, this is not to be construed as meaning that such a coating will necessarily be directly

layered on such active pharmaceutically agents. Of course, if pharmaceutically active agents

are layered on a carries such as nu-pareil beads, the coating may be disposed directly thereon.

However, the pharmaceutically active agents may also be first embedded in a polymer layer

or e.g. a prolonged release matrix. Subsequently the prolonged release coating may be

disposed on e.g. granules which comprise a prolonged release matrix or on tablets which are

made from such granules by compression for example.

A pharmaceutical composition with a controlled or prolonged release coating may be obtained

by combining the pharmaceutically active agents with a carries such as non-pareil beads and

disposing a prolonged release coating on said combinations. Such coating may be made from

polymers such cellulose ethers with ethyl cellulose being preferred, acrylic resins, other

polymers and mixtures thereof. Such controlled or prolonged release coatings may comprise

additional excipients such as pore-formers, binders and the like.

It is further to be understood, that the term "prolonged release matrix formulation" or

"controlled release matrix formulation" does not exclude pharmaceutical compositions with a

prolonged or controlled release matrix and an additional prolonged or controlled release

coating being disposed on the matrix. Likewise the term "prolonged release coating

formulation" or "controlled release coating formulation" does not exclude pharmaceutical

compositions with a prolonged or controlled release coating which is disposed on prolonged

release matrix or a controlled release matrix.

The terms "prolonged release dosage form" and "controlled release dosage form" can be used

interchangeably and refer to the administration form of a pharmaceutical composition of the

present invention comprising the at least one pharmaceutically active agent in prolonged

release form as e.g. in form of a "prolonged release matrix formulation", in the form of a

"prolonged release coating formulation, combinations thereof or in other prolonged release

formulations such as osmotic formulations. The terms "prolonged release matrix

formulation" and "prolonged release dosage form" can be used interchangeably if the

prolonged release dosage form consists essentially of the prolonged release matrix

formulation. This means that a prolonged release dosage form can comprise in addition to the



prolonged release matrix e.g. cosmetic coatings and pharmaceutically acceptable excipients

such fillers, lubricants, etc.

For some embodiments, the term "prolonged release matrix dosage form" may indicate that

the dosage form comprises a prolonged release matrix as the sole structure being responsible

for prolonging the release. This, however, does not exclude that the dosage form may

comprise an immediate release portion as described hereinafter.

For some embodiments, the term "prolonged release coating dosage form" may indicate that

the dosage form comprises a prolonged release coating as the sole structure being responsible

for prolonging the release. This, however, does not exclude that the dosage form may

comprise an immediate release portion as described hereinafter.

The release rates indicated always refer to the formulation such as a monolithic tablet or

multi-particulates. The release rates will be chosen such that a pharmaceutical composition

can be administered e.g. on a twice a day or once a day basis, i.e. every 12 hours or every 24

hours. Typically, the release will occur by diffusion through the prolonged or controlled

release matrix and/or coating, erosion of the prolonged or controlled matrix and/or coating or

combinations thereof.

The term "alcohol resistance" and its grammatical variations refer to the property of

pharmaceutical compositions of the invention to release about the same or less amount of the

pharmaceutically active agent(s) in vitro, the in vitro release rate being tested in 500 ml or

1000 ml of Simulated Gastric Fluid, pH 1.2 with up to 40% (v/v) ethanol using the Ph. Eur.

Paddle method at 100 rpm at 37° C compared to the in vitro release rate being tested in 500 or

1000 ml of Simulated Gastric Fluid, pH 1.2 with up to 0% (v/v) ethanol using the Ph. Eur.

Paddle method at 100 rpm at 37° C. The amount of dissolution liquid may depend on the

amount of active agent tested. For example, pharmaceutical compositions comprising up to

8 mg hydromorphone HC1 may be tested in 500 ml dissolution liquid while higher dosage

strengths may be tested in 1000 ml dissolution liquid.

Resistance to alcohol extraction can e.g. be tested by subjecting the formulation to Simulated

Gastric Fluid (SGF), pH 1.2 with 40% ethanol. A typical manner in order to obtain "500 ml

of Simulated Gastric Fluid (SGF), pH 1.2 with 40% ethanol" is by mixing 600 ml of SGF



with 420 ml of 95% ethanol/water (which provides 400 ml of 100% ethanol) and taking

500 ml of the mixture. The effect of the additional 20 ml of water from the 95% ethanol will

be minimal in the percentages of SGF and ethanol in the 500 ml mixture.

A typical manner in order to obtain 500 ml of Simulated Gastric Fluid (SGF), pH 1.2 with

40% ethanol" is by mixing 600 ml of SGF with 420 ml of 95% ethanol/water (which provides

400 ml of 100% ethanol) and taking 500 ml of the mixture. The effect of the additional 20 ml

of water from the 95% ethanol will be minimal in the percentages of SGF and ethanol in the

final 500 ml mixture.

In certain embodiments, the present invention is directed to a prolonged release

pharmaceutical composition comprising at least two pharmaceutically active agents and at

least one prolonged release material being combined to form a prolonged release matrix;

wherein the ratio of the amount of the at least one first pharmaceutically active agent released

after 0.5, 1 or 2 hours of in vitro dissolution of the dosage form in 500 or 1000 ml of

Simulated Gastric Fluid, pH 1.2 with up to 40% ethanol using the Ph. Eur. paddle method at

100 rpm at 37 C compared to the amount of the at least one first pharmaceutically active

agent released after 0.5, 1 or 2 hours in vitro dissolution of the dosage form in 500 or 1000 ml

of Simulated Gastric Fluid, pH 1.2 with 0% ethanol using the Ph. Eur. paddle method at 100

rpm at 37° C is about 2 :1 or less, about 1.5 :1 or less, about 1:1 or less, about 1:1.2 or less,

about 1:1.4 or less, about 1:1.6 or less, about 1:1.8 or less, about 1:2 or less, about 1:2.5 or

less about 1:3 or less or about 1:5 or less, and wherein the ratio of the amount of the at least

one additional pharmaceutically active agent released after 1 hour of in vitro dissolution of the

dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with up to 40% ethanol

using the Ph. Eur. paddle method at 100 rpm at 37° C compared to the amount of the at least

one additional pharmaceutically active agent released after 0.5, 1 or 2 hours in vitro

dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with 0%>

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C is about 2:1 or less, about 1.5:1

or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or less, about 1:1.6 or less, about

1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or less or about 1:5 or less.

Preferably, the ratio is about 1:1 or less such as 1:1.5 or 1:2.



In certain embodiments of the invention, which can be preferred, the at least one first

pharmaceutically active agent is an opioid agonist and the at least one additional

pharmaceutically active agent in an opioid antagonist.

For purposes of the present invention, the term "opioid" is interchangeable with the term

"opioid analgesic" and includes one agonist or a combination of more than one opioid agonist,

and also includes the use of a mixed agonist-antagonist; a partial agonist and combinations of

an opioid agonist and an opioid antagonist, wherein the combination provides an analgesic

effect, stereoisomers thereof; an ether or ester thereof; or a mixture of any of the foregoing.

With respect to certain embodiments of the present invention, the term "opioid agonist" is

interchangeable with the term "opioid analgesic" and includes one agonist or a combination of

more than one opioid agonist, and also includes the use of a mixed agonist-antagonist; a

partial agonist, stereoisomers thereof, an ether or ester thereof, or a mixture of any of the

foregoing.

The present invention disclosed herein is meant to encompass the use of any pharmaceutically

acceptable salt of an opioid agonist, a mixed opioid agonist-antagonist or of an opioid

antagonist. The term "opioid salt" refers to a pharmaceutically acceptable salt of the opioid, of

the mixed opioid agonist-antagonist or of the opioid antagonist. Any embodiment of the

invention referring to opioid is also meant to refer to opioid salt.

Pharmaceutically acceptable salts include, but are not limited to, inorganic acid salts such as

hydrochloride, hydrobromide, sulfate, phosphate and the like; organic acid salts such as

formate, acetate, trifluoroacetate, maleate, tartrate and the like; sulfonates such as

methanesulfonate, benzenesulfonate, p-toluenesulfonate, and the like; amino acid salts such as

arginate, asparginate, glutamate and the like, and metal salts such as sodium salt, potassium

salt, cesium salt and the like; alkaline earth metals such as calcium salt, magnesium salt and

the like; organic amine salts such as triethylamine salt, pyridine salt, picoline salt,

ethanolamine salt, triethanolamine salt, dicyclohexylamine salt, Ν ,Ν '-

dibenzylethylenediamine salt and the like.

The opioids used according to the present invention may contain one or more asymmetric

centers and may give rise to enantiomers, diastereomers, or other stereoisomeric forms. The

present invention is also meant to encompass the use of all such possible forms as well as



their racemic and resolved forms and compositions thereof. When the compounds described

herein contain olefmic double bonds or other centers of geometric asymmetry, it is intended to

include both E and Z geometric isomers. All tautomers are intended to be encompassed by

the present invention as well.

As used herein, the term "stereoisomers" is a general term for all isomers of individual

molecules that differ only in the orientation of their atoms is space. It includes enantiomers

and isomers of compounds with more than one chiral center that are not mirror images of one

another (diastereomers).

The term "chiral center" refers to a carbon atom to which four different groups are attached.

The term "enantiomer" or "enantiomeric" refers to a molecule that is non-superimposable on

its mirror image and hence optically active wherein the enantiomer rotates the plane of

polarized light in one direction and its mirror image rotates the plane of polarized light in the

opposite direction.

The term "racemic" refers to a mixture of equal parts of enantiomers and which is optically

inactive.

The term "resolution" refers to the separation or concentration or depletion of one of the two

enantiomeric forms of a molecule.

Opioid agonists useful in the present invention include, but are not limited to, alfentanil,

allylprodine, alphaprodine, anileridine, benzylmorphine, bezitramide, buprenorphine,

butorphanol, clonitazene, codeine, desomorphine, dextromoramide, dezocine, diampromide,

diamorphone, dihydrocodeine, dihydromorphine, dimenoxadol, dimepheptanol,

dimethylthiambutene, dioxaphetyl butyrate, dipipanone, eptazocine, ethoheptazine,

ethylmethylthiambutene, ethylmorphine, etonitazene, etorphine, dihydroetorphine, fentanyl

and derivatives, hydrocodone, hydromorphone, hydroxypethidine, isomethadone,

ketobemidone, levorphanol, levophenacylmorphan, lofentanil, meperidine, meptazinol,

metazocine, methadone, metopon, morphine, myrophine, narceine, nicomorphine,

norlevorphanol, normethadone, nalorphine, nalbuphene, normorphine, norpipanone, opium,

oxycodone, oxymorphone, papaveretum, pentazocine, phenadoxone, phenomorphan,



phenazocine, phenoperidine, piminodine, piritramide, propheptazine, promedol, properidine,

propoxyphene, sufentanil, tilidine, tramadol, pharmaceutically acceptable salts, hydrates and

solvates thereof, mixtures of any of the foregoing, and the like.

Opioid antagonists useful in combination with opioid agonists as described above are e.g.

naloxone, naltrexone and nalmephene or pharmaceutically acceptable salts, hydrates and

solvates thereof, mixtures of any of the foregoing, and the like.

In certain embodiments, the opioid analgesic is selected from codeine, morphine, oxycodone,

hydrocodone, hydromorphone, tramadol or oxymorphone or pharmaceutically acceptable

salts, hydrates and solvates thereof, mixtures of any of the foregoing, and the like. The opioid

antagonist, if present, may be naloxone or pharmaceutically acceptable salts, hydrates and

solvates thereof, mixtures of any of the foregoing, and the like. The use of the hydrochloride

salts of both the opioid analgesic and the opioid antagonist can be preferred.

If in the following reference is made to a pharmaceutically active agent such as

hydromorphone, this always also includes the reference to a pharmaceutically acceptable salt

of the free base of this pharmaceutically active agent unless it is specifically indicated that the

reference to the pharmaceutically active agent, such as use of the term "hydromorphone"

should only refer to the free base.

In certain embodiments, the opioid analgesic is oxycodone, hydromorphone or oxymorphone

or a salt thereof such as e.g. the hydrochloride. The dosage form comprises from about 5 mg

to about 500 mg oxycodone hydrochloride, from about 1 mg to about 100 mg hydromorphone

hydrochloride or from about 5 mg to about 500 mg oxymorphone hydrochloride. If other

salts, derivatives or forms are used, equimolar amounts of any other pharmaceutically

acceptable salt or derivative or form including but not limited to hydrates and solvates or the

free base may be used. The dosage form comprises e.g. 5 mg, 7.5 mg, 10 mg, 15 mg, 20 mg,

30 mg, 40 mg, 45 mg, 60 mg, or 80 mg, 90 mg, 120 mg or 160 mg oxycodone hydrochloride

or equimolar amounts of any other pharmaceutically acceptable salt, derivative or form

including but not limited to hydrates and solvates or of the free base. The dosage form

comprises e.g. 5 mg, 7.5 mg, 10 mg, 15 mg, 20 mg, 30, mg, 40 mg, 45 mg, 60 mg, or 80 mg,

90 mg, 120 mg or 160 mg oxymorphone hydrochloride or equimolar amounts of any other

pharmaceutically acceptable salt, derivative or form including but not limited to hydrates and



solvates or of the free base. The dosage form comprises e.g. 2 mg, 4 mg, 8 mg, 12 mg, 16

mg, 24 mg, 32 mg, 48 mg or 64 mg hydromorphone hydrochloride or equimolar amounts of

any other pharmaceutically acceptable salt, derivative or form including but not limited to

hydrates and solvates or of the free base.

If the dosage form in addition to oxycodone hydrochloride comprises e.g. naloxone

hydrochloride, this may be present in amounts of e.g. 2.5 mg, 5 mg, 10 mg, 20 mg, 40 mg or

80 mg naloxone hydrochloride or equimolar amounts of any other pharmaceutically

acceptable salt, derivative or form including but not limited to hydrates and solvates or of the

free base..

If the dosage form in addition to hydromorphone hydrochloride comprises e.g. naloxone

hydrochloride, this may be present in amounts of e.g. 1 mg, 2 mg, 4 mg, 8 mg, 12 mg, 16 mg,

24 mg, 32 mg, 48 mg, 64 mg, 96 mg, 128 or 256 mg naloxone hydrochloride or equimolar

amounts of any other pharmaceutically acceptable salt, derivative or form including but not

limited to hydrates and solvates or of the free base.

If specific amounts of oxycodone hydrochloride, hydromorphone hydrochloride or naloxone

hydrochloride are mentioned above, this refers to the anhydrous forms thereof.

In certain embodiments e.g. a combination of oxycodone HC1 and naloxone HC1 in a ratio of

2 :1 by weight is used.

In other embodiments, e.g. a combination of hydromorphone HC1 and naloxone HC1 in a ratio

of 2:1, 1:1, 1:2, 1:3 or 1:4 by weight is used.

In a preferred embodiment, the pharmaceutical compositions in accordance with the invention

may comprise an opioid agonist and antagonist as sole pharmaceutically active agents.

In another preferred embodiment, the pharmaceutical compositions in accordance with the

invention may comprise hydromorphone HC1 and naloxone HC1 as sole pharmaceutically

active agents.



In another embodiments, the present invention is directed to a prolonged release

pharmaceutical compositions comprising at least two pharmaceutically active agents and at

least one prolonged release material being combined to form a prolonged release matrix;

wherein the ratio of the amount of the at least one first pharmaceutically active agent released

after 0.5, 1 or 2 hours of in vitro dissolution of the dosage form in 500 or 1000 ml of

Simulated Gastric Fluid, pH 1.2 with up to 40% ethanol using the Ph. Eur. paddle method at

100 rpm at 37° C compared to the amount of the at least one first pharmaceutically active

agent released after 0.5, 1 or 2 hours in vitro dissolution of the dosage form in 500 or 1000 ml

of Simulated Gastric Fluid, pH 1.2 with 0% ethanol using the Ph. Eur. paddle method at 100

rpm at 37° C is about 2 :1 or less, about 1.5 :1 or less, about 1:1 or less, about 1:1.2 or less,

about 1:1.4 or less, about 1:1.6 or less, about 1:1.8 or less, about 1:2 or less, about 1:2.5 or

less about 1:3 or less or about 1:5 or less; wherein the ratio of the amount of the at least one

additional pharmaceutically active agent released after 0.5, lor 2 hours of in vitro dissolution

of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid pH 1.2 with up to 40%

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C compared to the amount of the

at least one additional second pharmaceutically active agent released after 0.5,1 or 2 hours in

vitro dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid pH 1.2 with

0% ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C is about 2:1 or less, about

1:5:1 or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or less, about 1:1.6 or less,

about 1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or less or about 1:5 or less;

wherein the first pharmaceutically active agent is an opioid agonist and the second

pharmaceutically active agent is an opioid antagonist. Preferably, the ratio is about 1:1 or less

such as 1:1.5 or 1:2. Preferably, the opioid agonist is oxycodone HCl or hydromorphone HCl

and the opioid antagonist is naloxone HCl. The prolonged release pharmaceutical composition

may comprise these actives in the above indicated amounts and ratios. These prolonged

release pharmaceutical compositions may be obtained by the methods described hereinafter.

In some embodiments, the present invention is directed to a prolonged release pharmaceutical

composition comprising at least two pharmaceutically active agents and at least one

prolonged release material being combined to form a prolonged release matrix; wherein the

amount of the at least two pharmaceutically active agents released in vitro in 500 or 1000 ml

of Simulated Gastric Fluid pH 1.2 using the Ph. Eur. paddle method at 100 rpm at 37° C is:

at 0.5 h : 10 to 50% by weight of the pharmaceutically active agents,

at 1 h : 20 to 60% by weight of the pharmaceutically active agents,



at 2 h 30 to 70% by weight of the pharmaceutically active agents,

at 3 h 40 to 80% by weight of the pharmaceutically active agents,

at 4 h 50 to 90% by weight of the pharmaceutically active agents,

at 5 h 55 to 95% by weight of the pharmaceutically active agents,

at 6 h 60 to 100% by weight of the pharmaceutically active agents,

at 8 h 70 to 100% by weight of the pharmaceutically active agents,

at 12 h : 80 to 100% by weight of the pharmaceutically active agents.

These amounts refer to each of the at least two pharmaceutically active agents.

The pharmaceutically active agents may be an opioid agonist with oxycodone HC1 or

hydromorphone HC1 being preferred and an opioid antagonist with naloxone HC1 being

preferred. The prolonged release pharmaceutical composition may comprise these actives in

the above indicated amounts and ratios. The composition may be alcohol resistant as

described above. These prolonged release pharmaceutical compositions may be obtained by

the methods described hereinafter.

Preferably, the amount of the pharmaceutically active agents released in vitro in 500 or 1000

ml of Simulated Gastric Fluid pH 1.2 using the Ph. Eur. paddle method at 100 rpm at 37°C is:

at 0.5 h : 20 to 40% by weight of the pharmaceutically active agents,

at 1 h : 25 to 45% by weight of the pharmaceutically active agents,

at 2 h : 35 to 55% by weight of the pharmaceutically active agents,

at 3 h : 45 to 65% by weight of the pharmaceutically active agents,

at 4 h : 55 to 75% by weight of the pharmaceutically active agents,

at 5 h : 60 to 80% by weight of the pharmaceutically active agents,

at 6 h : 65 to 85% by weight of the pharmaceutically active agents,

at 8 h : 75 to 95% by weight of the pharmaceutically active agents,

at 12 h : 85 to 100° o by weight of the pharmaceutically active agents.

These amounts refer to each of the at least two pharmaceutically active agents.

The pharmaceutically active agents may be an opioid agonist with oxycodone HC1 or

hydromorphone HC1 being preferred and an opioid antagonist with naloxone HC1 being

preferred. The prolonged release pharmaceutical composition may comprise these actives in



the above indicated amounts and ratios. The composition may be alcohol resistant as

described above. These prolonged release pharmaceutical compositions may be obtained by

the methods described hereinafter.

In some embodiments pharmaceutical dosage forms comprising at least hydromorphone or a

pharmaceutically acceptable salt or derivative thereof and naloxone or a pharmaceutically

acceptable salt or derivative thereof are manufactured in accordance with the invention,

wherein the amount of hydromorphone or a pharmaceutically acceptable salt or derivative

thereof and naloxone or a pharmaceutically acceptable salt or derivative thereof released in

vitro in 500 or 900 ml of Simulated Gastric Fluid, pH 1.2 using the Ph. Eur. paddle method at

100 rpm at 37° C is:

at 1 h : 25 to 55% by weight of the pharmaceutically active agents,

at 2 h : 45 to 75% by weight of the pharmaceutically active agents,

at 3 h : 55 to 85%o by weight of the pharmaceutically active agents,

at 4 h : 60 to 90% by weight of the pharmaceutically active agents,

at 6 h : 70 to 100% by weight of the pharmaceutically active agents,

at 8 h : more than 85% by weight of the pharmaceutically active agents,

at 10 h : more than 90% by weight of the pharmaceutically active agents.

The pharmaceutically active agents may be an opioid agonist with hydromorphone HC1 and

an opioid antagonist with naloxone HC1 being preferred. The prolonged release

pharmaceutical composition may comprise these actives in the above indicated amounts and

weight ratio of about 2:1, about 1:1, about 1:2 or about 1:3. The composition may be alcohol

resistant as described hereinafter.

In further embodiments pharmaceutical dosage forms comprising at least hydromorphone or a

pharmaceutically acceptable salt or derivative thereof and naloxone or a pharmaceutically

acceptable salt or derivative thereof are manufactured in accordance with the invention,

wherein the amount of hydromorphone or a pharmaceutically acceptable salt or derivative

thereof or naloxone or a pharmaceutically acceptable salt or derivative thereof released in

vitro in 500 or 900 ml of Simulated Gastric Fluid, pH 1.2 using the Ph. Eur. paddle method at

100 rpm at 37° C is:

at 1 h : 30 to 50% by weight of the pharmaceutically active agents,

at 2 h : 50 to 70% by weight of the pharmaceutically active agents,



at 3 h 60 to 80% by weight of the pharmaceutically active agents,

at 4 h 65 to 85% by weight of the pharmaceutically active agents,

at 6 h 75 to 95% by weight of the pharmaceutically active agents,

at 8 h more than 90% by weight of the pharmaceutically active agents,

at 10 h : more than 100% by weight of the pharmaceutically active agents.

The pharmaceutically active agents may preferably be an opioid agoinist hydromorphone HC1

and an opioid antagonist with naloxone HC1 being preferred. The prolonged release

pharmaceutical composition may comprise these actives in the above indicated amounts and

weight ratio of about 2:1, about 1:1, about 1:2 or about 1:3. The composition may be alcohol

resistant as described hereinafter.

Prolonged release pharmaceutical compositions in accordance with the invention comprise a

prolonged release matrix, which ensures prolonged release of the active ingredients. In

addition prolonged release compositions may comprise e.g. a fraction of a pharmaceutically

active agent in immediate release form. Such an immediate release phase, which may account

for up to 30% of the overall amount of the pharmaceutically active agent being present in the

composition can ensure an early onset of therapeutic efficacy.

Prolonged release pharmaceutical compositions in accordance with the invention provide for

storage stability, i.e. they provide for substantially the same in vitro release rate after storage

under stressed conditions.

Storage under stressed conditions in the context of the present invention means that a

pharmaceutical composition is subjected to increased temperature and/or relative humidity

(RH) for prolonged periods of time. For example, typical stressed conditions refer to storage

over at least one, two, three, four,five, six, twelth or eigtheen months at 25°C and 60%>

relative humidity (RH). Other stressed conditions refer to storage over at least one, two, three,

four, five, six or twelth months at 30° C and 65%>RH and storage over at least one, two, three,

four, five or six months at 40°C and 75% RH.

Such stressed storage conditions are used to determine whether a pharmaceutical composition

has a shelf life sufficient for long time storage under conditions as they are common in

patients' households without negative effects on its efficacy. Such negative effects may



include that the in-vitro release rates change over time so that the efficacy of the composition

is affected as different amounts of actives are released after administration. Similarly,

negative effects may also result from degradation of the pharmaceutically active agents which

may either decrease the overall amount of functional pharmaceutically active agent or lead to

formation of toxic by-products.

If changes in the in vitro release profile or with respect to the amount of the active agent(s) of

a pharmaceutical composition are observed after storage under stressed conditions, this may

be indicative of stability problems. If such changes are not observed, this means vice versa

that the pharmaceutical composition is storage stable.

The term "substantially the same release rate" refers to the situation where the in vitro release

rate for a pharmaceutical composition which has been subjected to stressed conditions is

compared to a reference composition. The reference composition is an identical

pharmaceutical composition, which, however, has not been subjected to stressed conditions. If

the in vitro release profile of the composition subjected to stressed conditions does not deviate

by more than 20%, preferably by no more than 15%, more preferably by no more than 10%

and even more preferably by no more than 5% from the in vitro release profile of the

reference composition, the in vitro release rate is considered to be substantially the same.

Prolonged release pharmaceutical compositions with the above properties can be obtained

using a method of manufacturing comprising at least the steps of:

a) producing granules comprising at least one prolonged release material and at least

one pharmaceutically active agent;

b) optionally selecting granules of step a) of substantially uniform size;

c) blending said granules of step a) or step b) with at least one second

pharmaceutically active agent;

d) compressing said blended granules of step c) to obtain an oral prolonged release

pharmaceutical composition in the form of a tablet.

Optionally, the method may include the step of curing the compressed granules of step d).



It is to be understood that at least the compression step d) produces an oral prolonged release

pharmaceutical composition in the form of a tablet, which comprises a prolonged release

matrix.

The person skilled in the art is aware of different means and methods for producing granules

according to step a).

In one embodiment, such granules may be produced by wet granulation. Thus, for producing

granules, step a) may comprise the following steps:

aa) blending a prolonged release material optionally with at least one

pharmaceutically acceptable excipient and at least one first pharmaceutically

active agent,

ab) wet granulating said blend of step aa) to obtain granules, and

ac) drying said granules of step ab).

The pharmaceutically acceptable excipients may include fillers, binders, anti-tacking agents,

lubricants, etc.

The filler (diluents) may include e.g. lactose, preferably anhydrous lactose, glucose or

saccharose, starches, their hydrolysates, microcrystalline cellulose, cellatose, sugar alcohols

such as sorbitol or mannitol, polysoluble calcium salts like calcium hydrogen phosphate,

dicalcium- or tricalcium phosphate.

Lubricants can include highly dispersed silica, talcum, magnesium oxide and magnesium- or

calcium stearate, sodium stearyl fumarate, fats like hydrated castor oil and glyceryl

dibehenate.

Binders can include hyproxypropylmethyl cellulose (hypromellose), hydroxypropyl cellulose,

hydroxyethyl cellulose, polyvinyl pyrollidone (povidone), acetic acid vinyl ester (copovidone)

and carboxymethycellulose sodium.

Anti-tacking agents may include glycerol monostearate.



Wet granulation may be performed using a rotary pan-granulation or a fluidised bed

granulation device.

Alternatively and/or additionally granules according to step a) may be produced comprising

the steps of:

aa) blending a prolonged release material optionally with a pharmaceutically

acceptable excipient and at least one first pharmaceutically active agent,

ab) optionally wet granulating said blend of step aa) to obtain granules, and

ac) extruding said wet granulation of step ab) or said mass of step ac) to obtain

extruded granules,

ad) drying said granules of step ac).

The pharmaceutically acceptable material may again be fillers, binders, anti-tacking agents,

lubricants etc. Additionally, the pharmaceutically acceptable material may be a spheronising

agent if the extruded granules are to be spheronised afterwards. Such a spheronising agent

may be microcrystalline cellulose.

Different extruder technology is available to obtain extruded granules. For example, one may

use a gravity fed, ram, single screw or twin screw extruder. For twin screw extruders, one

may use counter-rotating or co-rotating screws with or without paddle means.

The prolonged release material may be any material that is known to be capable of imparting

prolonged release properties on the active agent when being formulated into a prolonged

release matrix.

Such materials may be hydrophilic and/or hydrophobic materials such as gums, cellulose

ethers, acrylic polymers, protein-derived materials etc.

Prolonged materials may also include fatty acids, fatty alcohols, glyceryl esters of fatty acids,

polyethylene glycols, oils such as mineral and vegetable oils, and waxes. Fatty acids and fatty

alcohols preferable are those with a C
10

to C30 chain, preferably with a C
12

to C24 chain and

more preferably with a C
14

to C2o chain or a C
16

to C2o chain. Materials such as stearyl

alcohol, cetostearyl alcohol, cetyl alcohol, myristyl alcohol and polyalkylene glycols may be

preferred. Waxes may be selected from natural and synthetic waxes such as beeswax,



carnauba wax. Oils may be mineral or vegetable oils and may include for example castor oil

or hydrogenated castor oil.

The prolonged release matrix materials, which may be considered in the context of the present

invention may also be selected from cellulose ethers.

The term "cellulose ethers" comprises cellulose-derived polymers derivatized with at least

alkyl and/or hydroxyalkyl groups which may be hydrophilic or hydrophobic.

For example, the prolonged release matrix material may be a hydrophilic hydroxy alkyl

cellulose such as a hydroxy (CI - C6) alkyl celluloses such as hydroxypropyl cellulose,

hydroxypropylmethyl cellulose and particularly preferably hydroxyethyl cellulose.

Examples of hydrophobic cellulose ethers include e.g. ethyl cellulose, etc. The use of ethyl

cellulose may be preferred.

A particularly suitable material for prolonged release matrix formulations in accordance with

the present invention may be selected from the group of acrylic resins. Such acrylic resins

may be made from (meth)acrylic acid (co) polymers.

There are various types of (meth)acrylic acid (co)polymers available which may be

characterised according to the nature of their residues , such as neutral (meth)acrylic acid

(co)polymers, (meth)acrylic acid (co)polymers with anionic residues or (meth)acrylic acid

ester copolymers with cationic residues.

Neutral (meth)acrylic acid (co)polymers include polymers having 95 to 100% by weight of

polymerised monomers having neutral residues. Monomers with neutral residues can be Ci-

C4 alkyl esters of acrylic or methacrylic acid such as methylmethacrylate, ethylmethacrylate,

butylmethacrylate, methylacrylate, ethylacrylate and butylacrylate. For example, neutral

(meth)acrylic acid (co)polymers may comprise 20 to 40 % by weight ethylacrylate and 60 to

80 % by weight methylmethacrylate. Such polymers are e.g. available under the tradename

Eudragit® NE which is a copolymer of 30 % by weight ethylacrylate and 70 % by weight

methylmethacrylate. This polymer is usually provided in the form of a 30 % or 40% aqueous

dispersion (Eudragit® NE 30 D,Eudragit® NE 40 D or Eudragit® NM 30 D).



(Meth)acrylic acid (co)polymers with functional anionic residues may be (meth)acrylic acid

(co)polymers having 25 to 95 % by weight of radically polymerised Ci to C4 alkyl esters of

acrylic or methacrylic acid and 5 to 75 % by weight of methacrylate monomers with an

anionic group in the alkyl residue. Ci to C4 alkyl esters of acrylic or methacrylic acid are

again methylmethacrylate, ethyl methacrylate, butylmethacrylate, methylacrylate,

ethylacrylate and butylacrylate. A (meth)acrylate monomer with an anionic group in the alkyl

residue may be for example acrylic acid and preferably methacrylic acid. Such methacrylic

acid copolymers with an anionic functional group may comprise e.g. 40 to 60 % by weight

methacrylic acid and 60 to 40 % by weight methylmethacrylate or 60 to 40 % by weight ethyl

acrylate. These types of polymers are available as Eudragit ® L100 / Eudragit ® L 12.5 or

Eudragit ® L 100-55 / Eudragit ® L 30 D-55, respectively.

For example, Eudragit ® L 100 is a copolymer of 50 % by weight methylmethacrylate and

50 % by weight methacrylic acid. It is also provided as a 12.5% solution (Eudragit ® L 12.5).

Eudragit ® L 100-55 is a copolymer of 50 % by weight ethylacrylate and 50 % by weight

methacrylic acid. It is also provided as a 30 % dispersion (Eudragit ® L 30 D-55).

(Meth)acrylic acid (co)polymers with an anionic functional group may also comprise 20 to 40

% by weight methacrylic acid and 80 to 60 % by weight methylmethacrylate. These types of

polymers are usually available under the tradename Eudragit ® S. It is also provided as a

12.5 % solution (Eudragit ® S 12.5). Another type of methacrylic acid copolymers with an

anionic functional group is available under the tradename Eudragit® FS which typically

comprises 10 to 30 % by weight methylmethacrylate, 50 to 70 % by weight methylacrylate

and 5 to 15 % by weight methacrylic acid. Thus, Eudragit ®FS may be a polymer of 25 % by

weight methylmethacrylate, 65 % by weight methylacrylate and 10 % by weight methacrylic

acid. It is usually provided as a 30 % dispersion (Eudragit® FS 30 D).

(Meth)acrylic acid (co)polymers with functional cationic groups may be methacrylic acid

copolymers with tertiary amino groups. Such polymers may comprise

30 % to 80 % by weight of radically polymerised Ci-C4 alkyl esters of acrylic acid or

methacrylic acid and 70 to 20 % by weight methacrylate monomers with a tertiary amino

group in the alkyl rest.



Suitable monomers with a functional tertiary amino group are disclosed e.g. in US 4,705,695,

column 3, line 64 to column 4, line 13. They include for example dimethylaminoethyl

acrylate, 2-dimethylaminopropyl acrylate, dimethylaminopropyl methacrylate,

dimethylaminobenzyl acrylate, dimethylaminobenzyl methacrylate, (3-dimethylamino-2,2-

dimethyl)propyl acrylate, dimethylamino-2,2-dimethylpropylmethacrylate, (3-diethylamino-

2,2-dimethyl)propyl acrylate and diethylamino-2,2-dimethylpropylmethacrylate. Particularly

suitable is dimethylaminoethyl methacrylate. The amount of monomers with a tertiary amino

group in the copolymer may vary between 20 to 70 %, between 40 to 60 %. The amount of

Ci to C4 alkyl esters of acrylic or methacrylic acid may be within 70 to 30 % by weight. Ci to

C4 alcohol esters of acrylic or methacrylic acid include methylmethacrylate,

ethylmethacrylate, butylmethacrylate, methylacrylate, ethylacrylate and butylacrylate. A

common (meth)acrylic acid (co)polymer with a tertiary amino group may comprise 20 to 30

% by weight methylmethacrylate, 20 to 30 % by weight butylmethacrylate and 60 to 40 % by

weight dimethylaminoethyl methacrylate. For example the commercially available

Eudragit® E 100 comprises 25 % by weight methylmethacrylate, 25 % by weight

butylmethacrylate and 50 % by weight dimethylaminoethyl methacrylate. Another common

commercially available polymer Eudragit®E PO comprises copolymers of

methylmethacrylate, butylmethacrylate and dimethylaminoethyl methacrylate in a ratio of

25:25:50.

Another type of (meth)acrylic acid (co)polymers with functional cationic groups are

(meth)acrylic acid (co)polymers with a quaternary amino group. This type of (meth)acrylic

acid (co)polymers typically comprises 50 to 70 % of radically polymerised

methylmethacrylate, 20 to 40 % by weight of ethylacrylate and 12 to 2 % by weight of 2-

trimethylammoniumethyl methacrylate chloride. Such polymers are e.g. available under the

tradenames Eudragit®RS or Eudragit®RL.

For example, Eudragit®RS comprises radically polymerised units of 65 % by weight

methylmethacrylate, 30 % by weight ethylacrylate and 5 % by weight 2-

trimethylamoniumethyl methacrylate chloride. Eudragit®RL comprises radically polymerised

units of 60 % by weight methylmethacrylate, 30 % by weight ethylacrylate and 10 % by

weight 2-trimethylamoniumethyl methacrylate chloride.



Prolonged release matrix materials which are particularly suitable for the present invention

are e.g. the neutral (meth)acrylic acid (co)polymers or the (meth)acrylic acid (co)polymers

with anionic functional groups. One may for example use mixtures of these types of

polymers.

For example, one may use Eudragit®NE as a neutral (meth)acrylic acid (co)polymer and

Eudragit®RSPO as a (meth)acrylic acid (co)polymer with an anionic functional group. One

may also use a mixture of these types of polymers.

However, one may also use a mixture of (meth)acrylic acid (co)polymers and other prolonged

release matrix materials such as cellulose ethers. For example, one may use a mixture of a

neutral (meth)acrylic acid (co)polymer and a hydrophobic cellulose ether. A particularly

suitable example is the combination of a Eudragit®NE together with ethyl cellulose. Another

prolonged release material which may be used for the present invention may be polymers

such as polyethylene oxide.

As regards polyethylene oxides, particularly those polyethylene oxides with a molecular

weight in the range of 1 105 - 5 105 may be used.

The amount of prolonged release material in the prolonged release formulation may be

between about 30 to 90 % by weight, between about 25 to 85% by weight, between about 30

to 80%o by weight, about 35% by weight, about 40%> by weight, about 45% by weight, about

50% by weight, about 55% by weight, about 60% by weight about 65% by weight, about 70%

by weight or about 75% by weight based on the weight of the formulation. The amount of

prolonged release material that is incorporated into the granules can be one way of adjusting

the prolonged release properties. For example, if the amount of prolonged release material is

increased, the release can be further prolonged.

Further, the release can be affected by selecting the size of the pharmaceutically active

agent(s). For example, milling the at least one second pharmaceutically active agent to give a

size in the range of agent-loaded granules can attribute to both actives having comparable

dissolution profiles.

As mentioned above, the granules which may be produced by wet granulation may be dried.

The dried granules may also be mixed with the at least one pharmaceutically active agent.



Typically, drying takes place at humidity in the range of about 0.5 % to about 5.0 % at a

temperature in the range of about 20°C to about 60°C and for a time in the range of about 10

min to about 1 hour.

The granules may then be optionally screened in order to select granules of substantially

uniform size. Selecting granules of substantially uniform size and compressing them with at

least one pharmaceutically active agent may improve the prolonged release properties of the

final prolonged release pharmaceutical composition as the active and the granules are then

assumed to be more uniformly distributed which may prevent irregularities in the release

profile. Granules for which at least about 70%, preferably at least about 80%, more preferably

at least about 90% are of about the same mean size will typically be considered as being of

substantially uniform size.

Preferably, granules are selected of a mean size in the range of about 100 µιη to about 2 mm,

more preferably in the range of about 200 µιη to about 1,4 mm. Selection may be performed

using a sieve with an appropriate mesh size.

In some embodiments the granules may be milled before selecting them for their size. Milling

may both increase the yield of the selection step and improve the granules' suitability for the

subsequent compression step. For milling one may use for example a rotary hammer mill or

top/bottom driven conical mill.

The granules are then mixed with at least one pharmaceutically active agent by blending the

granules and the active(s) in suitable equipment such as a tumbling blender or convective

blender.

Before blending, the pharmaceutically active agent(s) may also be milled and optionally

selected to provide a substantially uniform mean size. Active(s) for which at least about 70%,

preferably at least about 80% and more preferably at least about 90% are of about the same

size will typically be considered as having a substantially uniform size.

Preferably, the active agent(s) will be milled and optionally be screened to be of comparable

mean size or smaller than the granules.



It can be of advantage of the active agent(s) are smaller than the granules. For example, for

hydromorphone hydrochloride and naloxone hydrochloride at least about 80% and preferably

at least about 90% are smaller than 200 µιη while for the hydromorphone hydrochloride

loaded granules at least about 80% and preferably at least about 90% are smaller than about

500 µ η.

For compressing the pharmaceutically active agent(s) with the granules, one may use typical

tabletting equipment such as a Kilian RLE 15A rotary tablet press.

The at least one, two or more pharmaceutically active agents which are combined with the

active-loaded granule can thus be provided in substantially pure form and simply be blended

with the active-free granules. Further, compression may take place directly after blending

with no further intermediate steps. Substantially pure form means that the active is e.g. in

crystalline and/or amorphous form, but is not combined with or e.g. embedded in other typical

pharmaceutically acceptable excipients such as binders, prolonged release materials, fillers,

lubricants etc.. Thus the pharmaceutically active agent may not be further processed before

combining it with the active-loaded granule, e.g. it may not be applied together with a

prolonged release coating material on the active-loaded granules or it may e.g. not be

comprised within granules comprising further excipients, which would then be compressed

with the active-loaded granules. In fact, after compression of the active-loaded granules with

the e.g. substantially pure active agent(s) one obtains a formulation having prolonged release

properties. If the prolonged release properties are sufficient, this formulation may be directly

used or it may be further modified with e.g. a cosmetic coating. The formulation may be

usable as a monolithic formulation such as a tablet. Depending on the size of the compressed

granules, one may use the formulation in multi-particulate form. Further, the compressed

granules may in some case be milled and then used in multi-particulate form.

One advantage of the present invention is that one can produce granules made from a

prolonged release matrix material, which comprise at least one pharmaceutically active agent.

These active agent loaded granules can then be mixed with at least a second pharmaceutically

active agent of choice to obtain a prolonged release formulation. As it is assumed that a

prolonged release matrix is formed upon compression, some of the disadvantages of



prolonged release coating are avoided. For example, dose dumping as a consequence of

rupture of a prolonged release coating or the use of alcohol when administering a dosage form

can be avoided in this way.

The use of active-loaded granules for blending with substantially pure pharmaceutically active

agents, which are then compressed, to provide prolonged release can be also of particular

advantage with respect to certain classes and groups of pharmaceutically active agents.

For example, prolonged release matrix systems making use of acrylic polymers, hydrophobic

or hydrophilic cellulose ethers such as ethyl cellulose or hydroxyethyl cellulose, or fatty

alcohols, fatty acids, glyceryl esters of fatty acids, oils, waxes, or combinations thereof have

been successfully used to produce prolonged release formulations of opioid agonists as well

as of opioid agonist and opioid antagonist combinations. It would therefore be desirable

having a basic formulation tool such as the active-loaded granules of the present invention

available that can be used to provide prolonged release as such for e.g. various opioid agonist

and opioid antagonist combinations. The fine-tuning of the prolonged release properties may

then be achieved by e.g. adding certain excipients when compressing the granules or by

further modifying the compressed granules, e.g. with a prolonged release coating. The active-

loaded granules of the present invention, particularly when they make use of the afore

mentioned prolonged release materials, seem to be particularly useful for opioid agonist and

antagonist combinations as they allow incorporation of a second active agent (either the

opioid agonist or antagonist) by simply compressing the active-loaded granules with the

substantially pure actives. In some embodiments this straightforward approach provides

prolonged release formulations of opioid agonist and antagonist combination, which release

both active agents with substantially the same release rate, which can be a desired property in

some cases. It has been observed that e.g. in this context milling the granules and/or the active

agents can be of advantage. Further, by manufacturing e.g. opioid antagonist-loaded granules

and simply compressing them with different substantially pure opioid agonists, one can

quickly obtain prolonged release formulations of various opioid agonist and antagonist

combinations.

The in vitro release behavior of the active agent(s) can be influenced by the choice and/or the

amount of the prolonged release matrix material. Further, the release can be modified by



using release modifiers when preparing the granules or compressing the active(s) and the

granules.

Such release modifiers may be used to tune the release which otherwise would be obtained by

compressing the granules with the pharmaceutically active agent(s), e.g. to accelerate the

release or to further slow it down. Such release modifiers may be hydrophilic substances such

as polyethylenglycols, hydroxypropylmethlycellulose, hydroxyethylcellulose, and the like or

hydrophobic substances such as oils, waxes and the like. One may also use fatty alcohols such

as stearyl alcohol, cetostearylaclohol, ceytlalcohol, myristyl alcohol and the like or fatty acids

such as stearic acid. Other release modifiers may include the aforementioned (meth)acrylic

acid(co)polymers such as polymers of the Eudragit® RLPO type.

Release modifiers such as polymers of the Eudragit/®RLPO type or low molecular weight

hydroxypropylmethlycellulose may be preferred.

When compressing granules and active(s), one may further include typical tabletting

excipients as they are commonly used in the art. For example, one may use lubricants, anti-

tacking agents, binders and the like. Typical examples of tabletting excipients used at this

stage of the method are glyceryl monostearate, hydroxypropylmethlycellulose, talcum or

magnesium stearate.

As mentioned above, prolonged release pharmaceutical dosage forms in accordance with the

invention may be additionally subjected to a curing step.

The term "curing" refers to a thermal treatment under either or both increased temperature

and humidity for a prolonged period of time. Typically, curing takes place at a temperature in

the range of about 30°C to about 95°C and for a time in the range of about 20 min to about 3

hours. Curing may take place in a convection oven. Typically curing conditions may thus be

treatment at about 60°C, at about 80°C or at about 95°C for about 1 hour at ambient humidity.

Curing may positively affect various properties of the prolonged release pharmaceutical

compositions in accordance with the invention. For example, curing may enhance the storage

stability of the compositions. Storage stability can be assessed by comparing the in vitro

release rates of pharmaceutical compositions immediately after manufacture and after



prolonged storage under stressed storage conditions. If the in vitro release profile remains

substantially the same, i.e. if the in vitro release rate after prolonged storage does not deviate

by more than 20%, preferably by no more than 15% or even more preferably by no more than

10%, from the in vitro release rate immediately after manufacture, compositions is

considered to be storage stable. Stressed storage conditions are storage under increased

temperature and humidity such as 40°C and 75% relative humidity (r.h.) for 1, 2 or 3 months.

Further, the compositions may be harder as a consequence of curing. This may improve the

physical stability, e.g. the intactness of the formulation and may improve the prolonged

release characteristics as the release is less influenced by e.g. cracking of the formulation

during the release process. Hardness can also be an important aspect as e.g. abuse of dosage

forms comprising e.g. opioids will be more difficult, given that it is more difficult to grind the

formulation and thus negatively affect the prolonged release properties. Hardness is usually

tested using a Holland C50 tablet hardness tester.

The invention is now illustrated with respect to specific examples. These examples are,

however, not to be construed as limiting.

EXAMPLES

Example 1

Granules of the composition as shown in Table 1 were manufactured.



Table 1

*The amount indicated refers to the amount of solids used
**Water was removed from the granules by drying
***The amount refers to the weight of the granules without water
The amounts refer to Hydromorphone HC1 and Naloxone HC1.

To obtain granules, Hypromellose 5.2 mPas was mixed with purified water until fully

dissolved using a Silverson high shear mixer. Then, whilst heating to 60°C and maintaining

mixing, glycerol monostearate 40-55% was added. When the mixture reached 60°C, heating

was discontinued the mixture was cooled to <54°C with mixing being continued. Talc was

added to the Eudragit NE 40 D dispersion while stirring with a Heidolph paddle stirrer until

fully dispersed. Then the hypromellose/glycerol monostearate dispersion was added to the

Eudragit NE 40 D / talc dispersion with paddle stirring until a homogenous mixture was

obtained. Stirring was maintained.

Ethyl cellulose, lactose, and hydromorphone hydrochloride or naloxone hydrochloride were

placed into an Aeromatic Fielder S2 fluid bed granulator.

The conditions for fluidised bed granulation were as follows:

Apparatus: Aeromatic-Fielder S2 fluid bed granulator

Nozzle diameter: 1.8mm

Spraying pressure filter chamber

Air velocity (m/s) 4-6



Inlet Air temperature (°C): 30-40

Spray rate (g/minxkg): 30-50

Spray time (min): 120

Product temperature (°C): 24-26

The granules were then dried in the fluidized bed granulator at <28°C for 20-30 minutes until

the moisture content was below 2% w/w. The granules were then sieved using a Demi Finex

sieve shakerwith a mesh size of 1mm. Subsequently the granules were milled using a Quadro

Comil 197S.

Example 2

Granules of Example 1 were pressed into tablets (see Table 2).

Table 2

The amounts refer to Hydromorphone HC1 and Naloxone HC1

For obtaining the tablets, granules of Example 1 were blended with hydromorphone HC1, or

naloxone HC1 and magnesium stearate using an Apex cone blender. Tablets were obtained by

compressing the blend using a Kilian rotary tablet press at a tablet speed of up to 50,000

tablets /hr.

Tablet F888/72 was cured in a convection oven at 60°C for 1 h . The cured tablet was labeled

F892/15.



Tablet F888/83 was cured at 60°C for 1 h . The cured tablet was labeled F892/16.

The tablets were then analysed as regards in vitro release behavior using the Ph. European

paddle method at 100 rpm in simulated gastric fluid (SGF) dissolution medium (0.1 N HC1

pH 1.2). Aliquots of the dissolution media were withdrawn at the respective time points and

analysed by HPLC at 220 nm.

The tablets were further evaluated with respect to their alcohol resistance. To this end in vitro

release rates were determined using the Ph. European paddle method at 100 rpm in simulated

gastric fluid (SGF) dissolution medium (0.1 N HC1 pH 1.2) with 40% EtOH. Aliquots of the

dissolution media were withdrawn at the respective time points and analysed by HPLC at

220 nm.

The results of the release rate are indicated as percentage (based on the label content of active

tested) in Tables 3 and 4 .

Table 3

Hm =
with 4



Table 4

Hm = hydromorphone HC1, Nal = naloxone HC1, n.t. = not tested, 0.1 N HC1 w 40% EtOH = 0.1 N HC1 pH 1.2
with 40% ethanol, 0.1 N HC1 w/o 40% EtOH = 0.1 N HC1 pH 1.2 without 40% ethanol. The values are the
average of 3 measurements.

Tablets F892/15 and F892/16 were further subjected to prolonged storage under ICH stressed

conditions, namely storage at 40°C/75%RH for 1,2 or 3 months.

The tablets were then analysed as regards in vitro release behavior using the Ph. European

paddle method at 100 rpm in simulated gastric fluid (SGF) dissolution medium (0.1 N HC1

pH 1.2). Aliquots of the dissolution media were withdrawn at the respective time points and

analysed by HPLC at 220 nm.

The results of the release rate are indicated as percentage (based on the label content of active

tested) in tables 5 and 6 .



Table 5

.2



Table 6

with 4 0% ethanol, N.d.=not determined, The values are the average of 3 measurements.

Example 3

Granules o f the composition as shown in Table 7 were manufactured.



Table 7

d mmil -- i l- 5
Inmvdienl Amount (mu ) Amount (mu )
Hydro codone bitartrate 20.0
Morphine Sulphate 20.0
Ethyl cellulose 43.50 43.50
EudragitNE 40 D * 20.0 20.0
Stearyl Alcohol 7.00 7.00
Purified Water** 10.0 10.0
Glycerol Monostearate 40- 3.00 3.00
55%
Hypromellose 5.2 mPas*** 0.15 0.15
Glycerol Dibehenate 3.00 3.00
(Compritol 888 ATO)
Talc 3.33 3.33

Total*** 100.00 100.0
*The amount indicated refers to the amount of solids used
**Water was removed from the granules by drying
***The amount refers to the weight of the granules without water

Granules were produced by fluid bed granulation similar to Example 1.

The granules were then dried in the fluidized bed granulator at <28°C for 20-30 minutes until

the moisture content was below 2% w/w and milled.

Such active-loaded granules may be then be combined with e.g. opioid antagonists such

naloxone hydrochloride, which may presented in substantially pure form.

Some embodiments of the invention relate to:

1. Method of manufacturing an oral prolonged release pharmaceutical composition

comprising at least the steps of:

a) producing granules comprising at least one prolonged release material and at least

one first pharmaceutically active agent;

b) optionally selecting granules of step a) of substantially uniform size;

c) blending said granules of step a) or step b) with at least one additional

pharmaceutically active agent;

d) compressing said blended granules of step c) to obtain an oral prolonged release

pharmaceutical composition in the form of a tablet.



2 . Method according to 1., further comprising the step of:

e) curing said compressed granules of step d).

3 . Method according to any of 1. or 2., wherein granules of step a) are milled using prior

to step b) or step c).

4 . Method according to any of 1. to 3., wherein granules of a mean size in the range of

about 100 µιη to about 2.0 mm are selected in step b).

5 . Method according to any of s 2 to 4, wherein curing takes place at a temperature in the

range of about 40°C to about 100°C and for a time in the range of about 10 min to about 3

hours.

6 . Method according to any of 1. to 5., wherein step a) comprises the following steps:

aa) blending a prolonged release matrix material optionally with a filler, a binder, an

anti-tacking agent and/or a lubricant, and at least one first pharmaceutically active

agent;

ab) wet granulating said blend of step aa) to obtain granules;

ac) drying said granules of step ab).

7 . Method according to 6., wherein at least step ab) is performed by rotary pan

granulation or fluidized bed granulation.

8. Method according to any of 1. to 5., wherein step a) comprises the following steps:

aa) blending a prolonged release matrix material optionally with a spheronising agent,

a filler, a binder, an anti-tacking agent and/or a lubricant, and at least one first

pharmaceutically active agent;

ab) wet granulating said blend of step aa

ac) extruding said blend of step ab) to obtain granules;

ad) optionally spheronising said granules of step ac);

ae) drying said granules of step ab), ac) or step ad).



9. Method according to any of 6 . to 8., wherein drying in step ac) takes place at a

humidity in the range of about 0,5 % to about 5% at a temperature in the range of about 20°C

to about 60°C and for a time in the range of about 10 min to about 1 hour.

10. Method according to any of 1. to 9., wherein the prolonged release material is selected

from the group comprising hydrophobic or hydrophilic polymers, protein-derived material,

gums, waxes, oils, fatty acids or fatty alcohols

11. Method according to 10., wherein the polymers are selected from the group of

cellulose ethers or (meth)acrylic acid (co)polymers.

12. Method according to any of 1. to 11., wherein the at least one first pharmaceutically

active agent is an opioid agonist, preferably oxycodone, hydromorphone, hydrocodone,

tramadol or oxymorphone or their pharmaceutically acceptable salts, hydrates and solvates

thereof and wherein the at least one additional pharmaceutically active ingredient is an opioid

antagonist, preferably naloxone, naltrexone or nalmephene or their pharmaceutically

acceptable salts, hydrates and solvates.

13. Method according to any of s 1. to 12., wherein the at least one first pharmaceutically

active agent is hydromorphone HCl and wherein the at least one additional pharmaceutically

active ingredient is naloxone HCl.

14. Method according to any of 1. to 13., wherein the obtained dosage form releases the

pharmaceutically active agent(s) with the following in vitro release when measured using the

Ph. Eur. paddle method in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 at 100 rpm at

37°C is:

at 0.5 h : 10 to 50% by weight of the pharmaceutically active agents,

at 1 h : 20 to 60% by weight of the pharmaceutically active agents,

at 2 h : 30 to 70% by weight of the pharmaceutically active agents,

at 3 h : 40 to 80% by weight of the pharmaceutically active agents,

at 4 h : 50 to 90% by weight of the pharmaceutically active agents,

at 5 h : 55 to 95% by weight of the pharmaceutically active agents,

at 6 h : 60 to 100° o by weight of the pharmaceutically active agents,

at 8 h : 70 to 100°/ by weight of the pharmaceutically active agents,

at 12 h : 80 to 100°/ by weight of the pharmaceutically active agents.



15. Method according to any of 1. to 14., wherein the obtained dosage form releases the

pharmaceutically active agent(s) with the following in vitro release when measured using the

Ph. Eur. paddle method in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 at 100 rpm at

C is:

at 0.5 h : 20 to 40% by weight of the pharmaceutically active agents,

at 1 h : 25 to 45% by weight of the pharmaceutically active agents,

at 2 h : 35 to 55% by weight of the pharmaceutically active agents,

at 3 h : 45 to 65% by weight of the pharmaceutically active agents,

at 4 h : 55 to 75% by weight of the pharmaceutically active agents,

at 5 h : 60 to 80% by weight of the pharmaceutically active agents,

at 6 h : 65 to 85% by weight of the pharmaceutically active agents,

at 8 h : 75 to 95% by weight of the pharmaceutically active agents,

at 12 h : 85 to 100° o by weight of the pharmaceutically active agents.

16. Method according to any of 1. to 15., wherein the ratio of the amount of the at least

one first pharmaceutically active agent released after 0.5, 1 or 2 hours of in vitro dissolution

of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with up to 40%>

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C compared to the amount of the

at least one first pharmaceutically active agent released after 0.5, 1 or 2 hours of in vitro

dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with 0%>

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C is about 2:1 or less, about 1.5:1

or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or less, about 1:1.6 or less, about

1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or less or about 1:5 or less.

17. Method according to any of 1. to 16., wherein the ratio of the amount of the at least

one first pharmaceutically active agent released after 0.5, 1 or 2 hours of in vitro dissolution

of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid pH 1.2 with up to 40%

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C compared to the amount of the

at least one first pharmaceutically active agent released after 0.5, 1 or 2 hours in vitro

dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid pH 1.2 with 0%>

ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C is about 2:1 or less, about 1.5:1

or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or less, about 1:1.6 or less, about

1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or less or about 1:5 or less, and



wherein the ratio of the amount of the at least one additional pharmaceutically active agent

released after 1 hour of in vitro dissolution of the dosage form in 500 or 1000 ml of Simulated

Gastric Fluid pH 1.2 with up to 40% ethanol using the Ph. Eur. paddle method at 100 rpm at

37° C compared to the amount of the at least one additional pharmaceutically active agent

released after 0.5, 1 or 2 hours in vitro dissolution of the dosage form in 500 or 1000 ml of

Simulated Gastric Fluid with 0% ethanol using the Ph. Eur. paddle method at 100 rpm at 37°

C is about 2:1 or less, about 1.5:1 or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or

less, about 1:1.6 or less, about 1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or

less or about 1:5 or less.

18. Oral prolonged release pharmaceutical composition obtainable by the method of any

of s 1 to 16.



CLAIMS

1. Method of manufacturing an oral prolonged release pharmaceutical composition

comprising at least the steps of:

a) producing granules comprising at least one prolonged release material and at least

one first pharmaceutically active agent;

b) optionally selecting granules of step a) of substantially uniform size;

c) blending said granules of step a) or step b) with at least one additional

pharmaceutically active agent;

d) compressing said blended granules of step c) to obtain an oral prolonged release

pharmaceutical composition in the form of a tablet.

2 . Method according to claim 1, further comprising the step of:

e) curing said compressed granules of step d).

3 . Method according to any of claims 1 or 2, wherein granules of step a) are milled prior

to step b) or step c).

4 . Method according to any of claims 1 to 3, wherein granules of a mean size in the range

of about 100 µιη to about 2.0 mm are selected in step b).

5 . Method according to any of claims 1 to 4, wherein the at least one additional active

pharmaceutically active agent is provided in substantially pure form.

6 . Method according to any of claims 1 to 5, wherein compression takes place directly

after blending with no further intermediate steps.

7 . Method according to any of claims 2 to 6, wherein curing takes place at a temperature

in the range of about 40°C to about 100°C and for a time in the range of about 10 min to

about 3 hours.

8. Method according to any of claims 1 to 7 wherein the prolonged release material is

selected from the group comprising hydrophobic or hydrophilic polymers, protein-derived

material, gums, waxes, oils, fatty acids or fatty alcohols



9 . Method according to claim 8, wherein the polymers are selected from the group of

cellulose ethers or (meth)acrylic acid (co)polymers.

10. Method according to any of claims 1 to 9, wherein the at least one first

pharmaceutically active agent is an opioid agonist, preferably oxycodone, hydromorphone,

hydrocodone, tramadol or oxymorphone or their pharmaceutically acceptable salts, hydrates

and solvates thereof and wherein the at least one additional pharmaceutically active ingredient

is an opioid antagonist, preferably naloxone, naltrexone or nalmephene or their

pharmaceutically acceptable salts, hydrates and solvates.

11. Method according to any of claims 1 to 10, wherein the at least one first

pharmaceutically active agent is hydromorphone HCl and wherein the at least one additional

pharmaceutically active ingredient is naloxone HCl.

12. Method according to any of claims 1 to 11, wherein the obtained dosage form releases

the pharmaceutically active agents with the following in vitro release when measured using

the Ph. Eur. paddle method in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 at 100 rpm

at 37°C is:

at 0.5 h : 10 to 50% by weight of the pharmaceutically active agents,

at 1 h : 20 to 60% by weight of the pharmaceutically active agents,

at 2 h : 30 to 70% by weight of the pharmaceutically active agents,

at 3 h : 40 to 80% by weight of the pharmaceutically active agents,

at 4 h : 50 to 90% by weight of the pharmaceutically active agents,

at 5 h : 55 to 95% by weight of the pharmaceutically active agents,

at 6 h : 60 to 100° o by weight of the pharmaceutically active agents,

at 8 h : 70 to 100°/ by weight of the pharmaceutically active agents,

at 12 h : 80 to 100°/ by weight of the pharmaceutically active agents.

13. Method according to any of claims 1 to 12, wherein the ratio of the amount of the at

least one first pharmaceutically active agent released after 0.5, 1 or 2 hours of in vitro

dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with up

to 40% ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C compared to the amount

of the at least one first pharmaceutically active agent released after 0.5, 1 or 2 hours of in vitro

dissolution of the dosage form in 500 or 1000 ml of Simulated Gastric Fluid, pH 1.2 with 0%>



ethanol using the Ph. Eur. paddle method at 100 rpm at 37° C is about 2:1 or less, about 1.5:1

or less, about 1:1 or less, about 1:1.2 or less, about 1:1.4 or less, about 1:1.6 or less, about

1:1.8 or less, about 1:2 or less, about 1:2.5 or less about 1:3 or less or about 1:5 or less.

14. Oral prolonged release pharmaceutical composition obtainable by the method of any

of claims 1 to 13.
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