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Although cholesterol is an indispensable component of all cell membranes as well
as a precursor of a variety of steroid hormones and bile acids, excessively high levels of
blood cholesterol and lipids increase the risk of the onset of atherosclerosis and coronary
heart disease. The blood cholesterol pool is generally dependent upon dietary uptake of
20  cholesterol and the biosynthesis of cholesterol. HMG-CoA reductase enzyme inhibitors,
such as atorvastatin, bring about a reduction in the levels of blood cholesterol, especially
the low-density lipoproteins, by inhibiting the synthesis of cholesterol. They are therefore
excellent candidates for controlling blood cholesterol levels.
| According to the U.S. Food and Drug Administration’s (FDA) summary basis of
25  approval (SBA) for Warner-Lambert’s Lipitor™, atorvastatin is present in multiple

amorphous and crystalline forms. Originally, atorvastatin was synthesized in the
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discloses attempts to stabilize statin formulations using buffering agents capable of

20  providing a pH in the range from 7 to 11.

U.S. Patent No. 5,686,104 and U.S. Patent No. 6,126,971 disclose oral
pharmaceutical formulations of atorvastatin in which the formulation is described as being
stabilized by the addition of a pharmaceutically acceptable alkaline earth metal salt.
According to these patents, large amounts of alkaline earth metal salt are required to

25  stabilize the formulation. For example, these patents provide examples in which the drug
compositions contain approximately 22% of an alkaline earth metal salt used to stabilize
the atorvastatin. Nonetheless, these patents claim and/or state that between 5% and 75%
of the composition can be the alkaline earth metal salt. The alkaline earth metal salt is

described as providing effective control of the microenvironment of the composition.
30 Summary

In spite of the attempts in the prior art, described above, the inventors are not
aware of successful attempts to stabilize the amorphous form of atorvastatin and improve

its bioavailability profile. As described below, the inventors have surprisingly found that
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20 In one general aspect, a pharmaceutical formulation includes particles of

amorphous atorvastatin, the particles having a particle size (dg) that is less than 150 pm.
Embodiments of the pharmaceutical formulation may include one or more of the

following features. For example, the mean particle size (dso) of the amorphous
atorvastatin particles may be between approximately 5 and 50 um. One or both of the rate

25  and the extent of absorption of the amorphous atorvastatin may be equal to or greater than
that obtained by a crystalline atorvastatin formulation marketed under the trade name
Lipitor™. One or both of the 90% confidence interval for the area under the concentration
time curve of atorvastatin (AUCy.;) and maximum plasma concentration (Cmax) values lies
between 0.80-1.25 of the interval set by the U.S. Food and Drug Administration for a

30 crystalline atorvastatin formulation marketed under the trade name Lipitor™. The
amorphous atorvastatin may be present at between approximately 1% and 50% by weight

of the formulation. The amorphous atorvastatin may be one or more of atorvastatin
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20 The alkali metal salt additive also may be one or more of calcium carbonate,
calcium hydroxide, magnesium carbonate, magnesium hydroxide, magnesium silicate,
magnesium aluminate, and aluminum magnesium hydroxide.
The pharmaceutical formulation may include one or more of a 10 mg atorvastatin
dosage unit, a 20 mg atorvastatin dosage unit, a 40 mg atorvastatin dosage unit, and an 80
25  mg atorvastatin dosage unit.
In another general aspect, a pharmaceutical formulation includes atorvastatin and
an alkali metal salt additive. The alkali metal salt additive is present at a concentration of
between approximately 1.2% and less than 5% by weight of the formulation.
Embodiments of the formulation may include one or more of the following
30 features. For example, the alkali metal salt additive may be present at a concentration of
between 2.0% and 4.8% by weight of the formulation or at a concentration of between
4.3% and 4.4% by weight of the formulation,
The alkali metal salt additive may be one or more of sodium carbonate, sodium

bicarbonate, sodium hydroxide, sodium silicate, disodium hydrogen oﬁhophosphate,
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and the tablet may be coated.
In another general aspect, a method of making a pharmaceutical formulation
20 includes reducing the particle size of particles of amorphous atorvastatin, forming a
mixture by mixing the reduced-size particles of amorphous atorvastatin with one or more
pharmaceutical excipients, and compressing the mixture into a pharmaceutical dosage
form.
Embodiments of the method of making the pharmaceutical formulation may
25  include one or more of the following features. For example, the particle size reduction
may be carried out using one or more of air jet milling, ball milling, cad milling, and multi
milling. The size of the particles of amorphous atorvastatin may be reduced to have a
particle size (dg) that is less than 150 pm. The size of the particles of amorphous
atorvastatin may be reduced to have a mean particle size (dso) that is between 5 and 50
30  pm.
The pharmaceutical dosage form may include between .1% and 50% by weight of

amorphous atorvastatin. The amorphous atorvastatin may be one or more of atorvastatin



ng atorvastatin dosage unit. The pharmaceutical fornulation my be a tabl et
or a capsule, and the tablet may be coated. In another general aspect, a
met hod ofwoakiosglo9n phar maceutical fornulation 20 incl ude®Cradeszioses t he
particle size of particles of anorphous atorvastatin, formng a mxture by
M Xi ng tAgiune At PaktatinaRaddesitinG hidvaRfatia ARNARMS atBFvakYaS ireh] #hdM t h one or
mor e pharmaceutical excipients, and conpressing the mxture into a

phar macegrvastatingssrage form Enbodi nents of the met hod of making the

phar et | b gL 5 . 8l 59,18 . By L Bl 0

e carrie
usi ng oae alkali Mstsl saft additivé @ithihe Arhou@holedtbrvasthiin. MThe dlRali Metall kg, and nul ti
mlling. The size of the particles of anorphous atorvastatin nmay be reduced

to have agditigamay beanizedia 4t gopight parcentage akbetwpappseximateln b2 odest t he
ticl ) ' 0 ticl
e (olBph BTN RAE P e B RRHARE bl Byt 200 BRIESA b BB e e o

may i nclfergerldihweetetd:Sonadh 81%.Sdodod o i vedightaff theaformplators Bhoalkalstataln. The
anor phous atgrvastatin nay be gne_or nore of oryastatin 5.WO 03/068191
PCT/ | BoSHbaksBgve may E?amm)ép%@%@waﬁ%ﬁ@s ﬁ%ﬁ%{f@%&ﬁ%@ umi num

at or vast, _oF!idle,r %&uﬁ?ﬁica@}cﬁéd@&h%’ﬂfbgéﬁ BRhopHdSpHIRE Bodlul dififdrbgg the

pharmaceltical " fornmulation may further incl'ude mxing an alkali netal salt
add1bQ i vphwghhtet disodimpriyytimgsn ghosphatst mdu?n gﬁb@haﬂbkmdi Somaluslnmate-ﬂé?ddi t : ve
maybe m X I n_at wei ght percent age, o et,ween. appr oxi mat .2%to less
Chan soPay cHergft <Bei T pof S SR e pra i HEER: S8 KFoasstady el ght of
the fogpelimid Bfiro&h BeoPR&Phéte 3The Alkatt ndRalkiyit WediaRS al8d niaf®eloae Gkl at i on.
The alkali netal salt additive may be one or nore of sodium carbonate,
sodi um Biarapbeseitm caghpapignealétipairiydrerede, seagnesiiicribentte, magnesdum hydr ogen
phosphad S0l RS, AliHE HERsbn SURERRERALnihaEh HELHREEDZY 1

al kehi mpémkideal t additive may be one or both of sodium carbonate and

di sodi um hydrgogen orthophosphate. The alkali netal salt additive al so may
be one or o RhArRaceRiGHHEXCAPIERYS My, becone ar AT RRTBRPeHically acrsRiable

car bona%ﬁcipféﬁﬁ@ﬁéﬂ Y Wiluents, surfactants, antioxidants, disintegrants, bindérs, lubricants,

glidants, and chelating agents.
The pharmaceutical dosage may be one or more of a 10 mg atorvastatin dosage
20  unit, a 20 mg atorvastatin dosage unit, a 40 mg atorvastatin dosage unit, and an 80 mg
atorvastatin dosage unit. The pharmaceutical dosage may be a tablet or a capsule, and the
tablet may be coated.

In another general aspect, a method of making a pharmaceutical formulation
includes providing particles of amorphous atorvastatin, providing an alkali metal salt

25  additive, mixing the particles of amorphous atorvastatin with the alkali metal salt additive,
and compressing the mixture into a dosage form.

Embodiments of the method of making the pharmaceutical formulation may
include one or more of the following features. For example, the alkali metal salt additive
may be at a weight percentage of between approximately 1.2% and less than 5% by weight

30  ofthe formulation, at between approximately 2.0% and 4.8% by weight of the
formulation, or at between approximately 4.3% and 4.4% by weight of the formulation.
The alkali metal salt additive may be one or more of sodium carbonate, sodium
bicarbonate, sodium hydroxide, sodium silicate, disodium hydrogen orthophosphate,

sodium dihydrogen phosphate, disodium hydrogen phosphate, sodium phosphate, and
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The method of making the pharmaceutical formulation may further include mixing

the amorphous atorvastatin and alkali metal salt additive with one or more pharmaceutical
20 excipients selected from the group comprising diluents, surfactants, antioxidants,
disintegrants, binders, lubricants, glidants, and chelating agents.

The dosage form may include one or more of a 10 mg atorvastatin dosage unit, a
20 mg atorvastatin dosage unit, a 40 mg atorvastatin dosage unit, and an 80 mg
atorvastatin dosage unit. The dosage form may be a tablet or capsule, and the method may

25  further include coating the tablet.

In another general aspect, a method of treatment for a medical condition includes
providing an oral pharmaceutical dosage comprising a therapeutically effective dosage of
atorvastatin to treat the medical condition. A majority of the atorvastatin in the
pharmaceutical dosage comprises amorphous atorvastatin.

30 Embodiments of the method of treatment may include one or more of the
following features. For example, the medical condition treated may include one or more
of primary hypercholesterolemia, dysbetalipoproteinemia, and homozygous familial

hypercholesterolemia.
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atorvastatin such that the particles have a particle size (dgo) that is less than 150 pm and a

mean particle size (dso) that is between approximately 5 and 50 pm.

20 In another general aspect, a method of processing amorphous atorvastatin to
reduce the particle size of the amorphous atorvastatin include milling the amorphous
atorvastatin particles using one or more of an air jet milling, ball milling, cad milling, and
multi milling operation to reduce the particle size of the amorphous atorvastatin such that
the particles have a particle size (dgo) that is less than 150 pm and a mean particle size

25  (dsp) that is between approximately 5 and 50 pm.

In another general aspect, a pharmaceutical formulation includes crystalline
atorvastatin and an alkali metal salt additive, the alkali metal salt additive being present at
between approximately 1.2% and less than 5% by weight of the formulation.

Embodiments of the pharmaceutical formulation may include one or more of the

30 following features. For example, the alkali metal salt additive may be present at between
approximately 2.0% and 4.8% by weight of the formulation or at between approximately
4.3% and 4.4% by weight of the formulation. The alkali metal salt additive may be one or

more of sodium carbonate, sodium bicarbonate, sodium hydroxide, sodium silicate,
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03/ 06818datheiti 4 fBO&Ti 64 B8iitions, including primary hypercholesterolemia,
dysbetalipoproteinemia and homozygous familial hypercholesterolemia. Atorvastatin is
20  present in the formulations at a dosage of between about 1% to about 50% by weight of
the composition.
In preparing the formulations, amorphous atorvastatin particles were reduced in
size in a particle size reduction step using conventional milling techniques, such as air jet
milling, ball milling, cad milling, multi milling and other suitable size reduction
25  techniques. The particle size of the atorvastatin was reduced to a mean particle size dgo of
less than approximately 150 pm, and more particularly to a mean particle size of between
approximately 5 um and 50 pm. The size of the particles was analyzed using a
conventional particle size analyzer (e.g., a Malvern Master Sizer), although any
conventional particle size analyzer is suitable for particle size analysis.
30 The stabilizing alkali metal salt additive is selected from amongst one or more of
sodium carbonate, sodium hydroxide, sodium silicate, disodium hydrogen orthophosphate,
sodium aluminate and other suitable alkali metal salts. In particular, the stabilizing alkali

metal salt additive may be selected from amongst sodium carbonate and disodium
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carboxymethylcellulose.

The diluents may be selected from amongst one or more of those diluents known
20  inthe art. Examples of suitable diluents include, but are not limited to, lactose,
microcrystalline cellulose, corn starch, sucrose, and silicic anhydride. The diluent may be
present from about 30% to 75% by weight of the formulation.

The disintegrant may be selected from amongst one or more of those suitable

disintegrants known in the art. Examples of suitable disintegrants include, but are not
25  limited to, croscarmellose sodium and starch.

The surfactants may be selected from amongst one or more of those suitable
surfactants known in the art. Examples of suitable surfactants include, but are not limited
to, polysorbate 80, polyoxyethylene sorbitan, polyoxyethylene-polyoxypropylene
copolymer, and sodium lauryl sulphate.

30 The lubricants may be selected from amongst one or more of those suitable
lubricants known in the art. Examples of suitable lubricants include, but are not limited to,

magnesium stearate, stearic acid, palmitic acid, talc, and aerosil.

10
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limit the scope of the invention.

20 Example 1
The tablets of Example 1 were formulated with milled amorphous atorvastatin and

with an alkali metal salt. The amorphous atorvastatin was milled to reduce its mean
particle size dso to approximately 5-20 pm and dgo to approximately 15-35 pm.
Polysorbate 80 (12 mg/tablet), butylated hydroxy anisole (0.12 mg/tablet), and butylated

25  hydroxy toluene (0.12 mg/tablet) were dissolved in isopropyl alcohol, and applied on to
lactose. The lactose was dried at 40-45°C in a fluidized bed dryer. Amorphous
atorvastatin (80 mg/tablet), microcrystalline cellulose (300 mg/tablet) and lactose (665.5
mg/tablet) were mixed. Following the mixing, the dry binder, hydroxypropyl cellulose-L,
(24 mg/tablet) and disintegrant, croscarmellose sodium, (72 mg/tablet) were added to the

30  mixture. Following this addition, an alkali metal salt, disodium hydrogen orthophosphate
(3.5 mg/tablet), chelating agent, EDTA (1 mg/tablet), and glidant, colloidal silicon dioxide
(24 mg/tablet) were added. Next, the mixture was lubricated with magnesium stearate (12
mg/tablet) and compressed into tablets. The tablets then were coated with Opadry AMB.

11
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and butyl at ed droxy toluene (0.12 ng/tablet) were dissolved in
i sopr opydded| Mstb|the mirdurgpyysisilddiceiedivpith magnesium stearate (12 mg/tablet) and

compressed into tablets. The tablets then were coated with Opadry AMB. The values

given above are per tablet and can be adjusted appropriately to provide the desired batch
size.

20

Example 3
The tablets of Example 2 were formulated with non-milled amorphous

atorvastatin, but without an alkali metal salt. The amorphous atorvastatin had a dg of
approximately 129 um and a dso of approximately 44pm. Amorphous atorvastatin (80

25 mg/tablet), microcrystalline cellulose (300 mg/tablet), and lactose (680 mg/tablet) were
mixed. Following the mixing, the dry binder, hydroxypropyl cellulose-L (24 mg/tablet),
and disintegrant, croscarmellose sodium (72 mg/tablet), were added to the mixture.
Following this addition, surfactant, sodium lauryl sulphate (2 mg/tablet), and colloidal
silicon dioxide (24 mg/tablet) were added. Next, the mixture was lubricated with

30  magnesium stearate (12 mg/tablet) and compressed into tablets. The tablets then were
coated with Opadry AMB. The values given above are per tablet and can be adjusted
appropriately to provide the desired batch size.

12
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or t hophaioptastain cagbe usagh tFes |eémpledh@taélqtm@f Brgannle 4@od A ipcdudaprysiallia ), and

gl i dant [ xt, the

o xt ur e R0t PR Bk BEh0Bahtd p BT AR BT e Y
corrpresaledcamb@usteabl ets. The tabl ets then vvere coated with Cpadry AMB. 11
WO 03/ 068191 PCT/1B03/ 00505 The val ues given above are per tablet and can
be adj usted appropriately to provi de the desired batch size. Exanple 2 5
The tablets of Exanple 2 were forng g@ gMth mlled anorphous atorvastatin
and an alkali netal salt. The am)rp s atorvastatin was mlled to reduce
its mean par tliheltgblets of Exalhipletdowarp fiororulated with nd6-milledatnchstiét t o

oopr O B e SR S DU T S0 9 7 L) o
al cohol 4ad.ianRly g otk m%u' 3?%%565%@%%&@9%5 il bPsl 10 | actose

was dried at 40-45Cin a f ryer us atorvastatin (80
ng/ 1@bl etapnesiim (A mphiblEbl)] meraeydiallinselRR6 (3ﬁj)’mg/bdbéét) aaddackame(6iBle (628

/ t abl d | t.hy d bi nd d |
T o oG Te Suerfmtteth oo v o et LS ABrpinagy Bidtaupra cat bt b °( 55
g/ t abl gig) myeie e disinfedrdif, &bé‘c’éﬁﬁé}}ose Edﬁlﬁlﬁv‘éﬁgné/mb%twg'etaﬂ@éﬂ todfle al kal i

metal salt, sodi um carbonate (52 ng/tablet), surfactant, 15 sodium | auryl
sul phat mu(tarmﬁqllabmu this aridatiang b alkelametil salt; @ndldnmarbmla(ez(& my/'teblshet ) wer e

added. Next he .m x{ ur | ubri cat.ed wi.th e (12

mai t bl SEjcianh SoaBp b8 siBRe o mafifuEy Manrgup R SR EHA LA coat ed it
Opathy ARabldt)Sverahd®e. NbxY,8he ARANR vaersqulﬁﬁfaterdablﬂemagﬁ&uﬁ@ @teﬁﬁt pusted
appropriately to provide the desired batch size Exanpl e 3 he tablets

of Exanpigdablefané comprassestint tablets. Abatabigts ten avens pradrskwith Opadry AMB

The values given above are per tablet and can be adjusted appropriately to provide the

desired batch size.

20 Example 5
In the first processing step, atorvastatin magnesium (80 mg/tablet) was mixed with

colloidal silicon dioxide (24.0 mg/tablet) and sodium carbonate anhydrous (26.0
mg/tablet) in a low shear mixer. In the second step, the antioxidants, butylated hydroxyl
anisole (0.12 mg/tablet) and butylated hydroxyl toluene (0.12 mg/tablet) were dissolved in

25  Isopropyl Alcohol (quantities sufficient) and applied on to the anhydrous lactose in a high
shear mixer. The bulk then was dried in a fluidized bed dryer at 40°C. In the third step,
croscarmellose sodium (72.0 mg/tablet), hydroxyl propyl cellulose-L (24.0 mg/tablet),
sodium lauryl sulphate (2.0 mg/tablet) were mixed with microcrystalline cellulose (300.0
mg/tablet), added to the bulk of the first step, and mixed in a low shear blender. In the

30  fourth step, the mixed bulk of the third step then was added to the bulk of the second step
and mixed in a low shear blender. In the fifth step, magnesium stearate (12.0 mg/tablet)
was added to the bulk of the fourth step and lubricated in a low shear blender. In the sixth
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atorvastatin, but without an alkali netal salt. The anorphous atorvastatin
had a d90 of approximately 129 mand a d50 of approximately 44m Anor phous
at or vast awpr380925 ng/tablet), mcrocrystalline cell ul os@Cr3B@/owUs abl et),
and |l actose (680 ng/tablet) were m xed. Follow ng the mxing, the dry

bi nder, sfé}Sd!h‘é)bYd%%Yﬁ tHeSHATHLOS Fad-cdrdpre8RA h@iﬁg @hitable ROHNS Bl tAE S&FcAIM | _
croscarnel | ose sodium (72 ng/tablet), were added to the m xture. Foll owi ng
t hi s addtepi ta tabdeis varst coated witdOpadry APl sul phate (2 ng/tablet), and

ibri cated wibeRgniE Hodan fee BB FE bt BeliaRs mlitt e Plallel 17"

t abl et s steplre (1) alikigSitdri@statitg ERher @?%'teﬁﬁhé/ﬂn%r QaReshoud\¥Bsuchhe aftat mMEEngi ven

above are per tablet and can be adjusted ropriately to provide the

desi ? ed tozadupe is mean patiiesge/(desnd ﬂgom@nprosggf«bl@mllulw e bptospan thove

oan b Sl B BREGASs 48 BRI ARY Blsollyif b Mol Mk Ao Raihe By vaST A1 D
Y hough Tl b Dl 64 Tho. 1 abl et of
Ecantpl o s RTLERCT () AHRE B0C G TACS AR ERL 5t o b s FATRCH, Rl BT E

crystal lohN&aangidn dd4ae)! (4g§%ﬂgfaﬁg%%he &Q&r@gﬁg%@iﬁlﬂ sk@aga}tﬁ 895)0f

approximately 237 m and’a pr oxi mat Crystall'i ne

at ot @ as tcamipresdiog tegniesdated HBOunewito didilets.) Anmiptioned sixsh sibp iswatied thel ose (300
ng/ t abl %ttﬁ amf_ll | actose {624 ng/tablet) were m xed. Follow ng the m xing,
the dry ARt aRams 8581 cel l ul ose-L, (24 my/tablet) and

di si nt egrant , T/ @&HBERBh bPER 516k l«bmzxérﬁélemylst, R aicl uiREShaRERY dn@ t he
m xture. Following this addition, an alkali netal salt, sodium carbonate

(52 ny/ mabineillpd atosvastatio watit andswighawren aliely metal sphaddatiye areglistesbingkaple land
colloidal silicon dioxide (24 15 ng/tablet) were added. Next, the m xture
was | ubricated with magnesi um stearate (12 ny/tablet) and conpressed into
tabfigets. The tablets then were coated with Opadry AMB. The val ues given

above dre perbplfigl and dan be adpyspf PotidRGoRERk hek aBleqVi de T he
desiredbatcir Size. 20 Exgnmpigq 5 ) 3 4 5
Atorvastatin 80 (Ca) 80 (Ca) |80* (Ca) | 80* (Mg) 80* (Mg)
Lactose™®* 665.5 628 680 624 651.01
Microcrystalline cellulose 300 300 300 300 300
Colloidal silicon dioxide 24 24 24 24 24
Hydroxypropyl cellulose 24 24 24 24 24
Croscarmellose Sodium 72 72 72 72 72
Polysorbate 80 12 -- -- -- -
Isopropyl alcohol q.s. g.s. g.s. g.s. q.s.
Disodium hydrogen 35 _ _ . .
orthophosphate '
Edetate disodium (EDTA) 1.0 -- -- -- --
Sodium carbonate -- 52 -- 52 26.0
Sodium lauryl sulphate - 2 2 2 2
Magnesium Stearate 12 12 12 12 12
Butylated hydroxy anisole 0.12 0.12 0.12 0.12 0.12
Butylated hydroxy 0.12 0.12 0.12 0.12 0.12
toluene

*Non-milled atorvastatin magnesium or calcium

**Input to be adjusted based on potency and moisture correction of the
atorvastatin to maintain constant tablet weight.

20
Table 1. Compositions of Tablets of Examples 1-5
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In the first processing step, atorvastatin magnesium (80 ny/tablet) was

m xed with colloidal silicon dioxide (24.0 ng/tablet) and sodi um carbonate
anhydr ouswQ28/088191g/ t abl et) in a | ow shear m xer. In the ®eTaRed/®sEp, the
antioxi dants, butylated hydroxyl anisole (0.12 ng/tablet) and butyl ated

hydroxyl tol lf{%”&la(}@e & smltt§tth@ta)olét@fo@lndla$&10ibwd weft shbjecanb aeiélerAbg ohol
(quantities sufficient) and applied on to the anhydrous | actose in a high

shear nbtability Esiingatl 40°€C hed 7§ksekdtive ity (RIEL)ifok thred nbandhsd rAt&ade;ated@E. I n

t he thi S car nrel.| ose i u 72. 0..ng/ t.abl propyl

cel I ul oidblf %?S%&i?ge?t %Pﬁaéltl?gan@fdf qgl‘lgﬁﬁﬁgdl ‘?é tEg‘a%"El%ilﬂ’&tf i’o"t ‘et) were
m xed V\faﬁcmmﬂﬁtﬁféﬁ)&ﬂf}ﬁéddd%@abﬂﬁkf|cH£1@§t€n£t§:9Q5er th@?éﬁ&ptleﬁ'é& added to the bulk
of the first step, and mxed in a | ow shear blender. In the 30 fourth step,
the5nxed bul k of the th|rd step then was added to the bul k of the second
step and M How-shear—bte 1t frestom
stearate (12.6##&&0 blet)| was addéﬁsaty ftaﬁ%rvgaﬁagnéf/ Pﬁ%’?’ﬁ) i) step and
| ubri cag?égﬁ'h aﬁ46°@/\én%lh7%% bl ender. In the sixth 13 WO 03/068191

PCT/ 1 BD @e%&t } bI end fromt he fifth step was conpressed using

sui t abfFe—tootng—tnthe tep; tabiet T opteq_wtir, Opadry
AMB. I n general, the process dﬁncl:rlfbed a cﬁlgketo nra%é(%tﬁﬁge%abl ??%mrphec udes
the foll ow ng msigps: (1) |m xilpgat orivast ay.7g, eiit heroo@zystal | i 108.63nd/ or

anor phpus_as such or after mlling 5lto reduce iits nean particle size |{(d50

and dop), ni @néé\f{%hal ling cellP@Sose and PRébose lon PB1%hi ch t hE01.27

ant i oxfdants a1 Hed—aftey sotving a-suita soryvents,nt addi ng
 ry | bi ok /g B o Dol BHT ool | ur 638t t) dno. AT Snt chr arl’ (2 g,

croscafl nel | q:ﬁgaesmdmﬁm to thegrgnxtur e; (89.0addi rg opg19r npre gokal i net al
salts, LEDTA,__surfactant and glidant ( g, collaoidal silicon dinyidp); (4)

lubricating the mxture with magnesium stearate; and (5) 10 conpressing the

| ubricated m t i t th
Labl eta with Al S fdidEs tab%%%wg% TR MBS Of Exanpl es
1-5, |1 | | d, at t th and

i Chout —an- al At ediollips biodl dhe BElekrepred Sgorierioghe Splgs

| ngredi endveRramRhig&ed Ml%%lt&%n%tlﬂg in b3NIPhodphdteduffer pHb Q¥ @St atin 80

(Ca) 80 (Ca) 80* (Ca) 80*
revolutions per minute using USP apparatus- II The results of the dissolution testing are

(() \Ql

provided in Table 3.
Time (minutes) (%) release of atorvastatin
Example 1 Example 2 Example-3 Example-4
10 93 60 91 45
20 102 82 99 67
30 102 91 100 84
45 102 100 101 97

15
Table 3. Dissolution Profile of Tablets of Examples 1-4
The bioavailability of the tablets of Examples 1 and 2 was measured in a

randomized three treatment, three period, three sequence single dose, crossover
comparative bioavailability study against Lipitor™ 80 mg tablets manufactured by

20 Warmner—Lambert Ltd. The bioavailability studies were conducted in healthy, adult, male
human subjects under fasting conditions. The results of the bioavailability studies are
provided below in Table 4. These results are in the form of ratios of the test formulation

(i.e., Example 1 or 2) to the reference formulation (i.e., Lipitor™).

15



Lact ose** 665.5 628 680 624 651.01 Mcrocrystalline cellul ose 300 300 300

300 300 Colloidal silicon dioxide 24 24 24 24 24 Hydroxypropyl cellul ose
24 24 24 R0 0246819 oscar nel | ose Sodium 72 72 72 72 72 Pol yecrhBe3zo8& 12 - -

-- -- -- Isopropyl alcohol gq.s. g.s. g.s. g.s. g.s. Disodiumhydrogen 3.5
-- -- -- orthophosphate Edetate disodium (EDTA) 1.0 -- -- -- -- Sodium

car bonat = P O Sodirum tauryt—putphate -- 2 2 2 2 Magngsi um
St ear af X130 R%fisf]?fiﬁ’ﬂ&‘@utym@ ttstigyyy| ani svicee0y12 0. 12¢ le d.12 0.12
But yl af etb Refdremcy Formaldiich? 0. 12 0.12 0.12| toluene *Nonqmi

o
£

|
at Orva:‘_atl n rmnnncl um-or—¢ l r-| IWTaa **I nnnf o be ari "St ed ba eu ohn Ot ency
and no sture é:é‘rap"é’zfﬂon of tih atl%‘f'\slastat n t01§§1 nt ai n|con3aht tlabl et

wei ght mposT i ons abtets of es 1-5 VVD‘
03/ 068191 PCT?F‘%Q e028(5)05 To anal $Ize6f or st abil 5?9@ he tablleOtJBLél8 f ormul at ed

above were subjected to accel erated stabili ty testi ng at 40C and 75%
relative humdity (RH) for three. nonths. | cat ed |n Tabl e 2, those
tabl ets contai nf#Jedn %m&@rat%@;&?a‘@ﬂﬁlh%gﬂﬁ QfeE’(qules BRddp| e Tabl ets 1,
2, and 4) exhibited very good stability characteristics over the period
tested. 5 Ted¥s opabpserndsanhofUst ad\Cast wlnes giverogbove i foppgptign madest i ng at

40C gind; /R EhA AR ERMAD L' ot YR forph s AP st inRAHY LmartpREBE S 4

size (dgg) of around 100 um was bioequivalent to the commercially available crystalline

formulation of atorvastatin sold under the trade name LipitorTM. Both the Cax and the
AUC values of this formulation fall within the 0.8-1.25 intervals mandated by the U.S.
Food and Drug Administration for bioequivalence. The formulation made in accordance

10  with Example 1 showed a higher bioavailability than the marketed crystalline formulation
of atorvastatin sold under the trade name Lipitor™. The formulation of Example 1, while
not falling within the 0.8-1.25 interval, demonstrates the feasibility of providing
advantageous improvements in bioavailability using a reduced particle size of atorvastatin.
For example, to obtain the same bioavailability as the commercially available atorvastatin,

15  less atorvastatin can be used when a reduced particle size atorvastatin is formulated as the
dosage unit. In conclusion, the inventors have been able to develop an amorphous
atorvastatin formulation, which is stable but also shows similar or even higher
bioavailability than Lipitor™ made from crystalline atorvastatin.

While several particular formulations have been described above, it will be

20  apparent that various modifications and combinations of the formulations detailed in the
text can be made without departing from the spirit and scope of the invention. For
example, additional exemplary tablet formulations are contemplated to use the reduced
particle size atorvastatin described above and the low amount of alkali metal salt additive.
Specifically, reduced particle size atorvastatin formulations can be produced that have

25  1.04 % of the alkali metal salt, 2.08 % of the alkali metal salt, 3.13% of the alkali metal
salt, and 4.3% of the alkali metal salt, as disclosed in Table 5.
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Initial

101.2 99.78 100.23 101.68 One Month 100.5 99.16 97.17 101.27 Two
Mont hs 100.09 99.28 95.52 100.98 Three Months 99.87 99.09 94.19 100. 34
Tabl e 2. womalesiat ed Stability Testing of Tablets of ExanpCe#dB3/o05080 obt ai n

a dissolution profile, the tablets prepared according to the exanples 10
above were subjected to dissolution testing in 0.5 M phosphate buffer, pH
6.8 at| 75 L ons[per mnute using U us-11. The resutts]of
t he di[ssUot ul?lgg@“?fetbti ngp o le%vi deq ’:31 ?E‘#?&Q%BE&_ 7 T “Ea‘ %
rel ease of atorvastatin (%g Eg Hg‘khé’l an@{ > e§<larrpl -21&‘;’;8&.93 60
91 45 | 20 102 82 99 67 lali ) 0% 50 alkalr )| oG- Qe alkali 97 (4-3% alkplicf'3.
Di ssol lutionProfile of] I 1Y). 4 Tmetalisall) ail| amefal $3dtls | ¢ he
tabl etls of AE¥HAIIES 1 and 2 gas mepsureggi n a | randggi zed |t hreegd r eat frent
t hr ee |per i (RNOTPRAUSE sequence singl e dose. crossover conparative
bi oaval | abi |li.dcjosst udy agai réd@.5Li pi { or TM@0 ny |t abl 65§ nanuf act 62&d by | 20
Var ner |- Laviixgbérysthitine The bi og{ﬁi lab| ity studigs were conducted _in healthy,
adul t,} mal e celnys®Rn subjects der fasti}&? condi ti ort¥0 The [resuPfP? of {he
bi oavai TaBiid;Ed S&PgT €5 are provifged befow i f Table 4. These resuits|are
in theg for m(ﬂg)ﬁa@\t los of thedtest formuRhtion | (i.e24 Exanple 12%r 2)|to
t he referen . of my-ation—(i+—e——LprtorFM—15—Wo-63-668141—PSHHB63/P0505
Rat i o |of ?é@ *¥BPR ation t @4Ref er ence Bornul dti on 24JC (O4infimgay) AUC
(0-t) |Crmx CCBY195fisbe 1 134 5 135 5 143 7 Exangle 2) 111 6[110 8 108 8| Tabl e
4. Conpar SES9EMBII8% ai | abi | iy Dath of Exanplds 1 amgl 2 7
Sodium \
Sodium Lauryl
Sulphate 2 2 2 2
Butylated Hydroxy 0.12 0.12 0.12 0.12
Anisole
Butylated Hydroxy 0.12 0.12 0.12 0.12
Toluene
Isopropyl alcohol d.s. q.s. q.s. q.s.
Sodium carbonate 37.5 12.5 25 52
Magnesium Stearate 12 12 12 12
Table 5. Compositions of Tablets of Examples 5-9
Moreover, it is contemplated that the atorvastatin can be one or more of
5 atorvastatin calcium, atorvastatin magnesium, atorvastatin aluminum, atorvastatin iron,
atorvastatin zinc, and other suitable salts of atorvastatin. In addition, the atorvastatin
pharmaceutical formulation can be in a tablet, capsule, or other suitable dosage form. The
tablet dosage form may be coated or uncoated. It can have a nonfunctional coating to
improve the aesthetic appeal or a functional coating to protect it from atmospheric
10  moisture. The dosage forms and/or pharmaceutical formulations may include one or more
of a 10 mg atorvastatin dosage unit, a 20 mg atorvastatin dosage unit, a 40 mg atorvastatin
dosage unit, and an 80 mg atorvastatin dosage unit.
The utility of the atorvastatin formulations herein include the treatment of the
following medical conditions: (1) as an adjunctive therapy to diet for the treatment of
15 patients with elevated serum triglyceride levels (Frederickson Type IV); (2) for use by

patients with primary dysbetalipoproteinemia (Frederickson Type IIT) who do not respond

adequately to diet; (3) for the treatment of heterozygous familial hypercholesterolemia in

adolescent boys and post-menarchal girls, ages 10 to 17 (10 to 20 mg once daily); (4) for
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As can be seen fromthe AUC and Crax val ues given above the fornul ation
made 5 in accordance with Exanple 2 conprising anorphous atorvastatin

havi ng a wean/oppticle size (d90) of around 100 m was bi ®equBezioses to t he
commercially available crystalline formulation of atorvastatin sold under

the trade 1Hﬂ¥f%?al|sin\%:}£hg]|§pqt 5 bhisWigh g@@%e&ﬂ&eﬂ%ﬁ@m&&oﬁg&@ S

formul at1on ' 0.8-1.25 ervals mandated by the U S. Food
and Dr ufymAiatianil sonfaniibal) et mbied elyslipidéraiad EredFhickspo Typésais and ey €5)ifar

accordance 10 with EX le .1 d [ ' i | abiLi h h
mar ket e‘bFegars fgtaﬁupFWQ %Trf‘?“r{eﬂdﬁqu %va i %E?ggm'?r (fgﬁalgg?@btﬁgt%%ls{ ar@q?ﬁ age nane
Li pi t or ifiMeadd DL O i p A enfvid pﬁhﬂf%@eﬂ&hel@@ﬂehﬁemﬂ(het&@h&gm fivhilfal And he

0.8-1.25 interval, denonstrates the feasibility of providing advantageous
i mprbov emenfamilial) bidmizdd dyslipidemia Eredgrieksea divoedIpatd ) £6)sfoz Bseop

t tatin. .F | btaj p _t he. -
commer cRa paaRY BEPECRY SroS St BT RSB ARl E O e
a reduc@y fpaisk E&hsatﬁigmnﬁizggaamuiamh réIylesidrolemib. aBhd theatmelstsdgeeseni t . | n

conclusion, the inventors have_been able to devel op an anorphous
at or vastadical goaditionanchides peviding an erahphasmpegutigaldosagedhal 18¢IHIsSH or even

hi gher ' ' kd. i Di ' : tatin.
il SoLPEYRalTRHebive dopll drollek SR RS, e AUREY SR Er Y31 b
20 fdppathentort fxtdtinvia theoptmrmaetiufitd albbagedeagchnomphousatareastatof. t he f ornul ati ons

detailed in the text can be made w.t hout  departin th irjt d
scope of t helidsadacPgmpiatrd thahihgpethods ged Y"ﬁg‘?ﬁd?rg‘é‘ %"'r%tiooé'ntefa’? B%Bée{d' o 2"

formul aﬁﬁa@‘?;?‘]e e%i&ﬁ%ﬂﬂi@ﬂg@f%%h&&é&%ﬁtiéa@ﬁ)rﬁﬁl@&ﬂﬁ)ﬁ%a’t Riddes lafrdstfin in

at orvast escri ove and the | ow anmpbunt of alkali netal salt
addi t i veomp®ijzen id 2 phdrinaceutiealufondulption thet imchideeatatvestetis marketed wrdstithat | ons

can be produced t hatpyhave 25 1.04.% of .the.al kali t al | t. . 2.08 9% of th
al kal i ﬁ%‘f%?m%eg‘r?ﬁoﬁT?digﬁ}cPﬁ%Vl%@e FioeiPhantily font s redBig nd Babisp e o ka1
metd  Selamd@phdls BEdrPAefini sOchl tat ﬁe%xartibﬁes\l’@v@ 8 pARiB % izeRad) tHR0 3/ 16450

I ngredient ng er tablet Exanple 6 Exanple 7 Exanple 8 Exanple 9 (3.13%

al kal i {30 puo4ndlakaedn (a2tid8sizea(dsa)l that(is b@Ween kepproximatanp agégB)lmret al salt)

metal salt) ?’F&El&)l is chrlltte%pﬁ{te%rtﬁgtsgrr?cgrbﬂou%%tgrgas%a in8<9an b%%rrr(l))cregs%%%sy)a

pharmaceutical manufacturer to reduce the particle size of the amorphous atorvastatin by

milling the amorphous atorvastatin particles using one or more of an air jet milling, ball
20  milling, cad milling, and multi milling operation. The operation reduces the particle size
of the amorphous atorvastatin such that the particles have a particle size (dgo) that is less
than 150 pm and a mean particle size (dsp) that is between approximately 5 and 50 pm.
The advantages found in reducing the particle size of amorphous atorvastatin can be
beneficial to a pharmaceutical manufacturer that produces amorphous atorvastatin, reduces
25  the particle size in a milling operation, and provides the reduced-particle size amorphous
atorvastatin to other pharmaceutical companies for production of dosage forms with
improved bioavailability and bioequivalence.
The advantages found in mixing amounts of less than 5% of an alkali metal salt
additive, and more particularly between 1.2% and less than 5% of an alkali metal salt
30 additive, with the amorphous atorvastatin can be beneficial in producing stabilized
amorphous atorvastatin for use in either producing stabilized amorphous atorvastatin

pharmaceutical compositions or providing stabilized amorphous atorvastatin compositions
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Lactose 642.5 667 655 628 M crocrystalline 300 300 300 300 cellul ose
Colloidal silicon 24 24 24 24 di oxi de Hydroxypropyl 24 24 24 24

cel | ul osewb o®oesenr nel | ose 72 72 72 72 Sodi um Sodi um LauPgiT/IR03200202

Sul phate Butyl ated Hydroxy 0.12 0.12 0 12 0.12 Anisole Butyl ated Hydroxy

0.12 0. gsnlﬁé - S. Sodi um
car bonagjéhg%&% %élag %@8@ g%celg um S!t as?%'ltﬁgée(liz I%éﬁ%tzogvgi'?g?e 5.
Conposighaanscenfical dbbages and piadactpl es 5 9 Moreover, it is contenpl ated t hat

t he atorvastatin .can be on nor e at orvastatin.ca torvastatin
magnesi um at &iﬁ?é%?%t?rﬁplgf%&ﬁﬁﬁm' Sig rfS%%EJE AFiaRY CPRRmatigy Sf‘?,pgg}%fi n zinc,

and ot hegy,sidicrai @arﬁﬁbﬁssd&fm@éd(}fei@l% kb spédifiell dxcRided frB@ tht Olaiaad at i n
pharmaceutical fornulation can be in a tag capsul e, or other suitable
dosdge ifwentionEind betsaldbssribdd sagregativedimitation A@m@ﬂgldr it ignob anteled thatc an have

a nonfu ctl on 0 n t.ne aesthetic appeal or a functional
coati nd ?Blﬁfl@?réﬁ‘f?Wteg’re&ﬁ?%tagﬁgg}?cll?l 10 noi sture. The dosage forms and/ or
phar maceut i cthilk @hdpreddnt BRVSntiGvhas Beénldecabel i@rterfy o itsepedfid 0 ny
atorvastatin dosage unit, a 20 ng atorvastatin dosage unit,

a_ 40,
at or vaﬂmquemwgélmpdlﬁc@tms apd epivajends Wikl he apRrarent (9%@186%51%%?4 mng"he
utili ]E ga[rf)%l A€ i}k e\éq batd Euieﬁ%kf%%@épéﬁtﬁé ckdift idilfigde treatment of

t he ng s con I ons an adjunctive therapy to diet for
t het( r eat ment of 15 patlents with el evated serumtrlglycerlde | evel s

(Frederickson Type 1V); (2) for use by
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patients with primary dysbetal i poproteinem a (Frederickson Type I11) who do
not respond adequately to diet; (3) for the treatnent of heterozygous

fam i al Wopanetiol esterolem a in adol escent boys and postcmapeymbhe girl s,
ages 10 to 17 (10 to 20 ng once daily); (4) for 17 WO 03/068191

PCT/ 1 B %@5 use in increasing HOL-C in patients with primary

hyper chol'esterol em a (heterozygous famlial and nonfamlial) and m xed
dysl i pi Werdl@amf Fr ederi ckson Types Ha and 11b); (5) for use as an adjunct to

diet to redu el ted tota |s and to

i ncrease HDL ngﬁﬁﬁmf"étl%\ f%h%ﬁ??%@ﬁ@g Bﬂ%ﬁgeétog 3 (het er ozygous
famli ( ri ckson Types Ha
and 11 E%tm%?%?tﬁ}’ %f%ﬂéérgﬁ}er}i ﬁ%%leesggﬁﬁg' %ﬁ?#ﬁ?fé @5‘%2‘%%%&1?? g@gl ema; (7) for
usebin treating dysbetalipoproteinenma; and (8) for use in treating

h f li al hal est I The t tnent of t di cal
condi 1 ons Bl udBis pRABOR G RGAA ORBIONSEH e NEESR THJREDE T Fhel udes
ther ape ')%%1 {HeYnf! frgﬂf‘o%fs' }’o‘i—‘v%gﬁ rifiesat BEWRSA Qﬁﬂrﬂm&r&tél& §3halshenredi cal

condi t| a maj or e atorvastatin’in the pharmaceutical dosage
bei ng armr phous atorvastatin. It also is contenplated that the nethods and

val ues provi ded ahove can be ysed to, i ove the bhioavailability of a
phar maceut i cai fo?bﬁﬁlﬁ‘ﬂmé??uflﬁ%lthWPtﬂﬂéipjiﬁﬁrbgg}eﬁl?ﬂn‘?ﬂrb(gﬁﬂt)@#%%n to a
pha gmcaﬁﬂtth Bhiehi U Bu bl Aot e bbb lasrvakatiy dogy @dmunger the
trade nane |p|torTm nproving t e bi oavai | abi | n udes reducing the
par ti cl ebtainzebph chystallie acmwagpitofratiotivmsiaetetad mlgﬂchthtehlalde nhee piitoir¥l es have
a particle size (d90) that is less than 150 mand a nean particle size
(d50) that is between approximately 5 and 50 m It also is contenpl ated
that anorphoys at-ggy uﬂ%ﬁﬂh&éﬁtlﬁﬁ%ﬁﬁulgﬁmﬁ D¥wiRtreiR BAE BREAN b §8190%

ce

manuf act ur er to red e particle size of the anorphous atorvastatin by
m Il ngcdnlfxdemmntph@luﬁarahmmasn@rlthﬁ cmmnttaltles tigs wgvmfeat@fvas’mme of an air

et 20 m | m_| pet.ation. The

pdtnt | e dabatiuti lasitd et S ion cron o i Pt e i O BOE BRTHR L0 0
that t Wi ki yasie 08Y F R dRAA Dref A dalidistr4tdA0br & Bktalliel #GFastdthian 150 m and
a nmean particle’size (d50) that s between approximtely 5 and 50 m The
advant afpesufation tharketedeahder thy ttade npme Lipgtos™si ze of anor phous atorvastatin
can be beneficial to a pharmaceutical manufacturer that produces anorphous
atorvastatin, reduces 25 the particle size in a mlling operation, and

provides t hesr edutrSpiRafbidiliBalSoARulaiE Ghim 1,3 rsiafedrmdrphsusot her
phar maceuti cal conpanies for production of dosage forms with
20  atorvastatin comprises between approximately 1% and 50% by weight of the formulation.

6. The pharmaceutical formulation of claim 1, wherein the amorphous
atorvastatin comprises one or more of atorvastatin calcium, atorvastatin magnesium,

atorvastatin aluminum, atorvastatin iron, and atorvastatin zinc.

25
7. The pharmaceutical formulation of claim 1, further comprising one or more
pharmaceutically acceptable excipients selected from the group comprising diluents,
surfactants, antioxidants, disintegrants, binders, lubricants, glidants and chelating agents.
30 8. The pharmaceutical formulation of claim 1, further comprising an alkali

metal salt additive.
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i nproved bioavailability and bi oequi val ence. The advantages found in m xi ng
anounts of less than 5% of an alkali netal salt additive, and nore

parti cul awby3betioeen 1.2% and | ess than 5% of an al kal i meCalBexios0s 30
additive, with the anorphous atorvastatin can be beneficial in producing
stabilized amprphays ,ahokacashal fd?thd’tloH%?claﬁn 8i {hskinthe dikaii AgktsitsaRi | | zed
anor phous at or vast atl n pharmaceutical conpositions or providing stabilized
anor phowdditive iszrsteat itra orpdsiion oﬁbetvvtsn WProdmaed 9.2%oTkessB0al 3395 to
phar maceut i If (o]0 @l es for use in producing stabilized anorphous

at or vast'ate h © BW&FEE’B 8% cal dosages and products. It also is contenpl ated
that any single feature or any conbi nation of optional features of the
vari ati ons described herein may be specifically excluded fromthe clainmed
5 i nfenti on akfs b@llﬁ@hmﬁﬂ%ﬁf%@ukﬂtlﬁégéﬁﬁa%81 Vheret the alkajioectalapltgl y, it
IS not b e clains.

Wi le t ﬁg&??ggsgp%: I nfil/t ahct%ln%%\f%%ﬁ gg‘é%algé%gp@&g AF%%SUB; zht?é/fitﬁg specific
enbodi n¥srnsulatégy, t ai n nodi ficati ons and equivalents will be apparent to
those skilled in the art and are intended to be included within the scope
of the pr esent inventi on. 10 19 WD 03/068191 PCT/IB03/ 00505 CLAI Ms: W
claim 1. A p J i r phous
atorvastati n vvherel #hhﬁgdcgugcféa%r@gi (ﬁgeg?g}aﬁ%?t‘?g rgﬂg%lggkﬁggg%tal%?gs t han
15016n ﬁdﬁtlvé*hqarpdeat atmouténtation of betivaen éﬁ‘%odndm dorhybyeighteofehe t he mean
parti clﬁ size. (d50) of the anmorphous atorvastatin particles is between
appr oxi 1@ and 50 m 3. The pharmaceutical fornulation of claiml,
wherei n one or both of the rate 10 and the extent of absorption of the
anor phous atorvastatin is equal to or greater than that obtained by a
crystal | ine at2or vddeghimmacoutinal fornglution ok eleis 8uwhierein the atkelh destal snie

Li pi tor T, 4, The pHALIRCet] 5ol 8! MLl o0 Rlm el ke, 1ELS 1 ONe O

15  hydroxide, sodium silicate, disodium hydrogen orthophosphate, sodium dihydrogen

phosphate, disodium hydrogen phosphate, sodium phosphate, and sodium aluminate.

13.  The pharmaceutical formulation of claim 12, wherein the alkali metal salt
additive is present at a concentration of between approximately 1.2% and less than 5% by

20  weight of the formulation.

14,  The pharmaceutical formulation of claim 12, wherein the alkali metal salt

additive is present at a concentration of between 2.0% and 4.8% by weight of the

formulation.
25
15.  The pharmaceutical formulation of claim 12, wherein the alkali metal salt
additive is present at a concentration of between 4.3% and 4.4% by weight of the
formulation.
30 16.  The pharmaceutical formulation of claim 8, wherein the alkali metal salt

additive comprises sodium carbonate.

17.  The pharmaceutical formulation of claim 8, wherein the alkali metal salt

additive comprises disodium hydrogen orthophosphate.
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confidence interval for the area under the concentration tinme curve of
atorvastatin 15 (AUCO t) and maxi num pl asma concentration (Crax) val ues

| i es bet wworn30680t 1. 25 of the interval set by the U S. Fead/1ReBH0ENUg

Adm nistration for a crystalline atorvastatin fornulation marketed under
the trade nanme LipitorTM 5. The pharmaceutical fornulation of claima1l,
wherei n the anorphous 20 atorvastatin conprises between approxi mately 1 %
and 50% by wdi8ght Tf phérsaceutival foringlation ef clzine 8 pibsreimdhe eikelmetdspllil at i on of

claim1, erein the anorphou torvastatin_£o i o]yl [ e of

at or vas PAPHEe Eopmisi og PLRGERE seleh i adt bale IR 0% retleelll rum

at or vastabbhat, Bfkncdiish BdesNaS hafghtsidh RlicaRP>magnekhien piiatinge,cuti cal
formulation of claim1, further conprising one or nore pharmaceutically
accept ablumisywimignasivmdwreaxidsd from t he group conprising diluents,
surfactants, antioxidants, disintegrants, binders, lubricants, glidants and
chel ating agents. 30 8. The pharnmaceutical formulation of claiml1, further
conpri si ng angal kalhe phif@iaabutial formdthtivh v€claid 1 Wh&38ind68 pRarnfacHiticBD3/ 00505

9. The pharnmaceutical fornulation of claim8, wherein the alkali netal salt
addi t i véomumlgancompriges ooy IR Of ad P 8te YerBeiptindosagp puisa H8l y 1. 2% to

| ess thap, o ' ida8e umly, Hd ad 86 R A0RRSEHA! Cal
f or mul at%fbéﬁa%}ff%c Ogﬁ%qglst’ %g%ﬁ%&?ﬁ%ﬁﬁal ?c mat’é]g salt nli)%ddi tive is present
at 80 codosagenaiti on of between 2. 0% and 4. 8% by wei ght of the fornulation.

11. The pharmaceutical fornulation of claim8, wherein the alkali netal
salt 10 additive is present at a concentration of between 4.3% and 4. 4% by

wei ght of theq forplAinhhticAiZord e ARG dt6vhsthik Bhd Al AlRA Bletat! ai m 8,

wherein the alkali hetal salt additive conprises one or nore of sodium
car bonatsalf additive thealkali inotahsadt addiiielneinEpresedt @i coacerdatipn of betvicemit e,

di sodi um hydr ogen hophosphat.g, , sodi L hwdr o phosphat e, disodi um
hydrogeﬁp%‘ﬁé%%glyél?i%gaﬁ?%ﬁ? Bﬂgtg;{ﬁ%’g@gﬁ?ﬁf@g |rf1nrlrl?a§ Ui nate. 13. The
phafsaceutical fornulation of claim12, wherein the alkali netal salt
21.  The pharmaceutical formulation of claim 20, wherein the alkali metal salt
additive is present at a concentration of between 2.0% and 4.8% by weight of the

formulation.

20 22.  The pharmaceutical formulation of claim 20, wherein the alkali metal salt
additive is present at a concentration of between 4.3% and 4.4% by weight of the

formulation.

23.  The pharmaceutical formulation of claim 20, wherein the alkali metal salt
25  additive comprises one or more of sodium carbonate, sodium bicarbonate, sodium
hydroxide, sodium silicate, disodium hydrogen orthophosphate, sodium dihydrogen
phosphate, disodium hydrogen phosphate, sodium phosphate, sodium aluminate, calcium
carbonate, calcium hydroxide, magnesium carbonate, magnesium hydroxide, magnesium
silicate, magnesium aluminate, and aluminum magnesium hydroxide.
30
24.  The pharmaceutical formulation of claim 23, wherein the alkali metal salt
additive is present at a concentration of between approximately 1.2% and less than 5% by

weight of the formulation.
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additive is present at a concentration of between approximtely 1.2% and

| ess than 5% by 20 weight of the formulation. 14. The pharnaceuti cal
formul atiwo oef6s1bai m 12, wherein the alkali netal salt aedirtiBes00se present
at a concentration of between 2.0% and 4. 8% by wei ght of the fornulation.
25 15. The phar meegith&dlack@idi fdu@ifioRbof Elafth 7B Iwherdhah&hikali httalskal i net al
salt additive is présent at a concentrati on of between 4.3% and 4. 4% by
wei ght eflditineis frosemtistat donpent@tion 6f batveem Rl nerslehi8Yodwl weightwfithe i on of claim
8, wher?i n %}e al kali metal salt additive conprises sodium carbonate. 17.
The pha ?Fﬁlutel 19%al fornulation of claim8, wherein the alkali netal salt
addi tive conprises di sodi um hydrogen orthophosphate. 21 WO 03/068191

PCT/ | BO3/ 00505 18. The pharmaceutical faornulation of claim@8, wherein the
al kaPi netal 26al t Hhedhaimaseeingh farsuiptigne! slaigs evbreindhe plali mgtal salht e,

cal ci um_Rhy. ' nesi car aag ' 0%] magnesi um
silicat g&%&g#&%&%@%&%ﬁhﬁﬁgﬁgr?ge a%%%%ﬁsndﬁgﬂ)e@‘g%%m/ rg?d de. 19. The
phar mac €simudgtionf or nul ati on of claim 1, wherein the pharnaceuti cal

formul ati on conprises one or nore of a 10 ng atorvastatin dosage unit, a 20

ng atorvastatin dosage unit, a 40 ng atorvastatin dosage unit, and an 80

mg at orvast atjmn %e&ﬂﬁx%g%aﬁ f(irﬁ‘lg}altl’én B@@Ta%@@ Wyh&ain the hiitdli #idif @lalt

conprising atorvastatin and an a metal salt additrve, the alkali
met 40 satiditisddomprisesiseding qaresetet at a concentrati on of between
approximately 1.2% and | ess than 5% by wei ght of the fornulation. 15 21.
The pharnaceutical formulation of claim20, wherein the alkali netal salt

addi tive is prgesenthedhadndcOMi@ntoaiul#idn of chah 20eRheeRha Attt nftfallR)it wei ght
of the formulation. 20 22. The pharnmaceutical formulation of claim 20,

wher ei n atldigive cemampiiseselisodivgnhydrogen orthophosphate.

15 29.  The pharmaceutical formulation of claim 20, wherein the atorvastatin

comprises particles of amorphous atorvastatin and the particles have a particle size (dgo)

less than 150 pm.

30.  The pharmaceutical formulation of claim 20, wherein the atorvastatin
20  comprises particles of amorphous atorvastatin and the mean particle size (dso) of the

amorphous atorvastatin particles is between approximately 5 and 50 pm.

31.  The pharmaceutical formulation of claim 20, wherein the amorphous
atorvastatin comprises one or more of atorvastatin calcium, atorvastatin magnesium,

25  atorvastatin aluminum, atorvastatin iron, and atorvastatin zinc.

32.  The pharmaceutical formulation of claim 20, wherein the pharmaceutical
formulation comprises one or more of a 10 mg atorvastatin dosage unit, a 20 mg
atorvastatin dosage unit, a 40 mg atorvastatin dosage unit, and an 80 mg atorvastatin

30  dosage unit.

33.  The pharmaceutical formulation of claim 20, wherein the pharmaceutical

formulation comprises a tablet.

23



additive is present at a concentration of between 4.3% and 4. 4% by wei ght
of the fornulation. 23. The pharmaceutical fornulation of claim 20,

wherei n tweoaloksabi netal salt 25 additive conprises one ®CTMBO300665 sodi um
carbonat e, sodi um bi carbonate, sodi um hydroxide, sodiumsilicate, disodium
hydr ogen orthophosphate, sodi um di hydrogen phosphate, di sodi um hydrogen
phosphat e, sodi um phosphate, sodium alum nate, cal cium carbonate, calcium
hydr oxi de, nelfnesithephammssuiical foraytationwichym Baxivdber ¢ampprissigaroadingi cat e,
magnesi uomtﬁl g}m nate, and al um num magnesi um hydr oxi de. 30 24. The

phar macedt e e1t'or mul ation of claim23, wherein the alkali netal salt
additive is present at a concentration of between approxi mtely 1.2% and

| ess_than 5% by weight of the forrmulation. 22 WO 03/068191 PCT/ | B03/ 00505
25. The phar r%%eutﬂ@&haw‘ll@ fasmudation|odickim 20, wheteis the phamacguicel net al

salt additlye | sent at a concentration of between 2.0% and 4. 8% by
wei ght %gh#hé&f%éaﬁg‘?lgﬁ on. 5 26. The pharnmaceutical fornulation of claim

23, wherein the alkali nmetal salt additive is present at a concentration
of between 4.3% and 4.4% by weight. of the formulation. 27. The . .

phar maceut i cal® f orMifeHRadsH ming apharecosa BTl aes. diaptiodepmprisagy 10
addi tive conpgy LHB L @ml & RRarFeseltt cal formul ation of
cl ai m 20, Mereﬁﬁ%ﬁg%ﬁﬁlﬁmt a S%I t am-a%@?ti ve conprises di sodi um
hydi@gen or t hophingphaixture b$ nding Theredheadrsizeprriided off amnorphaits aborvastatiol ai m 20,
wherein t.he atorvastatin lgtfcn'i)ri ses g;arti cl es of anorphous atorvastatin and

the par tViE} 9% g0 phyrmacpylical XIIeRtyt® | ess than 150 m 30. The
phar maceut i caonfREd¥itgahd Mikife iftod PRafBacoitiBdiotagefemat or vastatin 20

conprises particles of anorphous atorvastatin and the nean particle size
(d50) of the anorphous atorvastatin particles is between approximtely 5

and 50 m - 31.37The RN ARGLSE iRl 36, WA tHePhrRlle GLEHME on WG R Dut NE

anor phous
15  using one or more of air jet milling, ball milling, cad milling, and multi milling.

38.  The method of claim 36, wherein the size of the particles of amorphous

atorvastatin is reduced to have a particle size (dgo) that is less than 150 pm.

20 39.  The method of claim 36, wherein the size of the particles of amorphous
atorvastatin is reduced to have a mean particle size (dsp) of the amorphous atorvastatin

particles that is between 5 and 50 um.

40.  The method of claim 36, wherein the pharmaceutical dosage form

25  comprises between 1% and 50% by weight of amorphous atorvastatin.

41.  The method of claim 36, wherein the amorphous atorvastatin comprises one
or more of atorvastatin calcium, atorvastatin magnesium, atorvastatin aluminum,
atorvastatin iron, and atorvastatin zinc.

30
42. The method of claim 36, further comprising mixing an alkali metal salt

additive with the amorphous atorvastatin.
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atorvastatin conprises one or nore of atorvastatin calcium atorvastatin
magnesi um 25 atorvastatin alum num atorvastatin iron, and atorvastatin
zi nc. 32.woOhg/oghar maceuti cal fornul ation of claim 20, whePernBeImWs05

pharmaceutical fornulation conprises one or nore of a 10 ng atorvastatin

dosage unit, 2320 TE: mahed ¥ASThah U7 WIRSEH Shd Alkili mBiaf SaliEHdRGRYI ¥ ask@tin dosage
unit, and an 80 ng atorvastatin 30 dosage unit. 33. The pharnaceuti cal

f or mul atat@rwaghtaerdeniage of bitween approvampiely hadeiotlessdhan 3% byuveglitod theonpr i ses
a tabl ethI"l%l?la 03/ 068191 PCT/1B03/ 00505 34. The pharnaceuti cal

formul ation of ¢claim33, further conprising a coating on the tablet. 5 35.
The pharnmaceutical formulation of claim20, wherein the pharmaceuti cal
conpri ses a c%gsul e. 36 A nethod of maki a pharmaceutical formul ation,

the Rethod cofbri sTh‘Fg‘TlethP‘éGﬁ%lﬁiﬁ@4¥aﬁ@eﬁ%ii’1€1%c41€al'§mﬁ@l 8t gslditivied presert at
anmor phoyg, éﬁrz{@%ta% i4r§%%8\xfegéﬂfio?ﬁleafoﬁiiu%i%t‘i'5f by m xi ng the reduced-size
rv W

particles of anorphous at tatin one or nore pharnaceuti cal

exci pients; and conpressing the m xture into a pharmaceutical dosage form
37. The nethod. of ¢l ai m 36, erein the partjcle size reduction is carried
out 15 usi ng‘?I ne 'Jg}felﬁﬁt %‘?chélin?‘ ?’é’i’h‘?ﬁ‘?l’f‘fflier@f,‘alb@?‘lal ‘Fﬁeffl addHye g aegsentiet i ng,
and nmul tyetvidnl 4. 598 and 3497 B¢ Wi 881 fomhi@hi36. Wwherein the size of the
particles of anorphous atorvastatin is reduced to have a particle size
(d9d9 that is less than 150 m 20 39. The nethod of claim36, wherein the

size of the pgrticles r.pho at or yas in | educed to have a nean
particle size 1d50 hed?&%ﬁ(gggﬂgpbﬂ%weﬁ"ﬁﬁ}?féf%‘tI?lﬁtafi?iﬁ'a%lﬁg}vgscow&sesi s
bet ween dne@h ehd2®ofModthn cdBEndiEsB@inDbicarbahdie, 36diui18/desdd, RediRhasin@sLut i cal
dosage form 25 conprises between 1% and 50% by wei'ght of anorphous

at or vas tdgodim hydrogereorthaphesphete, sadiymmdiedragen pbpsphateedisedinptydsogen
at orvasgjﬂ)gﬁ}a eog&ﬁiuﬁ%%o te. Md égarhﬁn?lfum%&rvast atin calcium atorvastatin
m -a atin a

magnesi orvas al um num orvastatin i ron, and atorvastatin
zi nd5

47.  The method of claim 42, wherein the alkali metal salt additive comprises

sodium carbonate.

48.  The method of claim 42, wherein the alkali metal salt additive comprises

20  disodium hydrogen orthophosphate.

49.  The method of claim 42, wherein the alkali metal salt additive comprises
one or more of calcium carbonate, calcium hydroxide, magnesium carbonate, magnesium

hydroxide, magnesium silicate, magnesium aluminate, and aluminum magnesium
25  hydroxide.

50.  The method of claim 36, wherein the one or more pharmaceutical
excipients comprises one or more pharmaceutically acceptable excipients selected from
the group comprising diluents, surfactants, antioxidants, disintegrants, binders, lubricants

2

30  glidants, and chelating agents.

51.  The method of claim 36, wherein the pharmaceutical dosage comprises a

tablet.
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30 42. The nethod of claim 36, further conprising mxing an al kali netal
salt additive with the anorphous atorvastatin. 24 WO 03/ 068191

PCT/ | BO3/W0903868148. The net hod of claim 42, wherein the aPkalBoywse salt
additive is mxed in at a weight percentage of between approximately 1.2%

to | ess than 5% byrnseh&héd &f cldiles1, kekned bahbAsing Bodthg tHdRbmeet hod of claim
43, wherein the alkali netal salt additive is present at between 2.0% and

4.8% by weight of the formulation. 45. The nethod of claim43, wherein the

of ‘the formusti o tronoeSFotde TR Sendt tedfiEBRu s MARE ofublicdl 121

sal t ad@bpguv@ conprises one or nore of sodium carbonate, sodium
bi car bonat e, sodi um hydroxi de, sodiumsilicate, disodium hydrogen
ort h@phosphat e, sodi um di hydrogen phosphate, di sodium hydrogen phosphate,

sodi um phos prﬁactt_ :i |ﬂ{r%eq?§ﬁ&is %ﬁqlﬁg‘gﬁcﬁ, NHefein d %Znné%@ﬁti&?hgé:ﬁ%g g{ngigh?és Bnd2,

wherein the a tive conprises sodium nate. 48. The
met hod ef norabfa 4@ mgdiervestatirt desaged Wat, ia 20ehg btosestatinddsdgewaitcodPmigses 20

di sodi um hydr ogep orthophosphate. 49. The thod.of claim 42, wherein the
al kali & ?Staég‘I‘{]OS%%FdFPﬁgﬁ‘%‘fgbgémgsa&wa%@ AU of cal ci um car bonat e,

cal ci um hydr oxi de, nmagnesi um car bonate, nagnesi um hydroxi de, nagnesi um
silicate, magnesium al um nate, and al um num magnesi um 25 hydroxi de. 50. The

met h@d of cl &i5m 36A metiedeif making opterwaceuticd fommeirl ateare thei roethod estoppsiegit s

conprises one_or. nore phar maceut. cal accept abl e exci pients selected from
the group corBPYSM&P? qlﬁ%OWQMfa@P’ anti oxi dants, disintegrants,

bi nders, | ubrjre@atny an SlichéepRliddaRng, chel ating agents. 51. The method of
claim 36, wherein the pharnaceutical dosage conprises a .
mixing the particles of amorphous atorvastatin with the alkali metal salt additive;
and

15 compressing the mixture into a dosage form.

56.  The method of claim 55, wherein the alkali metal salt additive is provided
at a weight percentage of between approximately 1.2% and less than 5% by weight of the
formulation.

20
57.  The method of claim 56, wherein the alkali metal salt additive is present at

between approximately 2.0% and 4.8% by weight of the formulation.

58.  The method of claim 56, wherein the alkali metal salt additive is present at

25  Dbetween approximately 4.3% and 4.4% by weight of the formulation.

59.  The method of claim 56, wherein the alkali metal salt additive comprises
one or more of sodium carBonate, sodium bicarbonate, sodium hydroxide, sodium silicate,
disodium hydrogen orthophosphate, sodium dihydrogen phosphate, disodium hydrogen

30  phosphate, sodium phosphate, and sodium aluminate.

60.  The method of claim 56, wherein the alkali metal salt additive comprises

sodium carbonate.
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tablet. 25 WO 03/068191 PCT/1B03/00505 52. The nethod of claim51, further
conprising coating the tablet. 53. The nethod of claim 36, wherein the

phar macewpDa®aleglosage conprises a capsule. 5 54. The net Rrodu/1B63/@5E M 36,
wherein the pharmaceuti cal dosage conprises one or nore of a 10 ng

at orvast atin glosaggewidthod ¢ AAmMb, iR ealital HOASPAE Jditive cBnbBsdt
atorvastatin dosage unit, and an 80 ng atorvastatin dosage unit. 10 55. A
met hod disoduiki hyfraggherthepbesphiteal fornul ati on, the nmethod conpri sing:

provi ding particles of anorphous atorvastatin; providing an al kali netal
salt additive; mxing the particles of anorphous atorvastatin with the

al kal'i netal @alt Taddhdthoteof clamdssl wheasimp ttesikaligntthEsald addltive conlpeises dosage
form 56. The nethod of claimb55, wherein the alkali netal salt additive is
pr ovP de@ne aF marees qitiup spventtagalcum bydinkide, RRERSUTNEIEPTYAte, MAgNSHEM ess

t han 5% 1.0 . . r . 7 i Eﬁ -cl.ai m 56,

wher ei n(h? %@Qgekﬁ%ﬁg J%I{ngﬁihg é?’trﬁg%ﬁ&%uﬁgm%f (%Isl%-%‘lt zlit etgaéséﬁdlappr oxi matel y
2. 0% antiydeoR9%eby wei ght of the fornulation. 58. The nethod of clai m 56,
wherein the alkali metal salt additive is present at 25 between
approximately 4.3% and 4. 4% by wei ght of the fornmulation. 59. The nethod of
claim 56, whegei n 1, dhdePod 14k 53, fddlek cadPibihY SedubMBhS BaticlRRE @ tHEOr € Of
sodi um car bonat e, sodi um bi carbonat e, sodi um hydroxi de, sodiumsilicate,

di st@i umpatticths of emowphons pleosplatin & a particlersizti ageingepergtamsphat e, di sodi um
hydr ogen 30 phosphate, sodi um phosphate, and sodi um al um nate. 60. The

nmet hod of claimb56, wherein the alkali netal salt additive conprises

sodi um car borgat e. 3£ method of claim 63, wherein the particle size reducing operation

comprises one or more of air jet milling, ball milling, cad milling, and multi milling.

15 65.  The method of claim 63, wherein the particle size reducing operation
reduces the size of the particles of amorphous atorvastatin to have a particle size (dgo) that

is less than 150 pm.

66.  The method of claim 63, wherein the particle size reducing operation
20  reduces the size of the particles of amorphous atorvastatin to have a mean particle size

(dso) that is between approximately 5 and 50 pm.

67.  The method of claim 55, wherein the dosage form comprises between

approximately 1% and 50% by weight of amorphous atorvastatin.

25
68.  The method of claim 55, wherein the amorphous atorvastatin comprises one
or more of atorvastatin calcium, atorvastatin magnesium, atorvastatin aluminum,
atorvastatin iron, and atorvastatin zinc.
30 69.  The method of claim 55, further comprising mixing the amorphous

atorvastatin and alkali metal salt additive with one or more pharmaceutical excipients
selected from the group comprising diluents, surfactants, antioxidants, disintegrants,

binders, lubricants, glidants, and chelating agents.
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WD 03/068191 PCT/1B03/00505 61. The nmethod of claimb56, wherein the alkali
netal salt additive conprises disodium hydrogen orthophosphate. 62. The
nmet hod ofwoloaioss156, wherein the al kali nmetal salt additiveCTaBpwios&s 5 one
or nore of cal cium carbonate, cal ci um hydroxi de, nmagnesi um car bonat e,
magnesi um hydr oxi de, nmagnesium silicate, magnesium alum nate, and al um num
magnesi um hydroxi de. 63. The nethod of claimb55, further conprising
reduci ng the Part i BheemethodobglaithsS, vilgereinitheg ddsage wimsampplesstablebr vast at i n
in a particle size reducing operation. 64. The nethod of claim 63, wherein
the particle size reducing operation conprises one or nore of air jet
ml1ing, ball7m | ITgmettad ontlhim 7, fufRe cobptisingicbhtinpdhe tab%et65. The net hod
of clLaim 63, wherein the particle size reducing operation reduces the size
of the particles of anorphous atorvastatin to have a particle size (d90)
that is |ess an | i , J particle
si ze reduci ng%(;pera ?%gﬁw(ggf?légﬁgg?ﬁgngezﬁdsg‘%ﬂoﬁg CB%?":‘;‘ % £%§p0 e'am)rphous
atorvastatin to have a nean particle size (d50) that is between
approximately_ 5 and 50 7.. The nethod of clajimb55, wherein the dosage
form conpri se&-bet et%g‘]bﬁgﬂi’i“hggé’l’%ﬁr@%%sw OB SREPHHARES B AR Bhous
at or vastggty| 1@-m%§to%staﬁh%o§§gre%ﬂ, £50 G2l aRatiIGREL fil, RUAD LRICHELD
atorvastatin conprises one  or nore oOf atorvastatin calciuny atorvastatin
magiBsi wivsagrtumity asd ait 8hmgl atorivartatin deseggwmast atin i ron, and atorvastatin
zinc. 30 69. The nethod of claim55, further conprising mxing the
anor phous atorvastatin and alkali netal salt additive with one or nore
phar maceut i caj4 exc pheRddof t&aingsi €6t o heditdl Rendifion ihé Ao TofPridinguent s,
surfactants, antioxidants, disintegrants, binders, lubricants, glidants,
and chel at i ngpragdingsan @yl pl\@m@ve@wi@Qsag@vpmmslmg@swapempalbh@ffWﬁod of
claim5 ereln the. rises a tablet. 71. The net hod of
ol ai m 700 A bR B RS ey

15 wherein a majority of the atorvastatin in the pharmaceutical dosage comprises

amorphous atorvastatin.

75.  The method of treatment of claim 74, wherein the medical condition
comprises one or more of primary hypercholesterolemia, dysbetalipoproteinemia, and

20 homozygous familial hypercholesterolemia.

76.  The method of treatment of claim 74, wherein the atorvastatin of the oral

pharmaceutical dosage is stabilized in the dosage by an alkali metal salt additive.

25 77.  The method of treatment of claim 76, wherein the alkali metal salt additive
is present at between approximately 1.2% and less than 5% by weight of the formulation.

78.  The method of treatment of claim 74, wherein the amorphous atorvastatin
comprises particles having a particle size (dgo) that is less than 150 um.
30
79.  The method of treatment of claim 74, wherein the amorphous atorvastatin
comprises particles having a mean particle size (dso) that is between approximately 5 and

50 pm.
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5 72. The nethod of claimb55, wherein the dosage form conprises a capsul e.
73. The nethod of claimb55, wherein the dosage form conprises one or nore
of a 10 myoaBossiast ati n dosage unit, a 20 ng atorvastati nPCPAREEONS t, a 40
ng atorvastatin 10 dosage unit, and an 80 ny atorvastatin dosage unit. 74.
A method of treatnent for a nedical condition, the method conprising:
providing an oral pharnmaceutical dosage conprising a therapeutically
effective do8dge Bic meibod abtreatingnt of claimatd, whersiredic ozdl pbammaticentiénal 15

compr i 560 piegons Sy REH IR b bBriialin B RO R CHLLE RO RS i o 74

wher ei n doaggeli, e A0 re® idiakiatin 6P 1hs.emdAAS0ahg Aloresatin [dbsdFauit.

hyper.chol est erol em a, dysbetal i poprotei nem a, and 20 honozygous famli al
hypeﬁchol esterolema. 76. The method of treatnent of claim 74, wherein the
atorvastatin @ th g i : I ilized in the dosage
by an al kal i ﬁle't algélg{t@dao I :h\i;%l?geggh%ac %ﬁgn@#%@aﬁ%¢p%¢%%%nt of claim
76, wheramorphde atdrivadtatinyeieahethad torapiing méxing smprphsenitontastatih wehran
approximately 1. 2% and. |l ess than 5%b i.ght of the fornmulation. 78. The
method GikarBs@hialtadftive; iﬁﬁfkﬁﬁ,mmé@ﬁiaﬁgpﬁ%gaﬁﬁpmm@t EWeGAst at i n

conpr i sessRAkhhielyeB2 AeNGs Aok bG vreist 98 tHedBuibi@, 1S | ess than 150 m
30 79. _Tg%g nmet hoap(f;f treat rsrent o? gl ail%i 74, vvher%irll t he anor phous
atoflPastatin conprises particles having a mean particle size (d50) that is

bet i mat el 50.m, .28 03/ 068191 PCT/.I BQ3/ 00505 80. Th
ot hod of 11 o mar sttod o baying piEP O RILO R Bt e dE B Hosage |
CoONpri S nHiRinglatéaRatdf inToPafiBbritb Arphash Mehifcll @siatieatioRicompsitig NU

atorvastatin dosage unit, a 40 ng atorvastatin dosage unit, and an 80 ny
at or vas taéervastaf etpdi underghg tradennareq hipifont , reanithed-¢angprisingwedneingthei cal

for mul a?aﬂﬂ:l QIPG} ie'&%ogﬁ{é't\}% ﬁ%&%ﬁﬁ%ﬁ&ﬁ&%&%& PartitREn SRS 2 PRI NI

m Xi ng anor photus atorva
15 (dgo) that is less than 150 wm and a mean particle size (dso) that is between approximately

5 and 50 pm.

83. A method of processing amorphous atorvastatin to reduce the particle size
of the amorphous atorvastatin, the method comprising milling the amorphous atorvastatin
20  particles using one or more of an air jet milling, ball milling, cad milling, and multi
milling operation to reduce the particle size of the amorphous atorvastatin such that the
particles have a particle size (dgo) that is less than 150 pm and a mean particle size (dso)
that is between approximately 5 and 50 pum.

25 84. A pharmaceutical formulation comprising crystalline atorvastatin and an
alkali metal salt additive, the alkali metal salt additive being present at between

approximately 1.2% and less than 5% by weight of the formulation.

85.  The pharmaceutical formulation of claim 84, wherein the alkali metal salt

30  additive is present at between approximately 2.0% and 4.8% by weight of the formulation.

86.  The pharmaceutical formulation of claim 84, wherein the alkali metal salt is

present at between approximately 4.3% and 4.4% by weight of the formulation.
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al kali metal salt additive, the alkali netal salt additive being present at
between approximately 1.2% and |ess than 5% by wei ght of the fornul ation.
10 82. A wetohoeBief i nproving bioavailability of a phar mace®atriiBed/00505

formul ation conprising atorvastatin in conparison to a pharmaceutica
formul ation conprising atorvastatin marketed under the trade nane Lipitor,

t he met hod conprising reducing the particle size of the anorphous
atorvastatin 87merTénpnvh@m@cp@trqal oraylatay phglain B4r wherpia the elkali metalsdy that is

B )

atorvas h?ﬂllomdepsddﬁdﬂ etichiegdipadith Glygrogea erthqihoblbm@rsmdlmlmliﬁymgﬁnv astatin,
the pethod conprising mlling the anorphous atorvastatin .20 particles

usi ng oRBohaigpdisodipmdrydgggen jph@sphm sqqigwn BAgIPhate; odugn alugEnaie,| calcHgn and
|
o or vas fubblite WBRAAL! Ofcdie] AEUSI PR, SR iBh:dl, BABRARANS |

| ess thaﬁmaﬁQmay&mﬂmmdmnamn@andabhammnmﬁ@mdﬁmﬁlnﬁhammas bet ween
approximately 5 and 50 m 25 84. A pharmaceutical formnulation conprising
crystalline atorvastatin and an alkali nmetal salt additive, the alkal

netal salt additive being present at between approximately 1.2% and | ess
than 5% by wei ght of the fornulation. 85. The pharnaceutical formrulation of
claim84, wherein the alkali metal salt 30 additive is present at between
approximately 2.0% and 4. 8% by wei ght of the fornulation. 86. The

phar maceuti cal formulation of claim84, wherein the alkali nmetal salt is
present at between approxi mately 4.3% and 4. 4% by wei ght of the
formul ati on. 29 WD 03/068191 PCT/1B03/ 00505 87. The pharmaceutica

formul ation of claim@84, wherein the alkali netal salt additive conprises
one or nore of sodium carbonate, sodi um bi carbonate, sodi um hydroxi de,
sodium silicate, disodium hydrogen orthophosphate, sodi um di hydrogen 5
phosphat e, di sodi um hydrogen phosphate, sodi um phosphate, sodi um al um nate,
cal cium carbonate, cal cium hydroxide, magnesi um carbonate, nmagnesi um
hydr oxi de, magnesium silicate, magnesi um alum nate, and al um num nmagnesi um
hydr oxi de. 30
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