10

15

20

25

ATORVASTATI N PHARMACEUTI CAL COVPCSI TI ONS | NTRODUCTI ON

TO THE | NVENTI ON The present invention relates to
w@basmsmeut i cal conpositions of atorvastatin oPCT/US2007/079641

pharmaceutically acceptabl el salts, solvates, hydrates,

o ocess AN TRYASTARI HAfuA LRl EAl Eifeofiions
use, treatnent an adm ni strati on. e present

i nvention further rel ates to(ﬁhar maceut i cal
conposi tions CMROQU@T&)NJ BHE INVENRKANed f or m of

ato ast at i comosi tion havi n: speci.fic
o BB e indeton BIRRS 1o, bl g e B e REf e o1
atd‘rOQ@tbtlh @R%ts tha?ﬂﬂ@c@@ﬁdll?lal&béﬁﬁab@éalﬁsy sbRated, My8rates,

ensuring desired in-vivo profiles. Atorvast atin

engaliemars, PRIYHeRERs amnaiE Mixuress eNEmsocessesi far Prepering the same,

i nhi biting the

th%—ﬁl\@&@rgﬁ&% g%gt@%@mn%d 5%@\%@ &Yl n cal ci umghas a

g hﬁfﬁgeqiregeWtBS n{/eEht(oﬁ*furtRér ydlates (td phlacraaogltivay compbsitions

[ r oxy-5-

COUHPé'ﬁH&Q %ﬁﬁk‘;‘b}'%eﬁh@?ﬁﬁd formefirdaryesiatine seeh pempPsitien having a
spéblﬁﬁrrf Ol r%leac?lé tHRIPRIIF aBid n&él'k‘éhh@bﬂaéd itton’s of the

trihydrate an as structural Fornmula'l ormul a
gastnmmsctunal $ystamath®b¢r5ummgdiﬁsuredown{vworwmgleat or vast at | n

t abl et,s rranuf

L} priene Rt i, bSitnaBeneLE T ihg ‘et ehas is alipio-

lowétirlg AgémtAata@s %‘S}Cin@bﬁlng\’tﬁéH-ﬁMGGCbA réQuctgge eﬂ%@@d 80

ng atorvastatin acid eqU|vaIent stren
Atoryastiadincalddmiimas g cbeminal oamss [RAERURY (duﬂltmroahe@sdkéé

iRl 831 SRR B ey RS RLPOBRS M Dy rote-1-
hepsRidiBtia, talcRevVSAUE:$PiritydrNne a0l Hid rdigrabfbawula |.
Atorvastatin calciumis very slightly soluble in

distilled water, pH 7.4 phosphate buffer, and
acetonitrile, S|Ight|¥
Qg & s o
;_“““‘:? % CH i8] F-. “ T . . i
N e e e Sk .\-i-“',m{\\-} ~. B i
\ p— s “,s‘t;—;“‘\'\ N'f “H Mg R 0
\\e:<’t:s'\\\:~. .a"’u‘t'-?'\ =t
S VAN .

Formula |

A commercially available product containing atorvastatin is LIPITOR® oral
tablets, manufactured by Pfizer. LIPITOR® tablets contain atorvastatin as its
calcium salt trihydrate and are available in 10, 20, 40 and 80 mg atorvastatin acid
equivalent strengths. LIPITOR® is indicated for prevention of cardiovascular
diseases and hypercholesterolemia.

Atorvastatin calcium is a white to off-white crystalline powder that is
insoluble in aqueous solutions of pH 4 and below. Atorvastatin calcium is very
slightly soluble in distilled water, pH 7.4 phosphate buffer, and acetonitrile, slightly
soluble in ethanol, and freely soluble in methanol. Atorvastatin calcium is
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soluble in ethanol, and freely sol uble in nethanol.
Atorvastatin calciumissusceptible to heat, noisture,
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SUMMARY OF THE INVENTION

The present invention relates to pharmaceutical compositions of
atorvastatin or its pharmaceutically acceptable salts, solvates, hydrates,
enantiomers, polymorphs or their mixtures, and processes for preparing the same,
and their methods of use, treatment and administration.

In an embodiment, the invention relates to solubility enhanced forms of
atorvastatin or its salts, wherein a solubility enhanced form comprises atorvastatin
or its salts and at least one acid solubility enhancing excipient.

The present invention further relates to pharmaceutical compositions
comprising a solubility-enhanced form of atorvastatin or its salts.

The present invention further relates to pharmaceutical compositions
comprising a solubility-enhanced form of atorvastatin or its salts, such composition
having a specific in vitro drug release profile in simulated acidic and alkaline pH



10

15

20

25

30

and their nethods of use, treatnent and
adm nistration. In an enbodi nent, the invention
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solubility enhanced forms of atorvastatin or its salts and also processes to prepare
pharmaceutical compositions comprising solubility enhanced forms of atorvastatin
or its salts.

In an embodiment the invention relates to methods of using pharmaceutical
compositions comprising solubility enhanced forms of atorvastatin or its salts.

An embodiment of the invention provides a pharmaceutical formulation
comprising two discrete portions of atorvastatin or a salt thereof.

Another embodiment of the invention provides a pharmaceutical
formulation comprising a solubility enhanced form of atorvastatin or a salt thereof,
comprising amorphous atorvastatin or a salt thereof in intimate mixture with at
least one acid solubility enhancing excipient.

In a further embodiment, the invention provides a pharmaceutical
formulation comprising two discrete portions containing atorvastatin or a salt
thereof, one portion containing amorphous atorvastatin or a salt thereof in intimate

mixture with at least one acid solubility enhancing excipient.
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one aci d sol BRIEFtBESCRIPTION OF THE DRAWINGS

Fig. 1 is a X-ray diffraction pattern of a solid dispersion of atorvastatin
calcium and Eudragit™ E PO prepared in Example 2b.

Fig. 2 is a differential scanning calorimetry curve of a solid dispersion of
atorvastatin calcium and Eudragit E PO prepared in Example 2b.

Fig. 3 is an infrared absorption spectrum of a solid dispersion of

atorvastatin calcium and Eudragit E PO prepared in Example 2b.

DETAILED DESCRIPTION

The present invention relates to pharmaceutical compositions comprising
solubility-enhanced forms of atorvastatin or its salts, such composition having a
specific in vitro drug release pattern in simulated acidic and alkaline pH conditions
of the gastrointestinal tract, thus ensuring desired in vivo drug release profiles.

The present invention also relates to pharmaceutical compositions of
atorvastatin or its salts that use a formulation technique that achieves a product
with enhanced solubility and targeted release profiles.
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enhanci ng exci pi ent, wherein about 15 to about 90
percent by wei ght of contained atorvastatin is present
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m|1@tfu6§§fﬁere<51\/ﬁnhIx‘tlﬂe&if%@om/@b@ltlﬂscaﬂ@umfm’fd@@tﬁw&dmmay be called
nposi tions of atorvastatin or its salts that use a

anf @MW@%N"@)ﬁalpétfﬁﬁnagé'dﬁﬁb@r%m eh@sexarpplediatervastatin calcium-
BHA premix” refers to a mixture of atorvastatin calcium and BHA in the context of

the present invention.

In an aspect the invention relates to processes to prepare a premix of
atorvastatin calcium and antioxidant, wherein an embodiment of the process
comprises:

a) combining atorvastatin calcium with a suitable solvent and dissolving

by heating to suitable temperature to form a clear solution, then cooling the

solution;

b) adding an antioxidant to the above solution;

C) optionally, filtering;

d) drying the solution from step b or filtrate from step ¢, with or without

vacuum;

e) optionally, subjecting the solid to micronization; and

f) drying the solid.

In an embodiment of the present invention, antioxidant is present in the
range of less than about 5 % w/w, or less than about 3% w/w, of the weight of

atorvastatin calcium premix.
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el AE N Prasning s opR TR FESAR Wi ot least one
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“inpimase: Aixturey avch@s. a palicidispefsien orf helutian.cguteolic mdttetes énclusion
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atdr984ta09 ifdi§de, without limitation thereto, solvent evaporation, spray drying,

agitated thin film drying, spray freezing, spray congealing, supercritical fluid
precipitation, and other techniques known in the art. In certain embodiments, an
intimate mixture is formed by removing solvent from a solution comprising
atorvastatin or a salt thereof and at least one pharmaceutically acceptable
polymer.

In an embodiment, the invention relates to solubility-enhanced forms of
atorvastatin or its salts, in which the drug is in amorphous form.

Embodiments of the invention include solubility-enhanced forms of
atorvastatin or a salt thereof, in which the drug is in amorphous form, present in
one portion of a pharmaceutical formulation, with additional atorvastatin or a salt
thereof present in another portion of the formulation in any of amorphous,
crystalline, or mixed crystallinity forms. In certain specific embodiments, the
amorphous solubility-enhanced forms of atorvastatin or a salt thereof will be
present within granules that are further formulated into finished dosage forms.

“Amorphous,” for purposes of the invention, includes “substantially
amorphous” drug substance having less than about 10 percent, or less than about
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solution; b) adding an antioxidant to the above
solution; c) optionally, filtering; d) drying the
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about 1:0.01 and about 1:15, or between about 1:0.1 and about 1:10, or between
about 1:0.1 and about 1:5, or about 1:0.5.

In another embodiment of the present invention, compositions comprise a
solubility-enhanced form of atorvastatin or its salts coated onto pharmacologically
inert cores, optionally mixed with other pharmaceutically acceptable excipients,
and then compressed into tablets, and optionally film-coated. Alternatively,
solubility-enhanced forms of atorvastatin or its salts coated onto inert cores, with
or without a film coating, can be filled into capsules.

In another embodiment of the present invention, the formulation as a whole
or at least partially, comprises a solubility-enhanced form of atorvastatin or its
salts along with at least one pharmaceutically acceptable excipient.

In one of the embodiments of the present invention, a solubility-enhanced
form of atorvastatin or its salts coated onto inert cores is mixed with a discrete
portion of atorvastatin or its salts and optionally at least one pharmaceutically
acceptable excipient, and then the mixture is compressed into tablets and

optionally film-coated, or alternatively filled into capsules.
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i nvention, includes subst antial |y anor phous' g@

of gigreasiative Onis SAlS isfosmed an eaesUSINY toprspEay flwdrzeld

out5 percent, by weight of a crystalline form
te({hﬁ%ibgspal n enbodi nents, the drug will have less than a

det gebadiher @mmﬁmeﬁt @ffthétmééemluﬁ\yenti%hcb sefid eidpepsion coating
deternined by X-ray powder diffraction analysis, and

of plasyagtaliror 45 salks Pﬂ@r IBgrttcereR oL BXgP Nt pay s r@ﬁaesor multi-
laJetsd her aspect of the invention relates to

phyS| cochem cal properties of solubility-enhanced

f or irs acdordbnce agthahe mvantioh singdl dosesvocemprise tdhardnatéutically

acggpg}%“eye;cslpiierqts, pellets, beads, particles or nonpareil seeds that may be
water-soluble, water swellable, or water-insoluble, and organic or inorganic, or
mixtures thereof.

In the context of the present invention, pharmaceutically acceptable
excipients serving as inert cores comprise water-insoluble pharmaceutically inert
materials, such as glass particles/beads or silicon dioxide, calcium phosphate
dihydrate, dicalcium phosphate, calcium sulfate dihydrate, microcrystalline
cellulose, cellulose derivatives, or soluble cores such as spheres of sugars like
dextrose, lactose, anhydrous lactose, spray-dried lactose, lactose monohydrate,
mannitol, starches, sorbitol, and sucrose, insoluble inert plastic materials such as
spherical or nearly spherical core beads of polyvinylchloride, polystyrene or any
other pharmaceutically acceptable insoluble synthetic polymeric material, and the
like and mixtures thereof.

In an embodiment of the present invention, inert cores comprise a blend of

lactose monohydrate and microcrystalline cellulose.
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the range of about 0.2 to about 0.4 g/m, tapped

density is in the range of about 0.25 to about 0.6
wW@L00B/ 038l particle size distribution is descrpP@BUSIHY7/079641

Di 0 rangi ng from about 10 t® about 100 mm D5ofrom

abo 20 t Q0 _from about to .
ol aRschaf R PreAe Ve TCBBET RIRNSS S Usrd! pheasich
so!u'b\ﬂ%@bhﬁéhmﬁ@%xé@f&?ﬁ% EhRAScE HBEAISKIIT and target the release of
ubi l'ity-enhanced formof atorvastatin or its salts

atordastatinl east one acid sol ubility enhancing exci pi ent,

eS80 e BFFbRERS Tk IS LATBRROTb EEbSepoiy

enhb@élMg%tx@Ipléhtanﬁir%@‘sé@iaamwe@t@ddlIrmésﬁb@p@@meﬂs tHat can be
or without a filmcoat, can I nto capsul es.

waer sablef weles swvahaBleruvater ippoluble, pirbdenandant.evid insiepegdent or

m&‘fﬁ@%f %5 d0 of atorvastatin or its salts to acid
q y- enhanci ng exci pi ent ranges between about

1bOP(hbrmedelatttmuy gl:cépt'éble:)polbme\n@mthemmﬁe% dd tﬁe tm/éntlon
) ut 1:1 0, or. t ween out 1:0 nd about 1:
méﬁﬂfﬁ%ibqi.atﬁ 3ot Titadhis elveang Bos BbiFORa R QIReulpF it < bout

(0]
40D g ¥R e OB ok R aOR TR PRI, #Ybld b Er SN BRAEe,
hygitoety precgoyl ngitmdcelwloseerrmetbgjlrmmlamt carmixymeth ypesll wdseh(CMC),

R R B P T
me‘bh?l%fﬂﬁélbt@'pblyvﬁ@lb&hfélidbheeeélﬁﬂ‘t%%daéétéfés s8flium alginate, gums

atorvastatin or its salts coated onto inert cores,
Sugh BB a6ACial gUTBLEUAT UM niregaeanty gUBRaNd santhanum;methacrylic

ack ks (PRI ARIBRAIEE, Chih Ry PRy metnacryiate,

mdmyltne’ihéofyla@@f@dr&gﬁTNaFﬁﬁiu@m dédignsebanced of & 12 6for E PO,
atorvastatin or its salts al onglvvlth at | east one

PolyEyhaeeiat feigmivaeptaie (avairblepeAEA $UPRIGE Ry Samg/o Co.
Li@(@%ﬁSFWé hgﬁﬁgd% %ﬁra}]%i?dd;%%mégg?atl nor its salts

coatedragit™ K isea tatiamie sopselymerdxsedtdn dinditisygamiireethyl
methacrylate and neutral methacrylates, having solubility in acids and used in
pharmaceutical formulations to provide gastrosoluble film coatings that are soluble
below about pH 5 and swellable and permeable above about pH 5. The repeating
unit in the polymer has the following structure:

(I:Hg (|3H3
—CH,~C—CH;—C—
o=0  ¢=o
o OR
GH2
N,CH2
HsC~ CHj

where R represents CHs and C4Hg groups and the polymer has a molecular
weight about 150,000. The Eudragit E 100 product is granular, the Eudragit E
12.5 product is a 12.5% solution of E 100 in isopropanol and acetone, and the
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portion of atorvastatin or its salts and optionally at
| east one pharmaceutically acceptabl e excipient, and

WO b@R/08484 m xture i s conpressed into tabl ets aP@I/US2007/079641
optionally fi I m coat ed, or lmlternatively filled into

ca t her. enbodi nent nt
EEEHERR Podt @ﬂtﬂnﬁaaqwﬁ%fm@%%ﬁe |6 R0 T PB5e poruts are
SokfyTEGSNRUANAREIIG) Eiseh! Sehdbhg. I n a di screte

portlon of acong';)SItlon to atorvastatin or its salts

of Qfgawersomems as ape uselbhinothetpractieepiidietinwgntionanglede,

willBH GG gcro: ade@Re, Feind iPand 3By Ahyicetate,
acétoheolsopl‘omlv@wohbl 4nethplepaecHidrideand it reettiesestt t he
present invention, a solid dispersion coating

conpt A8 |eﬁ@}0%i'@|e{ﬁb§f e iRventign, anggaricselvané Nﬁe@dﬁ gethanol.
el PASrA Eé&Yc%ﬂg%l%céﬁt%B@ th‘?ﬁueﬁfécuﬂ the t:ométxlt BRI prEsLAd
sp ayering and

brus ppi ng,

invtelrneoh lcbmprlse filerd, I’nmde:sp@smtegrahme ab@&megtagentseﬂmbm,nts and
, soI id dispersion coating of atorvastatin or its
glidaites i s achi eved by spraying using fluidized bed

tec P?h%gYa%U%eWﬁ %ﬁ@éontEQPoﬁHéﬁggént%@é%t%W|ﬁ¥|ude but are

t echn I'n anot her enbodi nent resent
not lméed itoatarehasisodiuwth steects giycotadet sodpmfalgmatev pownalered

l[ts is forned on cores using top..spra .
cofligpermaiobbiopdlincs g PR el SUEREn bl
pot%fs%ﬁﬁﬁ”%andﬁﬁ&ﬂlré@ﬂwer@oﬁm i d dispersion coating of

atorvastatin or its salts onto inert cores or

excAtialiaing agentdesmerd-in die prasent myentan inoreassbiedai oé the

form%gt ncggg/\(ﬁ itﬁh T%E’PH eagﬁhglag@ g§§ é%eTWaéér Eé@p&l%s of alkalizing

agbﬂl%dﬁcluﬂérﬁurt @P@ﬁo@limlﬂ@@tl:arr@rdﬂarﬁeegénish% doiurd®r potassium
wat er - sol ubl e, water swell ab or water-insol ubl e,

citrgte, Garganate. B'Icarbﬂﬂ%rﬁ@SpBﬁt%sié{fﬁﬁeegeﬂﬁ@@téoﬁscqrhatq‘l§a|c'um
ca%ﬁ%?%ﬁargﬁénéé?ﬁm%a‘?ﬁmtef SiRtd BRse MM RRSY! MEBlUNYine, amines

acce
and mlxtures thereof.

In one aspect of the present invention, the formulation may be in the form
of multiparticulates, pills, pellets, granulates, capsules or tablets, which are
optionally film coated.

Various parameters impacting the preparation of solid oral dosage forms
include the physical parameters of an active ingredient as well as of its blends
with excipients, wherein the physical parameters include flow properties, particle
size (such as can be determined by sieve analyzer or Malvern particle size
analyzer), bulk density and tapped density, compressibility index, Hausner ratio
(determined by USP density apparatus, flow properties (determined by Flowdex
apparatus), etc.

The particle size of a material is generally described in terms of D1g, Dso,
Dgo, and D4 3 used routinely to describe the particle size distribution. It is
expressed as volume or weight or surface percentage. D3 is the volume mean
diameter of the drug substance or its blend with excipients. Dgg, for example,
means that 90 % by volume of the particles are below the specified particle size.
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exci pients serving as inert cores conprise
wat er -i nsol ubl e pharnmaceutically inert materials, such
W@2008/038884 parti cl es/ beads or silicon dioxide, REI/UB290T/079641
phosphat e di hydrate, dical atum phosphate, cal ci um
ate, mcro cel |l ul ose

col IERUsIRbEh Siricay Busegfied Bt Aorisiaibea Bl tsed in the

coﬁ%@fti@ﬁs‘@ff tfe! pRdsent IHV@nﬁ@r’ﬂrfc‘Rﬁ% bliRHePS Ry wﬂﬂ‘fé\/r%hgé%f 0.2to
| act ose, spray-dried |actose, |actose rmno ydr at e,

0. Jhe@ilt talppeﬁtdaemmém tr@ormgtem; 0. &tmohﬁu@rrds?d partioeine
g ferisfeesf Dbl o spou By MBSHEE vlcpihyriaheut o

to 8bo@M0 i) ehdia fiors ebblLic /ltd wbagcEPLAR! e i nsol ubl e
synthetic polyneric material, and the |ike and

m xﬂnuﬁ@‘@oﬂﬁﬁe@éfOf the PEasesfBYENtien: thertablets piecwa@nufactured by

ol B R b0 S8 o B e . v o
medf), et cqongealng, iextreetdnoanﬁlanylwmtﬁmatmwdefm orsmond. an
bility en exci pi.ent tqQ enhance the

aci sol
sol S‘Bmp Q)N'QE Xaqt %% 'tJﬁ alefes iR SPECIHE §sPaSiE Andemppadiments
of%e. &ﬁaﬁ&"@l@ﬁi %&%eysctwﬁéﬁdﬂgdvmgggi HerbBE It is to be

aC| 1ty e anci ng exci pi ent conpri
unpemtmmtmat it ekgmalesere given py waysfslustratioo amlbandvate not

ter insoluble, pH

g it e SedtE ot ARufvediorn At Behoge; ent
Phar maceutical |y acceptable polynmers in the context of

the invention include, but are not limted to,

_%M_B_éﬁhly|Péﬁ@ar@4ti96<ﬂf§tqrwast@60|ca+ciumf@ﬂ6 peeaout 400) ,

0 BT ISR 136 (IS T N BBt U 835 acetate

folmtdwmﬁﬁéfatlthgf)&ﬁa téfﬁbébdtur@&iflabo@is% 75 °C to obtain a clear solutlon
car boxynet hyl cel | ul ose sodi um CMC, car box

th%ﬁhﬂﬁ'@%re%'@té?rbhyﬁ? CQQle%té’taw r@p@atq{%ﬁ @J@?HF 4Py 3§:€3h 12 g of
o881 1354 DL 8 400 L e SR e
stitringgfac abbint B tor @ndnxi@stdraifilyation thedbgle aydelite bed followed by
washing the bed with 160 mL of ethyl acetate. The filtrate was passed through a
agitated thin film dryer at a temperature of about 73 to 78 °C under vacuum of
about 650 mm Hg. The solid material that was obtained from the agitated thin film
dryer was subjected to micronization in a jet mill. The solid material was then dried
using a fluid bed dryer at a temperature of 68 to 75 °C for about 4 hours. The
resultant atorvastatin calcium-BHA premix is an amorphous product.

A similar process, except omitting the addition of BHA, was used to prepare
neat amorphous atorvastatin calcium. This material has been used to prepare

formulations in following Examples 4-6.

EXAMPLE 2: Solid dispersions of atorvastatin calcium and Eudragit E PO in
different ratios.

Ingredient 2A 2B 2C
Atorvastatin 50g 80g 80g




acid copolyners |ike poly(butyl nmethacryl ate,
(2-di met hyl am noet hyl ) net hacryl at e,

woreaoRpsases hacryl ate) Eudragit(tn) products desPQrESEA7/E9641
100 or E 12.5 or E PO pol y¥i nyl acet al

di et hyl am I“.oac'=+ al-e—{avat-able—gs—AFA-SsuppH-—e
Sankyo (&2 q_lfrﬂ”lﬁ%) ch{tosan, gnd the lilke a
m xt urequ-é}ﬁrxe(cg ampldragi t(tm Eis a cafionic
copol yner based on ‘di net hyl am naget hyl nethacryl ate and
neutr al r‘rét hacryl ates, having sqlubility|in acids|and

used in |a| e Lp ca—tormH-ations—toprovige
gast r osol HE rpcoat ng Bhat| ar® Yol ybl | ow

about pHmetﬁg,qu#\iellabl e el 8Laboweoahoul pH
5 . The reoeatlnq unit in the palynmer has the

f ol %%d;%dége%e i 3) R represents CH3 and C4H9

gr oups s ‘a nmol ecul ar wei ght about

15 The E draglt E 100 product is granular, the
Maﬂﬁ@?% ?@g Ercicf’ product is a 12.5% sol uti on of E 100

in iy Q@tbﬁmﬁﬂéﬂln ea1giuact ahe MRudragit EtPE kusteatisdoNre @ methanol

product is a fine powder made from E 100. These
pr oducw%ng\aéngmaﬁlw stireh Rt ;algaf ppletionwasakiained.

f
o B PSSR bR PO B8 spray e
ther etwith deefotiowingparaareiers: et hanol , i sopropanol ,
ethyl acetate, acetagne opropyl al cohol, nethyl ene

chl or i Bt erAPRTalYG: 46- Qcheéeof In an enbodi ment of the
[ nventd)gpet ) p‘é‘?%% czasq%vent used i s nethanol .
a

Phar naceut i c 'y acceptabl e excipients in the context
of t hePwmpgete: 7+h2 grmi on conprise fillers, bi nders

0SS 5% oAl BB ARE Suara R BRTh o Shpherica
pr eSe%rob@M%%tlhélUdin@%uﬂl@'@eﬁéﬁy, W SpdtPlendityi bﬁﬂld@Slze
starches, sodium starch glycolate, sodium al gi nate,

pomdercéatrlbétlorm,l y¥esathyationsqiuiiyl cel | ul ose, magnesi um
Tl Sl 8 aROIERBHeb b R0 AT8b and i xtures

Table 1

h\l
My

d

d
T
n

Sample Bulk Tapped Particle Size Distribution
Density | Density (pm)
(9/mL) (9/mL) D1o Dso Dgo
2A 0.22 0.42 50 113 237
2B 0.22 0.34 18 39 73
2C 0.21 0.34 13 30 55
2D* 0.35 0.47 1 2 6
15 * Atorvastatin calcium BHA premix only.

Saturated solubility testing at 37°C was performed by a shaken flask
method wherein atorvastatin was placed into a conical flask and the flask was
shaken on a rotary shaker until the medium shows resistance toward dissolving

further drug substance. The solubility in the samples was determined by high
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Al kal i zing agents as used in the present invention
i ncrease the pH of the fornul ation, when such

WO 2008108%9P4 ons are added to water. Exanples of PCT/US2007/079641
al kal i zi ng agents i ncI ude bsit are not |i m'ted to

peHaANGR GoT e omaloar e HACaRALE! P asitagater 2¢

hoB&S Thaldta a@@k%&f@mrmétzewh@@ BRI CALBSBRS i mg/m..
organi c bases |ike buffers, meglum ne, "am nes and
mxtures thereof In one a'E@b;l@tZ of the _present

]

IILI\.'II LIIC IOI Ut (J.LIUII Ilﬂ.y CIIII LIIC IUI IIIUI

uI gul ates, pills, pell anul at es,
bpsul es orf Tabl et ANFHGN are opf1 pRa. B PHOSpRE B iter

ari ous par ameters i npacting the reparation of solid
ral dosage f dF'ribounc]| ud34thJr|shy>| c‘lﬁ I'Mfamw e?4sHoiJrS

} Ctive— ||9| e At—as v'\‘)E| - enas—wt
Kgﬁpl ents, gl n the phy Q cal aar aﬁeﬂers iincl ngy
op propertl espgparticl e gigge (sfich gspzan he 27
et erm ned |by sieve anal yzer or lvern particle size
ndCyzer), buI k069nsi ty and. 2appe:l de|6)524 Y, 0.26

nnnnnnnnnnnnnnn at ad hyy

LI >E>E>] | IJI I T l_y UCI\, IKJ.U \¥ CI III CU
Usgbdensn ty app%pgt us,| fl oQ/OEro t| ep deter ne(géﬁy
Flrowdex apparatus), etc. The particle size of a
material is generally described in terns of DO, D50 ,

D90 Fromaritie Bbovgsatigaed snitubihfgl data ot eateseanyed thas, compared to

oAbl 1A Bk Bdpphisce BSOS el hifces e
drlrgewuamwmtaefduefmémg (9rug I-ﬂEIB’SIhér@%glr@fthbts%hhl&%bn@ehhatlon of
exmﬁgents for exanple, neans that 90 % b

Eudoraifna Tormoi o1 dndb 64 8/lobrtsaseRdne sebiblinsaf e arug from
0 DRigrifls BrAfgMe PAYS ggheni cal properties of

vastatin €al ciumused in the conpositions of the

pr eJ eetsahd\cﬁsnermnsnnlmeh latdrivastatisicaiciurn deamar;gmusf have
2 to 0.35 ed density in the range, of

bepa fl@rtfeergqhara%ﬁaz%w |>€R|% (&iray Powier K frackian, \M%}Qe‘FQpFIﬂrd(
alﬂéﬁggﬁa%hétr i) BReYIdifertntifl 4RARINCABHMERY), draMt AROWfrared

absorption). Figs. 1, 2, and 3 respectively show the XRD pattern, DSC curve and

oma*mmo<og—

FTIR spectrum for the solid dispersion of the composition 2B.

EXAMPLE 3: Atorvastatin calcium 80 mg tablets with atorvastatin calcium in

intragranular material and extragranular material in the weight ratio of 30:70.

Ingredient Quantity
GRANULATION
Atorvastatin calcium-BHA premix (Example 1) 13449
Eudragit E PO 6.79
Methanol # 125 mL
Microcrystalline cellulose (Avicel PH 112) 24729
Lactose monohydrate 24559
EXTRAGRANULAR

Atorvastatin calcium-BHA premix (Example 1) 31.2¢g
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to about 10 mm and D90 from about 1 to about 20 mm
I n enbodi nents of the present invention, the tablets

Ware@shsased act ured by any process including stepST/Esmn7/079641

as direct conpreSS| on, grandl ation (wet, dry or mslt),

rml C L;\JII I T [] /N0 T UQI UII, ulld antyl CC ILII IIMLI nr\l UI t A\IU
or hé'mﬁtﬁg examples illustrate ce‘?’Jq din
Spe‘deuEm%’?&?rBRl% af@nd enbodi ments of Thg i nveryj gn and
denonstrates the practice and advant ages thereo | t
IS ﬂ-lydnexyp]ndﬁylmdoldsehat the exanples are givémy by way

of |||||Straf|n arna nnt er fnlimf t!n

LNt an
AT T UTT \.Illly MII LR LB LA AN LI T
scope of the invention EHBBI?AF"LQHH. EXAMPLE 1:
Pre és‘ﬂﬂn%rtea?’b vastatrin cal ct umr BHA prem § oq 160 @

of vastatin calciumwas added to 1600 mi et hyl
acet ate fol | owed by hea"f'ILNgCOATaNGsrrper ature of about

65 C to nhfnlnnr\ ar cnlllflnn nfho r\lonr

sol QQ%VM@”Q:@X é@gQQ) a temlaer ature of ‘about®9§ to 30

C. ‘Wéteg#Of putylated hydroxyani sot e (| BAAR )80(@T§]Laaaea
to t he above solution followed by stirfring for about 5

on through a celite bed
ol %9.%0@@%%@%9@%%% with 160 m_ of ethyl
acet @gadry Nehitd Istd B0&tINPSrapes PRedidneatlifasused bﬁl%rcon Inc.

thin filmdryer at a tenperature of about 73 to C

andr?@@Fa'K}'QQJWM Inelersu® cestitafiupy dioxigde, %ﬂlrﬂaﬁﬁgéVP@VethWene
9')}05 yas obtained fromthe agitated thin filmdryer

was subJ ected to mcronization in a jet mll. The

Masnifacturimg erocdsswas then dried using a fluid bed dryer

aé &terrperature of 68 to 75 C for about 4 hours. The
Y9 RPa8IGr vast atin cal ci um BHA prenix is an

anorph ?Vé%rté’t%&és}_@ B‘I—Sm hsergl&ra‘?fbeﬁ'édragﬁ@lsb RBt bisBBived in

thea Itron to prepare neat
anor phnathwoban@ﬁasolutiorawasmﬁrrewrsiil iteyemainad cleas been

4 62- BT RS aTnegiaTH <R it e e ez Bre FEp LR A ASTM 40
caI CI uReamdidygdragit E PO in

3. The blend of step 2 was loaded into a fluid bed processor (FBP) bowl
and solution of step 1 was sprayed using the top spray configuration of
the FBP with a product temperature about 30°C.

4. The blend in the FBP was dried until the loss on drying (LOD) was less
than 2 % w/w, as determined at 105 °C. The atorvastatin calcium is
amorphous in this blend.

5. The dried granules of step 4 were sifted through ASTM 30 mesh sieve.

6. The extragranular excipients were sifted through ASTM 40 mesh sieve
and mixed with the granules of step 5.

B. Lubrication and compression:

7. Magnesium stearate was sifted through a ASTM 60 mesh sieve and
was mixed with the blend of step 6.

8. The blend of step 7 was compressed to an average tablet weight 1200
mg using a 21x10 mm capsule shaped punch set.

C. Film coating:



10

15

20

different ratios.# Evaporates during processing.

Manuf acturing process: 1) Atorvastatin cal cium and
wEowsasisp4 E PO were di ssol ved i n nmet hanol usi NBCEHUS2007/079641

mschani cal stirrer until aislear solution was

20 Sl Gy WS S APRY R B R0
par QUEFH%E fabldt8l ot stdPaRRralcBbsd tﬁ‘s?ng%ncéqt@ébls%ﬁspersmn of
tenperature: 23 C. Punp rate: The above

sol i d Qpapyrafisters wantiba haravywrveight bwit Up was obtained.

Fap DURTTEREDE e BeRBRisteits iy PEsPek b SRt veratin

cap&uiles af compsesddal ad ininitabists PTG nflnebRITs eddy @k&ic‘maﬂy ®e coated
reported below in Table 1. Table 1 * Atorvastatin

asdnptaruhl BrA therefiled ke gmptuharhgelatis 6rasulEsty testing
t f i n:
at of | SUERRIGRE EOTED Bfe PR BE EXoREfe BTN itn the
mdrkeigkl pradusthalesrotainad withathy fellakiay paramletéree medi um

Sunblediead-THEU b B8 iG], Shvsakiatd mifeaa ghoSonate butter i

gleterm ned by highperformance |iquid chromatograph
(HPLC) after the first hour and also after 24 hours.
The Vdatrae a9@0 mdported in Table 2, where solubility

Vo) Bpe s lsB U dre 8 Baoel) o Yes 400 S8 ql o
Urﬁftearmafetsabhérn%owewB%nu%@mateé ﬁﬁ)armtae@pame@@m&m@h Inc.,

Eud rag|t increases the drug solubility in acidic nedia
Rochvile N\VIagignd (H89%asi ng the sol ution concentration of

Speed: 50 rpm.
The data are reported in Table 3.

Table 3
Time Cumulative % Drug Dissolved
(minutes) 0.1 N HCI 0.01 N HCI Phosphate Phosphate
Buffer pH 5 Buffer pH 6.8
Lipitor® | Ex. 3 | Lipitor® | Ex. 3 | Lipitor® | Ex. 3 | Lipitor® | Ex. 3
80 mg 80 mg 80 mg 80 mg
Tablet Tablet Tablet Tablet
10 -- -- -- -- 81 80 81 73
20 35 41 40 40 -- -- 88 82
30 -- -- -- -- -- -- 90 84
40 43 50 49 47 92 91 -- --
60 48 52 53 49 93 93 -- --
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Eudragit EP O from6.67 g/L to 16.67 g/L increased the
solubility of the drug fromO0.2 ng/m to 1.07 ng/nL in
w@2@8MB948 . The solid di spersions, in which PCT/US2007/079641

atorvastatin cal ciumwas amer phous, have been further

EXAIAREESAbr RiorAstalin seiciiy SoRRE el wiB RENTS iR

at&@bé’cbtlﬁ% bY% mé%rﬁﬁ'gﬁaﬁbl@lﬁbﬁred absorption). Figs. 1,
and 3 respectivel'y show the XRD pattern, DSC curve

and FTIR sblgredu:mtfor the sollid di spersmgiTabletthe
CoerOSi tion 2B. EXAMPLE 3: Ategvast LI & \,l B

tablets with atorvastatin cal CF nt$ ;E
mat eri al and extragranul ar terigl i n the 5I\IEI ght 6
ratio of 30:70.# Evaporates during processing. *
Opadry Wite is a coatiGiBAbﬂArﬁ'EdOﬁ‘i oduct rmnuf act ur ed

hy /iy ~vn

TR e G A i r 000l | GG et ) eRE 03T ydor 846"
HradBRB@CTUrTNg process: A L[¥4lg CORtl m;@_3 T. 512
' ' ix and Fudragit E BO were

disesryatalline catulbagol and the sdlfdtd on| was3&tirried 377.2
t|| Bﬁ@sama clear. 2 . Mcrocrystalline celllul ose
&IC? were sifted through a ASTM 40 nesh di eve.

TacioBemBhGRIrdle STep 2 vas Toadgp Tnip a J5qi d ped syt

processor (FBP) bowl and solution of step 1 was

Methgea #ising the top spray ¢onffigurat| on ®. t hd FBR.S.

~w-th—a—proetdduet—tenperattre—apatt300€4—Theblend
in the FBP was dried Wﬁ“?%‘ﬂ%ﬁon drying (LOD)
WhierocPystallingRefuldedy W, as deterngged al 1U0mdIC. [The 250

atorvastatin calciumis anorphous in this bl end.
(Avicel PH 112)

mple

Sodium bicarbonate 24 24 24
Sodium starch glycolate 60 60 60
LUBRICATION
Magnesium stearate 12 12 12
FILM COATING
Opadry White OY-58900 30 30 30
Water # g.s. g.s. g.s.
Tablet weight (mg) 1230 1230 1230

# Evaporates during processing.

* Quantity of atorvastatin calcium adjusted for potency.
Manufacturing process was similar to that described in Example 3.
In vitro release profile testing parameters:

Media: 0.1 N HCI.
Volume: 900 mL.
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sed in water to get a uniform
The tablets of step 8 were coated
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USTidean | aqueous di Sp@ufh@lativie mmg/mgscﬂve@ 9 until
a 2.5 %wwweight huilt-up was obtal ned
fmirytes) | vExampled bl eFvample Sep| Example61 i | Lipitari& mg
enpty hard gel atin gapsul es or cpnpressed as t
mnitabl ets. The mntablets may pptionally be cog?g!ne
as 100 step 10 @nd then filded into emgty hafd gel apin
capsules! In vitro release profile of the product of
Exa?r@l e B, in6onpari son ﬁn?th t he mar ket ed product35
was  pbtained—wRth—the—fotggwngparangters—Mvedia: T
N , 0J]01 N : phosphgge buff er 15?5 phosphat4e3j
buf ggr pH 6. 8p4Vol une: 90g9gm _ Apparg(t,us USP 48
apparatus 2 (Paddle) from Test 7011, "Dissolution” |
Uni redsel thé efbet dfth ity enh
s ek et AR ALy g
ex¢ip@d) onFiendstdid Gaimumeescojatlm are reported in Table 3
EXAMPLES 7-8: Atorvastatin calcium 80 mg tablets with atorvastatin calcium in
intragranular material and atorvastatin calcium in extragranular material in the
10  weight ratios of 25:75 (Example 7) and 20:80 (Example 8).
Ingredient Quantity
Example 7 Example 8
GRANULATION
Atorvastatin calcium-BHA premix 4144 g 3319
(Example 1)
Eudragit E PO 20.72 g 1.66 g
Methanol # 500 mL 32 mL
Microcrystalline cellulose (Avicel 818 g 81.8¢g
PH 112)
Lactose monohydrate 41792 g 84.83 g
(compressible grade)
EXTRAGRANULAR
Atorvastatin calcium-BHA premix 1243 g 13.26 g
(Example 1)
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H
etic

at i ve phar macoki n
araneters for Exanples 3, 7, and 8 . Tablets were
# B apoiales UrngPrPeeRRitg - zed, two-treat ment, two- peri od,
Memquqacturlng process: same as that of example 3.
The tablets prepared as above were subjected to dissolution in 900 mL of
0.1 N HCI at 50 rpm in USP apparatus Il and the data are reported in Table 4.

Table 4

Time Cumulative % Drug Dissolved
(minutes) Example 7 Example 8 Lipitor™ 80 mg
20 39 41 39
40 41 50 46
60 47 52 50

The tablets were also tested for dissolution in 900 mL of pH 6.8 phosphate
buffer at 75 rpom in USP apparatus Il and the data are reported in Table 4a.
Table 4a

Time Cumulative % Drug Dissolved
(minutes) Example 7 Example 8 Lipitor™ 80 mg
5 63 76 85
10 79 81 95
15 84 82 98
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t wo- sequence, singl e-dose crossover study involving
admnistration to 18 heal t hy human vol unt eers under

wo 209Bl08839£0Nndi ti ons to determ ne plasma concenPCHUB29NT079641
of atorvastatin. Plasm sanples vvere vvithdravvn at

0.25—6-5—31+—125—31-5 175 2- 3—3-5- 6
8, 10, 1?’0 48, d 72 hoursLSEV\as out perlggds
bet ween t4reatnrents @4 i ng [The stggly were 10 dayf. Ihe
fol llowi ng paraneters were [cal cul ated: AUCo-t = the

area under plasma concentration versus time curve,
| zero to the |ast nreasurab tratio
AIBLE St Rabie pRapAGRE P RS 8t B CIBMERS 2 frbnd 8.
cur y@pldts Adré 'eUEIuéRé’oolntéjrdﬂlfdnﬁikéd twePEatmeriwWaPeriod, and
pl asma concentrati on. | east guare nmean ratios

twa-geyuence, mglesdosemmepswdy in mgla@rvmahr@tlamaqﬂézmealthy

hugﬂgafn?r 'lét%tglrso@?ﬁ‘tg g“{ﬂ%gﬁ ﬁ?nsfg)r&%ua W&éﬂ%%g\% g)cenpatlons of
atdroaSEBh ePlasixsdgle8Were A ddaivn (1 @- 28,105, 1,and5 AUE04.75, 2,

nmL.) val ues cal culated fromthe st udy are

éfp&wda 8. 1012 29, AOTapAd BN, 1. A
por 1 VB EG5G o Bh 1R RO G PRl BRFE 1R gy

phaMmedeldwinglparametdratwere cafcutdtadm 1, wherein
atorvastatin or a salt thereof in at |east one portion

i s Y ot PotganBider PiasmMarRRNGRIUFTRBEIFIiime curve, from time
zefPlTMbabstleRurBbld\Gincehialigh 1 or 2. whereln

atorvastatin or a ereof in a portlon is present

in Wu()a‘ex)Frarea uadelrtmpiaswamomzentfamrt Persus Itiesss curyrefrom
acid i.lity enhancing excipient. 4 . The

Réeén Ni%al " formul ation of claim3, wherein an

' nt orRL @ M€ plama concentration.
The least square mean ratios (x 100) of results from Example 3, Example 7
and Example 8 formulations to a reference product (LIPITOR® 80 mg tablets,
Pfizer Inc, USA) for pharmacokinetic parameter Cax (ng/mL), AUCq. (ng-h/mL),

and AUCo.» (ng-h/mL) values calculated from the study are reported in Table 5.

Table 5
Parameter Example 3 Example 7 Example 8
Crax (ng/mL) 130 114 106
AUCo. (ng-h/mL) 106 110 104
AUCo. «» (ng-h/mL) 106 110 104




formed by renoving solvent froma solution conprising
atorvastatin or a salt thereof and at |east one acid
w@e 0081089894 y enhanci ng excipient. 5 . The phar nB€CBEUS100A79641
fornmul ation of any of claine 3 or 4, wherein an acid
)i lity enhanci ng exci pi ent conprises a
CL%ﬁ ceutically acceptable polyner. 6 . The
pharmaceutical, fornul ation of anpy of clains
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any of claims 1-7, wherein a weight ratio of two
atafvatatin @r govall toareaf dmgaoriionip rissent in:the ormpohdnintimate

migpg tht]}gaeﬁﬁ']’?e. 18 SO Agehf: ﬁ“&&%gﬁqufgzrgze
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about har maceuti cal fornul ati on

p
thereahand phigast eoe abid salybibyeihesginbee aiientat or vast ati n
or a salt thereof, conprising anorphous atorvastatin
5.or & heajharmlaxeeetixfal formulaiioraokamy mf clahmsrvBtdn 4awheg@intan acid

so@ﬁﬁmﬁ%b R SaRxtipishs CaTTEReS @ dHdPAcEstcaligicattaple polymer
rati o of at%qj astatin or a salt thereof to acid

6. sol %Btpl haymarealical iy mlaion eheny ahelans d omveKpein one portion of
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enhancig excrpi ént ranges
intdagt@nular portion of atorvastatln or a salt thereof is amorphous.

8. The pharmaceutical formulation of any of claims 1-7, wherein a weight ratio
of two discrete portions ranges from about 1:0.1 to about 1:20.

9. The pharmaceutical formulation of any of claims 1-7, wherein a weight ratio

of two discrete portions ranges from about 1:0.5 to about 1:15.

10.  The pharmaceutical formulation of any of claims 1-7, wherein a weight ratio
of two discrete portions ranges from about 1:1 to about 1:10.

11.  The pharmaceutical formulation of any of claims 1-7, wherein a weight ratio

of two discrete portions is about 1:4.

12. A pharmaceutical formulation comprising a solubility enhanced form of
atorvastatin or a salt thereof, comprising amorphous atorvastatin or a salt thereof

in intimate mixture with at least one acid solubility enhancing excipient.



15 . The pharmaceutical fornmulation of claim12,
wherein a weight ratio of atorvastatin or a salt
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salt thereof in intimate mixture with at least one acid solubility enhancing

excipient.

19.  The pharmaceutical formulation of claim 18, wherein a portion containing
amorphous atorvastatin or a salt thereof in intimate mixture with at least one acid

solubility enhancing excipient is intragranular.

20. A pharmaceutical formulation comprising atorvastatin or a salt thereof and
at least one acid solubility enhancing excipient, wherein about 10 to about 50
percent by weight of contained atorvastatin is present in an intragranular portion

and the remaining contained atorvastatin is present in an extragranular portion.

21. A pharmaceutical formulation comprising atorvastatin or a salt thereof and
at least one acid solubility enhancing excipient, wherein about 15 to about 90
percent by weight of contained atorvastatin is present in intimate mixture with an

acid solubility enhancing excipient.

22. A pharmaceutical formulation comprising atorvastatin or a salt thereof and
at least one acid solubility enhancing excipient, wherein about 10 to about 50



at least one acid solubility enhancing exci pi ent,

wherei n about 10 to about 50percent by wei ght of
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atorvastatin or a salt thereof in intimate mixture with an acid solubility enhancing

excipient is amorphous.



