PHARMACEUTICAL COMPOSITIONS COMPRISING IMATINIB AND A
RELEASE RETARDANT Field of the Invention The present invention relates
to sustained release pharmaceutical compositions comprising a therapeutic
compound, such as imatinib, and a release retardant. The present invention
also relates to processes for making such sustained release pharmaceutical
compositions. Background of the Invention The therapeutic compound
4-[(4-methyl-1-piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-
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Basic pharmaceutically active therapeutic compounds are commonly
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GLEEVEC. Two crystal forms of imatinib mesylate are described in WO 99/03854. The

crystal form designated as the beta form is described as having physical properties that

make it advantageous for the manufacture of solid oral pharmaceutical dosage forms, such

as tablet and capsule dosage forms.

The currently marketed formulations of imatinib mesylate are 100 mg hard gelatin
capsules and 100 mg and 400 mg film coated tablets. There is a need for an extended
release tablet comprising imatinib, for example, to reduce peak plasma concentration and to

maintain therapeutic plasma levels for a prolonged period of time.

It is an object of the present invention to provide for a sustained release formulation
for imatinib. It is a further object of the present invention to provide for a sustained release
formulation manufactured by using a melt granulation process. It is yet another object of the
present invention to provide for the use of an extruder to implement the melt granulation

process. Traditionally, extruders in a pharmaceutical context have been used for the



melting of the therapeutic compound. Surprisingly, it has been found that the
use of extruders can be useful in the preparation of melt granulated solid
dosage forms without the need for melting any of the therapeutic compound.
Summary of the Invention The present invention relates to modified release
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In another exemplary embodiment of the present invention, the invention features a

method for making sustained release pharmaceutical compositions of imatinib or a
pharmaceutically acceptable salt thereof. In a particular aspect, the therapeutic compound
is melt granulated with a release retardant using an extruder. During the processing in the
extruder, the heating temperature of the extruder does not exceed the melting temperature
of the therapeutic compound. The result extrudate can be optionally milled and compressed

into solid oral dosage forms.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constituting a part of the

specification, illustrates exemplary embodiments of the present invention.

FIG. 1 shows a chart depicting the dissolution profiles for exemplary embodiments in

accordance with the present invention as disclosed in Examples 1, 2 and 3.



FIG. 2 shows a chart depicting the dissolution profiles for present invention
as disclosed in Examples 4, 5, 6 and 7. Detailed Description of the Invention
The present invention relates to sustained release solid dosage forms of a
therapeutic compound which comprises granules of the therapeutic
compound with a release retardant and to a process for preparing such
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or with suitable organic carboxylic or o
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commensurate with a reasonable benefit/risk ratio.

As used herein the term "therapeutic compound" means any compound, substance,
drug, medicament, or active ingredient having a therapeutic or pharmacological effect, and
which is suitable for administration to a mammal, e.g., a human, in a composition that is
particularly suitable for oral administration. Particularly useful as a therapeutic compound in

the present invention is imatinib and pharmaceutically acceptable salts thereof.

As used herein the term “imatinib” refers to the free base of imatinib or a

pharmaceutically acceptable salt thereof (e.g., imatinib mesylate).

Pharmaceutically acceptable salts of imatinib include, but are not limited to,
pharmaceutically acceptable acid addition salts. Examples include inorganic acids, such as
hydrochloric acid, sulfuric acid or a phosphoric acid, or with suitable organic carboxylic or

sulfonic acids, for example aliphatic mono- or di-carboxylic acids, such as trifluoroacetic
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sulfonic acids, for example aliphatic mono- or di-carboxylic acids, such as
trifluoroacetic -3 acid, acetic acid, propionic acid, glycolic acid, succinic acid,
maleic acid, fumaric acid, hydroxymaleic acid, malic acid, tartaric acid, citric
acid or oxalic acid, or amino acids such as arginine or lysine, aromatic
carboxylic acids, such as benzoic acid, 2-phenoxy-benzoic acid,
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WQ99/03854 published on January 28, 1999. Imatinib mesylate has an aqueous solubility

of >1,300 mg/mL at pH of less than 5.5.

The therapeutic compound(s) is present in the pharmaceutical compositions of the
present invention in a therapeutically effective amount or concentration. Such a
therapeutically effective amount or concentration is known to one of ordinary skill in the art
as the amount or concentration varies with the therapeutic compound being used and the
indication which is being addressed. For example, in accordance with the present invention,
the therapeutic compound especially imatinib, may be present in an amount of 50% to 99%
by weight of pharmaceutical composition. In one embodiment, the therapeutic compound,
especially imatinib, may be present in an amount by weight of 62% to 99% by weight of the
pharmaceutical composition. In one embodiment, the therapeutic compound, especially
imatinib, may be present in an amount by weight of 75% to 99% by weight of the

pharmaceutical composition.



the therapeutic compound especially imatinib, may be present in an amount

of 50% to 99% by weight of pharmaceutical composition. In one

embodiment, the therapeutic compound, especially imatinib, may be present
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osmotic system. A release retardant can be a polymer or non-polymer.

As used herein the term “polymer” refers to a polymer or mixture of polymers that has
a glass transition temperature, softening temperature or melting temperature less than
212<C. The glass transition temperature is the tem perature at which such polymer's
characteristics change from that of highly viscous to that of relatively less viscous mass.
Types of polymers include, but are not limited to, water-soluble, water-swellable, water

insoluble polymers and combinations of the foregoing.
Examples of polymers include, but are not limited to:

homopolymers and copolymers of N-vinyl lactams, e.g., homopolymers and
copolymers of N-vinyl pyrrolidone (e.g., polyvinylpyrrolidone), copolymers of N-vinyl

pyrrolidone and vinyl acetate or vinyl propionate;



a glass transition temperature, softening temperature or melting temperature
less than 212C. The glass transition temperature is the temperature at which
such polymer's characteristics change from that of highly viscous to that of
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polyvinyl acetate; polyvinyl alcohol; and oligo- and polysaccharides such as
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paRRE therenkeApolganyhateitethe term "plasticizer” refers to a material that
may be incorporated into the pharmaceutical composition, especially the

interngyiphasaideherdgigto decrease the

oligo- and polysaccharides such as carrageenans, galactomannans and xanthan

gum, or mixtures of one or more thereof.

As used herein, the term “plasticizer” refers to a material that may be incorporated
into the pharmaceutical composition, especially the internal phase, in order to decrease the
glass transition temperature and the melt viscosity of a polymer by increasing the free
volume between polymer chains. Plasticizers, for example, include, but are not limited to,
water; citrate esters (e.qg., triethylcitrate, triacetin); low molecular weight poly(alkylene
oxides) (e.g., poly(ethylene glycols), poly(propylene glycols), poly(ethylene/propylene
glycols)); glycerol, pentaerythritol, glycerol monoacetate, diacetate or triacetate; propylene
glycol; sodium diethyl sulfosuccinate; and the therapeutic compound itself. The plasticizer
can be present in concentration from 0% to 15%, e.g., 0.5% to 5% by weight of the
pharmaceutical composition. Examples of plasticizers can also be found in The Handbook
of Pharmaceutical Additives, Ash et al., Gower Publishing (2000).

As used herein the term “non-polymeric release retardant” refers to substances or a
mixtures of substances, non-polymeric in nature, that are solid or semi-solid at room
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glass transition temperature and the melt viscosity of a polymer by increasing
the free volume between polymer chains. Plasticizers, for example, include,
but are not limited to, water; citrate esters (e.g., triethylcitrate, triacetin); low
molecular weight poly(alkylene oxides) (e.g., poly(ethylene glycols),
poly(propylene glycols), poly(ethylene/propylene glycols)); glycerol,
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Examples of waxes include, but are not limited to, carnauba wax, beeswax and
spermaceti wax. Examples of hydrocarbons include, but are not limited to, microcrystalline
wax and paraffin. Examples of fatty alcohols, i.e., higher molecular weight nonvolatile
alcohols that have from 14 to 31 carbon atoms include, but are not limited to, cetyl alcohol,
e.g., CRODACOL C-70 from Croda Corp. (Edison, NJ) ; stearyl alcohol, e.g., CRODACOL
S-95 from Croda Corp; lauryl alcohol; and myristyl alcohol. Examples of fatty acids which
may have from 10 to 22 carbon atoms include, but are not limited to, stearic acid, e.g.,
HYSTRENE 5016 from Crompton Corp. (Middlebury, CT); decanoic acid; palmitic acid; lauric

acid; and myristic acid.

As used herein the term “release modifier” refers to substance or mixture of
substances that would help to provide either enhancement or retardation in release profile as

a function of pH. Release modifier could be polymeric or non-polymerc in nature, solid or



example of oil includes sesame oil. Examples of waxes include, but are not
limited to, carnaubawax, beeswax and spermaceti wax. Examples of
hydrocarbons include, but are not limited to, microcrystalline wax and
paraffin. Examples of fatty alcohols, i.e., higher molecular weight nonvolatile
alcohols that have from 14 to 31 carbon atoms include, but are not limited to,
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and myristic acid. As used herein the term "release modifier" refers to
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approximately equal to melting range of imatinib or a pharmaceutically
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release maodifiers include, but are not limited to, water soluble polymers that
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methacrylate polymers, polymers containing quaternary ammonium or
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plastighaye drespiienire tamarfifRipre of the release retardant as used hereln the
“softening temperature” refers to the temperature at which the release retardant
experiences a change in the rate of viscosity decrease as a function of temperature;

and

(c) cooling the granules to a temperature less than 50C, for example to room
temperature (25C),.

As described in this embodiment, the term granules shall be used interchangeably with melt
granules. “Melt granules” as used herein also refers to any form of solid or semi-solid mass
exiting the extruder. For example, melt granules could be noodle-shaped mass, powder or
aggregation of powder.

The heating and mixing of the therapeutic compound and the release retardant to
form an internal phase of granules may be accomplished, e.g., by the use of a fluidized bed
granulator, an extruder or a vessel supplied with high-shear mixing means. The release

retardant, e.g., can be present in an amount from 1% to 50% by weight of the



(b) granulating the mixture using an extruder or other suitable equipment, for
example a jacketed high shear mixer, while heating the mixture to a
temperature above the softening temperature of the release retardant; as
used herein, the "softening temperature” refers to the temperature at which
the release retardant experiences a change in the rate of viscosity decrease
caamitiaation afctempaiatune thanddadcatding the graapiesdo m @mpayaiufieom 3
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fluidized bed granulator, an extruder or a vessel supplied with high-shear
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the oftening temperature of the release retarding material. After the heating section is a

metering section in which the mixed materials are extruded through a die into a particular
shape, e.g., granules or noodles. Types of extruders particularly useful in the present
invention are single-, twin- and multi-screw extruders, optionally configured with kneading

paddles.

Once the granules are obtained, the granules may be formulated into oral forms, e.g.,
solid oral dosage forms, such as tablets, pills, lozenges, caplets, capsules or sachets, by
adding additional conventional excipients which comprise an external phase of the
pharmaceutical composition. Examples of such excipients include, but are not limited to,
disintegrants, plasticizers, binders, lubricants, glidants, stabilizers, fillers and diluents. One
of ordinary skill in the art may select one or more of the aforementioned excipients with
respect to the particular desired properties of the solid oral dosage form by routine
experimentation and without any undue burden. The amount of each excipient used may
vary within ranges conventional in the art. The following references which are all hereby

incorporated by reference discloses techniques and excipients used to formulate oral



excipients) is provided by the rotation of the screw(s) within the barrel.
Conceptually, the extruder can be divided into at least three sections: a
feeding section; a heating section and a metering section. In the feeding
section, the raw materials are fed into the extruder, e.g. from a hopper. The
raw materials can be directly added to the hopper without the need of a
desdgendriis e b aatingaaisdicn o thRa@wsdRaie Escpients ateelitoa, lrRonesallre
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After the heating secfion is a _metering section in which the mixed materials
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capsules or sachets, by adding additional conventional excipients which
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starches, talc, tribasic calcium phosphate, magnesium stearate, aluminum stearate, calcium
stearate, magnesium carbonate, magnesium oxide, polyethylene glycol, powdered cellulose
and microcrystalline cellulose. The lubricant may be present in an amount from 0% to 10%
by weight of the composition. In one embodiment, the lubricant may be present in an
amount from 0.1% to 1.5% by weight of composition. The glidant may be present in an

amount from 0.1% to 10% by weight.

Examples of pharmaceutically acceptable fillers and pharmaceutically acceptable
diluents include, but are not limited to, confectioner’s sugar, compressible sugar, dextrates,
dextrin, dextrose, lactose, mannitol, microcrystalline cellulose, powdered cellulose, sorbitol,
sucrose and talc. The filler and/or diluent, e.g., may be present in an amount from 15% to

40% by weight of the composition.
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carboxymethylcellulose; soy polysaccharides; and guar gum. The
disintegrant may be present in an amount from 0% to 10% by weight of the
composition. In one embodiment, the disintegrant is present in an amount
from 0.1 % to 1.5% by weight of composition. Examples of pharmaceutically
acceptable binders include, but are not limited to, starches; celluloses and
deriva'tbwaskmﬁhaﬂﬁawummmpmﬂiemymbmemIhﬂmneagthefwthL PH
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and h methyl cellulose METHOCEL from Dow Chemica
wawmaﬁﬂsh\m or %&’d&é’”d”é%@ﬂ?@é“@dm BORRST B%ﬁ\?ﬁ‘ééﬁ&hd@gt'%b@iatm
plabiebandeadiey tbehpriesenalinhaseamount from 0% to 50%, e.g., 10-40% by

weight of the composition. Examples of pharmaceutically acceptable
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coalpiase mexandanhyabe hlehelddeiad;atio. ithelighge/afl @idr tant: Sufare quelyly
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ptlona ly, a plasticizer is added to the internal phase. The mixture is heated
°#8%%'fmperature above the softening temperature, melting temperature, or

glass transition temperature of the release retardant; however, the heating
Once the tablets are obtained, they can be optionally coated with a functional or non-

functional coating as known in the art. Examples of coating techniques include, but are not
limited to, sugar coating, film coating, microencapsulation and compression coating. Types
of coatings include, but are not limited to, enteric coatings, sustained release coatings,

controlled-release coatings.

The utility of all the pharmaceutical compositions of the present invention may be
observed in standard clinical tests in, for example, known indications of drug dosages giving
therapeutically effective blood levels of the therapeutic compound; for example using
dosages in the range of 2.5-1000 mg of therapeutic compound per day for a 75 kg mammal,

e.g., adult and in standard animal models.

The pharmaceutical composition, e.g., in form of a tablet or a powder suitable for
tablet formulation will suitably contain at least 400 mg of the therapeutic compound. In one

embodiment, the tablet formulation will contain 800mg of therapeutic compound.
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temperature does not exceed the melting temperature of the therapeutic
compound. As the mixture is being heated, it is also being kneaded by the
screw(s) of the extruder. The mixture is maintained at the elevated
temperature and blended for a time sufficient to form a granulated product.
After the mixture is conveyed down the entire length of the barrel, a
sgeanmiateg Joroduat isre bimunes fdhadgiiaktHaiadomixtuigol srees ey Afiednding
' 1 ed through a
R e R R
pharmpceLtical composition)sare epcrmbined ity sold areldesans orm
excipientg &%e externa ﬁnase of the p?warmaceuﬁca composition), I.€.,
digrars, BANIEIA efisintEdhalestabls WIBrRHINSPPHE CORBIHECAIRIERBIMay be

aanﬁtnlﬂelrebj@rwedra&m@nictbngpugbcavvmiemdeo; a_mdauhsemmnﬂympommessmd or
pfRQUAEAVEER %‘Q'@&b@)@&%ﬁ@%ﬁ'8f%d&998§ﬁ'ﬂ'&n[?‘b'et' or encapsulated by a

capsule. Once the tablets are obtained, they can be optionally coated with a

functignal Q1 NoNsneional LoRing A% K0oWD indhe At bxamples of £oating
techniques Include, but are not. IMIEd to, sugar coating, Him coating,
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of the present invention ma beEI bserved in standard clinical tests in, for
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glxlowd. leialkesprienthkifamed tiecomys tmdofopfaxastiife crangbwasadiewinithe
oVangatRérdserdi861, ety aReIbELAMD PUbBR! @alflEia, fibrkasnammal,
EeSnfSult andin %f ward,animal models. The pharmaceutical composiion. ¢
IDe.g., In form oF%%aal[:at ora owder suitable Po_r fa%leﬁormu_a 1on F\JNI_ sw?abtfy
bAoAt N &8RP AEF G the FRIPAYELTRNES §IPYAiS: M BHE-BHIsBHRITERE;
hibertabledgbilinsyatiame|h eartiainsd ot g ofaheraps (GIS TH riowsndibrbdasoata
phibdRsR0s ale AR BiBbIedorAAEaIRANoR ARAdRrhy Bdligs dally

de end_igrg upon the Far ular purpose of therapy, the phase of therapy and
MR ﬁg"gl%%rﬁl? Rvention provides a method of treatment of a subject

suffering from a _ _ _ o _
In summary, the present invention relates, but is not limited, to the following

aspects:

(A) A pharmaceutical composition comprising imatinib or any of its salts and a release
retardant, especially comprising between 50% by weight Imatinib, more particluar

between 62% and 99 % by weight of Imatinib;

* In particular said pharmaceutical composition, wherein said composition comprises at

least 400 mg of imatinib mesylate;

* In particular said pharmaceutical composition, wherein said release retardant is a
polymer, especially wherein said polymer has a glass transition temperature less

than the melting point of imatinib mesylate, optionally further comprises a plasticizer;

* In particular said pharmaceutical composition, wherein said release retardant is a
non-polymeric release retardant, in particular wherein said non-polymeric release

retardant melts at a temperature less than the melting point of imatinib or the imatinib
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disease, condition or disorder treatable with a therapeutic compound
comprising administering a therapeutically effective amount of a
pharmaceutical composition of the present invention to a subject in need of
such treatment. Additionally, the present invention provides the use of a
composition according to the present invention comprising imatinib mesylate

in thesanasmbagit arefe medivasenhéarpthenteaterestasdianmrevsatiaeaited
condifigns, apch as malignant or non-malignant proliferative disorders;
inhibition of angiogenesis; leukemias such as chronic myelomonocytic

lewkemigaredinanizinyedoichteukembarapasise, lynwpdaydipHawkarpisicagliomas,
9"“'&?&%’&% é‘&&fﬁsﬁm%ﬁ%?'i&%lﬂa?e 8{&%@8&? Sﬁiéé?ec‘ié’é‘won??ﬁ@% g, or
ovary osclero IS, thrombosis; sclerodermitis; psoriasis, reste SIS
flbros‘?Q”%@Hﬁ‘H'u%f WﬁF%R/%H%ﬁ &ﬁﬁéﬁéiﬂ'éiﬁi%ﬂaﬂ W%ﬂc%&?@ﬂ%@rﬁ@@oéed’o'ymers

oblitezatylie foigmeinsohtiyspeelvanttesraod mdybisyvasion by certain bacteria, like
Porphyromonas gingivalis; of multi-drug resistance, hypereosinophilic

syhdrBrPligi43tesiste8ARBRSHIRRAF AIRRTEE Wetﬁéﬂﬁaﬁ?f BASSHFE8Ma
protuberositisysienyidsexstzaygtasis eicmeretgeiaer atiscikdifadelpkigrpgsitive

myel I i
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comp?lgﬁ@e MRCRCMNPEY its salts and a release retardant, especially
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and 99 % by weight of Imatinib; In particular said pharmaceutical
compasitiniaulahetiei praadhcealmpd sitia posainp igescthdenss Akhsegromitatinib

mesyﬂ;%%ﬁmé@é%&ﬂ?%ﬂ{ p%%lQoﬂ@H’Slag?gé{EPﬁla%%BWﬁH%uW%ﬂGeﬁBﬁ@éQ than 80%

release retardant is a polymer, especially wherein said pofymer has a glass
transfich? faviSe AR deied UHAh YRE HidRIRY %ﬁ%ﬁﬂaﬁﬂﬁ?ﬂ"r’r’i‘e@ﬂﬂ%o

optiohadisothroheracdrapdises a plasticizer; In particular said pharmaceutical
composition, wherein said release retardant is a non-polymeric release

retard%ﬁ?rfﬁ%%{rﬁ@f]IHP%UHé?éHﬁ'%aé%PWBH%BM’\’QﬁE? BRdl RPN RS at
a temprerataceuiss chandsitomis|tingopesiter Gfameaiaibt @rithesmatingd let2 than

80% at 8 hours, when tested using USP | basket apparatus at 50rpm in 900mL of
0.1N hydrochloric acid at 37<C.

e In particular said pharmaceutical composition, wherein the composition provides, in
healthy humans, a mean plasma concentration value not exceeding 3.5ug

Imatinib/mL, when dosed 2 hours after a light breakfast.

(B) A method of making a modified release pharmaceutical composition comprising the step
of granulating imatinib or any of its salts with a release retardant and optionally a
release modifier in an extruder while heating to a temperature below the melting

temperature of imatinib or its salt, to form melt granules;

e In particular said method, wherein the melt granules are once again introduced into
the extruder, to further granulate with or without release retardant or release modifier
or plasticizer, at a temperature less than the melting point of imatinib or the imatinib

salt employed;
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salt employed and/or wherein said non-polymeric release retardant is
hydrogenated castor oil; In particular said pharmaceutical composition,
wherein the pharmaceutical composition comprises at least one release
retardant selected from the group consisting of water soluble, water insoluble
and water swellable cellulose polymers, acrylic polymers, polysaccharides
and palyaissulsr patigetab&aidriPRAbIAsaLING 3bEMBPOSHI® MerhrIRirR4he a
phar ' OSiti r r

'H@aﬁ?%‘k% SANROSIHRA RqEI8 ﬁ%@ﬁyﬁﬁ@&&ﬂ&ﬁﬁ%‘?ﬁ%‘& Rl re.

selected from the group consisting o oxypropyl cellulose,
hydraxyriapylnesiyinealsiosrinetiviephuias eompr saiathnaenrate RAlBgRE dn
particylar,said parmacelical somposiben (e camprisig A eIeass. oce
modifier. " Ih Barticutar said gharmaceutlca comp%3| Ion, whére Re rug
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hour, derdiebheiss thansSedinatal@dieurs, when tested using USP | basket
apparatus at 50rpm in 900mL of 0.1 N hydrochloric acid at 37C. In particular
sdid phaffigdausidireehqsovitiens el tHeer ifgriiEas@aroritipeer, and, more
pharregesidivalvberspasdimieis e oitgreates dhaolyBhdo abie Bpedsicg not less
than @B%ngr%léw%ﬁw%‘égn tested using USP | basket apparatus at 50rpm in
900mL of 0.1 N hydrochloric acid at 37C. In particular said pharmaceutical
compasitiaulahenaiméieompasiticnduevisiRsion cbeghses Ry mansoameanip
plas i ot exceeding 3.5g Imatinib/mL, when dosed 2
hour@g%(tbeglag?l%{ﬁﬁ %ggﬁiﬁﬂb) A method of making a modified release
pharmaceutical composition comprising the step of granulating imatinib or
any of its salts with a release retardant and optionally a release modifier in
an extruder while heating to a temperature below the melting temperature of
madrRedP RMAE R T8I P At QL Ao AR U RSB S drein

intestineepciiherbBesein onbe ewgainlastenel ssdtinnly W euegasideneibddrheiacticing

tHar prdieWEhien without release retardant or release modifier or plasticizer,
at a temperature less than the melting point of imatinib or the imatinib

Quantities of ingredients, represented by percentage by weight of the pharmaceutical

composition, used in each example are set forth below.

Example 1
Ingredient Percentage (w/w) | Amount per tablet (mq)
Internal phase
imatinib mesylate 89% 956
hydroxypropyl methylcellulose 5% 53
hydroxypropyl cellulose 5% 53

External phase

magnesium stearate 1% 10

Total 1072
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salt employed; -13 In particular said method, further comprising cooling of
said melt granules to a desired temperature, which is less than melt
granulation process temperature. In particular said method, further
comprising compressing the melt granules into a tablet, e.g. wherein melt
granules manufactured separately using different release retardants and/or
releasadnagifierpraseingelasticiz enatmisifesaaiecavaposiiiopg arehhtmndbde

a@ﬁﬂﬁgﬁ?ﬁéﬁ%&@@%ﬁré#ﬂ iBa g?%‘t%?%%ﬂ?ﬁgal ° F‘n‘t&l ichigan),

extruder is a twin-screw extruder, and, more especia ereln e release

hY@tQEftﬂ%[ﬁPYé%'B&??ﬁ]%\fa'%?ea%%éfﬁ@éw Fﬁjtﬁ’&{fﬂ%ﬂi&ﬂr%‘éﬂﬁlﬁ%m'fﬁ' Co.
(wérrticytizr, Smidwasthad, combnedd sadchEmagebsiidimdoenpersies taolbast$0%

rdR@HAID shywgight BidiBRRYNIReSHiGR a TR SO HOWIRG RRINHYERA#E d section, or

|Ilustrat#ve but do not serve K) limi the scope of the mventmg%&acr bed
hﬂ%o twin screw,extruder. A sujta Ft in_S rewe truder ﬁtge
reine the examples are meant only 1o sug A het of practlcmg Mthe

pbﬁé@é?ﬁ%ﬁiéﬁtt@ﬁ.c@wmgf@ﬁ’m@%f&ﬁbThéW@@?ﬁéGWﬁér%ﬁ*@B@@ by
Mmasdgetiktie pharmaceutical composition, used in each example are set
forth below. Example 1 Ingredient Percentage (w wl Amount per tablet (mg)

InterrL%,ng{@@sg tﬁéféﬂ&”ét;’ﬂ%&)é@@gﬁ&é@%ﬁﬁmh%% Wi bﬁ‘r@%%ﬁﬁl@ﬂﬁéﬁ
r rapyl cellulgse 5% xterna se slum stearate 1%
e B A T S P el A N A e 5
SERHMSXYDIRSING FIREHPR BARRSEE the die, the zones are respectively heated to the

following temperatures: 40<C, 70C, 110C, 150C a nd 185<.

As the material progresses through the extruder, the speed of the screws is
gradually increased to 150 rpm and the volumetric feed rate is adjusted to deliver between

twelve to fifteen grams of material per minute.

The extrudate, or granules, from the extruder are then cooled to room temperature
by allowing them to stand from approximately fifteen to twenty minutes. The cooled

granules, are subsequently sieved through an 18 mesh screen (i.e., a one mm screen).

For the external phase, the magnesium stearate is first passed through an 18 mesh
screen. The magnesium stearate is then blended with the obtained granules from the
internal blender in a bin blender for approximately sixty rotations. The resulting final blend
is compressed into tablets using a conventional rotary tablet press (e.g., Manesty Beta
Press). The resulting tablets are monolithic and have a hardness in the range of 15 kP to
33 kP.

Example 2
Ingredient Percentage (w/w) | Amount per tablet (mqa)
Internal phase
imatinib mesylate 94% 956
hydroxypropyl cellulose 5% 50
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available as METHOCEL K 100M Premium CR from Dow Chemical Co.
(Midland, Michigan), hydroxypropyl cellulose available as KLUCEL HF
Pharm from Hercules Chemical Co. (Wilmington, Delaware) are combined
and blended in a bin blender for two hundred rotations. Subsequent to
blending, the internal phase is introduced into the feed section, or hopper, of
a twir] screw extruder. A suitable twin screw extruder is the PRISM 16 mm
pharmaceutical twin screw extrudeteanaitagte from Thermo Electron Corp.
(Waltham, Massachusetts). Located at the end of the twin screw extruder is
a die with anroressfmagpraxémately threelfim. The twin screWdextruder is
configured with five individual bafrel zones, or sections. Starting from the
hopper to the die,Tth@ zones are respectively heated to the #dlfowing
temperatures: 40C, 70C, 110C, 150C and 1I85C. As the material progresses
througR b sk R sheed bR SERYS I RAHAIN AR P Ahore
rpm and the volumetric feed rate is adjuSted to deliver between twelve to
1'1‘@@%‘?1’@{:’6{}?1&3%%&%&5%0 P MRslioseiRadlat ke bYeyRaheiase from the
extruder are then cooled to room temperature by allowing them to stand from
Expprikithately fifteen to twenty minutes. The cooled granules, are
subseéquently sieved through an 18 mesh screen (i.e., a one mm screen). For
the external phixsedientmagnesiurbesteaiase (w\irst paqdatptitabigh(@g)13
mesh| screen. The magnesium stearate is then blended with the obtained
granules from the internal blendéenteiralbiadsiender for approximately sixty
rotatipns. The resulting final blend 1S compressed into tablets using a
conventionalimetaityniablietepress (e.g., M2diesty Beta Press)9%he resulting
tablets are monolithic and have g hardness in the|range of 15 kP to 33 kP.
Exampley@drgregienttPietieiotage (w wi Amount per tablet (m@) Internal
phase imatinib mesylate 94% 956 hydroxypropylcellulose 5% 50 -15
hydrogenated castor oil 1% 10

External phase

magnesium stearate 1% 10

Total 1016

The tablets of Example 3 are made using the same method as disclosed in Example
1; however, hydrogenated castor oil available as CUTINA HR from Cognis Corp.

(Dusseldorf, Germany) is added to the internal phase.

Example 4
Ingredient Percentage (w/w) | Amount per tablet (mg)
Internal phase
imatinib mesylate 89% 956
hydroxypropyl methylcellulose 5% 53
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External phase magnesium stearate 1% 10 Total 1016 The tablets of
Example 2 are made using the same method as disclosed for Example 1;
however, no hydroxypropyl methylcellulose is added to the internal phase.
Example 3 Ingredient Percentage (w w) Amount per tablet (mg) Internal
phase imatinib mesylate 94% 956 hydroxypropyl methylcellulose 4% 40

hydrd
Total

genated castor oil 1% 10
1016 THthiabletssef Examg

xternal phase m
le 3 aré%ade us

agnesium stearate 1%
5ing the sabde method

10
as

disclg
CUTI

sed In Example 1; however

, hydrogenated ¢

astor oll available as

NA HR from Cognis Corp. ®tesseidest Germany) is added to the

intern
(mg)

al phase. Example 4 Tngre
Interrmadquieaise aeatdEb mes

ient Percentage
sylate 89%6 956 |

(W W) Amount per table¢
nydroxyproigyl

1%

methy
stearg

Icellulose 5% 53 16 ethylc
aite 1% 10 Total 1072 The

ellulose 5% 53 H
tablets of Exam

-xternal phase magnes
le 4 are maraufactured

Sium

using the method described in Example 1. Tnthe present, hydroxypropy
cellulose is replaced by ethyl cellulose.

The tablets of Example 4 are manufactured using the method described in Example 1. In the

present, hydroxypropyl cellulose is replaced by ethyl cellulose.

Example 5

Ingredient

Percentage (w/w)

Amount per tablet (mq)

Internal phase

imatinib mesylate 89% 956
ethylcellulose 10% 106
External phase
magnesium stearate 1% 10
Total 1072

The tablets of Example 5 are manufactured using the method described in example 4,

however, hydroxypropylmethylcellulose is replaced by ethylcellulose.

Example 6

Ingredient

Percentage (w/w)

Amount per tablet (mq)

Internal phase

84%

imatinib mesylate

956
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Example 5 Ingredient Percentage (w w) Amount per tablet (mg) Internal
phase imatinib mesylate 89% 956 ethylcellulose 10% 106 External phase
magnesium stearate 1% 10 Total 1072 The tablets of Example 5 are
manufactured using the method described in example 4, however,
hydroxypropylmethylcellulose is replaced by ethylcellulose. Example 6
Ingreflient Percentage (w w) Amdunt per tablet (njg) Internal phase imatinib
mesylate 84%c956Eeldgsethylcellylose 189%168 Spodium lautgBsulfate 5% 84
External phase magnesium stearate 1% 12 Total[1221 The tablets of
Example 6 srdumadmufiesttated using the rdféthod described in@8Example 1
However, a release modifier - sodium lauryl sulfate, is incorporated in th
internal phase. Example 7 Melt grderokéghasingredient Percentage (w w)

192

Amoynt per tablet (mg) Iniernal phase imatinib mesylate 89% 956
Hydraxypropgdoetiuloseat®éo 106| Exterrig phase 12
Total 1221

The tablets of Example 6 are manufactured using the method described in eExample 1.

However, a release modifier — sodium lauryl sulfate, is incorporated in the internal phase.

Example 7

Melt granules A

Ingredient

Percentage (w/w)

Amount per tablet (mq)

Internal phase

Melt granules B

imatinib mesylate 89% 956
Hydroxypropylcellulose 10% 106
External phase
magnesium stearate 1% 10
Total 1072
Ingredient Percentage (w/w) | Amount per tablet (mq)

Internal phase

imatinib mesylate

89%

956

ethylcellulose

10%

106
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magnesium stearate 1% 10 Total 1072 Melt granules B Ingredient
Percentage (w w) Amount per tablet (mg) Internal phase imatinib mesylate
89% 956 ethylcellulose 10% 106 -18 External phase magnesium stearate
1% 10 Total 1072 Melt granules A and melt granules B are manufactured
separately and are combined prior to compression. The ratio of melt
granules A to melt granules B is 85:15. Example 8 FIG. 1 is a chart showing
the dissolution profile for tablets ferteragivrisfsthe three Examples 1-3. The
tablets are placed in 900 mL of O[T N HCT (pH 1.2) using USP Apparatus Il
rotating at J0@rerrandaadt87C. The in vitYo release profiles @ the
comppsitions described in Examples 4,5, 6 and 7/iS shown in FIG 2. The
charts show that ffreeExamples of the present invention hav®#&sustained
release profile. ITis understood that while the present invention has been
described in conjunction with the detailed description thereof that the

Nf&f%gé{iDgsd)ﬁ?%%ﬂW&Fd%m@&‘@%ﬁé%%ﬂ#{%&tﬁe@@gﬁﬂ%&m&wﬁ”&ré%%iF?ééfb‘?ior to

invention, which is defined b tp?e scope of the following claims. Other
CORBERO ARG 150 SRMIECAC L AR e SEde of the claims. -19
What is Claimed: 1. An oral sustained release pharmaceutical composition
comprising melt granules of imatinib or any of its salts and a release
Eretapitadit. 2. The pharmaceutical composition of Claim 1, comprising between
50% and 99% by weight of imatinib.
FIG. 1 is a chart showing the dissolution profile for tablets for each of the three

Examples 1-3. The tablets are placed in 900 mL of 0.1N HCI (pH 1.2) using USP

Apparatus Il rotating at 100 rpm and at 37<C. The in vitro release profiles of the

compositions described in Examples 4, 5, 6 and 7 is shown in FIG 2. The charts show that

the Examples of the present invention have a sustained release profile.

It is understood that while the present invention has been described in conjunction
with the detailed description thereof that the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the following

claims. Other aspects, advantages and modifications are within the scope of the claims.
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3. The pharmaceutical composition of Claim 2, wherein said composition
comprises between 62% and 99% by weight of imatinib. 4. The
pharmaceutical composition of Claim 1, wherein said composition comprises
at least 400 mg of imatinib mesylate. 5. The pharmaceutical composition of
Claim 1, wherein said release retardant is a polymer. 6. The pharmaceutical

@Oarﬂgﬁl'ﬁlggdc_)f Claim 5, wherein said polymer has a glass transition

ess than the melting point of imatinib mesylate. 7. The

1Pharsraceutica crrpositianRidelricn CofttiribRROMKIENG AaIAFHEIASS of-

inTaQe. harmac %tiggf{ corgposi(taion of Cl%ll}rr]r&_l, wherein said release retardant is

ni Ol'ai'l (0} Sandar eretsr . ..
a non- po )}/merlc release retardant. 9. € pharmaceutical composition of

2 ClaigpBai2Eaii S6h R RN WNSHR €| @R riEma SNt EAeItB @il 99% by weight

Fema%ﬁ?ture less than the melting point of imatinib or the imatinib salt
mp

oyéed. 10. The pharmaceutical composition of Claim 8, wherein said

3NFRHYMREEUIRIgaSM Jeatha iRy dragenaiedieasiapikidhleohhitises

BRINASELERLGompesilion 8f Glaim L wherein the pharmaceutica

composition comprises dt least one release retardant selected from the
4g9ridpaansisbotcal swaisssrRIbbles avatemnseid Riaashpyad b s veHphies at least

48@“# 00%%%%%[31;%5%%?9”(3 polymers, polysaccharides and polyols. 12. The
pharmaceutical composition of Claim 1, wherein the pharmaceutical

5CaMPETRacaQIiseHalitionsk onenialeanerdriasdnrisele rdeadtn tpolymer.
group consisting of hydroxypropy! cellulose, hydroxypropylmethyl cellulose,

6etHirdInilaecuitd!prTacinate’ ftHMeraheBiMipideimeidesticalpss transition

OB RASIH A ageertioghtmiagyame ohialrims dsimd?, further comprising a
release modifier. 14. A method of making a modified release pharmaceutical

7 cORPRMIDACYHTBHAMP RO Claig & BIrAliRiIeRIng iFsMatm MasHEERY- of its salts
Wi aFIeIease retardant and op i8 ally a release _maodjfier in an exttruder

8. The % armaceutical com os@on rau w er?m safd re easetretard ntis a non-
whnile eating to a temperature below trie melting temperature or Imatinib or

PRYTBANC feleaPmI AR anules.

9. The pharmaceutical composition of Claim 8, wherein said non-polymeric release

retardant melts at a temperature less than the melting point of imatinib or the imatinib salt

employed.

10. The pharmaceutical composition of Claim 8, wherein said non-polymeric release

retardant is hydrogenated castor oil.

11. The pharmaceutical compaosition of Claim 1, wherein the pharmaceutical composition
comprises at least one release retardant selected from the group consisting of water soluble,
water insoluble and water swellable cellulose polymers, acrylic polymers, polysaccharides

and polyols.

12. The pharmaceutical composition of Claim 1, wherein the pharmaceutical composition
comprises at least one release retardant selected from the group consisting of hydroxypropyl

cellulose, hydroxypropylmethyl cellulose, ethylcellulose and methacrylate polymers.

13. The pharmaceutical composition according to any one of Claims 1 to 12, further

comprising a release modifier.
14. A method of making a modified release pharmaceutical composition comprising the step
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15. The method of claim 14, wherein the melt granules are once again
introduced into the extruder, to further granulate with or without release
retardant or release modifier or plasticizer, at a temperature less than the
melting point of imatinib or the imatinib salt employed. 16. The method of
claim 14, further comprising cooling of said melt granules to a desired
ofgrapeleditiy ensviniblistgss BaalelitgiaskiioRpraer s dapperakusaelbise

mEGfﬁéPﬁtgﬁ;@ﬁFuQéﬁ_w&iﬂe%J&ﬁ h %‘l)@?ﬁﬁié?%(lgr ‘B@f&ﬁﬁéiﬁ%&% l’%ﬂ&&&ﬁﬂ@&s

Into a tablet. 18. method of Claim 17, wherein melt granu

ir?ﬁﬁ'?iﬁﬂdfﬁfé’t‘f@%ﬂ%{%f_@ﬁ}t Qﬁﬁﬂl?ﬁfferent release retardants and/or release
1809 'ﬁre?tr%’adcfprflﬁlﬁitél‘l?%ﬁé?eﬂ tﬂ@ﬁﬁﬁpﬁﬁ r%ﬂUl}&%oﬁ‘r'é'gﬂéeaa@aip IGpdestanthio the

compressed into a tablet. 19. The method of Claim 14, wherein said extruder

XY WIRKFRLUrBG) Bsaruils WEbomHE AHEtRIGAS AR 8T (RisarsiM BdIteREase
plastiznidem bis depuigratere Fss Tieen the thedingf (©Riatrof 20atimhreretnesaidtiptlgader is
emyg/propyl cellulose. 22. The method of Claim 14, wherein said
composition comprises at least 50% imatinib by weight of the composition.
1@3Thefreqtial niatentichlfietmposiivising cordngptcaidyneh arehidksnesa esiEs,
taipRFSIIRE WHitd iEalaasralionaitirarhaitiaseLtisalsABRASIEON is not greater

than 80% at 1 hour, and not less than 80% at 10 hours, when tested using
1UShe mathet effpairtis arbersamprisooeimpl€ding thednet lderiolesidtan 3t
24. The pharmaceutical composition accordinf%}ho ar%/ one of claims 1 t0 13
k&

1g ORGSR e WS e PhuAnEs t BOSRRBIRIE P gpeiigrent
releape8 oty danBsrodie aelelnetmediieth anBoYel zatigizrrs B difeeantestebsiting are

bleRRd SaskehpRRasatHBataREIM in 900mL of 0.1 N hydrochloric acid at
37C. 25. The pharmaceutical composition according to any one of claims 1 to

19.3Theheeshodret Champgdshimigitorid estrifeigaleiyinmeransxdydean plasma

R§ORREIion yalie not exceetii 350 IaUnRIL, wheh dosed 2 hours

21. The method of Claim 20, wherein said polymer is hydroxypropyl cellulose.

22. The method of Claim 14, wherein said composition comprises at least 50% imatinib by

weight of the composition.

23. The pharmaceutical composition according to any one of claims 1 to 13, where the drug
release from the pharmaceutical composition is not greater than 80% at 1 hour, and not less
than 80% at 10 hours, when tested using USP | basket apparatus at 50rpm in 900mL of
0.1N hydrochloric acid at 37<C.

24. The pharmaceutical composition according to any one of claims 1 to 13, where the drug
release from the pharmaceutical composition is not greater than 80% at 2 hours and not less
than 80% at 8 hours, when tested using USP | basket apparatus at 50rpm in 900mL of 0.1N
hydrochloric acid at 37<.

25. The pharmaceutical composition according to any one of claims 1 to 13, wherein the
composition provides, in healthy humans, a mean plasma concentration value not exceeding

3.5ug Imatinib/mL, when dosed 2 hours after a light breakfast.
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