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Opioids for the treatment: of the restless leg syndrome=

The invention concerns the treatment of tthe restless leg syndrome (RELS). In
particular, the invention concerns the use of opioids for the manufactware of
preparations for the treatment of RLS. Thhe inventive preparations carm be used to treat
insomnia and disorders of sleep associatesd with RLS.

Backgroundl of the invention

Restless legs syndrome (RLS) is a neuromlogical disorder characterize-< by unpleasant
sensations in the legs and an uncontrolla ble urge to move when at resst, in an effort to
relieve these feelings. RLS sensations ar-e often described by people aas burning, |
creeping, tugging, or like insects crawlirag inside the legs. Often calleed paresthesias
(abnormal sensations) or dysesthesias (mnpleasant abnormal sensatio-ns), the

sensations range in severily from unconmfortable to irritating to painfmul.

The most distinctive or unusual aspect oef the condition is that lying clown and trying
to relax activates the symptoms. As a result, most people with RLS Inave difficulty
falling asleep and staying asleep. Left umntreated, the condition cause=s exhaustion and
daytime fatigue. Many people with RLSS report that their job, personzal relations, and
activities of déily living are strongly aff~ected as a result of their exh=austion. They are

often unable to concentrate, have impaimred memory, or fail to accommplish daily tasks.

RLS occurs in both genders, although tkne incidence may be slightly higher in
women. Although the syndrome may besgin at any age, even as earlyw as infancy, most
patients who are severely affected are ncxiddle-aged or older. In addiftion, the severity
of the disorder appears to increase with age. Older patients experien_ce symptoms

more frequently and for longer periods of time.
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More than 80 percent of people with RLS also experience a more comnmicn condition
known as periodic limb movement disorder (PLMD). PLMD is characte=rized by
involuntary leg twitching o»r jerking movements during sleep that typicaslly occur
every 10 to 60 seconds, sornetimes throughout the night. The symptomss cause
repeated awakening and se-verely disrupted sleep. Unlike RLS, the moveements
caused by PLMD are invol untary - people have no control over them. A_lthough most
patients with RLS also dev-elop PLMD, people with PLMD do not gene-rally develop
RLS. Like RLS, the cause ©f PLMD is unknown. Within the meaning o—f'the present
invention “the treatment of RLS” means also “the treatment of RLS andll/or PLMD”.

As described above, people with RLS feel uncomfortable sensations in rtheir legs,
especially when sitting or 1-ying down, accompanied by an irresistible ur—ge to move
about. These sensations usuially occur deep inside the leg, between the k=nee and
ankle; more rarely, they oc«cur in the feet, thighs, arms, and hands. Althcugh the

sensations can occur on jusst one side of the body, they most often affectt both sides.

Because moving the legs (Or other affected parts of the body) relieves ttae discomfort,
people with RLS often keepp their legs in motion to minimize or prevent - the
sensations. They may pace the floor, constantly move their legs while sitting, and
toss and tum in bed.

Most people find the symp#toms to be less noticeable during the day andz more
pronounced in the evening or at night, especially during the onset of sle -ep. For many
people, the symptoms disappear by early morning, allowing for more re=freshing
sleep at that time. Other tri ggering situations are periods of inactivity sumch as long
car trips, sitting in amovie theatre, long distance flights, immobilizatior in a cast, or

relaxation exercises.
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The symptoms of RLS vary~ in severity and duration from person to person. Mild
RLS occurs episodically, wath only mild disruption of sleep ons=set, and causes little
distress. In moderately seve:xe cases, symptoms occur only onces or twice a week but
result in significant delay of sleep onset, with some disruption cof daytime function.
In severe cases of RLS, the symptoms occur more than twice a week and result in

burdensome intei’ruption of sleep and impairment of daytime fuamction.

Symptoms may begin at any/ stage of life, although the disorder— is more common
with increasing age. Sometiames people will experience spontanmeous improvement
over a period of weeks or muonths. Although rare, spontaneous mprovement over a
period of years also can occur. If these improvements oceur it i=s usually during the
early stages of the disorder. In general, however, symptoms beccome more severe

over time.

Generally dopaminergic agesnts, largely used to treat Parkinson™ s disease, have been
shown to reduce RLS symp#toms and PLMD and are considerecdll the initial treatment
of choice. Benzodiazepines (such as clonazepam and diazepam) may be prescribed
for patients who have mild or intermittent symptoms. These driags help obtain a more
restful slecp but they do not fully alleviate RLS symptoms and ~can cause daytime

sleepiness.

Anticonvulsants such as carlbbamazepine and gabapentin are alsc useful for some
patients, as they decrease the sensory disturbances (creeping an .d crawling

sensations). Dizziness, fatigwe, and sleepiness are among the poassible side effects.

Opioids have been suggeste«d for the treatment of RLS. Howevesr, there is still a need
for preparations containing Opioids with improved patient compoliance and which are

advantageous for constant maedication. Long term compliance i=s highly desirable.



WO 2005/120506

10

15

20

25

PCT/EP2005/005888%

Objects and summary of the invention

It is an object of the inventi on to provide an opioid oral dosage form with a
prolonged duration of actiom, preferably at least 12 hours, more preferred at least 24
hours for the treatment of nnoderate to severe RLS symptoms, preferably severe R_1S
symptoms.

1t is a further object of the imvention to provide opioid preparations as outlined
above, which cause less sid e effects such as respiratory depression and obstipatiorm

and which are provided with abuse-preventing characteristics.

The invention further comprrises a method of treating patients with RLS symptom=s
with one of the inventive preparations, and the use of such preparations in
manufacturing pharmaceuti cal preparations for the treatment of patients suffering
from RLS.

Detailed description of the invention

In the context of the inventi on, the term “opioid composition” or “opioid” or “acti ve”
is used interchangeable and is considered to include opioid agonists and opioid
antagonists and mixed opioid antagonists/agonists as well as mixtures thereof. Thes

preparations according to tne present invention comprise at least one opioid.

In the context of the inventi on the term *“slow release formulations or dosage formms"
or “controlled release formualations or dosage forms" “retard formulations or dosagge
forms" or "sustained release formulations or dosage forms" or "formulations or

dosage forms with prolongesd duration of action"” are used interchangeable and are
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umderstood to be formulations or dosage £orms that exhibit a prolong=ed release
preofile for the active incorporated and wh ich provide a sufficient thexrapeutic effect
fozr at least 12 hours at steady state.

Thne invention is premised on the fact that opioid agonists are useful —for the treatment
of RLS

/PIMD-symptoms such as unpleasant sermsations in the legs and an usncontrollable
urgge to move when addressed, the difficullties with lying down and tr—ying to relax as
we=ll as associated difficulties in falling assleep and/or staying asleep. In particular, the
us- e of opioid sustained release oral dosag=e forms results in better pat=ient compliance
an_d renders the patient on constant medic=ation more independent fro—m taking
me=dication during day and night time. Th-e minimum of the therapeu—tically necessary
drmag can be administered, thereby reducimg side effects and the risk ©faddiction. In
pa-rticular, combinations of opioid agonist_s and antagonist are advant—ageous with

resspect to reduced side effects and additio=nally reduce the risk of abvmse.

ACTIVE IN GREDIENTS

Ac=cording to the invention, opioid agonissts comprise all compounds that belong to
claass NO2A of opioid analgesics accordin_g to the ATC Classificatior— of the WHO,
aned that display a therapeutic effect upon application in accordance v=vith the
inwention. The preparations according to tthe present invention compr—ise at least one
opdioid. Preferably, an opioid agonist is seMected from the group of morphine,
ox—ycodone, hydromorphone, propoxyphere, nicomorphine, dihydroc-odeine,
dizmorphine, papaveretum, codeine, ethyl morphine, phenylpiperidinee and derivates
thesreof, methadone, dextropropoxyphene, buprenorphine, pentazocin_e, tilidine,
tra-mmadol and hydrocodone. Further exampoles for useable analgesics aaccording to the

inswention are meperidine, oxymorphone, alphaprodine, anileridine, deextromoramide,
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metopone, levorphanol, pheriazocine, etolneptazine, propiram, profadol,
phenampromide, thiambuten, pholcodeine, codeine, dihydrocodeinon, fentanyl, 3-
trans-dimethylamino-4-phenyl-4-trans-cambethoxy-A'-cyclohexen, 3-dimethylamino-
0-(4-methoxyphenyl-carbamoyl)-propiophenone oxime, (-)B-2-hydroxy-2, 9-
dimethyl-5-phenyl-6, 7-benzomorphane, (-)2"-hydroxy-2-(3-methyl-2-butenyl)-9-
methyl-5-phenyl-6, 7-benzomorphane, pirinitramide, (-)o-5,9-diethyl-2' hydroxy-2-
methyl-6, 7-benzomorphane, ethyl 1-(2-dmethylaminoethyl)-4,5,6,7-tetrahydro-3-
methyl-4-oxo-6-phenyl-indol-2-carboxylate, 1-benzoylmethyl-2, 3-dimethyl-3- (m-
hydroxy-phenyl) -piperidine, N-allyl-7c ( 1-R-hydroxy-1-methylbutyl)-6,14-endo-
ethanotetrahydronororipavine, (-)2'-hydro—xy-2-methyl-6,7-benzomorphane,
noracylmethadol, phenoperidine, a-d1-mesthadol, a -1-methadol, B-d1-
acetylmethadol, a-1-acetylmethadol and [3-1-acetylmethadol. These lists are not to

be understood as exclusive.

Especially preferred analg&ically effectiv- € opiod agonists are oxycodone,
hydrocodone, hydromorphone, morphine, methadone, oxymorphone, fentanyl and

sufentanyl. More preferred embodiments contain oxycodone or morphine.

According to the invention, antagonists co mprise such compounds that counteract
opioid agonists (as defined earlier). Such ccompounds can also be found in the ATC
Classification of the WHO. According to tthe invention, compounds are preferred that
upon application in accordance with the in_vention decrease the side effects, the
habituation effects and the addictive poten-tial caused by the opioid agonists.
Antagonists can comprise among others, n_altrexone, naloxone, nalmefene,
nalorphine, nalbuphine, naloxoneazinen, nmethylnaltrexone, ketylcyclazocine,
norbinaltorphimine, naltrindol, 6-8-naloxo and 6-B-naltrexol. _
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Esspecially preferred antagonists comprdse naltrexone, nalmefene and nalo—xone. More

preferred embodiments comprise nalox_one.

Esspecially preferred embodiments of tlae invention comprise the combinat=ion of
oxcycodone and naloxone in a sustained. release oral dosage form. Preferabely,

o><ycodone is present in excess to the umit dosage amount of naloxone.

In- the case of oxycodone and naloxone,, preferred weight ratios of agonist to
artagonist lie within a weight ratio range of 25:1 at maximum, preferably of 20:1 at

m_aximum, especially preferred are the -weight ratio ranges 15:1 and 10:1 zand more
preferred 5:1, 4:1, 3:1, 2:1 and 1:1.

TEne absolute amounts of agonist and aratagonist to be used depend on the echoice of
th- € active compounds. Preferably the agonist and antagonist are released rom the

phammaceutical preparation only in an imdependent and invariant manner.

If oxycodone and naloxone are used for- a combination preparation, prefersably
be=tween 10 and 150 mg, especially preferably between 10 and 80 mg of o—xycodone
(tsypical amounts for use) and preferably between 1 and 50 mg naloxone p er unit

do»sage are used.

In other preferred embodiments of the i nvention, the preparations may cormprise
bestween 5 and 50 mg of oxycodone, between 10 and 40 mg of oxycodone. , between
10O and 30 mg of oxycodone or approxixnately 20 mg of oxycodone. Prefe=rred
emxbodiments of the invention may also comprise preparations with betwe-en 1 and 40
mzg naloxone, 1 and 30 mg naloxone, 1 and 20 mg naloxone or between 1 and 10 mg

naeloxone per unit dosage.
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Prefera”bly, the ratio of oxycodone and naloxone has —to be chosen in such a way that
the app-ropriate release profiles for both active substa nces are guaranteed and that the
agonist can display its therapeutic effect while the anmount of the antagonist is chosen
in such away that habituation- or addiction-promotirg effects and side effects of the
agonist are reduced or abolished, without (substantia1ly) affecting the therapeutic
effect osfthe agonist. According to the invention, dev-elopment of habituation and
addiction as well as obstipation and breath depressiomn are to be considered as side

effects «of therapeutically effective opioid agonists.

In the c-ontext of this invention, all kinds of pharmace=utically acceptable salts and
derivatiZves (including prodrugs) of the active ingredi ent may be used instead or
togethe—xr with the active unmodified ingredient, in anmounts equivalent to the amount
of unmaodified active ingredient as indicated herein.

Oxycodlone and naloxone may be present as their hycrochloride, sulphate, bisulfate,
tatrate, —mitrate, citrate, bitartrate, phosphate, malate, rmaleate, hydrobromide,

hydroioedide, fumarate or succinate.
DOSAGE FORMS

Preferaboly the opioid is provided in an oral dosage fosrm. The oral dosage form may
be desig=zned as a controlled release preparation of it mnay be a combined immediate
release . and controlled release oral dosage form. The edosage form may thus e.g.
comprisse a controlled-release portion outwardly coateed with an immediate-release
formulamtion. The active ingredient may be the same, sor may be different in these
differermt portions.

In certa—in embodiments, the oral dosage forms of the present invention comprise an

opioid ccombined with excipients, i.e., pharmaceutica®lly acceptable organic or
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inorganic carrier substance=s suitable for oral administration whi~ch are known in the
art. Suitable pharmaceutically acceptable carriers include but ares not limited to water
salt solutions, alcobols, gumn arabic, vegetable oils, benzyl alcobmols, polyethylene
glycols, gelate, carbohydra tes such as lactose, amylose or starchu, magnesium stearate
talc, silicic acid, viscous paraffin, perfume oil, digestible long cHhain substituted or
unsubstituted hydrocarbonss such as fatty acid monoglycerides and diglycerides,
pentaerythritol fatty acid essters, hydrophilic or hydrophobic pol-ymers, such as
cellulose and cellulose derfivatives, such as alkylcellulose or hy@roxyalkylcellulose,
acrylic resins, such as the polymers known under the Eudragit®™- trade name,
polyvinylpyrrolidone, etc. “The pharmaceutical compositions car be sterilized and if
desired mixed with auxilia-xy agents, e.g., lubricants, preservativ—es, stabilizers,
wetting agents, emulsifierss, salts for influencing osmotic pressuzxe buffers, coloring,

flavoring and/or aromatic ssubstances.

The oral pharmaceutical compositions of the present invention can be in the form of
tablets, coated tablets, liqu-ids, drops, gelcaps, troches, lozenges_, aqueous or oily
suspensions, multiparticulaate formulations including dispersables powders, granules,
pellets, matrix spheroids, tweads or coated inert beads, emulsionss, hard or soft
capsules or syrups or elixirs, microparticles (e.g., microcapsuless, microspheres and
the like), buccal tablets, etc.

The oral compositions may be prepared according to methods k—nown in the art and
such compositions may comtain one or more agents selected fromm the group
consisting of inert, non-toxxic pharmaceutically acceptable excipwients which are
suitable for the manufactur—e of tablets. Such excipients include, for example an inert
diluent such as lactose; gramnulating and disintegrating agents su-ch as cornstarch;
binding agents such as star-ch; and lubricating agents such as meagnesium stearate.

The tablets may be uncoated or they may be coated by known te=chniques for
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elegance or to delay release of the active ingr-edients. Formulations for oral use may
also be presented as hard gelatin capsules wh erein the active ingredients is mixed
with an inert diluent.

Aqueous suspensions preferably contain the Opioid in a mixture that has one or more
excipients suitable as suspending agents, for esxample, pharmaceutically acceptable
synthetic gums such as hydroxypropylmethyl cellulsoe or natural gums. Oily
suspensions may be formulated by suspendin_g the above-identified combination of
drugs in a vegetable oil or mineral oil. The oi_ly suspensions may contain thickening
agent such as beeswax or cetyl alcohol. A syrup, elixir, or the like can be used,

wherein a sweetened vehicle is employed.

The pharmaceutical oral compositions of the present invention comprise an effective
amount of opioid (at least one) ina sustéined release formulations. For example, a
sustained release carrier can be included in thme formulation to provide a release of the
opioid antagonist over a 12 to 24 hour period.. As used herein an effective amount of
opioid means that the amount is sufficient to provide the desired therapeutic effect

within the desired period of time. The therapesutic effect may also be the effect of an

antagonist.

For example the sustained release oral dosages form which is effective for 24 hours at
steady state conditions includes from about 1 to about 640 mg of oxycodone or a
pharmaceutically acceptable salt thereof (e. g=., oxycodone hydrochloride). Preferably
the sustained release oral dosage form includ-es from about 5 to about 500 mg
oxycodone or a pharmaceutically acceptable salt thereof, more preferably from about
10 to about 320 mg oxycodone or a pharmacesutically acceptable salt thereof and
even more preferably from about 10 to about 160 mg oxycodone or a

pharmaceutically acceptable salt thereof.
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For examples the sustained release oral dosage feorm which is effective for 12 mours at
steady state conditions includes from about 1 toe about 160 mg of oxycodone oora
pharmaceutii cally acceptable salt thereof (e. g., eoxycodone hydrochloride).

Otber opioicls may be present in amounts that amre equivalent to the above men_tioned

oxycodone &amounts with regard to the desired t-herapeutic effect.

In certain preferred embodiments, the oral dosa_ge form includes a sustained-release
material wh3ich is incorporated into a matrix alo~ng with the at least one opioid_, to
provide for #the sustained release of the agent. T he sustained-release material rmay be
hydrophobic or hydrophilic as desired. The oraE. dosage form of the present in=vention
may be prepwared as granules, spheroids, matrix multiparticulates, etc. which
comprise the= at least one opioid in a sustained r ‘elease matrix which may be
compressed into a tablet or encapsulated. The o-ral dosage form of the present
invention m=ay optionally include other pharmaceutically acceptable ingredien_ts (e. g.

diluents, binm ders, colorants, lubricants, etc.).

In certain otTher embodiments, the oral dosage féorm of the present invention may be
an osmotic (Josage form having a push or displascement composition as one of~ the
layers of a b-ilayer core for pushing the at least ©ne opioid from the dosage foram, and
a semiperme=sable wall composition surrounding  the core, wherein the wall has- at least
one exit mezans or passageway for delivering thes at least one opioid from the dlosage
form. Altermatively, the core of the osmotic dos age form may comprise a sing e layer

core includirg a controlled release polymer and the at least one opioid.

Preferably tkae dosage forms of the present invemntion provides an effect for at Reast
about 12 howvrs after administration.
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SUSTAINED-RELEASE- MATRIX FORMULATIONS

In preferred embodiments of the present= invention, the formulation can e a matrix
with the at least one opioid interdisperse=d in the sustained release carrier—, to provide
for the sustained release of the at least omne opioid.

A non-limiting list of suitable sustained—release materials which may be —included in a
sustained-release matrix according to thes invention include hydrophilic amnd/or
hydrophobic materials, such as gums, ce=llulose ethers, acrylic resins, pro=tein derived
materials, waxes, shellac, and oils such zas hydrogenated castor oil and hys/drogenated
vegetable oil. However, any pharmaceut—ically acceptable hydrophobic or— hydrophilic
sustained-release material which is capalbole of imparting sustained-releas -e of the at
least one opioid may be used in accordarce with the present invention. P-referred
sustained-release polymers include alkyl celluloses such as ethylcellulose=, acrylic and
methacrylic acid polymers and copolymesrs; and cellulose ethers, especially
hydroyalkylcelluloses (especiall hydroxy~propylmethylcellulose) and
carboxyalkylcelluloses. Preferred acrylic= and methacrylic acid polymers and
copolymers include methyl methacrylate , methyl methacylate copolymer—s,

- ethoxyethyl methacrylates, ethyl acrylates, trimethyl ammonioethyl methamcrylate,

cyanoethyl methacrylate, aminoalkyl me=thacrylate copolymer, poly(acryBic acid),
Poly(methacylic acid), methacrylic acid aalkylamine copolymer, poly(met=hyl)
methacrylate, poly(methacrylic acid)(anlmydride), polymethacrylate, poly=acrylamide,
poly(methacrylic acid anhydride), and gl-ycidyl methacrylate copolymers—_ Certain
preferred embodiments utilise mixtures oef any of the foregoing sustained—release

materials in the matrix of the invention.
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The matrix also may include a binder. In such embodiments, the binder pre=ferably

contributes to the sustained-release of the opoid from the sustained-release= matrix.

If an additional hydrophobic binder material is included, it is preferably se-lected
from natural and synthetic waxes, fatty acids, fatty alcohols, and mixtures of the
same. Examples include beeswax, camauba wax. stearic acid and stearyl a_lcohol.
This list is not meant to be exclusive. In certain preferred embodiments, a
combination of two or more hydrophobic binder materials are included in Tthe matrix

formulations.

Preferred hydrophobic binder materials which may be used in accordance ~with the
present invention include digestible, long chain (Cg-Cso, especially Cy2-Cacy,
substituted or unsubstituted hydrocarbons, such as fatty acids, fatty alcoho -1s, glyceryl
esters of fatty acids, mineral and vegetable oils, natural and synthetic waxe=s and |
polyakylene glycols. Hydrocarbons having a melting point of between 25 *© and

90 °C are preferred. Of the long-chain hydrocarbon binder materials, fatty (aliphatic)
alcohols are preferred in certain embodiments. the oral dosage form may contain up
to 80 % (by weight) of at least one dligestible, long chain hydrocarbon.

In certain embodiments, the hydrophobic binder material may comprise n=atural or
synthetic waxes, fatty alcohols (such as lauryl, myristyl, stearyl, cetyl or p-xeferably
cetostearyl alcohol), fatty acids, including but not limited to fatty acid estesrs, fatty
acid glycerides (mono-, di-, and tri- glycerides), hydrogenated fats, hydroc: arbons,
normal waxes, stearic acid, stearyl alcohol and hydrophobic and hydrophiMic
materials having hydrocarbon backbones. Suitable waxes include, for exacmple,
beeswax, glycowax, castor wax and. carnauba wax. For purposes of the pre=sent
invention, a wax-like substance is d efined as any material which is normaMly solid at

room temperature and has a melting point of from about 30 to about 100 °-C.
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In certain preferred embodiments, the deosage form comprises a sustained releasse
matrix comprising the at least one opioi d and at least one water soluble hydrox —yalkyl
cellulose, at least one C;-C36, especially Cy14-Cxo, aliphatic alcohol and, optiona™1ly, at
least one polyalkylene glycol. The hydreoxyalkyl cellulose is preferably a hydroexy
C;-Cs alkyl cellulose, such as hydroxypropoylcellulose,
hydroxypropylmethylcellulose and, esp«ecially, hydroxethyl cellulose. The amosunt of
the at least one hydroxyalkyl cellulose in the present oral dosage form may be
determined, inter alia, by the precise rat-e of opioid release required.

In certain other preferred embodiments,. the dosage form comprises a sustained
release matrix comprising the at least ore opioid and at least one acrylic resin, at lest
one C,-Cs, especially C;4-Cpy, aliphatic alcohol and, optionally, at least one
polyalkylene glycol. The acrylic resin imacludes but is not limited to acrylic acicl and
methyacrylic acid copolymers, methyl rmethacrylate copolymers, ethoxyethyl
methacrylates, cynaoethyl methacrylates, poly(acrylic acid), poly(methacrylic a-cid),
methacrylic acid alkylamide copolymer—, poly(methyl methacrylate),
polymethacrylate, poly(methyl methacr—ylate) copolymer, polyacrylamide,

aminoalkyl methacrylate copolamer, po-ly(methacrylic acid anhydride) and gly-cidyl
methacrylate copolymers. In certain presferred embodiments, the acrylic polym _eris
comprised of one or more amunonio me-thacrylate copolymers. Ammonio
methacrylate copolymers are well known in the art, and are described as fully
polymerised copolymers of acrylic and methacrylic acid esters with a low cont=ent of
quaternary ammonium groups. Preferabsly the acrylic resin is an acrylic polyme=r or
an acrylic copolymer such as poly(metha)acrylate or methacrylic acid - ethyl ac=rylate
copolymer or poly(meth)acrylate copol-ymerised with trimethyl ammonium
(meth)acrylate chloride, such as poly(mneth)acrylate with 5% trimethyl ammormium

methacrylate chloride. The amount of tkxe at least one acrylic resin in the prese-mt oral
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dosage form nenay be determined, inter alia, by thee precise rate of opioid releas«e
required. In or=der to obtain a desirable dissolution profile, it may be necessary-to
incorporate tw=o or more ammonio methacrylate copolymers having differing

physical prope=rties, such as different molar ratioss of the quaternary ammoniuzmn
groups to the meutral (meth)acrylic esters. Certaira methacrylic acid ester-type
polymers are vaseful for preparing pH-dependent —matrices which may be used #n
accordance wi_th the present invention. For exampple, there are a family of copolymers
synthesized freom diethylaminoethyl methacrylic acid copolymer or polymeric
methacrylates,. commercially available as Fudrag=it®™ from R5hm Tech, Inc. Thhere
are several dif~ferent types of Eudragit™®™. For exazmple, Eudragit E is an exampsle of a
methacrylic acid copolymer which does not swel 1 at about pH <5.7 and is solmble at
about pH >6. F=udragit S does not swell at about goH <6.5 and is soluble at abowut pH
>7. Eudragit R21. and Eudragit RS are water swellable, and the amount of wate—r
absorbed by thmese polymers is pH-dependent, howwever, dosage forms with Euedragit
RL and RS are= pH-independent. In certain preferared embodiments, the acrylic matrix
comprises a m-ixture of two acrylic resins comme=rcially available from Rohm

Pharma under the Tradenames Eudragit®™ RL30ID and Eudragit® RS30D,
respectively. FEudragit® R1.30D and Fudragit™® BRS30D are copolymers of acr-ylic
and methacrylmic esters with a low content of quat-ernary ammonium groups, th_e
molar ratio of zammonium groups to the remainin: g neutral (meth)acrylic esters being
1:20 in Eudrageit™ RL30D and 1:40 in Eudragit™ RS30D. The mean molecular
weight is abou=t 150,000. The code designations FRL (high permeability) and RS (low
permeability) r—efer to the permeability properties of these agents. Eudragit™ RRI/RS
mixtures are irmsoluble in water and in digestive fHuids. However, coatings formmed
from the same are swellable and permeable in aqmieous solutions and digestive= fluids.
The Eudragit™- RL/RS dispersions of the present invention may be mixed togesther in
any desired ratzion in order to ultimately obtain a econtrolled-release formulatio-n

having a desiraable dissolution profile. Desirable controlled-release formulatiors may
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be obtained, for instance, from a retardl matrices derived from Fudragit™ RI_,
Eudragit™ RL and Eudragit® RS, andl Budragit® RL and Eudragit™ RS. Cf course,
one skilled in the art will recognize thaat other acrylic polymers may also be wised,
such as, for example, Eudragit™ L.

The aliphatic alcohol may be, for example, lauryl alcohol, myristyl alcohol,
cetostearyl alcohol or stearyl alcohol. I'n particularly preferred embodiments of the
present oral dosage form, however, the= at least one aliphatic alcohol is cetyl alcohol
or cetostearyl alcobol. the amount of tine aliphatic alcohol in the present oral dosage
form may be determined, as above, by the precise rate of opioid release requmired. It
may also depend on whether at least ore polyalkylene glycol is present in or— absent
form the oral dosage form. In the abserce of at least one polyalylene glycol, the oral
dosage form preferably contains betwe=en about 20 % and about 50 % (by w&) of the
aliphatic alcohol. When a polyalkylene= glycol is present in the oral dosage foorm, then
the combined weight of the aliphatic aEcohol and the polyalkylene glycol preferably
constitutes between about 20 % and ab out 50 % (by wt) of the total dosage £orm.

In one preferred embodiment, the ratio-n of|, e.g., the at least one hydroxyalksyl
cellulose or acrylic resin to the at least one aliphatic alcohol/polyalkylene gl—ycol
determines, to a considerable extent, thme release rate of the opoid from the
formulation. In certain embodiments, a ration of the hydroxyalkyl cellulose ®&o the
aliphatic alcohol/polyalkylene glycol o=f between 1:1 and 1:4 is preferred, wi_ th a ratio
of between 1:2 and 1:3 being particulamrly preferred.

In certain embodiments, the polyalkylesne glycol may be, for example, polyperopylene
glycol, or polyethylene glycol which iss preferred. The average molecular weeight of
the at least one polyallylene glycol is pereferably between 1,000 and 15,000,

especially between 1,500 and 12,000.
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Another suitable sustained-release matrix comprises an alkylcellulose= (especially
ethylcellulose), a Cy, to Csg aliphatic alcohol and, optionally, a polyal kylene glycol.

In addition to the abovre ingredients, a sustained-release matrix may allso contain
suitable quantities of other materials, e.g., diluents, lubricants, binderss, granulating
aids, colorants, flavorants and glidants that are conventional in the phamaceutical
art.

10

In order to facilitate the preparation of a solid, sustained-release oral dosage form
according to this inveration incorporation the opioid in the matrix may— be effected,

for example, by:

15 (a) forming granules comprising at least one hydrophobic zand/or
hydrophilic material as set forth above (e.g., a water so Tuble
hydroxy/alkyl cellulose or an acrylic resin) together wit™h the opioid;

(b) mixing the granules containing at lest one hydrophobics and/or
hydrophilic material with at least one C;»-Cs¢ aliphatic alcohol, (and,

20 in case, other matrix components) and

(c) optional ly, compressing and shaping the granules.

The granules may be formed by any of the procedures well-known to ®hose skilled in
the art of pharmaceutical formulation. For example, in one preferred nmethod, the

25  granules may be formed by wet granulating hydroxyalkyl cellulose/opsoid with water,
In a particularly preferred embodiment of this process, the amount of wvater added
during the wet granulation step is preferably between 1.5 and 5 times, especially
between 1.75 and 3.5 times, the dry weight of opioid.
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A sustained-release matrix can also bee prepared by, e.g., melt-granuMation or melt-
extrusion techniques. Generally, melt~granulation techniques involvee melting a
normally solid hydrophobic binder m-aterial, e.g., a wax, and incorpcorating a
5  powdered drug therein. To obtain a svistained release dosage form, it= may be

necessary to incorporate a hydrophob ic sustained-release material, ¢ .g. ethylcellulose
or a water-insoluble acrylic polymer, into the molten wax hydropholoic binder
material. Examples of sustained-release formulations prepared via mmelt-granulation
techniques are found, e.g., in U.S. Pattent No. 4,861,598 (incorporate=d by reference).

10
The additional hydrophobic binder m -aterial may comprise one or mcore water-
insoluble wax-like thermoplastic subsstances possibly mixed with on-.e or more wax-
like thermoplastic substances being le=ss hydrohphobic than said one or more water-
insoluble wax-like substances in the Formulation should be substanti” ally non-

15  degradable and insoluble in gastrointestinal fluids during the initial release phases.
Useful water-insoluble wax-like bindeer substances may be those wit"h a water-
solubility that is lower than about 1:5_000 (w/w).

Extruded formulations employing stazxrch, as e.g. disclosed in DE 19918325 Al
20  (incorporated by reference), can be acdvantageously employed in the context of the

invention.

The preparation of a suitable melt-ext-ruded matrix according to the gpresent invention
may, for example, include the steps o=fblending the least one opioid,. together with a
25  sustained release material and prefera bly a binder material to obtain ahomogenous
mixture. The homogenous mixture is then heated to a temperature sy _1fficient to at
least soften the mixture sufficiently to extrude the same. The resultirag homogenous

mixture is then extruded, e.g., using a twin-screw extruder, to form sstrands. The
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extrudate is preferably cooled and cut imto multiparticulates by any means know¥n in
the art. The matrix muliparticulates are —then divided into unit doses. The extruclate
preferably has a diameter of from about 0.1 to about 5 mm and provides sustaired
release of the at least one opioid for a timme period of at least about 24 hours.

An optional process for preparing the mmelt extruded formulations of the presenat
invention includes directly metering into an extruder a hydrophobic sustained release
material, the at least one opioid and an Optional binder material; heating the
homogenous mixture; extruding the hormnogenous mixture to thereby form stancis;
cooling the strands containing the homosgeneous mixture; cutting the strands in—to
matrix multiparticulates having a size firom about 0.1 mm to about 12 mm; and
dividing said particles into unit doses. 1 this aspect of the invention a relativeljr

continuous manufacturing procedure is realized.

Plasticizers, such as those described above, may be included in melt-extruded
matrices. The plasticizer is preferably irmcluded as from about 0.1 to about 30 %& by
weight of the matrix. Other pharmaceutiical excipients, e.g., talc, mono or poly
saccharides, colorants, flavorants, lubricants and the like may be included in thee
sustained release matrices of the presen€ invention as desired. The amounts incBuded

will depend upon the desired characteristic to be achieved.

The diameter of the extruder aperture or~ exit port can be adjusted to vary the
thickness of the extruded strands. Furthezrmore, the exit part of the extruder nee=d not
be round; it can be oblong, rectangular, etc. The exiting strands can be reduced to

particles using a hot wire cutter, guilloti-ne, etc.

A melt extruded matrix multiparticulate system can be, for example, in the forrm of

granules, spheroids or pellets dependings upon the extruder exit orifice. For purgposes
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of the present invention, the terms “melt-extrucied matrix multiparticulate=(s)” and
“mesit-extruded matrix multiparticulate system(_s)” and “melt-extruded mamtrix
parsticles” shall refer to a plurality of units, prefSerably within a range of si-milar size
and®/or shape and containing one or more activess and one or more excipiemnts,
pre—ferably including a hydrophobic sustained reelease material as describeed herein.
Pre_ferably the melt-extruded matrix multiparticulates will be of a range o—f from
aboeut 0.1 to about 12 mm in length and have a diameter of from about 0. H to about
5 nm. In addition, itis to be understood that thae melt-extruded matrix
mulltiparticulates can be any geometrical shape within this size range. In certain
embodiments, the extrudate may simply be cut into desired lengths and divided into
unifk doses of the therapeutically active agent w—ithout the need of a sphero=nization

step.

In oene preferred embodiment, oral dosage formms are prepared that include= an
effesctive amount of melt-extruded matrix multiparticulates within a capsumle. for
exazmmple, a plurality of the melt-extruded matri— multiparticulates may be place in a
gelaatin capsule in an amount sufficient to provi_de an effective sustained reelease dose

whesn ingested and contacted by gastrointestina_1 fluid.

In a_nother embodiment, a suitable amount of ttme multiparticulate extrudafite is
compressed into an oral tablet using conventioral tableting equipment usi_ng standard
tecimmniques. Techniques and compositions for nmaking tablets (compressed® and
mol_ded), capsules (hard and soft gelatin) and p3lls are also described in Reemington’s
Phazrmaceutical Sciences, (Arthur Oso, editor), 1553-1593 (1980)

In y~et another preferred embodiment, the extruedate can be shaped into tabwlets as set
forthh in U. S. Patent No. 4,957,681 (Klimesch, et. al.).
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Optiomally, the sustained-release matrix multipasrticulate systems, tablets, or capsules
can be= coated with a sustained release coating suech as the sustained release coatings
descri~bed herein. Such coatings preferably inclucle a sufficient amount of
hydrogphobic and/or hydrophilic sustained-releasee material to obtain a weight gain
level £5rom about 2 to about 25 percent, although the overcoat may be greater
depeneding upon, e.g., the desired release rate.

The dcosage forms of the present invention may fFurther include combinations of melt-
extrud:ed matrix multiparticulates containing the at least one opioid. Furthermore, the
dosage= forms can also include an amount of an irnmediate release therapeutically
active opioid for prompt therapeutic effect. The i_mmediate release opioid may be
incorp-orated, e.g., as separate multiparticulates wwithin a gelatin capsule, or may be
coated” on the surface of, e.g., melt-extruded mat—ix multiparticulates.

The sumstained-release profile of the melt-extrudeed formulations of the invention can
be alte=red, for example, by varying the amount o-f sustained-release material, by
varyin_g the amount of plasticizer relative to othemr matrix constituents, by varying the
amoummt of hydrophobic material, by the inclusior of additional ingredients or

excipients, by altering the method of manufacturee, etc.

In othesr embodiments of the invention, melt-extruded formulations are prepared
withoumt the inclusion of the at least one opioid, wahich is added thereafter to the
extrudzate. Such formulations typically will have #the opioid blended together with the
extrude=d matrix material, and then the mixture w-ould be tableted in order to provide
aslow release formulation. Such formulations maxy be advantageous, for example,
when the therapeutically active agent included in the formulations is sensitive to
temper—atures needed for softening the hydrophob ic material and/or the retardant

materizal.
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Typic=al melt-extrusion production systems suit able for use in accordanc=e with the
presemt invention include a suitable extruder dr-ive motor having variablee speed and
constaant torque control, start-stop controls, and_ a meter. In addition, the production
systeron will include a temperature control console which includes tempe=rature
sensocxs, cooling means and temperature indicat-ors throughout the lengtin of the
extrucer. In addition, the production system will include an extruder suczh as a twin-
screw= extruder which consists of two counter-reotating intermeshing scre=ws enclosed
withim a cylinder of barrel having an aperture o-r die at the exit thereof. WMhe feed
mater—ials enter through a feed hopper and are nmoved through the barrel “by the screws
and amre forced through the die into strands which are thereafter conveye d such as by
a con®tinuous movable belt to allow for cooling and being directed to a peelletizier or
other suitable device to render the extruded ropwes into the matrix multip-articulate
systerx. The pelletizer can consist of rollers, fixzed knife, rotating cutter =and the like.
Suitatole instruments and systems are available from distributors such ass C.W.
Brabe=nder Instruments, Inc. of South Hackensamck, New Jersey. Other siaitable
appar.atus will be apparent to those of ordinary skill in the art.

In thes preparation of melt-extruded matrix multiparticulat&s as set forth above the
amoumt of air included in the extrudate can be —ontrolled and the release= rate of the at

least cne opioid thereof may be altered.

Thus ~the melt-extruded product is prepared in =x manner which substantiz ally excludes
air du rxing the extrusion phase of the process. T his may be accomplishecd, for
exampple, by using a Leistritz extruder having a. vacuum attachment. The= extruded
matrizx multiparticulates prepared according to —the invention using a Lei stritz
extrucder under vacuum provides a melt-extrude=d product having differe=nt physical

charaacteristics. In particular, the extrudate is sunbstantially non-porous wwhen
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magnified, e.g., using a scanning electron microscope. Such substantially non-porous
formulations may provide a faster releasse of the therapeutically active agent, relative
to the same formulation prepared witho-ut vacuum. Scanning electron micrographs of
the matrix multiparticulates prepared using an extruder under vacuum appear very
smooth, as compared to multiparticulatess prepared without vacuum. It has been
observed that in at least certain formula tions, the use of extrusion under vacuum
provides an extruded matrix multiparticulates product which is more pH-dependent
than its counterpart formulation preparexd without vacuum.

Alternatively, the melt-extruded producst is prepared using a Werner-Pfleiderer twin

screw extruder.

In certain embodiments, a spheronizing- agent is added to a granulate or matrix
multiparticulate and then spheronized to produce sustained release spheroids. The
spheroids are then optionally overcoate«d with a sustained release coating by methods

such as those described above.

Spheronizing agents which may be used to prepare the matrix multiparticulate

formulations of the present invention imclude any art-known spheronizing agent.

Cellulose derivatives are preferred, and. microcrystalline cellulose is especially
preferred. A suitable microcrystalline c-ellulose is, for example, the material sold as
Avicel PH 101 (TradeMark, FMC Corporation). The spheronizing agent is preferably
included as about 1 to about 99 % of the matrix multiparticulate by weight.

In certain embodiments, in addition to tthe active ingredient and spheronizing agent,
the spheroids may also contain a binder=. Suitable binders, such as low viscosity,

water soluble polymers, will be well kmown to those skilled in the pharmaceutical art.
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However, water soluble hydroxy lower alkyl cellulose, such as hy=droxy propyl
cellulose, are preferred. Ad ditionally (or alternatively) the spherofds may contain a
water insoluble polymer, especially an acrylic polymer, an acrylics copolymer, such
as a methacrylic acid-ethyl acrylate copolymer, or ethyl cellulose—.

In certain embodiments, a ssustained release coating is applied to t-he sustained release
spheroids, granules, or matarix multiparticulates. In such embodimments, the sustained-
release coating may include a water insoluble material such as (a)s a wax, either alone
or in admixture with a fatty~ alcohol; or (b) shellac or zein. the commting is preferably
derived from an aqueous di spersion of the hydrophobic sustained release material.

In certain embodiments, it s necessary to overcoat the sustained r—elease spheroids,
granules, or matrix multipazticulates comprising the at least one owpioid and sustained
release carrier with a sufficient amount of the aqueous dispersion of, e.g.,
alkylcellulose or acrylic polymer, to obtain a weight gain level fo-rm about 2 to about
50 %, e.g., about 2 to about: 25 %, in order to obtain a sustained-reelease formulation.
The overcoat may be lesser- or greater depending upon, €.g., the d-esired release rate,
the inclusion of plasticizer iin the aqueous dispersion and the man-ner of incorporation
of the same. Cellulosic materials and polymers, including alkylce=1luloses, are
sustained release materials -well suited for coating the sustained rezlease spheroids,
granules, or matrix multipaxticulates according to the invention. Simply by way of
example, one preferred alksylcellulosic polymer is ethylcellulose, although the artisan
will appreciate that other cellulose and/or alkylcellulose polymerss may be readily
employed, singly or in any combination, as all or part of a hydropshobic coating

according to the invention.

One commercially-availabl e aqueous dispersion of ethylcelluloses is Aquacoat®™

(FMC Corp., Philadelphia, Pennsylvania, U.S.A.). Aquacoat™ is prepared by
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dissolving the ethylcellulose in a water-imn-iscible organic solvent and then
emulsifying the same in water in the presence of a surfactant and a stabilizer. After
homogenization to generate submicron dropelets, the organic solvent is evaporated
under vacuum to form a pseudolatex. The pMasticizer is not incorporated in the
pseudolatex during the manufacturing phase=. Thus, prior to using the same as a
coating, it is necessary to intimately mix thes Aquacoat™ with a suitable plasticizer

prior to use.

Another aqueous dispersion of ethylcellulos e is commercially available as
Surelease™ (Colorcon, Inc., Weset Point, P=ennsylvania, U.S.A.). This product is
prepared by incorporating plasticizer into thee dispersion during the manufacturing
process. A hot melt of a polymer, plasticizer— (dibutyl sebacate), and stabilizer (oleic
acid) is prepared as a homogeneous mixture_, which is then diluted with an alkaline
solution to obtain an aqueous dispersion whiich can be applied directly to the
sustained release spheroids, granules, or matorix multiparticulates.

In other preferred embodiments of the presemnt invention, the sustained release

material comprising the sustained-release co -ating is a pharmaceutically acceptable
acrylic polymer, including but not limited to  acrylic acid and methacrylic acid
copolymers, methyl methacrylate copolymers, ethoxyethyl methacrylates, cyanoethy1
methacrylate, poly(acrylic acid), poly(metha_crylic acid), methacrylic acid alkylamide
copolymer, poly(methyl methacrylate)), pol s/methacrylate, poly(methyl

methacrylate) copolymer, polyacrylamide, amminoalkyl methacrylate copolymer,
poly(methacrylic acid anhydride), and glyciclyl methacrylate copolymers. Useful
acrylic polymers are the resins known under the Tradename Eudragit®,

commercially available from Rohm Pharma. These acrylic resins can be tailored to

provide a pH dependent or a pH independent® release rate of the active.
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In addition to the above imgredients, the spheroids, granuless or matrix
multiparticulates may als o contain suitable quantities of ot=her materials, e.g.,

diluents, lubricants, bindesrs, granulating aids, colorants, fl.-avorants and glidants t_hat
are conventional in the pFaarmaceutical art in amounts up t-o about 50 % by weigint of
the formulation if desiredl. The quantities of these addition_al materials will be
sufficient to provide the clesired effect to the desired formualation.

Specific examples of orallly acceptable carriers and excipiesnts that may be used teo
formulate oral dosage for-ms are described in the Handbook of Pharmaceutical
Excipients, American Phaarmaceutical Association (1 986).

It has further been found that the addition of a small amou-mnt of talc to the sustaimmed
release coating reduces the tendency of the aqueous disper—sion to stick during

processing, and acts as a gpolishing agent.

If oxycodone is used for t-he preparation the formulation is. chosen the matrix
comprises at least one acr-ylic resin and at least one Cj5-Cs. ¢ aliphatic alcohol as thhey
are described above. The preparation is preferably accompelished by the above
described granulation me-thod with the above described pre=ferred amounts of
ingredients.

If oxycodone and naloxone are= used for a combination preparation the= formulation is chosen to e=nsure
that the active compounds are —released from the preparation in a susta@ined, independent and invamriant
manner. Preferably those form-ulations are storage stable.

The terms “ released from the goreparation in a sustained, independent and invariant manner” and
“storage stable” as used herein_ are defined as in PCT/EP 03/03541.

If oxycodone and naloxone are= used for a combination preparation the= formulation is chosen that= it
comprises a release matrix that has the character of a substantially norm-~water- or non-buffer-swel lable
and non-erosive diffusion matr=ix as defined in PCT/EP 03/0354. PCTAEP 03/0354 is incorporatecl by
reference.
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If oxycodone zand naloxone are used for a combination pr-eparation a formulation is
especially pref~erred that comprises ethylcellulose or Sure lease® E-7-7050 as a
matrix-buildin_g substance, stearyl alcohol as fatty alcohoR, magnesium stearate as
lubricant, lactcse as filler and povidone as a granulating axid.

Such preparati ons can be produced as all common appliceation forms which, on
principle, are ssuitable for retardation formulations and whnich ensure that the active
compounds are= released in a manner as outlined above. E=specially suitable are
tablets, multi-1_ayer tablets and capsules. Additional appliczation forms like granules
or powders carn be used, with only those applications fornms being admissible that

provide a suffi cient retardation and a release behaviour ass outlined above.

Such pharmacesutical preparations may also comprise filom coatings. However, it has
to be ensured that the film coatings do not negatively inflaience the release properties
of the active compounds from the matrix and the storage sstability of the active
compounds wi~thin the matrix. Such film coatings may be colored or may comprise a
initial dosage o f the active compounds if required. The ac-tive compounds of this
initial dosage v=vill be immediately released so that the themrapeutically effective blood

plasma level is reached very quickly.

A detailed description of the preparation of these oxycodone/naloxone combination
preparations camn be taken from PCT/EP 03/03541.

Process for preparing matrix beamds

Controlled-rele=ase dosage forms according to the present ~invention may also be
prepared as ma-trix beads formulations. The matrix beads Zinclude a spheronising

agent and the a_tleast one opioid.



WO 2005/120506 PCT/EP2005/005888

-28-

The at least «one opioid preferably comprises froom about 0.01 to about 99 % by
weight of thee matrix bead by weight. It is prefer—able that the at least one opioid is
included as sabout 0.1 to about 50 % by weight o©f the matrix bead.

Spheronising agents which may be used to prep are the matrix bead formulations ofS
the present imvention include any art-known spleronising agent. Cellulose
derivatives amre preferred, and microcrystalline czellulose is especially preferred. A
suitable micmrocrystalline cellulose is, for exampwle, the material sold as Avicel PH

10 101 (TradeM1ark, FMC Corporation). The spher-onising agent is preferably includecl
as about 1 toe about 99 % of the matrix bead by wweight.

In addition teo the active ingredient and spheroni_ zing agent, the spheroids may also
contain a bimder. Suitable binders, such as low wiscosity, water soluble polymers,

15 will be well Zknown to those skilled in the pharmmaceutical art. However, water soluble
hydroxy lower alkylcellulose, such as hydroxyp-ropylcellulose, are preferred.

In addition to the at least one opioid and spheromnising agent, the matrix bead
formulations: of the present invention may incluede a controlled release material such
20  as those descoribed hereinabove. Preferred controlled-release materials for inclusiom
in the matrix- bead formulations include acrylic zand methacrylic acid polymers or
copolymers, and ethylcellulose. When present it the formulation, the controlled-
release matemrial will be included in amounts of #From about 1 to about 80 % of the
matrix bead, by weight. The controlled-release rmaterial is preferably included in thne
25  matrix bead “formulation in an amount effective -to provide controlled release of thes at

least one opieoid from the bead.
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Pharmaceutical processing aids suech as binders, diluents, and the like may be
included in the matrix bead formuBations. Amounts of these agents included in the
formulations will vary with the dessired effect to be exhibited by the formulation.

The matrix beads may be overcoat-ed with a controlled-release coating including am.
controlled-release material such ass those described hereinabove. The controlled-
release coating can be applied to a weight gain of from about 5 to about 30 %. Thee
amount of the controlled release coating to be applied will vary according to a

variety of factors, e.g., the compossition of the matrix beads.

Matrix beads are generally preparexd by granulating the spheronizing agent togethe=r
with the agent, e.g. by wet granula tion. The granulate is then spheronized to prodiace
the matrix beads. The matrix beadss are then optionally overcoated with the controslled

release coating by methods such ass those described hereinabove.

Another method for preparing mat-rix beads, for example, by (a) forming granules
comprising at least one water solulble hydroxyalkyl cellulose and an opioid (b)
mixing the hydroxyalkyl cellulose containing granules with at least one C;; - Csg
aliphatic alcohol; and (c) optionall 'y, compressing and shaping the granules.
Preferably, the granules are formeed by wet granulating the hydroxyalkyl

cellulose/opioid with water.

In yet another alternative embodinment, spheronizing agent, together with the active
ingredient can be spheronized to fom spheroids. Microcrystalline cellulose is
preferred. A suitable microcrystall ine cellulose is, for example, the material sold =as
Avicel PH 101 (Trade mark, FMC: Corporation). In such embodiments, in addition to
the active ingredient and spheroni=zing agent, the spheroids may also contain a

binder. Suitable binders, such as Iow viscosity, water soluble polymers, will be w-ell
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known to those skilled in the pharmmaceutical art. However, water solubles hydroxy
lower alkyl cellulose, such as hydresxy propyl cellulose, are preferred. Acditionally
(or alternatively) the spheroids may~ contain a water insoluble polymer, e=specially an
acrylic polymer, an acrylic copolymer, such as a methacrylic acid-ethyl acrylate
copolymer, or ethyl cellulose. In suech embodiments, the sustained-releasee coating
will generally include a water insolwible material such as (a) a wax, either— alone or in
admixture with a fatty alcohol; or (1) shellac or zein.

In one especially preferred embodirnent, the oral dosage form comprises an effective

number of controlled release spherowids contained within a gelatin capsule.

In another preferred embodiment of the present invention, the controlled—release
dosage form comprises spheroids containing the active ingredient coated with a
controlled-release coating includings a controlled release material. The te—m spheroid
is known in the pharmaceutical art zand means, €.g., a spherical granule haaving a
diameter of between 0.1 mm and 2.55 mm, or between 0.5 mm and 2 mm. This range
is not meant to be limiting as the dizameter can be higher or lower than dissclosed

above.

The spheroids are preferably film coated with a controlled release materizal that
permits release of the opioid at a comntrolled rate in an aqueous medium. Whe film
coat is chosen so as to achieve, in combination with the other stated prop erties, the
desired in-vitro release rates The comtrolled-release coating formulations of the
present invention preferably producee a strong, continuous film that is smeooth and
elegant, capable of supporting pigm. ents and other coating additives, non—toxic, inert,
and tack-free.
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SUSTAENED-RELEASE COATING FORMULATIONS

The oral dosage forms of the present invention may optionally be coateed with one or
more coatings suitable for the regulation of release of for the protectiox of the
formulation. In one emmbodiment, coatings are provided to permit eithem pH-
dependent or pH-indep»endent release, e.g., when exposed to gastrointe-stinal fluid.
When a pH-independemt coating is desired, the coating is designed to achieve
optimal release regardl ess of pH-changes in the environmental fluid, e_g., the GI
tract, to avoid dose durmping. Other preferred embodiments include a peH-dependent
coating that releases th e opioid antagonist in desired areas of the gastro-intestinal
(GI) tract, e.g., the stormach or small intestine. It is also possible to forrmulate
compositions which reBlease a portion of the dose in one desired area of" the GI tract,
e.g., the stomach, and release the remainder of the dose in another area of the GI
tract, e.g., the small int-estine.

Formulations according to the invention that utilize pH-dependent coat-ings may also
impart a repeat-action effect whereby unprotected drug is coated over an enteric coat
and is released in the stomach, while the remainder, being protected by~ the enteric
coating, is released furtther down the gastrointestinal tract. Coatings wh ich are pH-
dependent may be used. in accordance with the present invention includlle a controlled
release material such ass, e.g,, shellac, cellulose acetate phthalate (CAP)Y, polyvinyl
acetate phthalate (PVAP), hydroxypropyl methylcellulose phthalate, amd methacrylic

acid ester copolymers, =zein, and the like.

In another preferred emmbodiment, the present invention is related to a s#tabilized solid
controlled dosage form comprising the opioid coated with a hydrophob-ic controlled

release material selecteed from (i) an atkylcellulose; (ii) an acrylic polymner; or (iii)
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rixtures thereof. The coating may be a-pplied in the form of an organic or aggueous

ssolution or dispersion.

I n certain preferred embodiments, the c=ontrolled release coating is derived facom an
aqueous dispersion of the hydrophobic controlled release material. The coatesd
Ssubstrate containing the opioid (e.g., a #&ablet core or inert pharmaceutical bezads or
sspheroids) is then cured until an endpo#int is reached at which the substrate perovides a
sstable dissolution. The curing endpoint may be determined by comparing thes
cdissolution profile (curve) of the dosage=e form immediately after curing to th €
dissolution profile (curve) of the dosag-e form after exposure to accelerated sstorage
conditions of, e.g., at least one month aat a temperature of 40 °C and a relativwe
Eumidity of 75 %. These formulations zare described in detail in U.S. Patent "Nos.
55,273,760 and 5,286,493. Other examp~les of controlled-release formulations and
ccoatings which may be used in accorda-nce with the present invention includle

~Assignee’s U.S. Patent Nos. 5,324,351 _, 5,356,467, and 5,472,712.

Hn preferred embodiments, the controlleed release coatings include a plasticizer such

=Aas those described herein below.

Jn certain embodiments, it is necessary— to overcoat the substrate comprisingg the
=opioid with a sufficient amount of the maqueous dispersion of e.g., a]k.ylcelhﬂose or
zacrylic polymer, to obtain a weight gai—n level from about 2 to about 50 %, e.g., about
2 to about 25 % in order to obtain a comtrolled-release formulation. The ovesrcoat
—may be lesser or greater depending upon the physical properties of the

~therapeutically active agent and the dessired release rate, the inclusion of plamsticizer in

~the aqueous dispersions and the manne=r of incorporation of the same, for exxample.
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Alkylcellulose Polymers

Cellulosic materials and polymers, includ-ing alkylcelluloses are controllesd release
materials well suited for coating the subst-rates, e.g., beads, tablets, etc. ac-cording to
the invention. Simply by way of example., one preferred alkylcellulosic polymer is
ethylcellulose, although the artisan will apopreciate that other cellulose ancdl/or part of
a hydrophobic coatings according to the ismvention.

One commercially-available aqueous dispersion of ethylcellulose is Aqua-coat™
(FMC Corp., Philadelphia, Pennsylvania, U.S.A.). Aquacoat™ is preparecl by
dissolving the ethylcellulose in a water-immiscible organic solvent and th en
emulsifying the same in water in the presesnce of a surfactant and a stabilizzer. After
homogenisation to generate submicron dreoplets, the organic solvent is evamporated
under vacuum to form a pseudolatex. The: plasticizer is not incorporated ir the
pseudolatex during the manufacturing phaase. Thus, prior to using the samee as a
coating, it is necessary to intimately mix t—he Aquacoat™ with a suitable plasticizer

prior to use.

Another aqueous dispersion of ethylcellul ose is commercially available ass’
Surelease™ (Colorcon, Inc., West Point, PPennsylvania, U.S.A.). This prociuct is
prepared by incorporating plasticizer into the dispersion during the manufacturing
process. A hot melt of a polymer, plasticiz=zer (dibutyl sebacate), and stabil=izer (oleic
acid) is prepared as a homogeneous mixtumre, which is then diluted with ara alkaline
solution to obtain an aqueous dispersion vehich can be applied directly ont-o

substrates.

Acrylic Polymers
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In otiner preferred embodiments of the preserit invention, the controlled release
matemrial comprising the controlled-release coating is a pharmaceutically acceptable
acrylic polymer, including but not limited to acrylic acid and methyacrylic acid

5 copoMymers, methyl methacrylate copolymers, ethoxyethyl methacrylates, cynaoethy 1
meth-acrylate, poly(acrylic acid), poly(metha_crylic acid), methacrylic acid alkylamide>
copoMymer, poly(methyl methacrylate), polymmethacrylate, poly(methyl methacrylate)«
copoRymer, polyacrylamide, aminoalkyl metlhacrylate copolamer, poly(methacrylic
acid sanhydride) and glycidyl methacrylate copolymers.

10
In cemtain preferred embodiments, the acrylic polymer is comprised of one or more
ammeonio methacrylate copolymers. Ammomnwio methacrylate copolymers are well
know~n in the art, and are described as fully polymerised copolymers of acrylic and
methzacrylic acid esters with a low content of quaternary ammonium groups.

15
In orcder to obtain a desirable dissolution pro-file, it may be necessary to incorporate
two ormore ammonio methacrylate copolymers having differing physical properties_
such as different molar ratios of the quaternamry ammonium groups to the neutral
(metl)acrylic esters.

20
Certamin methacrylic acid ester-type polymerss are useful for preparing pH-dependent
coatimngs which may be used in accordance wwith the present invention. For example,
there are a family of copolymers synthesized from diethylaminoethyl methacrylic
acid <opolymer or polymeric methacrylates, commercially available as Eudragit(R)

25  from RG&hm Tech, Inc. There are several diff=erent types of Eudragit™. For example,
Eudraagit E is an example of a methacrylic acsid copolymer which does not swell at
aobult pH <5.7 and is soluble at about pH >6 . Eudragit S does not swell at about pH
<6.5 and is soluble at about pH >7. Eudragit RL and Eudragit RS are water
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sswellable, and the amount of water absorbe=d by these polymers is pH-clependent,
Iowever, dosage forms coated with Eudragzit RL and RS are pH-independent.

I certain preferred embodiments, the acrylic coating comprises a mixtoure of two
amcrylic resin lacquers commercially availatole from Rohm Pharma undesr the
"Wradenames Eudragit™ RL30D and Eudra_git™ RS30D, respectively. Fudragit®
RL30D and Eudragit®™ RS30D are copolysmers of acrylic and methacrw/lic esters with
am low content of quaternary ammonium grooups, the molar ratio of amnonium groups
t=0 the remaining neutral (meth)acrylic estecrs being 1:20 in Eudragit™ IRL30D and

L :40 in Eudragit®™ RS30D. The mean molescular weight is about 150,0400. The code
Mesignations RL (high permeability) and R_S (low permeability) refer to the
Permeability properties of these agents. Eu_dragit®™ RL/RS mixtures are insoluble in
vevater and in digestive fluids. However, cozatings formed from the same are swellable

aand permeable in aqueous solutions and di-gestive fluids.

Whe Budragit® RI/RS dispersions of the roresent invention may be mi=xed together in
amny desired ration in order to ultimately obwtain a controlled-release foramulation
bmaving a desirable dissolution profile. Desiirable controlled-release forrmulations may
o obtained, for instance, from a retardant ecoating derived from 100 % Eudragit®
RRL, 50 % Eudragit® RL and 50 % BEudrag=it® RS, and 10 % Eudragit* ¥ RL:
Eudragit® RS. Of course, one skilled in thae art will recognize that otheer acrylic
poolymers may also be used, such as, for ex-ample, Eudragit® L.

Plasticizers

I-n embodiments of the present invention w~here the coating comprises @an aqueous
dlispersion of a hydrophobic controlled relezase material, the inclusion of an effective

asmount of a plasticizer in the aqueous disp-ersion of hydrophobic matexial will further
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improve the physical propertsies of the controlled-release coating. For examrple,
because ethylcellulose has a relatively high glass transition temperature an d does not
form flexible films under nommal coating conditions, it is preferable to incorporate a
plasticizer into an ethylcelluBose coating containing controlled-release coat-ing before
using the same as a coating rmaterial. Generally, the amount of plasticizer i ncluded in
a coating solution is based o the concentration of the film-former, e.g., meost often
from about 1 to about 50 per cent by weight of the film-former. ConcentratSon of the
plasticizer, however, can onl -y be properly determined after careful experinmentation

with the particular coating solution and method of application.

Examples of suitable plastici zers for ethylcellulose include water insoluble=
plasticizers such as dibutyl seebacate, diethyl phthalate, triethyl citrate, tibu—tyl citrate,
and triacetin, although it is p=ossible that other water-insoluble plasticizers esuch as
acetylated monoglycerides, pohthalate esters, castor oil, etc.) may be used. M riethyl
citrate is an especially prefer—ed plasticizer for the aqueous dispersions of ethyl

cellulose of the present inveration.

Examples of suitable plastici zers for the acrylic polymers of the present in»vention
include, but are not limited to citric acid esters such as triethyl citrate NF 3=V1,
tributyl citrate, dibutyl phthaTlate, and possibly 1,2-propylene glycol. Other-
plasticizers which have proveed to be suitable for enhancing the elasticity o—f'the films
formed from acrylic films su ch as Eudragit® RL/RS lacquer solutions incBude
polyethylene glycols, propylesne glycol, diethyl phthalate, castor oil, and traacetin.
Triethyl citrate is an especial 1y preferred plasticizer for the aqueous disperssions of

ethyl cellulose of the present invention.
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It has furtlher been found that the addition of a small amount of talc to the comntrolled
release co=ating reduces the tendency of the aquaeous dispersion to stick duriomg

processings, and act as a polishing agent.
Preparation of coated besad formulations

‘When an saqueous dispersion of hydrophobic nmaterial is used to coat sﬁbstra_tes, eg.,
inert pharmmaceutical beads such as nu pariel 18/20 beads, a plurality of the resultant
stabilized solid controlled-release beads may thhereafter be places in a gelatir capsule
in an amount sufficient to provide an effective controlled-release dose wherm ingested

and contaected by an environmental fluid, e.g., gastric fluid or dissolution me=dia.

The stabil-ized controlied-release bead formula tions of the present invention slowly
release thes opioid antagonist, e.g., when inges€ed and exposed to gastric flui’ds, and
then to intestinal fluids. The controlled-releases profile of the formulations o=f the
invention can be altered, for example, by varyiing the amount of overcoating= with the
aqueous d_ispersion of hydrophobic controlled release material, altering the mmanner in
which the plasticizer is added to the aqueous d ispersion of hydrophobic con-trolled
release maaterial, by varying the amount of plassticizer relative to hydrophobi ¢
controlledl release material, by the inclusion of additional ingredients or exc-ipients,
by alterings the method of manufacture, etc. Thhe dissolution profile of the uTltimate
product mmay also be modified, for example, by/ increasing or decreasing the thickness

of the con_tiolled release coating.

Substratess coated with a therapeutically active> agent are prepared, e.g. by di ssolving
the therap~eutically active agent in water and ttaen spraying the solution ontos a
substrate, for example, nu pariel 18/20 beads, -using a Wuster insert. Option:ally,

additionall ingredients are also added prior to coating the beads in order to a_ssist the
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bineding of the opioid to the beads, and/or to color the soluftion, etc. For example, a
pro duct which includes hydroxypropyl methylcellulose, et c. with or without colorant
(e.£2., Opadry™, commercially available from Colorcon, Imc.) may be added to the
solwation and the solution mixed (e.g., for about 1 hour) pri-or to application of the
sane onto the substrate. The resultant coated substrate ma—_y then be optionally
ove=rcoated with a barrier agent, to separate the therapeutic=ally active agent from the
hyc@rophobic controlled-release coating,

An example of a suitable barrier agent is one which compr=ises hydroxypropyl
me-thylcellulose. However, any film-former known in the zart may be used. It is

preferred that the barrier agent does not affect the dissolutJon rate of the final
pro-duct.

Thes substrates may then be overcoated with an aqueous di_spersion of the
hydrophobic controlled release material. The aqueous dispaersion of hydrophobic
coratrolled release material preferably further includes an e=ffective amount of
plassticizer, e.g. triethyl citrate. Pre-formulated aqueous disspersions of ethylcellulose,
suczh as Aquacoat(R) or Surelease(k), may be used. If Surelease™® is used, it is not
necsessary to separately add a plasticizer. Alternatively, pres-formulated aqueous

disgpersions of acrylic polymers such as Eudragit®™ can be used.

The= coating solutions of the present invention preferably ccontain, in addition to the
filmn-former, plasticizer, and solvent system (i.e., water) a colorant to provide -
elezgance and product distinction. Color may be added to thhe solution of the
therapeutically active agent instead, or in addition to the a=queous dispersion of
hyc3rophobic material. For example, color can be added to Aquacoat™ via the use of
alceohol or propylene glycol based color dispersions, mille-d aluminium lakes and

opaacifiers such as titanium dioxide by adding color with s”hear to water soluble
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polymer solution and thmen using low shear to the plasticized Aq—uacoat™.
Alternatively, any suita'ble method of providing color to the forrmulations of the
present invention may be used. Suitable ingredients for providirag color to the
formulation when an agqueous dispersion of an acrylic polymer i_s used include
titanium dioxide and coslor pigments, such as iron oxide pigmen-ts. The incorporation

of pigments, may, however, increase the retard effect of the coa—ting.

The plasticized aqueouss dispersion of hydrophobic controlled reslease material may
be applied onto the subsstrate comprising the therapeutically acti_ve agent by spraying
using any suitable spray/ equipment known in the art. In a prefer—red method, a
Wourster fluidized-bed system is used in which an air jet, injecte~d from underneath
fluidizes the core mater-ial and effects drying while the acrylic p=olymer coating is
sprayed on. A sufficient amount of the aqueous dispersion of hy~drophobic material to
obtain a predetermined controlled-release of said therapeuticall sy active agent when
said coated substrate is exposed to aqueous solutions, e.g. gastri_c fluid, is preferably
applied, taking into acc«ount the physical characteristics of the tkaerapeutically active
agent, the manner of in«corporation of the plasticizer, etc. After coating with the
hydrophobic controlled release material, a further overcoat of a film-former, such as
Opai R is optionally~ applied to the beads. This overcoat is pr-ovided, if at all, in
order to substantially reeduce agglomeration of the beads.

The release of the therapeutically active agent from the controll-ed-release
formulation of the present invention can be further influenced, i_.e., adjusted to a
desired rate, by the add-ition of one or more release-modifying amgents, or by '
providing one or more gpassageways through the coating. The raztio of hydrophobic
controlled release matexrial to water soluble material is determinsed by, among other
factors, the release rate required and the solubility characteristiccs of the materials

selected.
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The releasse-modifying agents which function as pore-forme=rs may be organic or
inorganic,, and include materials that can be dissolved, extraacted or leached form the
coating in - the environment of use. The pore-formers may ccomprise one or more
hydrophilZic materials such as hydroxypropylmethylcellulos-e.

The contreolied-release coatings of the present invention carm also include erosion-

promoting= agents such as starch and gums.

The controlled-release coatings of the present invention canm also include materials
useful for making microporous lamina in the environment oef use, such as
polycarbommates comprised of linear polyesters of carbonic a_cid in which carbonate

groups recoccur in the polymer chain.

The releas-e-modifying agent may also comprise a semi-perrmeable polymer. In
certain pre=ferred embodiments, the release-modifying agent= is selected from
hydroxypr-opylmethylcellulose, lactose, metal stearates, and_ mixtures of any of the

foregoing.

The contreolled-release coatings of the present invention mawy also include an exit
means conprising at least one passageway, orifice, or the lilke. The passageway may
be formed by such methods as those disclosed in U.S. Paten_t Nos. 3,845,770;
3,916,889;. 4,063,064; and 4,088,864. The passageway can Iave any shape such as
round, triamngular, square, elliptical, irregular, etc.

Another m_ethod of producing controlled release bead formuxlations suitable for about
24-hour adlministration is via powder layering. U.S. Patent ™Jo. 5,41 1,745 teaches

preparatior= of 24-hour morphine formulations prepared via ~powder layering
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techmiques utilizing a processing aid consisting essentially of hydrous lactose
impalpable. The powder-layered beads are prepared by spraying an aqueous binder
solut-ion onto inert beads to provide a tacky surface, and subsequently spraying a
powcder that is a homogenous nﬁxture of morphine sulfate and hydrous lactose
impalpable onto the tacky beads. The beads are then drie-d and coated with a
hydrophobic material such as those described hereinabowe to obtain the desired
release of drug when the final formulation is exposed to environmental fluids. An
appropriate amount of the controlled release beads are then, e.g. encapsulated to
prov-ide a final dosage form which provides effective pla sma concentrations of

morphine for about 24 hours.
SUSTAINED RELEASE OSMOTIC DOSAGE

Sustaained release dosage forms according to the present invention may also be
prepared as osmotic dosage formulations. The osmotic d osage forms preferably
inchcade a bilayer core comprising a drug layer and a delivery or push layer, wherein
the bilayer core is surrounded by a semipermeable wall and optionally having at least

one poassageway disposed therein.

The expression “passageway’ as used for the purpose of  this invention, includes
aperture, orifice, bore, pore, porous element through which the opioid can be
pumped, diffuse or migrate through a fiber, capillary tub e, porous overlay, porous
insext, microporous member, or porous composition. The passageway can also
incltade a compound that erodes or is leached from the wrall in the fluid environment
of usse to produce at least one passageway. Representativve compounds for forming a
pass ageway include erodible poly(glycolic) acid, or poly/(lactic) acid in the wall; a
gelatinous filament; a water-removable poly(vinyl alcoh ol); leachable compounds

suche as fluid-removable pore-forming polysaccharides, acids, salts or oxides. A
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-bpassageway can be formed by leaching a compound fro-m the wall, such as sorbitol,
-Sucrose, lactose, maltose, or fructose, to form a sustaine=d-release dimensional pore-
sbassageway. The passageway can have any shape, such as round, triangular, square
aand elliptical, for assisting in the sustained metered relesase of the at least one opioid_
from the dosage form. The dosage form can be manufac=tured with one or more
MPassageway in spaced-apart relation on one or more surffaces of the dosage form. A
Passageway and equipment for forming a passageway ar-e disclosed in U.S. Patent
MNos. 3,845,770; 3,916,899; 4,063,064 and 4,088,864. pamssageways comprising
SSustained-release dimensions sized, shaped and adapted asa releasing-pore formed
by aqueous leaching to procide a releasing-pore of a susstained-release rate are
dlisclosed in U.S. Patent Nos. 4,200,098 and 4,285,987.

Imn certain embodiments, the bilayer core comprises a drumg layer with the at least one
o-pioid and a displacement or push layer. In certain embosdiments the drug layer may
also comprise at least one polymer hydrogel. The polymesthydrogel may have an
a~verage molecular weight of between about 500 and abowut 6,000,000. Examples of
peolymer hydrogels include but are not limited to a maltociextrin polymer comprising
thre formula (Cs Hy, Os)n - Hy0, whereinn is 3 to 7,500, and the maltodextrin
peolymer comprises a 500 to 1,250,000 number-average nmolecular weight; a
pooly(alkylene oxide) represented by, e.g., a poly(ethylene oxide) and a
poly(propylene oxide) having a 50,000 to 750000 weight—average molecular weight,
arad more specifically represented by a poly(ethylene oxicle) of at least one of
100,000, 200,000, 300,000 or 400,000 weight-average molecular weights; an alkali
caerboxyalkylcellulose, wherein the alkali is sodium or powtassium, the alky] is methyl,
etlyl, propyl, or butyl of 10,000 to 175,000 weight-averagze molecular weight; and a
co~polymer of ethylene-acrylic acid, including methacrylicc and ethacrylic acid of
10m,000 to 500,000 number-average molecular weight.
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In certain embodiments of the present invemtion, the delivery or push layer comprises
an osmopolymer. Examples of an osmopol ymer include but are not limited to a
member selected from the group consistings of a polyalkylene oxide and a
carboxyalkylcellulose. The polyalkylene oxide possesses a 1,000,000 to 10,000,000
weight-average molecular weight. The polwalkylene oxide may be a member selected
form the group consisting of polymethylen e oxide, polyethylene oxide,
polypropylene oxide, comprising a 5,000,300 average molecular weight,
polyethylene oxide comprising a 7,000,000 average molecular weight, cross-linked
polymethylene oxide possessing a 1,000,000 average molecular weight, and
polypropylene oxide of 1,200,000 average molecular weight. Typical osmopolymer
carboxyalkylcellulose comprises a memben selected from the group consisting of
alkali carboxyalkylcellulose, sodium carbo xymethylcellulose, potasstum
carboxymethylcellulose, sodium carboxyethylcellulose, lithinum
carboxymethylcellulose, sodium carboxyethylcellulose,
carboxyalkylhydroxyalkylcellulose, carboxymethylhydroxyethyl cellulose,
carboxyethylhydroxyethylcellulose and cawboxymethylhydroxypropylcellulose. The
osmopolymers used for the displacement l1ayer exhibit an osmotic pressure gradient
across the semipermeable wall. The osmopolymers imbibe fluid into dosage form,
thereby swelling and expanding as an osmotic hacrogel (also known as osmogel),

whereby they push the at least one opioid £irom the osmotic dosage form.

The push layer may also include one or more osmotically effective compounds also
known as osmagents and as osmotically effective solutes. They imbibe an
environmental fluid, for example, form thes gastrointestinal tract, into dosage form
and contribute to the delivery kinetics of thie displacement layer. Examples of
osmotically active compounds comprise a member selected form the group
consisting of osmotic salts and osmotic cax’bohydrates. Examples of specific

osmagents include but are not limited to sodium chloride, potassium chloride,
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potassium sulphate, potassium phosphate, glucose, fructose and maltose=.

The push layer may optionally include a hydroxypropylalkylcellulose peossessing a
9,000 to 450,000 number-average mo lecular weight. The
hydroxypropylalkylcellulose is repres ented by a member selected from —the group
consisting of hydroxypropylmethylcealulose, hydroxypropylethylcellulose,

hydroxypropylisopropylcellulose, hydroxypropylbutylcellulose and
hydroxypropylpentylcellulose.

The push layer optionally may comprise a non-toxic colorant or dye. Exxamples of
colorants or dyes include but are not Limited to Food and Drug Adminis tration
Colorant (FD&C), such as FD&C No . 1 blue dye, FD&C No. 4 red dye_, red ferric
oxide, yellow ferric oxide, titanjum diioxide, carbon black, and indigo.

The push layer may also optionally comprise an antioxidant to inhibit thae oxidation
of ingredients. Some examples of anti oxidants include but are not limitezd to a
member selected from the group cons isting of ascorbic acid, ascorbyl p=almitate,
butylated hydroxyanisole, a mixute o€ 2 and 3 tertiary-butyl-4-hydroxy=anisole,
butylated hydroxytoluene, sodium iso>ascorbate, dihydroguaretic acid, p-otassium
sorbate, sodium bisulphate, sodium mmeta bisulphate, sorbic acid, potass=ium
ascorbate, vitamin E, 4-chloro-2,6-dit ertiary butylphenol, alpha tocophe=rol, and
propylgallate.

In certain alternative embodiments, thae dosage form comprises a homogzenous core
comprising the opioid, a pharmaceutically acceptable polymer (e.g., poMyethylene
oxide), optionally a disintegrant (e.g., polyvinylpyrrolidone), optionallyw an
absorption enhancer (e.g., a fatty acid, a surfactant, a chelating agent, a bile salt,
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etc.). The homogenous core s surrounded by a semipermeable wall having a

passageway (as defined abowe) for the release of the at least one opioid.

In certain embodiments, the semipermeable wall comprises a member selected from
the group consisting of a cellulose ester polymer, a cellulose ether polymer and a
cellulose ester-ether polymer. Representative wall polymers comprise a member
seleceted from the group comsisting of cellulose acylate, cellulose diacylate, cellulose
triacylate, cellulose acetate, cellulose diacetate, cellulose triacetate, mono-, di- and
tricellulose alkenylates, and mono-, di and tricellulose alkinylates. The
poly(cellulose) used for the present invention comprises a number-average molecular
weight of 20,000 to 7,500,000.

Additional sempermeable polymers for the purpose of this invention comprise
acetaldehyde dimethylcellul ose acetate, cellulose acetate ethylcarbamate, cellulose
acetate methylcarbamate, cellulose diacetate, propylcarbamate, cellulose acetate
diethylaminoacetate; semipermeable polyamide; semipermeable polyurethane;
semipermeable sulfonated polystyrene; semipermeable cross-linked polymer formed
by the coprecipitation of a polyanion and a polycation as disclosed in U.S. Patent
Nos. 3,173,876, 3,276,586; 3,541,005; 3,541,006 and 3,546,876; semipermeable
polymers as disclosed by Loeb and Sourirajan in U.S. Patent No. 3,133,132;
semipermeable crosslinked polystyrenes; semipermeable crosslinked (poly(sodium
styrene sulfonate); semipermneable crosslinked poly(vinylbenzyltrimethyl ammonium
chloride); and semipermeable polymers possessing a fluid permeability of 2.5x10° to
2.5x10 (cm’/hr - atm) expressed per atmosphere of hydrostatic or osmotic pressure
difference across the semipermeable wall. Other polymers useful in the present
invention are known in the art in U.S. Patent Nos. 3,845,770; 3,916,899 and
4,160,020); and in Handbook of Common Polymers, Scott, J.R. and W.J. Roff, 1971,
CRC Press, Cleveland, Ohio.
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In certain embodiments, preferabl-y the semipermeable wall is nor-toxic, inert, and it
maintains its physical and chemical integrity during the dispensin_g life of the drug.
In certain embodiments, the dosagze form comprises a binder. An scxample of a binder
includes, but is not limited to a therapeutically acceptable vinyl peolymer having a
5,000 to 350,000 viscosity-average molecular weight, represented by a member
selected from the group consistingg of poly-n-vinylamide, poly-n-winylacetamide,
poly(vinylpyrrolidone), also know=n as poly-n-vinylpyrrolidone), gooly-n-
vinylcaprolactone, poly-n-vinyl-5—methyl-2-pyrrolidone, and polyr-n-vinyl-
pyrrolidone copolymers with a mesmber selected from the group c=onsisting of vinyl
acetate, vinyl alcohol, vinyl chlori de, vinyl fluoride, vinyl butyrat .e, vinyl laureate,
and vinyl stearate. Other binders imclude for example, acacia, star-ch, gelatin, and
hydroxypropylalkylcellulose of 9,200 to 250,000 average molecular weight.

In certain embodiments, the dosagge form comprises a lubricant, wwhich may be used
during the manufacture of the dosaage form to prevent sticking to clie wall or puch
faces. Examples of lubricants inclwade but are not limited to magnessium stearate,
sodium stearate, stearic acid, calci-um stearate, magnesium oleate, oleic acid,

Ppotassium oleate, carprylic acid, s©dium stearyl fumarate, and ma_gnesium palmitate.

In certain preferred embodiments, the present invention includes = therapeutic
composition comprising 1 to 640 rng of opioid, 25 to 500 mg of peoly(alkylene oxide)
having & 150,000 to 500,000 average molecular weight 1 to 50 mae of
poly(vinylpyrrolidone) having a 40,000 average molecular weighst, and 0 to about

7.5 mg of a lubricant.

In certain embodiments, the invention also provides a method for administering at

least one opioid by admitting orall y a dosage form comprising 1 t_o 640 mg of opioid,
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a semipermeable wall permeable to aqueous-b-iclogical fluid and impervious to the
passageway of the opioid which semipermeabRe wall surrounds an internal space
comprising the opioid composition and a push composition, the opioid composition
comprising 1 to 640 mg of opioid , 25 to 500 mng of a poly(alkylene oxide) having a
150,000 to 500,000 average molecular weight, 1 to 50 mgofa
poly(vinylpyrrolidone) having a 40,000 averag=e molecular weight, and 0 to 7.5 mg of
a lubricant, said push composition comprising 15 to 250 mg of a poly(alkylene
oxide) of 3,000,000 to 7,500,000 average mole=cular weight, 0 to75 mg of an
osmagent, 1 to 50 mg of a hydroxyalkyicellulo.se, 0 to 10 mg of ferric oxide, 0 to

10 mg of a lubricant, and 0 to 10 mg of antioxi~dant; and a passageway in the
imbibing fluid through the semipermeable wall into the dosage form causing the
opioid composition to become dispensable and the push composition to expand and
push the opioid composition through the passagzeway, whereby through the combined
operations of the dosage form, the opioid is del-ivered at a therapeutically effective
dose at a rate controlled over a sustained periodd of time.

The dosage forms of the present invention may optionally be coated with one or
more coating suitable for the regulation of releamse or for the protection of the
formulation. In one embodiment, coatings are perovided to permit either pH-
dependent or pH-independent release, e.g., whe=n exposed to gastrointestinal (€3)]
fluid. When a pH-independent coating is desiread, the coating is designed to achieve
optimal release regardless of pH-changes in the environmental fluid, e.g., the GI
tract. Other preferred embodiments include a pF3-denpendent coating that releases the
opioid in desired areas of the GI tract, e.g., the sstomach or small intestine, such that
an absorption profile is provided which is capatole of providing at least about twelve
hours and preferably about twenty-four hours orr more of a therapeutical effect to a

patient. It is also possible to formulate composittions which release a portion of the
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dose in one desired area of the GI tract, e.g., the stomach, and release the re=mainder

of the dose in another area of the (Gl tract, e.g., the small intestine.

Formulations according to the inveention that utilize pH-dependent coatings may also
impart a repeat-action effect whereby unprotected drug is coated over an ensteric coat
and is released in the stomach, while the remainder, being protected by the enteric
coating, is released further down thhe gastrointestinal tract. Coatings which =are pH-
dependent and may be used in accordance with the present invention includiea
sustained release material such as, e.g., shellac, cellulose acetate phthalate CCAP),
polyvinyl acetate phthalate (PVAP), hydroxypropyl methylcellulose phthal=ate, and
methacrylic acid ester copolymers , zein, and the like.

In certain embodiments of the pressent invention, an effective amount of op# oid in
immediate release form is includec in the formulation. By including such amn effective
amount of immediate release opiodd in the unit dose. In such embodiments, an
effective amount of the opioid in i-mmediate release form may be coated on_to the
tablet of the present invention. Fox- example, where the extended release of the at
least one opioid from the formulat-ion is due to a sustained release coating, —the
immediate release layer would be overcoated on top of the sustained releasee coating.
On the other hand, the immediate release layer may be coated onto the surf-ace of
tablets wherein the at least one op3oid is incorporated in a sustained release= matrix.
One skilled in the art would recogmize still other alternative manners of inc orporating
the immediate release opioid porti on into the formulation. Such alternativess are

deemed to be encompassed by the: appended claims.

The following examples illustrate some preferred preparations. They are nOtto be

construed to limit the claims in any manner whatsoever.
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Example 1 — Production of tablets withy different oxycodone/naloxone amo=1nts in a
non-swellable diffusion matrix by spray granulation:

The following amounts of the listed components were used for the product—ion of
oxycodone/naloxone tablets.

Preparation Oxy/Nal-0 Oxy/Nal-5 Oxxy/Nal-10
(designation)
Oxycodone HCl 20.0mg 20.0 mg 208.0 mg
Naloxone HC1 - 5.0mg 1080 mg
Lactose Flow Lac 100  59.25 mg 54.25 mg 49% 25 mg
Povidone 30 50mg 5.0mg 5.0mg
Surelease® 10.0 mg solidl 10.0 mg solid 10®.0 mg solid
material material maaterial
Stearyl Alcohol 25.0 mg 25.0 mg 25+ .0mg
Talcum 25mg 2.5mg 2.5 mg
Mg-Stearate 1.25 mg 1.25 mg 1.225 mg

The Surelease® E-7-7050 polymer mixture used had the following compossition.

Surelease®
Ethylcellulose 20 cps
Dibutylsebacate
Ammoniumhydroxide
Oleic acid
Siliciumdioxide
Water

For the production of tablets oxycodom.e HCl, naloxone HCl, Povidone 30 :and
Lactose Flow Lac 100 were mixed in a tumbling mixer (Bohle) and subseqgguently
spray-granulated with Surelease® E-7-~7050 in a fluidized bath granulating= device
(GPCG3). The material was sieved ovesr a Comill 1.4 mm sieve. An additiconal

granulation step was carried out with nmelted fatty alcohol in a high-shear nmnixer
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(Collette). All tablet cores produczed by this approach had a weight of 123 mg, based
on dry substance.

Example 2 — Production of tablet=s with oxycodone and naloxone in a mon-swellable
diffusion matrix by extrusion:

The following amounts of the list=ed components were used for the prociuction of the

oxycodone/naloxone tablets accomrding to the invention.

Preparation Oxy/Nal -Extr
(designation)

Oxycodone HCl 20 mg
Naloxone HCI 10mg
Kollidon 30 6 mg

Lactose Flow Lac 100 4925 mg
Ethylcellulose 45 cps 10 mg

Stearyl alcohol 24 mg
Talcum 2.5mg
Mg-Stearate 1,25 mg

The listed ambunts of oxycodone BHCI, naloxone HC], ethylcellulose 45 cps,
Povidone 30, stearyl alcohol and L_actose Flow Lac 100 were mixed in & tumbling
mixer (Bohle). This mixture was sSubsequently extruded with a counter—rotating twin
screw extruder of the type Micro 1 8 GGL (Leistritz AG, Niirnberg, Ger-many). The
temperature of heating zone 1 was 25°C, of heating zone 2, 50°C, of heating zones 3
to 5, 60°C, of heating zones 6 to 8., 55°C, of heating zone 9, 60°C ando f heating
zone 10, 65°C. The screw rotatings speed was 150 revolutions per minute (rpm), the
resulting melt temperature was 87°C, the feed rate was 1.5 kg/h and the diameter of
the nozzle opening was 3 mm. The= extruded material was sieved with a Frewitt 0.68
x 1.00 mm sieve. The grinded extreadate was then mixed with talcum an«d magnesium
stearate that had been added over a_ 1 mm hand sieve and was subsequertly pressed

into tablets.



WO 2005/120506- PCT/EP2005/00588=8

10

15

20

-51-

In compamrison to the oxycodone/naloxone tablets whaich also have the Surelease@®-
based nom-swellable diffusion matrix produced by sporay granulation (see Exampele

1), extrucled preparations comprise less components.
Example 3 — Release profile of the oxycodone/nalox- one tablets from Example 1=

The releamse of the active compounds was measured O ver a time period of 12 hou-rs,

applying the Basket Method according to USP at pH 1.2 using HPLC. Tablets
Ox/Nal-(®, Ox/Nal-5 and Ox/Nal-10 were tested.

One reco_gnizes from the table that in the case of a nc>n-swellable diffusion matri=x
based on Surelease®, the release rates of different oxxycodone amounts, indepencient
of the nal- oxone amount, remain equal (invariant). Cormrespondingly, invariant rel ease

profiles a_re observed for naloxone at different oxycoedone amounts.

Time Ox/Nal- Ox/Nal-5- Ox/Nal-5- Ox/_Nal-10- Ox/Nal-10-
(min) 0 (0] N 6] N
Oxy Oxy Nal OxX3” Nal
0 0 0 0 0 0
15 26.1 24.9 23.5 22.8 24.1
120 62.1 63 61 57.5 60.2
420 91.7 94.5 91.9 89.4 93.5
720 98.1 99.6 96.6 95. ~ 100.6

The relea_se values refer to oxycodone or naloxone (1ane 2) and are given as
percentagmes. The mean value for the release of naloxeone at e. g. 420 min is 92,7%%.
The maxi mal deviation at 420 min is 1%. Oxy and N~ al stand for oxycodone and

paloxone and indicate the active compound which hass been measured.
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Example 4 — Release profile of oxycodone/naloxone tablet=s from Example 2 at
different pH-values:

The release of ac#ive compounds from the tablets was meassured over a time period of
12 hours at pH 1. 2 or for 1 hour at 1.2 and subsequently forr 11 hours at pH 6.5.
Release rates were determined by the basket method accorcling to USP using HPLC.

The following rek ease rates were measured for 12 hours at ypH 1.2:

Time Oxy/MNal-Extr-1,2-0  Oxy/Nal-Extr-1,2-N

(min) Oxy , Nal
0 0 0

15 24.1 24.0
120 62.9 63.5
420 92.9 93.9
720 96.9 98.1

The following rel ease rates were measured for 1 hour at pHH 1.2 and 11 hours at pH
6.5:

Time Oxy/MNal-Extr-6,5-O  Oxy/Nal-Extr-6,5-N

(min)  Oxy Nal
0 0 0

60 48.1 492
120 65.0 64.7
240 83.3 81.8
420 94.1 92.3

The release rates arefer to oxycodone and naloxone (line 2) zand are given as
percentages. Oxy~ and Nal stand for oxycodone and naloxosne and indicate the active

compound measu-red.



WO 2005/120506

10

15

20

25

~PCT/EP2005/005838

-53-

Further suitable examples with a combination of oxycodone as agonist and naloxone
as antagonist are= disclosed in PCT/EP 03/03541.

Examples 5 and 6~ Controlled Release Oxycodone formulations, 10 and 20 mg
tablets

Eudragite® RS 30D and Triacetine are combined while passings though a 60 mesh
screen, and mixe=d under low shear for approximately 5 minutess or until a uniform

dispersion is obsserved.

Next, suitable quaantities of Oxycodone HCI, lactose, and povid-one are placed into a
fluid bed granulator/dryer (FBD) bowl, and the suspension spra-yed onto the powder
in the fluid bed. _After spraying, the granulation is passed througzh a #12 screen if
necessary to redmice lumps. The dry granulation is placed in a mmixer.

In the meantime_, the required amount of stearyl alcohol is melte=d at a temperature of
approximately 7@0°C. The melted stearyl alcohol is incorporated® into the granulation
while mixing. Tkne waxed granulation is transferred to a fluid be=d granulator/dryer or
trays and allowead to cool to room temperature or below. The camoled granulation is
then passed thromigh a #12 screen. Thereafter, the waxed granuTation is placed in a
mixer/blender arad lubricated with the required amounts of talc -and magnesium
stearate for apprcoximately 3 minutes, and then the granulate is ccompressed into 125

mg tablets on a ssuitable tableting machine.

The formula for ~the tablets of Example 5 (10 mg tablet) is set foorth in the table
below:
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Compoment

Oxycod-one Hydrochloride
Lactose (spray dried)

Povidore

Budragi—+t® RS 30D (solids)

Triacetimn®
Stearyl aAlcohol
Talc

Magnesmum Stearate
Total:

-54.

M _g/Tablet
10».0

69-.25
5.0
10 .0*
2.0
25 .0
2.5
1.25

1250

PCT/EP2005/005888

Yo(by wt
3.0

554

4.0

8.0

1.6

20.0

2.0

1.0

100.0

*Approx<imately 33.33 mg Eudragit® RS 30D® Aqueous dispersion is equivalent toe
10 mg o= Eudragit® RS 30D dry substance.

The forrmula for the tablets of Example 6 (2%0 mg tablet) is set forth in the tabele

below:

20 Componeent . Mpg=/Tablet
Oxycodoene Hydrochloride 20.¢«0Q
Lactose (Cspray dried) 59.225
Povidone 5.0
Eudragitc® RS 30D (solids) 10.€0*

25 Tracetin'® 2.0
Stearyl Aslcohol 25.©
Talc 2.5
Magnesiv am Stearate 1.25

30 Total: 125°.0

Example 7- The tablets of Example 5 are then tested for dissolution via the USP
Basket M ethod at 37°C, 100 RPM, first hour 700 ml simulated gastric fluid at pH
35 1.2, then «changed to 900 ml at pH 7.5. The resul_ts are set forth in the table below:
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Time % Oxycodone Dissolved
(hours)
1 38.0
2 47.5
4 62.0
8 79.8
12 91.1
18 94.9
24 98.7

Exxample 8 — The tablets of Example 6 are then tested_ for dissolution via the USP
Bzasket Method at 3°C, 100 RPM, first hour 700 ml simnulated gastric fluid at pH 1.2,
th_en changed to 900 ml at pH 7.5. The results are set forth in the table below:

Time % Oxycodone Dissolved
- (bours)
1 31
2 44
4 57
8 71
12 79
18 86
24 89

Fuarther suitable examples with oxycodone as agonist a_nd corresponding in vivo data

aree disclosed in EP 0 576 643 (incorporated herein by mreference).

Ex<ample 9 - 24 hour 160 mg oxycodone sustained reslease capsules were prepared
with the formula set forth in table below:
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Compeonent Mg/unit
Oxycoedone HCL 160
Stearic Acid 80
Steary~1 Alcohol 20
Eudragxit RSPO 140
Total 400

The fo rmulation above was prepared according to thes following procedure:

1. Passs the stearyl alcohol flakes through an impact nill.

2. Blerad the Oxycodone HC, stearic acid, stearyl alc chol and the Eudragit RSPO in
a suita'ble lender/mixer.

3. Con_tinuously feed the blended material into a twin_ screw extruder at elevated
temper-atures and collect the resultant strands on a comveyor.

4. Allosw the strands to cool on the conveyor.

5. Cut the strands into 1 mm pellets using a pelletizer-.

6. Scre=en the pellets for fines and oversized pellets to- an acceptable range of about
0.8

1.4 mmn in size.

7. Fill dnto capsules with a fill weight of 400 mg/capssule (Fill into size 00 capsules).

Exampsle 10— The tablets of Example 9 are then tested for dissolution The pellets
were thaen using the following procedure:

Fiber osptic UV dissolution using USP apparatus 1 (baasket) at 100 rpm in 900 ml
simulated gastric fluid (SGF) and in 900 ml simulatec] intestinal fluid (SIF)
monitoering at

282nm_.

The dissolution parameters for the above formulation. are set forth in Table below:.
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12
18
24

%Dissolved in
SGF
32
47
66
86
93
95
95
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% Dissolved in
SIF
20
28
42
60
70
77
80
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CLAIMS

1. Us e of an opioid controlled release oral do- sage form comprising at
least one opioid feor the manufacture of a medicament to t—reat patients with restless
leg syndrome (RI_.S).

2. Usee of an opioid controlled release oral dossage form comprising at
least one opioid for the manufacture of a medicament to tareat patients with restless
leg syndrome (RI_S) which provides an effective treatmerat when administered every
12 hours at steady> state.

3. Use of an opioid controlled release oral dossage form comprising at
least one opioid for the manufacture of a medicament to tr—eat patients with restless
leg syndrome (RL-S) which provides an effective treatmen:t when administered every
24 hours at steady state.

4. Uses according to any preceding claim, whe—xein the oral dosage form
comprises an opiodd agonist selected from the group comperising oxycodon,
hydrocodone, hydsromorphone, morphine, methadone, oxy~morphone, fentanyl and
sufentanyl, in the orm of the free base or a pharmaceutica_lly acceptable salt.

5. Use: according to any preceding claim, whemrein the oral dosage form
comprises a mixtuwre of an opioid agonist and an opioid an®agonist selected from the
group comprising xaaltrexone, nalmefene and naloxone, in ~the form of the free base or

a pharmaceutically~ acceptable salt.
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6. Use according to any preced ing claim, wherein the oral dosage form
contains oxycodone or a pharmaceutically aacceptable salt thereof.

7. Use according to any preced ing claim, wherein the oral dosage form
comprises morphine or a pharmaceutically acceptable salt thereof.

8. Use according to any preced-ing claim, wherein the oral dosage form
comprises a mixture of oxycodone and naloxone, in the form of the free base or as

pharmaceutically acceptable salts thereof.

9. Use according to claim 8, wEaerein the oral dosage form is a storage
stable pharmaceutical preparation and the a_ctive compounds are released from the

preparation in a sustained, invariant and incependent manner.

10.  Use according to claim 8 or %9, wherein oxycodone is present in excess

referred to the unit dosage amount of nalox-one.

11. Use according to claims 8 to 10, wherein Naloxone is present in an
amount range of 1 to 50 mg.

12. Use according to claims 8 to 11, wherein oxycodone is present in an

amount range of 10 to 150 mg, preferably o»f 10 to 80 mg.

13. Useaccording to claims 8 to 12, wherein oxycodone and naloxone are
present in weight ratio ranges of maximal 2.5 ; 1, preferably of maximal 20:1, 15:1,
especially preferably of 5:1, 4:1, 3:1, 2:1 or~ 1:1.
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