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ATORVASTATI N MANUFACTURED W THOUT GRANULATI ON CROSS- REFERENCE TO RELATED
APPLI CATIONS 5 This application clains priority fromU. S. Provisional Patent
Appl i cat VWA 20044110419/ 477,918 filed June 12, 2003. FI ELD CFCTHE20DAREBAY ON 10

- This invention relates to pharmaceutical conpositions conprising
atorvastatin and pharmaceutically acceptable salts thereof and a process for
the preparation of the same, kits conrdaining such conpositions, as well as
met hods of using such conpositions to treat subjects suffering from
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10 This invention relates to pharmaceutical compositions comprising
;_, atorvastatin and pharmaceutically acceptable salts thereof and a process for the
preparation of the same, kits containing such compositions, as well as methods of
using such compositions to treat subjects suffering from hypercholesterolemia
and/or hyperlipidemia, as well as osteoporosis, benign prostatic hyperplasia
15 (BPH), and Alzheimer's disease.

BACKGROUND OF THE INVENTION

The conversion of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
20 to mevalonate is an early and rate-limiting step in the cholesterol biosynthetic
pathway. This step is catalyzed by the enzyme HMG-CoA reductase. Statins
inhibit HMG-CoA reductase from catalyzing this conversion. As such, statins are
collectively potent lipid lowering agents.
Atorvastatin calcium, disclosed in United States Patent No. 5,273,995
25 which is incorporated herein by reference, is currently sold as Lipitor® having the
chemical name {R-(R* R*)]-2-(4-fluorophenyl)-B,5-dihydroxy-5-(1-methylethyl)-
3-phenyl4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid calcium salt
(2:1) trihydrate and the formula



"Atorvastatin and pharnmaceutically acceptable salts thereof are selective,
conpetitive inhibitors of HMG CoA reductase. As such, atorvastatin cal ci um
is a b5 potent lipid-lowering conpound and is thus useful as a hypolipidenmc
.and/ or hwpeoobaiwseser ol emi c agent, as well as in the trifbﬁﬁﬂhmﬂh“
osteoporosis, benign prostatic hyperplasia (BPH), and zhernmer" s di sease.
A nunber of patents have issued disclosing atorvastatin, fornulations of
atorvastatin, as well as processes andspkey internediates for preparing
atorvastatin. 10 These incl ude: Unitea St ates Patent Nunbers 4,681, 893;
5,273, 995; [5, 003, 080, 5,097,045, 5,103,024, 5,124,482;7p, 149, 837; 5, 155, 251;
5,216, 174; |5, 245, 047; 5,248, 793; 5, 280,126; &, 397,792;}5, 342, 952;

5,298, 627; |5, 446, 054; 5,470,984 5SHEB9,; ; B, 489, 691; |5, 510, 488; .
5,686, 104; |5, 998, 633; 6, MEA-g11l; 6, 129, 974 , 483, 213; @33*6,476,235, whi ch
are hereiniincorporated by réefer Atorvastatin cpn exist in
crystalliné, liquid cry .Il)nebhnd non-crystalline anb anor phous forns.
Crystalling fornms gf-atorya gl calciumare disclosedjin United States

Pat ent Numijers 5, °@-: |l 6, 12T 46F), which are hereih i ncorporated by
reference. fFurther stall ipe forlis of atorvastatin arp disclosed United
States 20 #atent»6,605,729 gh i s™eré&Ffn i ncorporated| by reference. _
Addi tional Iy, a nunber of [ /shed International Paten Appl i cations have
di scl osed ﬁrystalline forns Of atorvastatin, as well as|processes for
prepari ng |anorphous atorvastatin. These include: WO 00{71116; WO 01/ 28999;
WO 01/36384; WO 01/42209; WO 02/41834; WO 02/ 436671 WJ 02/ 43732; WO WO
2004/ 110409-PCT/ 1B2004/ 001845 -3 02/ 051804; WO 02/ 0572P8; WD 021057229; WO
02/ 057274; WD 021059087; WD 02/083637; WD 02/083638; WO 03/011826; WO
Q3/050085; WD 03/070702 and WD 04/022053. It has been disclosed that the
anor phous fornms in a nunber of drugs 5 exhibit different dissolution

char act eri st i cs AdpEY2ftatin ane pharmaseutically peqeptably wlts Ahareofi are sglegiver er ns
dt . . ' y ] | 1990;
ggmz)gz)g 20 #B&%\{J@%%%tb#@}%l%@&#cﬁol ndi cgt ﬁ%ﬁg%?n%o%é&giﬁﬁﬁ isiﬁ y pattern

may 5e favorgt Bpidrlowagh@esmpound and is thus useful as a hypolipidemic and/or

hypocholesterolemic agent, as well as in the treatment of osteoporosis, benign

prostatic hyperplasia (BPH), and Alzheimer's disease.
A number of patents have issued disclosing atorvastatin, formulations of
atorvastatin, as well as processes and key intermediates for preparing atorvastatin.
10 These include: United States Patent Numbers 4,681,893; 5,273,995; 5,003,080,
5,097,045; 5,103,024; 5,124,482, 5,149,837; 5,155,251; 5,216,174; 5,245,047,
5,248,793; 5,280,126; 5,397,792, 5,342,952; 5,298,627, 5,446,054; 5,470,981;
5,489,690, 5,489,691; 5,510,488; 5,686,104; 5,998,633; 6,087,511; 6,126,971,
_ 6,433,213; and 6,476,235, which are herein incorporated by reference.
15 ~ Atorvastatin can exist in crystélline, liquid crystalline and non-crystalline
| and amorphous forms.

Crystalline forms of atorvastatin calcium are disclosed in United States
Patent Numbers 5,969,156 and 6,121,461, which are herein incorporated by
reference. Further crystalline forms of atorvastatin are disclosed United States

20 Patent 6,605,729 which is herein incorporated by reference.

Additionally, a number of published International Patent Applications
have disclosed crystalline forms of atorvastatin, as well as processes for preparing
amorphous atorvastatin. These include: WO 00/71116; WO 01/28999; WO
01/36384; WO 01/42209; WO 02/41834;, WO 02/43667} WO 02/43732, WO



» Variations in dissolution rates can make it advantageous to produce 10
atorvastatin formulations in either crystalline or anorphous forns.: For
exanple, for sone potential uses of atorvastatin (e.g., acute treatnent of
pat i ent sSW2e04(110400r okes as descri bed in Takenpto, M ; NCBIBX)4/0MB45gam ,

H: Liao, Y.; Gimm M Takenoto, Y.; Kitakaze, M; Liao, J.K , Journal of
Clinical Investigation, 2001; 108(10): 1429-1437) a rapid onset of activity
may be, highly beneficial in 15 inpre8ing the efficacy of the drug. The
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therein.  SyOroRosisTIWG 0s/0BB6I e fyidaidid st eF0SG0EI WO 0sR705YEN as, an
al kaline earth netal salt and excipients and subjected to wet granul ation.
Concur rent lapd IWOdB/022068. t ed St at es Patent Application, comonly owned,

attorney case n er. PG25685. Serial Nunber, , discloses wet granul at ed
phar naceut i cal %EHBW%BIE’SBC}&&{@F quﬁfmsdnlae‘ws‘?qﬁé‘zd&lﬂ?ut 5 wei ght %
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processes are wdely used 1 n the pharnmaceutic ustry, it is generally
desi r abl e bioaaradatilityeattgma comparedrte the dryalline porss (Kdmo, i, Chent.hey add a

process step, ' rRASE oyeral | nufacturing efficiency. Wt
granul at i o%?’%@gn%’@@%@Pi éﬁr Hine 'ggra?ﬁ’ﬂ?‘b‘?@cégm ‘of properties
of the drug;ividaiili6y pateARaFBEtivafld Rir Ltionally, concurrently filed

United States Patent "Application, conmonly owned, attorney case nunber
PC25686, Seri al Wuisiens indlissoliongates danymgkeitakdusnaggons topmoducs cal 30

co sition conprisjin .orvastatin. Since atorvastatin iis a highly potent
Gr g0 or Al HBHHS TR RECH eGP T ABE S FRORIons ormtey (o ExaBRlRer | o

provi de dogaa@nidpdtEntia u&g%u%saﬁﬁﬁefgqrmuﬁwﬁﬁat%awﬂa | ent
handl i ng. Wien a drug is used in a dilute form the 2004/ 110209

PCT/ | B2004k00ke346 destaibgd in Frkamatos Mt Nedeg Kepilakagamb, iy éso, YhrGrnwg, and
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prevent individual patients fromreceiving an incorrect, and 5
sub-15her apémpraying the efficagy pEthe dgeier at i ng dose of the drug. Granul ations are
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States Patent Numbers 5,686,104 and 6,126,971. In the process described therein, -
atorvastatin is combined with a stabilizing additive, such as, an alkaline earth

metal salt and excipients and subjected to wet granulation. Concurrently filed
20 United States Patent Application, commonly owned, attorney case number

PC25685, Serial Number

composition of atorvastatin with less than about 5 weight% of an alkaline earth

, discloses a wet granulated pharmaceutical

metal salt additive, Although wet granulation processes are widely used in the
pharmaceutical industry, it is generally desirable to avoid wet granulations, if
25 possible, since they add a process step, which decreases the overall manufacturing
efﬁcienéy. Wet granulations, in general, are carried out to iniprovc a number of
* properties of the drug plus excipients combination. Additionally, concurrently
filed United States Patent Application, commonly owned, attorney case number
PC25686, Serial Number ___, discloses a dry-granulated pharmaceutical
30 composition comprising atorvastatin,
Since atorvastatin is a highly potent drug, formulations of the drug are
generally quite dilute in order to provide dosage forms of adequate size for
manufacturing and patient handling. When a drug is used in a dilute form, the



which, if any, excipients will provide sufficiently | ow segregation in
conbination wth a given drug to enable that excipient to be used in a
process for production of unit dosage forns without a granulation step.
Ther ef or 3YO2P@Kd0408mai ns a need to 10 identify atorvastapCrmplodsoRsss pi ent
conpositions suitable for preparation of unit dosage forns wherein the
preparation therein does not involve a granulation step, and segregation is
mniml. In the present invention, we-pave found that excipients
appropriate for use |n the preparation of unit dosage forms of atorvastatin
wi t hout t hdanges gxistythat sgeregetion hegwean the dugand axcipienty dugingdhe dentified 15
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atorvastatin, there remains a need_ to |dent|fy di luents _that_ provide for

good dose W@iﬁm Hramys ?WE@%%@G&WW‘@CWY Q¥ SeegRsation i CombIaRtion mer ci al
producti on 0QY/ 35425 and
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I nvol ve excI pfFen that are Tena range o many of
whi ch do nmﬁdsﬂgkﬁgmbnns toivdmial. glhtthd\pnegéntmvdmpnlwahyvmnhdﬂiaxneeded “for -
comrerci al production. . f2004/ 110409 PCT/ I B 004/ 001845 !} Additionally, in
preparat i oFXCAPIgNIS @pPropEatsior prein B"IPBP%E it dogage é"&ﬂsaﬁ it is -
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15 by a simple test procedure.

Within the group of excipients needed to provide an advantageous
formulation of atorvastatin, the bulk excipient or excipient combination serves to
dﬁute the drug and thereby provide a convenient amount of a unit dosage form for
manufacturing and handling. Such materials are known in the pharmaceutical

20 field as diluents. Diluents are described, for example, in "Handbook of
Pharmaceutical Excipients, 3rd Edition" (A. H. Kibbe, Editor; Pharmaceutical
Press, London; 2000). Since these materials comprise the bulk of formulations of
atorvastatin, there remains a need to identify diluents that provide for good dose
uniformity for production of unit dosage forms under commercial production

25 conditions.

International Patent Applications WO 00/35425 and WO 01/76566A1
disclose formulations for formation of unit dosage forms of atorvastatin as part of
a broader discussion of methods of stabilizing statin drugs. These disclosures do
not, however, address uniformity of the drug doses delivered nor the suitability of

30 such formulations for use with commercially viable processes. In fact, the
formulations disclosed involve excipients that are available in a range of particle
sizes, many of which do not allow for the tight wéight and potency control needed
for commercial production.



I's desirable to achieve this high purity and stability with as sinple a
“fornulation as possible. United States Patent nunbers 5,686,104 and

6, 126, 971 disclose a 5 nethod for stabilization of atorvastatin formulations
-usi ng al Ioir@G f@r@ﬂ netal salt additives in a wet granul ation process.
There rengl YT to provide sinple fornulations andBSTGB4881%5r
preparation of unit dosage forns of atorvastatin which have |ow | evels of

i mpurities and provide adequate stability to allow dosage form expiration
times that are commercially viable. Imdaddition, alkaline earth 10 netal

salt additives . kal i zin t addit.lyes ip conpositions and
dosage forns ca?%ﬁéﬁ@fydﬂug%ﬁ:&%?ﬂ%%gﬁaﬁ%?g?ﬁé?ﬁaﬁeg‘f cting the
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forms wher ébgesirgbiledaackicve this kigh pugity and stability withuassionpls # fogmlation| ution rate
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_hi gh- speed production equipnment usi ng@forrrul ations and processes that
provi de- st &BAiivesissa et Eranwstion precessy dbergtrrmainsta negd 4o providesimply ect of the

present in Log. 1.0 ' st e . L1 ' .
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TION 25 Acodiich hieylowt1eeels bf Siipuritieeaid pﬁovid&&a&ﬁ@c&eﬁﬁabﬂﬂYMHdﬂﬂdbﬁga uni t
dosage form conprising atorvastatin or_a pharnmaceutica

It | y acceptabl e salt
t hereof , plemaexpratignthpes that ase eoromergiadly Walle, Inpddition fﬂkﬁﬁmn@agﬁ red

at oryast at i L Of ' - : al atj ve standard
devi‘ation (%é%)%ﬁ%?&a@ o %&g#ﬁ%ﬁ%&ﬁg t%@é%%ﬂﬁ@é@?gégoﬁ%ﬁﬁe of not nore
t han about désdp¥fomhecarsafett dnigtdisiohion potsntully affectiiigahar ed at a rate greater
than 10,000 unit dosage forms per hour per single unit _dosage, form per

machi ne. APbaRRAcgkmsHerel Be drugingines dhtheraioureremginsidesizablaia pra¥idage form
combi nat | oAy TR ER DA SiBBTRERHadih 5y uif BGRR i ety N %2 v
drug, ‘prepadeghavd didngyrisy, tability adndalesiséddissolingorerate drdebiomadlabitity is
15 | provided with minimal levels of these materials.
| Overall, it is an object of the present invention to provide acceptable
potency variability between unit dosage forms of atorvastatin produced in high-
speed production equipment using formulations and processes that provide stable

dosage forms of atorvastatin. It is a further object of the present invention to

20 | provide consistency and stability with non-crystalline or amorphous forms of
atorvastatin.
SUMMARY OF THE INVENTION
25 Accordingly, the first aspect of the present invention is a unit dosage form

comprising atorvastatin or a pharmaceutically acceptable salt thereof, prepared
without a granulation step, wherein the measured atorvastatin potency of said unit
dosage form shows a relative standard deviation (RSD) for atorvastatin potency
per unit dosage form of not more than about 7.8%, when said unit dosage form is
30 prepared at a rate greater than 10,000 unit dosage forms per hour per single unit
dosage form per machine. |
A second aspect of the present invention is a unit dosage form comprising

atorvastatin or a pharmaceutically acceptable salt thereof, in combination with at



atorvastatin ptoency of said unit dosage formshows a rel ative standard
deviation (RSD) for atorvastatin potency per unit dosage form of not nore
than about 7.8% when said unit dosage formis prepared at a rate greater
t han 10, OO 20M{110408sage 5 forns per hour per single uni tPCDEBRYE4/601848 per _
machine. A third aspect of the present invention is a nethod for preparing
tabl ets or  capsul es of atorvastatin or a pharmaceutically acceptable salt

t hereof conprising the followi ng stepg- (a) preparing an atorvastatin
conposi tion b%/ bl endi atorvastatin or a _10 phar {’Tv%ceut ically acceptable

salt t her edgast AieRCENE dFie. REparedkithawt a grapulatiop $i7Pe WhgReIn e mpasud; o

granul atio ' LS said R dk: Ll ?I‘HE&] : ul e and
conpr essi ngtﬁéggéﬂ%tﬁ%ﬂagﬁﬁmghat #%%%%%gﬁlﬁ% at'l n&f’)v(% ency shows a
rel ati ve st(BSDyfat atérvagatimpotoncy pe8bhitidosagetform af hot mmoreathan abdug 7886, t abl et or

capsule of not nore than abouyt 7.8% when said tablefs or capsules are -
pr epar ed ey s Bﬁnétté"ﬁ?%’s@’n&ls e&a&wﬁ@tm%rcageﬁ'm%mh Q58L¢ han 10, 000

tabl ets or G&E&jiéh' lﬂl;&_ . eTell Jéeer chine. A fourth aspect of .
t he g"iesentf I n enfllég igmﬁeﬁgggﬁ%? pr pg{rﬁl{crl%mf ablets 20 or capsul es of
atorvastatin or Aathitdeaspeat efi thecprkdent inventpdredslaemethbd faripeeparingitablels@obi nat i on
with at | east ogne _active drug conprising the foJlow ng steps: (a) preparing
an at orvaslca?ﬁ“}%s@gﬁ'%%‘?sﬁ”&f’ftﬂlp AGFUH Hceptablys ﬂmojco eutically
accept abl e ysafoli .and at |east one active drug, and one or nore.

exci pients swot gﬁf}?ﬁs use without a 25 granulation step in a m xer; and
(b) filling a td&b et poeprrimg anapewhstatinchbnaposjtionstsy bignding ateervastaginsorah t hat

t he neasured atorvast@ti n pote sho a relative . standard deviation (RSD)
for Worvastatin acti P’f‘ﬁ}a‘%@?" CEEP °é%lb§l§¥°é’fﬁ“dr%°rm than about 7.8% -

when said tablets or Lapsithes,ial f@&q@u}q atl in SSerOr  capsul e
filler such that greaet e?) thanllcb)j,%cfgo tabl ets ggéh capsu smare prooduced per
hour per machine. A fanflth aspect of the present invention is a therapeutic

package or kit " S b Ui Gpalie35h Somp AR B e SO0 e 21 2

the measured atorvastatin potency shows a relative standard

15 deviation (RSD) for atorvastatin activity per tablet or cﬁpsulc of not
more than about 7.8% when said tablets or capsules are prepared
on a tablet press or capsule filler such that greater than 10,000
tablets or capsules are produced per hour per machine.

A fourth aspect of the present invention is a method for preparing tablets

20 or capsules of atorvastatin or a pharmaceutically acceptable salt thereof in
combination with at least one active drug comprising the following steps:

(a)  preparing an atorvastatin composition by blending atorvastatin or a
pharmaceutically acceptable salt thereof and at least one active =
drug, and one or more excipients suitable for use without a

25 granulation step in a mixer; and ‘ '

(b) filling a tablet die or capsule and compressing or sealing such that
the measured atorvastatin potency shows a relative standard
deviation (RSD) for atorvastatin activity per tablet or c"apsme of not
more than about 7.8% when said tablets or capsules are prepared

30 on a tablet press or capsule filler such that greater than 10,000
| tablets or capsules are produced per hour per machine.

A fifth aspect of the present invention is a fherapeutic package or kit

suitable for commesrcial sale, bomprising a container and a therapeutically



WO 2004/ 110409 PCT/ 1B2004/ 001845 -7 effective anount of unit dosage forns
of atorvastatin or a pharmaceutically acceptable salt thereof prepared

wi t hout a granulation. A sixth aspect of the present invention is a nethod
of using Wea004kWHehceuti cal unit dosage forns to treat pghjBedos/osishsé eri ng
from5 hyperchol esterol em a and/ or hyperlipi dem a, osteoporosis, benign
prostatic hyperplasia (BPH), and Al zheiner's di sease. 10 BRI EF DESCRI PTI ON
OF THE DRAW NGS This invention is further described by the foll ow ng
non-limtin exanpl es, which refer to the acconpanying Figure 1, short
particul ar SC%EPF“W guntof upstdogagefarmepiatorvestatin ors g ce t he

correlatio ﬁ;tm ﬁﬁr# ﬁ@@{ r | rd deviation (%RSD) in
pot ency fopicg It g?)%lgge g;p prde‘g%‘?aé%xgg%%ggbonbi nation of atorvastatin,
magnesi um st ear aA aixiindspear oftthe préisénténvention ivh inethodef uegitheén 20 nunbers for
t hese bl ends. DETAI.LED DESCRI PTION OF THE | NVENTI ON Atorvastatin can .

readily be BheEpagenticydngdosageforms i toyat suhjeats suffesingframt. - 25 Nunbers

5,273 995 W . . DO hereim by ref.erence. The
hemi c%al ci u?nﬂ@gﬂiﬁ%?&é%ﬁ%ﬁ?‘;@f‘ﬁ? ,@fﬁ?@b%ﬁé@%@%ﬁ@rgﬁﬁ oty %PF‘&F‘?r) .

At or vast at ittyperplasiss(BRH)a andi Alehieimér'stdigease| ogi cal forns ranging from highly
crystalline forns to fornms with varying degrees of disorder. Sone of these
di sordered forns still possess sonme structure as indicated by powder x-ray
30 diffraction patterns.  For the purpose of the present invention, all forns
of atorvastatin benefit fromthe invention and are included wthin the
scope of the invention. Partially or conpletely disordered forns of
atorvastatin particularly benefit fromthe invention. Partially or
conﬁ“%tely di sordered forns of WD 2004/110409 PCT/|B2004/001845 -8

at or ;/as: atin that are FHRERSESCRIPPICN o fﬂﬁtﬂﬁAW@gous derive the
great es
This invention is further described by the following non-limiting
examples, which refer to the accompanying Figure 1, short particulars of which
15 ° are given below.
' Figuel
Figure 1 shows the correlation between the percent relative standard
deviation (%RSD) in potency for unit dosagé forms prépared using a combination
of atorvastatin, magnesium steérate and various diluents, and the segregation
20 numbers for these blends.

*

- | DETAILED DESCRIPTION OF THE INVENTION

Atorvastatin can readily be prepared as described in United States Patent
25 Numbers 5,273,995 and 5,969,156, which are incorporated herein by reference.
The hemicalcium salt of atorvastatin is currently sold as Lipitor®.

Atorvastatin exists in a number of morphological forms ranging from
highly crystalline forms to forms with varying degrees of disorder. Some of these
disordered forms still possess some structure as indicated by powder x-ray

30 diffraction patterns. For the purpose of the present invention, all forms of
atorvastatin benefit from the invention and are included within the scope of the
invention. Partially or completely disordered forms of atorvastatin particularly
benefit from the invention. Partially or completely disordered forms of



benefit fromthe present invention. Such forns can be prepared, for exanple,
fromcrystalline atorvastatin using procedures disclosed in United States
Pat ent Nunmber 6,087,511, which is incorporated herein by reference.

Al t er nat |W@I2904’13%ﬂ?0r phous material can be prepared accoPGTAB200¢/001845
processes disclosed in United States Patent Application, conmmonly owned,
attorney's case nunber PC 25825 (Serial Nunmber _ ). For the practice of the
present i nvent [ on non- crystalline andgcrystalline atorvastatin can be
prepared by a IEIFd known jn the art. Preferred forms of atorvastatin

are descri b@ﬂ 3 Qremaerp OpsQrgedomigangt the greatesty

6, 605, 729; t 4, V\D

02/ 41834, ﬁg;%%%‘@ ok RndEa, Sl %ﬂ&%ﬁ&%@%@é@vﬁ%ﬁ

03/ 050085, HENRBY: ﬁezgmmumswmama:smmbdmemmsmm her ein by
the formin ich it is prepared,

(r)(ref ?'[ egge}. &ggbggéﬁgﬁifé@g?ﬁsgngﬁagﬁélrwehmf&#e&e iyelyeal nature of
t he p_@rtlclﬁ.ﬁbrgﬁ smgf&ﬁgmael Jjn}g?es Odo?dm proi’é‘?é’gdegﬁ‘swu%@*‘ process known

in the art excl usive ex suc es inc mechani cal
m | I'i ng andUpied StatesiBatent A‘pphcqnmmr cahmenlyrowhedpatternéylecasd ipnadbiet PCFrom t he

rocess of hous rvastatin or after a mlling operation

Breferabl y M(g&l’g% %P‘é mﬁh&ﬁef@rewtmem%%ﬁ 1-100 {tm

Phar maceut ﬁg‘l% re forned

w th net ;I ;&Z%thg%é%ggef@%g as al | ngp%nﬁ%gdﬁpﬁgyggﬁ% dt‘ﬂ?ﬁ or organic

am nes. ExaﬂiphﬁstfexredﬁdrmsMetbraastamtamdssombedHDUniwdStatﬂsd’manmn magnesi um
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di cycl ohexydwesswwetomgxevv@mmz&v@womwWb%smadw@r:%ﬂ'sﬁ@ (See

for exanpl e, Ber Phar maceutical Salts’ . Pharm Sci.
1977; 66: 1)WORRS 8@%‘%Vﬂaa$i£17Q?ﬁ2ev@ﬂt\¥0@ﬂIOaZQsav‘abmhtamnao@omte<bhm by
contacti ng )ﬂgffgélﬁeé acid formwith a sufficient amount of the desi red base
to produce tf in the 30 conventional manner. Additionally,

atorvastatin carTiexatetvabtatib 0&0by scddniths formas wisth itaspephied] &dt &a1 s,
i ncl ud| ng hydrated forms. The scope of the present inventi-on encorrpasses

suchlBal t dicrubisctedite @ presess which-ghengesdhe physicalmtuesoof the pansigles. For
PCT/ | B2004/ &%%ﬂe? the material can be milled by any process known in the art. Non-

exclusive examples of such processes include mechanical milling and jet milling.

The particles produced either directly from the process of forming amorphous
atorvasteﬁn or after a milling operation preferably provide average particle

20 diameters in the range of 1-100 pm.

Pharmaceutically acceptable base addition salts of atorvastatin are formed
with metals or amines, such as alkaline and alkaline earth metais or org‘anic
amines. Examples of metals used as cations are sodium, potassium, magnesium,
calcium, and the like. Examples of suitable amines are N,N'-

25 . dibenzylethylenediamine, chloroprocaine, choline, diethanolamine,
dicyclohexylamine, ethylenediamine, N-methylglucamine, and procaine (see, for
example, Berge, S.M., et al., "Pharmaceutical Salts", J. Pharm. Sci., 1977; 66:1). |

The base addition salts of atorvastatin are prepared by contacting the free
acid form with a sufficient amount of the desired base to produce the salt in the

30 conventional manner. Additionally, atorvastatin can exist in unsolvated forms as
well as solvated forms, including hydrated forms. The scope of the present |

invention encompasses such salt and solvated forms of atorvastatin.



-9 Forns of atorvastatin that are at |east sonmewhat disordered or a mxture
of «crystalline and disordered forns of atorvastatin benefit npst
significantly fromthe present invention. By sonmewhat disordered, it is
meant th3¥Ogeu/110409¢ wi dth (peak width at half the hei gPCT/@B20041001845k) oOf
any of the peaks neasured using powder x 5 ray diffraction (PXRD) have 2
theta val ues greater than about 2. Anorphous or predom nantly anorphous
fornms of atorvastatin, which especiallsp-benefit fromthe present invention,

are characteri b in er road, featurele eaks. |It, houl d be

not ed t hat colnéfﬁ%#so?ﬁ@a\%?g%\?/%%ﬁpw ﬁE]eﬁﬁ&m&‘lfd’wSﬁta@?o‘g \?%étm’&F‘é'BP er ed

forms of atgysaghatahd disortesedfons EPﬁtBnﬁQﬁﬁﬁbéﬁeﬁimos't g@ﬁjﬁé&ﬁ{i froftnges for 2
an 2), and-such c%nb

theta) 10 and broad peaks (i.e., greater t , I nat'i ons of
forms benefpresent inyentios By sempwhatdisondéred, it ismprantithatthedineasidti@eakl ound to be

ffective, I tively .l _In facf, .by keeping th
ose | ow 1 ovidl #ksBt B8 nienh A péio'er 58 ot 28 Beeks mbasmid ind v G Pt 5 i | o
still5 mai ntay GifftcEeni(PIBRD) Bavey2 theta vabuel RRdafirthsh Aboutl2s! AaRihdug op! OVi de.

atorvastatin in a form capable of providing a [ow dose to t patient. For
t he pur pos egredgmingatly pmerhous formstof etorvastatindwhizhrespedialbyobdnefit frend thaal

d f f at tatin i ferably bet 5 and 12Q mgA (wh A
roans. i 1| IRPeRESp, Be hardiudisea BY Raihe REy BAd destuielcartn dor or ol y,
between 5 shadld&@ﬂwéﬁmapcdiﬁmnmwbﬂ@&ﬂiﬁﬁd%%%ﬁm%omﬁq-i ance,

most drugs are delivered in the form’of unit dosage forns. For solid drug
subst ances,formeefatomastatin swyid shosr beth sharpdieicless than 2 valves far2theti) t abl et s,

caps{f{ es, saghets ewabl e tabl et g,.and, fast dissol vi dosage. forms. In -
t he giresentmlﬁﬁ’&%ﬂ?e%%?weh’egﬁ?}?a 3“?9!’ fng %‘Cﬁﬁf’@g’é’}@ﬁ’f’ﬁ"{ﬁﬂ“ﬁzﬁg tm of a
capsul e or figiRkifd pref@dginvehéer ably in the formof a 25 tablet. The
preparation of these forms involves a necessary step of some type of powder

filling, either MAtipriastatindas begefognd to Poan effeatiyeslrug evemrasaeletivedy law t abl et s
and capsul e ' L fi into.a die or.capsul respectively.
In order f‘%?esﬁﬁ}éqgéﬁ’l it)fléécl)eg’ggberﬁf’ 8?%1%9"0*"5& VePrPé’%SﬁtrrYét lgﬁ?’?h‘ﬁ?“(i .e., amount
of drug perminihize sme&f&etsf\omnesﬁninaimraiﬁhgw?vémcaw.gm@méfe@éﬂti've standard
deviation, RSD, of less 30 than 6% to neet Stage |, and |ess than 7.8%to

meet 155t age desirable torovideratarvaitatinia a ﬂ_oﬁaucnnai%@gp@yim,a lgidges torthe) , there
must not b %aﬁ&%. i‘_'og mefﬂu?fi'&tes of g{c%tehpﬂvgﬁﬁon, the dose provided by the final -

dosage form of atorvastatin is preferably between 0.5 and 120 mgA (where mgA

means milligrams of active drug based on the free acid); more preferably, between
5 and 80 mgA. |

20 For convenience and ease of patient compliance, most drugs are delivered
in the form of unit dosage forms. For solid drug substances, these unit dosage
forms are generally in the form of tablets, capsules, sachets, chewable tablets and
fast dissolving dosage forms. In the present invention, the doéagc formis
preferably in the form of a capsule or tablet; most preferably in the form of a

25 tablet. The preparation of these forms involves a necessary step of some type of
powdef filling, either by volume or weight. For example, in production of tablets

- and capsules, powder is volume filled into a die or capsule, respectively. In order

for the unit dosage forms to have the same potency (i.e., amount of drug per unit
dosage form) within allowable margins (relative standard deviation, RSD, of less

30 than 6% to meet Stage I, and less than 7.8% to meet Stage II of the United States
Pharmacopoeia, USP, guidelines), there must not be any significant segregation of -
the active drug from the excipients. This is especially significant for highly dilute
forms. The present invention discloses compositions that provide reproducible



the active drug fromthe excipients. This is especially significant for
highly dilute forns. The present invention discloses conpositions that
provi de reproduci bl e WO 2004/ 110409 PCT/ |1 B2004/ 001845 -10 potency for a
fixed weiYRM2004/114¢89 ve atorvastatin plus excipi ents wit hegtasbmenesds for
granul ati on. Moreover, this potency control is maintained through the
process of producing product. Such conpositions provide atorvastatin wth
potency (ngA per gram of bl end) vari i@-1ity of |less than an RSD of 7.8%
nore preferably, |es th 0% In addition, the present conpositions

provi de foPoBeYfes el b 0 agye %tﬁﬁ‘[”m@ms 366%11’% "qtbm#ﬁ-h‘h?%ed bet ween

gglnt[)og?ts?gns %r OVItg(SerP(}hilﬁfe%arngggsepﬁﬁﬁ%E&ﬂBﬁ&' wel g cont gg M an RSD of

el ght concror andEthe. pot &‘ﬁ“}“‘mfm“m“‘ﬁ“émﬁ'émﬂé‘?ﬁ?ﬁ?ﬁ?ﬁ ati ons to
i i

pr 0\g/| de unP%* & S@égé’tl g@“&?‘ﬁé’ %fg d—ﬁa’b g@spﬂoﬁ%a’t‘@ preferably, less  uni t
dosage f of g hao%0 12 AdHEbh AHE hRAER! 6ol %&ﬁo{uﬂ@wder & godB vtz fl 20! Y | ess

than 6. 0% at these stan are provi des for a
mor e ef fi cbwohithateweifzhiodontriohiy maintafreed beyweendindd dugagmrmm pheduced withni t :
operations as conpared t rocesses involyving granulatjons. _In productlon of
15 uni t dosuheoriagisicns. Brelerably, sachioRonisions arogr%m@qsesp i's

possi bl e t g, s%]se%& Witfif rﬂélhstD gﬁlot.é)fug&rx@gct | on I%&sent corrp03| tions

usi ng proces unsulta to comércl a or exanpl e,
i ndi VI dual piefigrablyi within 4%. bmttiringeheyveight mmmmpo&myrcenﬂby The

pre i nventign, ther .. 1S preferably usedlnc junction with

! Gi0opeed VR TGS TLGRB RS oRrpuide Jatt dosin i with scelpotency

formul atio I than 7.8%
RSD (nore gfe %ﬂ%ﬁ&ggdﬁgﬂ%@v&%ﬁﬁg ﬁuse %ﬁ@%ﬁ%ns‘f%re unit ’
dosage f or mope pﬁfm‘ablgﬂessqhnrpﬁrﬁ‘}&. 'ﬁtat&asathnddrdgamahﬁmtﬁmﬁgﬂ@ulﬁﬁnum t
dosage forns hour ; e refe reater than 000 un| dosage
forms per REies g5 4 o Pifartatiiyihe pRosee by it BImbRAE dosngs
forms per QobpeRi6sds'cBth gggegttg'r?&o&eﬁgﬁvamglﬁmﬂhoﬁ&u hetida gBChI nes

i nclude rotary tablet pre comerci al” capsule filTing equl pnent.
Noni8xcl usumedesagnmmts foatqmaﬂmmwahoutrmam;daugbstep, ipisgossibleitac| ude t hose

produced b |ta Pha {Fg}f MD), Kilian and Conpany
(Hor sham B2 lasti s bthplifiBy Diosant Compositchd uifog proceRies

unsmtable to commercial production. For example, individual ingredients could

be weighed into a capsule directly. The present invention, therefore, is preferably
used in conjunction with high-speed production equipment. More specifically,
20 preferred forrhulations allow potency control of unit doéage forms to less than
i 7.8% RSD (more preferably, less than 6.0% RSD) when used with a single unit
S | dosage form production equipment at a rate of greater than 10,000 unit dosage
forms per hour; more preferably, greater than 25,000 unit dosage forms per hour;
still more preferably, greater than 50,000 unit dosage forms per hour. Preferred
25  unit dosage producti on equipment or machines include rotary tablet presses and
commercial capsule filling equipment. Non-exclusive examples of commercial
rotary tablet presses include those produced by Niro Pharma Systems (Columbia,
MD), Kilian and Company (Horsham, PA), Korsch (Berline, Germany) and
Elizabet-Hata International (North Huntingdon, PA). Non-exclusive examples of
30 commercial capsule filling equipment include those made by Capsugel (Morris
Plains, NJ) and CapPlus Technologies (Phoenix, AZ).
Measurement of the potency of unit dosagé forms of atorvastatin is
necessary in determining the variability in activity between unit dosage forms. An



El i zabet-Hata International (North Huntingdon, PA). Non-exclusive exanpl es
of 30 commercial capsule filling equi pnent include those made by Capsugel
(Morris Plajns, NJ; and CapPl us Technol ogi es (Phoeni x, AZ). Measurenent of
t he pot enthP WHHI? dosage forns of atorvastatin is necaECIUABLOGAN0IS4S
determning the variability in activity between unit dosage fornms. An WO
2004/ 110409 PCT/1B2004/001845 -11 extraction process against a standard

wi th i ndependently known drug | evels kdst determ nes such potency. The

otency analysis is best conducted usjing revers hase hi,gh perfornance
i qui o chr GRERSERZERGESY AEs A strofiprdquish idgeppsady e drigdielt Retne ar t
relative taeﬁh&%@esﬁﬁpﬁéﬁgm%@%mf‘%ﬁsB;Egcoauﬁaeéﬁsia e Present

i nvention, are best carried out “us sa I'n uring a process for formng
the unit dpbasgdiglopenfornnee Sguidichionadtographyn(HPLOstectmiques sack asithose sanpl ed

froma preparatign ocess. at vario i me points (begi nning, Jiddl e and
end of the %m;naqqp?{j@fa&ymt%ftﬁﬁa&#.@maﬁ emgpits) cl?‘ﬁ?@% ‘Efm‘? dosage
for shou iFPatithCate bESQEHRA ' : ' Aintid cal
tecggi que ?%Fagelt ermning the 10 ﬁgﬁ@ékg‘&%@%ﬁ%‘fgg’?’kﬁéﬁgﬁl nvo'?%/e's t he

use of ult thewinil dasage firl Metesspegifically, usiteosageSonms/canlte salipled otz que, the

absorbance corresponding to atorvastatipn is ,used é‘o qélané‘% th
concent r at PERAGHC Eé?‘i?&_%%‘avtﬂrlﬂuﬁ g Pt g’_(”(“&?&’ﬁﬁd g ARd RGP &'Gm ci pi ent
has interf &f 4REnRRRG A RIDVhluedst ledst h{t}ﬁ%\m aoéag%cgﬂs-shma He'thidsliled NVENtioN

di scl oses processes and fornul ations t. pro 15 atorvastatin in a
pure and sfraid eachsectionT n aléernativerqualyticaldec¢hmiqecior Jeterminingthal s in the drug.

subgt.ance present_.from.t he.synt hesis. and ri fication process and any

dr uabbased oteney oL samplp ﬁgﬂr‘%ﬁw‘ﬁ egfhe ysg gﬂﬂgﬁwﬁ’ et't"??ér)b]gﬁgfc’r%%ge form The
L@rm,",degﬁ&?g py! Th BiStebRnig e, Z ' after the
pr epar atiog 0 Eﬁ%ﬁg uniﬁ-{ﬁdogrggg fﬂ?)é&#Oﬁﬁﬁggﬁés@?ﬂiﬁhn%S?iﬁta?{ai;{agﬁégdegradants
i s done usisegl toguentify thocuicantsatinl «f atevhstatiuinsa samplx (takivg edreshatmioes as i s
known in the.art.. Calcul ati ons of {he.anount, 3{1 i npurities and degradants
are exprejsg’écdplﬁgtlfar?é“ﬁ Fabs ariep “EZ‘FP@H{’“ © 8% degradant or inpurity
peak(s) divi ded]ﬁ&pi‘é%@nt'iﬁ(rﬁﬁi'bﬂ@éél@&@?ro@@ésﬁ@%dfcﬁfnu?dﬁbngw fovidy ed peaks.
In the fornulation of atorvastatin w thout granulation, conbinations of 25
di I'dént s, biomhstatip i apure angsiahle form. sTher termSimpryitiesh desssibes mategialssed t o

provide the ye drug substance present from the synthesis and purification process and any

drug-based materials formed in the preparation of the unit dosage form. The term
“degradants” refers to any drug-based materials generated after the preparation of
the unit dosage form. Analysis 6f impurities and degradants is done using Teverse

20 phase HPLC techniques on extracted samples as is known in the art. Calculations

_ of the amount of impurities and degradants are expressed as the integrated area
''''' percent of the degradant or impurity peak(s) divided by the integrated area percent
of all drug rclatéd peaks. ' |
In the formulation of atorvastatin without granulation, combinations of

25 diluents, binders, disintegrants, flavorants and lubricants are used to provide the
properties needed for the unit dosage form as is known in the art. For example,

- for preparation of tablets, the combination provides for adequate tablet hardness
upon compression while providing rapid disintegration in vivo. Although there is
a wide degree of latitude in formulating atorvastatin to meet these conditions,

30 typically such compositions contain about 1-40% weight:weight (w:w) drug,
about 5-10% disintegrant, about 0-10% binder and about 0.5-2% lubricant, with
the remaining percentage comprising the present inventive diluents. Preferred
disintegrants include carboxymethylcellulose, hydroxyproyl cellulose (low-



properties needed for the unit dosage formas is known in the art. For
exanple, for preparation of tablets, the conbination provides for adequate
tabl et hardness upon conpression while providing rapid disintegration in

Vi vo. eis a wde degree of latitude in formulating
at orvast%#‘ﬁ'?ﬂl@ét t hese conditions, 30 typically suchPCHHBR084/601845
contain about 1-40% wei ght:weight (w.w drug, about 5-10% di sintegrant,

about 0-10% bi nder and about 0.5-2% | ubricant, with the remaining
percentage conprising the present invd&tive diluents. Preferred

di si ntegr oy u r t celiulos dr.oxynr .cellul'ose (ow WO
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gl yceryl u pol hyl ene gl ycol,
pol yvi nyl lﬁ%hgjl‘c ;}?]l‘i)?é‘ %%tha ge%ggdga&%eﬁﬁcﬁﬁ]%gﬁﬁoge S?’ , sodi um st ear yI
funarate, Sgigae] starched ghd dedt. CPrefeiritd lﬁmedxacmadcmmaemgmé@l e. In..
providing atorvastatin forrmulations in forns suitable for unit dosage

f or mat i on RAPHeHeargiearmagansiusm oxidpepalpxamernpolystbylsne ﬂthpelwlcm ly mixed

1R e atepbBh sBaftin bitfholR eoifuf R RAA (SRR AN Bhald sl

tec ni ques NOWN |n XINg'T's pre out using a

i gh shearacm,me z1nd/stbéreﬁ&(mﬂnﬁagmesiﬁim€medrwen shel | bl ender) bi n bl .ender or
Turbul @' m xer-shaker, Blending is typically carried out first without the

addition of a I'BPYSNE atervastatiff fqraylstions imforme spisahle foramitddosege ni xi ng. At

that poin @zﬁn y. rt (about
1-10 mi nu%fgsng#lﬁor Rﬁélﬁ ulla%ogfﬁ%gﬂ%] é{%%%%%ﬂng rad gounit dosage
forms are pomwiess. éﬂub;mxmgcmlbe eanbd@musmghjnyeofaﬂmnnxﬁrgaémm@i eg, unit dosage
forns are nade .on rotary tahl et .pr ss s or ca(glsule fil machl nes. The

doskye f ormeWHBshe, e Ehe BERR 1t Braterahly icatied pt peing aabeéus e,
V-blender (or other twin-shell blender), bin blender or Turbula™ mixer-shaker.

Blending is typically carried out first without the addition of a Jubricant for

sufficient time to assure complete mixing. At that point, the lubricant is typically
added followed by a short (about 1-10 minute) further mixing period. Once the

20 blend is made, unit dosage forms are prepared by procedures known in the art.
Preferably, unit dosage forms are made on rotary tablet presses or capsule filling

e machines. The dosége forms thus prepared can then optionally be coated with a
film designed to provide ease of swallowing, a proprietary or identification
~ appearance and/or protection of the dosage form. The final dosage form is then

25 packaged using prdcedures known in the art. For the present invention, the
packaging is preferably in the form of foil-foil cold form blisters, plastic blisters
or sealed bottles containing desiccants. Optionally, the packaging can contain
active oxygen absorbing materials as is disclosed in EP1243524A2 and
EP1241110A1, which are incorporated herein by reference.

30 Unit dosage forms of atorvastatin that are formed without a granulation
step with preferred excipients show low levels of drug-related impmities'and
degradants. Surprisingly, this low level of impun'ﬁes and degradants was found
even in the absence of added alkalizing agents or alkaline earth metal salts. Even



+filmdesigned to provide ease of swallowing, a proprietary or identification
- appearance and/or protection of the dosage form The final dosage formis

t hen 25 packaged using procedures known in the art. For the present

I nvent i orOouRhed/11p¢0%agi ng i s preferably in the form of fecraksiokoe@ys form
“btisters, plastic blisters or sealed bottles containing desiccants.

- Optionally, the packaging can contain active oxygen absorbing materials as

i s disclosed in EP1243524A2 and EP124}%10A1, which are incorporated herein
by reference. 30 Unit dosage fornms of atorvastatin that are fornmed w thout a
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even when fdrmsaifatoraadtatin showshigh \evelsaf daig degradationenihdssage sorider ed f or m of
the drug. In partjicular, it, was found that while wet dgranul ated _contr ol

uni t SdosagBreparsSitagut granuation have,seaishstabidity.| Thesedmirdogegefomagefidat i on,

unit dosag . ] - gr ' r ility.
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preferred hbait 20 totall drug 9élated ifiptrities andlop degrafantobssed dh e fireh pbReni Npuriti es
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ess than B SarRe by AR, SOR bl ey Bk fesd o B AW o
Wit hout Or preférablyOlese iRm0, PhHE T 8etiti6d unftidoYagésofhs B Atofvastatifi prégagdd upon

‘storage at” 40C and 75%relative humdity (RH) for four week$, 'the unit
gesage f or withoutogreanlation arerpseferred that g shabilitnsuch thatgpew ptarage st npuri ti es

and/ or degr, t h t ] ritles/degradants
relative t%&f%?%%?%ﬁggﬂﬁ@ﬁpg@i@ffggﬁ%&eﬁgirﬂté%]'glpg %53&@3 determ ned
by HPLC, negfaifioh @i than dboey2%cetal dup relatd iinpafitiddandtér ddgrdtf® pref erably,
| ess than 0.7% Atorvastatin undergoes two maj or degradati on pat hways:

| act oni zat baaedgndhe aseapsraenhef the émpuritiesidegradants relativertp thaintegratedcondensat i on-
(1033 f aLgh 8 ebl1h 5038 s BLSACRB IS ASDAL SOl RA{T Ry X- TorDer e

i contain less than 1%; still more preferably, less than 0.7%.

Atorvastatin undergoes two major‘degradation pathways: lactonization and
oxidation: The lactone is form:d by internal condensation (Joss of water) of the
alcohol and carboxylic acid to form a six-membered ring. This is the major

20 degradant of amorphous atorvastatin found upon wet granulation and tablet
formation as described in United States Patent Numbers 5,686,104 and 6,126,971,
especially in the absence of alkaline earth metal salt additives. We have found,
unexpectedly, that the level of the lactone in unit dosage forms, both initially and
'upon storage under accelerated aging conditions of increased temperature and
25 humidity, can be significantly reduced by combination of the present excipients
and production of unit dosage forms without a granulation process. As such, unit
dosage forms of atorvastatin prepared without a granulation step are preferably
those for which the level of atorvastatin lactone is less than 2% (based on the ratio
of lactone peak integration compared to the total drug related peak integrated
30 areas using HPLC) after said unit dosage forms are produced and stored at
40°C/75% RH (where RH represents relative humidity) for four weeks; more
preferably, less than 1%.
To minimize bioavailability issues and potential interactions with other
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alkaline earth metal salts. Examples of organic alkalizing agents include amines.

Specific examples of amines include N-methylglucamine, guanine and arginine.
One of the common mechanisms for segregation of particles is a process of
“sifting.” Sifting is the process by which small particles move through a matrix of
20 larger ones, or vice versa. Tfn's form of segregation will occur if the difference in
particle sizes is sufficient (as little as 30% size difference can be associated with |
sifting), the materiais are not bound to each other and there is a mechanism for
interparticle motion. In the formation of dosage forms, the interparticle motion
- can occur during powder mixing or flowing. Using atorvastatin and excipients
25 with similar particle sizes would potentially prevent segregatioﬁ between the
materials during production of unit dosage forms; however, this can be _
problematic for a number of reasons. As discussed below, to provide adequate
flow of powder, mean excipient particle sizes preferably are between about 80-
360 um in diameter. In contrast, the mean atorvastatin particle size is preferably
30 between about 1-100 um, in diarmeter. This size is preferred for ease of
manufacture, reproducibility in drug dissolution (bioavailability), and to improve
potency variability in the dosage form produced with these particles due to
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| prevent segregation during unit dosage form preparation (as exemplified by tablet
production) can be identified.

* In this procedure, a blend of atorvéstatin, magnesium stearate (1 wt%) and

the test excipient are first blended together using a V-blender or Turbula™ mixer-

20 shaker. The relative weights of the drug and excipient are the same as that to be
used in the final proposed composition. The blend is then subjected to a

et | fluidization segregation test using procedures as described in ASTM D6941-03. -

For example, a fluidization tester, model 6274.01-1, available from Jenike &
Johanson Inc. (Westford, MA) can be used. The blend is added to the instrument.

25 Gas is flowed through the powder bed of the instrument separating materials
vertically in the column. The instrument allows sampling from various heights of
the column. HPLC or ultra-violet/visible absorption analysis of the potency of
samples from the top, middle and bottom of the column provides an indication of
whether the drug adheres to particular excipients. A segregation number can be

30 defined as the difference in potencies between the top (Pep) and bottom (Ppottom) of
the fluidized bed, divided by the average potency of the top (Pieyp), middle (Prsaae)
and bottom (Poorom) Samples. This can be expressed as:
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by tgi ng tohehe’diffefence in top and bottom sample potency to the overall average potency

of the top, middle and bottom samples. The final suitability of excipient blends in
use with atorvastatin depends on a weighted average of the excipients’ respective
segregation numbers. For example, for a 60:40 weight ratio of two materials with
individual segregation numbers (with a particular form of atorvastatin) of 0.3 and
20 0.6, respectively, the Weightcd average segregation number would be [0.60 X 0.3 |
+ 0.40 X 0.6] = 0.42. Preferred compositions show weighted average segregation
Q«,. | numbers Jess than 0.7 based on binary values with atorvastatin; more preferably, |
less than 0.6; and still more preferably, less than 0.5. "
Preferred excipients are diluents,iwhich preferably. comprise greater than
25 or equal to 50 wt% of the excipients in the composition with atorvastatin,
Preferred diluents for preparation of ator‘vastatin. unit dosage forms without a
granulation step provide weighted average segregation numbers less than 0.7;
more preferably, less than 0.6; and still more preferably less than 0.5. Potential
diluents are identified as such in "Handbook of Pharmaceutical Excipients, 3rd
30 Edition" (A. H. Kibbe, Editor; Pharmaceutical Press, London; 2000). These
include the following non-limiting examples: calcium phosphate, calcium sulfate,
carboxymethylcellulose calcium, cellulose, cellulose acetate, dextrates, dextrin,
dextrose, fructoéc, glyceryl palmitostearate, hydrogenated vegetable oil, kaolin,
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production of atorvastatin unit dosage forms have mean particles sizes of between

about 80 and 360 pm in diameter. Mean particle sizes can be measured using a
laser diffraction particle size instrument such as those made by Sympatec GmbH
(Goslar, Germany). Mean particle sizes, for the purpose of the present invention,
20 can be considered the size for which 50% of the particles have diameters smaller
) * than the indicated number. Alternatively, particle size can be assessed using sieve
et analysis. In this case, the sieve size that retains half the weight of material (half
passes through) corresponds to the mean particle size. Preferred diluents have
mean particle sizes based on sieve-ana]ysis such that 50 weight % passes through
25 sieves between a numbex 200 (ASTM) (corresponding to 75 pim) and a number 45
(corresponding to 355 pm); more preferably, between a number 170 (90 pm) and
number 50 (300 pm). -
Coupling the segregation tendency of diluents with atorvastatin and the
particle sizes of said diluents, defines a list of preferred diluents for formulation of
30 atorvastatin. As such, preferred diluents for formulation of atorvastatin without a
g[‘anuiaﬁon step include 1arge particle sizes of lactose moﬂohydraw (for example,
Fast Flo 316“, available from Foremost Farms, Baraboo, WI, which has a mean
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Rothschild, WI; and monohydrate 80M, monohydrate impalpable and anhydrous
impalpable, available from Quest International, Sheffield Products, Hoffman
Estates, IL). '
The present invention provides for compositions of atorvastatin which are
20 particularly well suited for combination products with other drug substances

because of the lower tendency for atorvastatin to segregate with the diluents of the
present invention. Non-limiting examples of drugs which may benefit from
combinations with the inventive atorvastatin compositions and processes include
torcetrapib and amlodipine and pharmaceutically acceptable salts thereof.

25 Compositions of atorvastatin according to the present invention can be
combined with a least one other active drug to form unit dosage forms. Preferred
unit dosage forms include tablets and capsules. In the combination of the
atorvastatin composition with at least one other active drug to form a unit dosage
form, the following non-limiting list describes options for such unit dosage forms:

30 (a) a blend of the atorvastatin, excipients and the other active drug formed into
unit dosage forms; (b) a blend of atorvastatin, excipients and a granulation of the
other drug, optionally with excipients, formed into unit dosage forms; and (c) a
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EXAMPLE 1
GENERAL METHOD FOR PREPARATION OF SPRAY-DRIED
20 AMORPHOUS ATORVASTATIN

Spray dried amorphous atorvastatin, an example of disordered atorvastatin
as previously described in the Detailed Description of the Invention, used in some
of the following examples was prepared according to the process described in

25 concurrently filed U.S. Patent Application, commonly owned, attorney case
numbe_r PC-25825, serial number
(U.S. Patent No. 5,273,995) in methanol to make a 5% (w:w) solution. This
solution was sprayed into a Niro PSD-1 spray dryer at a rate of 170 gram/minute

, by first dissolving atorvastatin calcium

(g/min) using nitrogen as the atomizing gas. The inlet temperature was 195°C and
30 the outlet temperature was 60°C. After spray drying, the powder was tray-dried in
an oven at 40°C for 12 hrs to afford amorphous atorvastatin.

EXAMPLE 2



and/or inpurities contained in a therapeutic package or kit. The kit

i ncl udes the wunit dosage formand a container. Typically, the kit includes
directions for 10 adm nistration of the unit dosage form The container can
be in anyVQa¢48ae408nal shape or formas known in the arPCTABIOOEREISNS €, a
paper box, a glass or plastic bottle, or a blister pack w th individual
dosage forns pressing out of the back according to a therapeutic schedule.
The following non-limting exanples iljgistrate the inventors' preferred 15
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first di ssq¢ly2hy)in 8facketedresmtarreimgicahstant agitation by an overhead stirrer -

while maintaining a temperature between 15-25°C. The resulting shurry was
stirred for one hour then slowly cooled to 0-5°C over a one-hour period. The
15 precipitated material was isolated on a horizontal plate filter covered with
polyethylene cloth by vacuum filtration and dried under vacuum (20-30 inches
pressure) at 50-60°C to yield a total of 1.6 kg of amorphous atorvastatin.

20
- ' EXAMPLE 3
PREPARATION OF AMORPHOUS ATORVASTATIN TABLETS USING -
A WET GRANULATION
25

The following materials were added to & 950-cc amber bottle: 2.59 g of
spray dried amorphous atorvastatin (prepared as described in Example 1), 78.00 g
of microcrystalline cellulose (Avicel™ PH102, FMC Biopolymer, Philadelphia,
'PA), 101.41 g of lactose (hydrous, Foremost Farms USA, Rothschild, WI), 6.00 g
30 of croscarmellose sodium (Ac-Di-Sol™ FMC Biopolymer, Philadelphia, PA), and-
4.000 g of hydroxypropyl cellulose (Klucel™ EXF, Hercules Incorporated,
Aqualon Division, Wilmington, DE). The materials were bottle blended for 10
minutes (min.) using a Turbula™ mixer (Turbula Shaker Mixer, Willy A.



calcium (U. S. Patent No. 5,273,995) in 18 L of tetrahydrofuran CF) by
stirring 10 in a jacketed glass reactor with overhead stirring. The THE
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Co., Williamsport, PA) at 50°C for 16 hrs. The dried material was then milled - o
using a Fitzpatrick L1A mill (The Fitzpatrick Co., Eimburst, IL) with a 0.040”
15 Conidur rasping screen at 500 rpm. To 175.0 g of the blend was added 5.469 g of
Ac-Di-Sol™ and the mixture was bottle blended (950-cc amber bottle) using'a
Turbula™ mixer for 5 min. Magnesium stearate (Mallinckrodt Inc., St. Louis, -
MO) 1.822 g was then added and the mixture Turbula™ blended an additional 3
min. to complete the formulation. Tablets (~250) were prepared using an F-press
20 (Manesty F-Press, Liverpool, United Kingdom) with 13/32” standard round
concave (SRC) tooling, with a target weight of 450 mg (+/- 3%) and a target
hardness of 12 kP (range 10-14kp). A total of 12 tablets were placed in 30-cc
high density polyethylene (HDPE) bottles sealed using heat induction seal (HIS)
closures, sealed using a heat induction sealer (Enercon Industries Corp.,
25 Menomonee, WI). Samples were stored for 4 weeks at 40°C and 75% relative

humidity (RH). Samples were analyzed for the level of atorvastatin lactone by
adding one tablet to 50 mL of 1:1 (v:v) of a 0.05M ammonium citrate buffer (pH -
7.4):acetonitrile and shaking for 20 min. The material was then filtered using a
Gelman Acrodisc polytetrafluoroethylene membrane (0.45 pm pore size), and

30 analyzed using high-pressure liquid chromatography (HPLC) (Phenomenex,
Ultremex C18 column, 25.0 cm X 4.6 mm, HPLC HP 1100 series, Agilent Corp.,
Wilmington, DE, 20 pl injection volume, flow of 1.5 mL/min; mobile phase of



rate of 30 MJmn. in three separate additions (60 niL, 15nL, 15 nlL) over a
total 10 of 5.5 min. wet mxing. The material was discharged and wet sieved
by hand through a #10 nesh sieve. The sieved material was dried by placing
on a pol VO MPHAHMO0Pi ned tray in a Gruenberg forced hot agT/IBLed/doEEMENDET O
Oven Co., WIlianmsport, PA) at 50C for 16 hrs. The dried material was then
mlled wusing a Fitzpatrick LIAmIll (The Fitzpatrick Co., El mhurst, IL)
with a 0.040" 15 Conidur rasping scree¥-at 500 rpm To 175.0 g of the blend
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anal yzed for the |evel of at mg‘{éﬁl\@ﬁn"ﬁ% addi ng one tablet -to 50
m. of 1:1 (v:v) of a 0.05M ammoniumcitrate buffer (pH 7.4):acetonitrile

and shaking for 20 mn. The material was then filtered using a GCelman
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to the. t ot SPIWEEROSBEIIEE S ity WilAR Bioi ed il 1200 R ertsr e orProLs
ATORVASTAT ki b AP(ATBi-BY1 ™MDERKCToff )WPIRR3SIphtd, PA). The combination of the '
15 above ingredients was mixed ﬁsing a Turbula™ mixer-shaker (Glen Mills,
Clifton, NJ) for 10 min. The blend was then passed through a stainless steel sieve
(#30 mesh) to delump, after which an additional 10 min. of mixing was
performed. Lastly, 2.00 g magnesium stearate (Mallinckrodt Co., St. Louis, MO)
was added to the amber glass bottle an_d the contents blended using the Turbula™
20 for 3 min. Tablets were made using a single station Manesty F-Press (Manesty,
Liverpool, United Kingdom). A 13/32” standard round concave (SRC) puncﬁ and
die was used to produce tablets with weights of 450 mg each. The average tablet
hardness was 11 kP with a range of 9-14 kP (tablet hardness was tested using a -
Schleuniger Tablet Hardness Tester, Dr. Schleuniger Pharmatron AG, Solothurn,
25 Switzerland). The average tablet weight was 4512 mg with an RSD of 1.3 %.
Tablets were packaged and studied for stability (4 weeks; 40°C/75% RH) as
described in Example 3. The level of lactone found under these conditioﬂs was
0.12% (based on a ratio of the lactone peak to the total peak areas of all peaks).
Comparison between Examples 3 and 4 show the unexpected advantage of

30 the direct compression process for producing a unit dosage form of atorvastatin

with higher purity than observed with wet granulation.

EXAMPLE S



"The following materials were added to a 950-cc anber glass bottle: 2.59 g

10 of atorvastatin (prepared as described in Exanple 1), 78.00 ¢ :

m crocrystalline cellulose (Avicel PHL02TM FMC Corp., Phil adel phia, PA),

- 101. 41 g WAX094/21040%y oy ous (REG 310; Forenpst Farns USA, PRAOVIB2oGadoaig4s\\ )
4.00 g hydroxypropyl cellulose (Klucel EXFTm Aqualon, WI m ngton, DE), and
~12.00 g croscarnell ose sodium (Ac-Di-Sol"; FMC Corp., Philadel phia, PA).
The conbi nation of the 15 above ingredigants was m xed using a Turbul aT
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(prepared as described in Exanple 1) was, used. The segregation nunbers for
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15 are presented the observed potencies as percent of intended potencies (% Intent).
| (@ A 4-quart V-blender (Patterson-Kelly Corp., East Stroudsburg, PA) was
charged with 1959.0 g of delumped (20 mesh screen sieved) calcium phosphate
dibasic anhydrous (A-tab™, Rhodia Corp., Etoile Part-Dieu, France). On top of
this was placed 21.1 g of atorvéstatin (from Example 1), which was spread onto’
- 20 the diluent bed using a spatula. The combination was blended for 15 min. To the
blender was added 20.0 g of magnesium stearate (Mallinckrodt Corp., Hazelwood,
MO), and the mixture was blended for 5 min, Segregation analysis was conducted
with air flow settings of 10 and 15, for low and high, respectiirely. The potency
values were determined for top, middle and bottom sections by weighing 2.2 g of
25 blend and adding 250 mL of 1:1 (v:v) 0.05M ammonium citrate buffer (pH
7.4):acetonitrile and shaking for 20 min. The material was then filtered using a
- Gelman Acrodisc polytetrafluroroethylene membrane (0.45um pore size), and '
analyzed using HPLC (Phenomenex, Ultremex C18 column, 25.0 cm X 4.6 mm,
HPLC HP 1100 series, 20 L injection volume, flow of 1.5 mI/min; mobile phase
30 of 53:27:20 (v:v:v) 0.05M ammonium citrate (pH4.0):acetonitrile:tetrahydrofuran;
detection at 244 nm | ' |



fluidization chanber was filled with approximtely 75-cc of blend to be
tested. The fixed test paraneters were as follows: air pressure, 25 psi;
hold tinme, 120 10 sec.; ranp tine, 30 sec. Airflow settings to fluidize each
bl end ar WO Mei1tH09t 0 each fornul ati on and indi cated beatcraB2680usysce
fluidized colum sections (top, mddle, and botton) were each riffled
(Model RR-5 Rotary Mcro Riffler, Quantachronme Instrunents, Boynton Beach,
FL) to obt ai n representative sanples -Zor anal ytical analysis. The results
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(Mallinckrodt Corp., Hazelwood, MO), and the mixture was blended for 5 min.

Segregation analysis was conducted with air flow settings of 15 and 20, for low

U!-

and hi gh, respectively. The potency values were determined for top, middle and -
bottom sectmns in the same manner as described in Example 5a with top sample

20 using 1.4 g, and the middle and bottom samples using 2.0 g (extracted into 100
mL of extraction solvent).
(d) A 4-quart V-blender (Patterson-Kelly Corp., East Suoudsburg, PA) was
charged with 1077.1 g of lactose monohydrate spray dried (Fast Flo 316™,
Foremost Farms, Baraboo, WI). On top of this was placed 11.6 g of atorvastatin

25 (from Example 1), which was spread onto the diluent bed using a spatula. The
combination was blended for 15 min. To the blender was added 11.0 gof
magnesium stearate (Mallinckrodt Corp., Hazelwood, MO), and the mixture was
blended for 5 min. Segregation analysis was conducted with air flow settings of 20
and 30, for low and high, respectively. The potency values were determined as

30 described in Example 5a with a sample size of 2.0 g and extraction volume of 100
ml. | |
() A 4-quart V-blender (Patterson-Kelly Corp., East Stroudsburg, PA) was
charged with 881.5 g of microcrystalline cellulose (Avicel PH200™, FMC



Corp., Hazelwood, MJ, and the m xture was blended for 5 mn. Segregation
anal ysis was conducted with air flow settings of 10 and 15, for | ow and

hi gh, resgectlvelx The potency val ues were determ ned for top, mddle and
bot t om 10VOLHYH40Y h the sane nmanner as in Exanpl e 5a wPCA/EB26M/9018850f . 2. 0
g. (¢) A 4-quart V-blender (Patterson-Kelly Corp., East Stroudsburg, PA) was
char ged vm'th 1077.4 g of | actose nonohydrate (REG 310', Forenost Farnmns,
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? ° (Mallinckrodt Corp., Hazelwood, MO), and the mixture was blended for 5 min.

Segregation analysis was conducted with air flow settings of 18 and 25, for low

and high, respectively. The potency values were determined for top, middle and
bottom sections as described in Example Sa with a sample size of 2.3 g,
(2) A 2-quart V-blender (Patterson-Kelly Corp., East Stroudsburg, PA) was
20 charged with 1467.0 g of delumped (14 mesh screen sieved) sodium chloride |
(granular grade, Mallinckrodt Baker, Inc., Phillipsburg, NJ). On top of this was
placed 15.8 g of atdrvastatin (from Example 1), which was spread onto the diluent
bed using a spatula. The combination was blended for 15 min. To the blender’
was added 14.9 g of magnesium stearate (Mallinckrodt Corp., Hazelwood, MO),
25 and the mixture was blended for 5 min. Segregation analysis was conducted with
air flow settings of 50 and 80, for low and high, respectively. The potency values
were determined for top, middle and bottom sections as described in Example Sa-
with a sample size of 4.5 g and an extraction volume of 500 mL.
(h)  Into a 950-cc amber glass bottle was added in order: 97.97 g of spray dried
30 lactose monohydrate (Foremost Farms USA, Rothschild, WI), 2.12 g of spray-
dried amorphous atorvastatin (from Example 1), and 97.94 g of spray dried lactose
monohydrate. The ingredients were blended 10 mm using a Turbula™ shaker-
mixer (Willy A. Bachofen AG Maschinenfabrak, Basel, Switzerland). The blend



magnesi um stearate (Mallinclcrodt Corp., Hazelwod, MO, and the m xture was
5 blended for 5 mn. Segregation analysis was conducted with air flow
settings of 4 and 10, for |ow and high, respectively. The potency val ues
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22 wth aW,iﬁﬂ £ st fimend an extracti-on volunme of 500 nmL. (h) Into
a 950-cc anber glass bg?tle was deed in order. 97.97 g of spray dried 30

| act ose rmonfBhy driates P5drenwber gassbottiSwas Ridedsiolordat; 9193 g of caiwnof spray-

F'%LE ose " noHBRH Oumé%gi%ﬁ;ﬁ BREbPEE i eﬂﬁfgé;i:%ﬂzﬁéﬁfg%@@yrﬂi 3)ef'

shaker- m , 4. of atorv i I@ﬂ]ﬁﬁ.l’h%ﬁq,lﬁﬂ 2 f cabsiuf ph tgeriand) ..

The pgend @bé?coéﬁ&riéo(%mi%ri%?ﬁf / %eliii;idiénffwei blended 1opﬂsing 2 -
Turbula™ shaker-mixer. The blend was delumped by passing it through a

stainless steel, #30 U.S. Standard sieve. The formulation was then blended 10

min. using the Turbula™. Lastly, 2.00 g of vegetable sourced, magnesium
stearate was added and the contents blended 3 min. vsing the Turbula™.

20 Sepregation analysis was conducted with air flow settings of 8 and 15, for low and
high, respectively. The potency values were determined for top, middle and
bottom sections as described in Example Sh with a sample size of 3.0 g.
()  Intoa950-cc amber glass bottle was added in order: 97.94 g of
microcrystalline cellulose (Avicel PH 102™, FMC BioPolymers, Newark, DE),

25 2.08 g of atorvastatin (from Example 1), and 97.94 g of microcrystalline cellulose
(Avicel PH 102™). The ingredients were blended 10 min. using a Turbula™
shaker-mixer. The blend was delumped by passing it through a stainless steel,
#30 U.S. Standard sieve. The formulation was then blended 10 min. using the
Turbula™. Lastly, 2.00 g of vegetable sourced, magnesium stearate was added

30 and the contents blended 3 min. using the Turbula™. Segregation analysis was
conducted with air flow settings of 6 and 15, for low and high, respectively. The



was del unped by passing it through a stainless steel, #30 U.S. Standard
sieve. Then, the blend was m xed 10 mn. using the TurbulaT. Lastly, 1.99 g
of vegetabl e sourced, nagnesium stearate (Mllinckrodt, St. Louis, M) was
added an¥Or2984/B949%nt s bl ended 3 nmin. using the T urbul FCI/IB2AHBQE4E ON

anal ysis was 5 conducted with air flow settings of 4 and 11, for |ow and

hi gh, respectively. The potency values were determ ned for top, m ddle and
bottom sections by conbining 2.3 g of-2Blend with 250 nmL of 1:1 (v:v)

dei oni zed water:acetonitrile and shaking for 30 min. The material_ was then

filtered ushoigney valvesakeradeismumed fortop middly and-batiom sartieRcasdaseribede (0. 45m
pore size),-maﬁ ) | ; Vi t & el 8453,
Agi | ent Corlpl)]., ]%Bﬁg‘tﬁg‘néj&c)"%geg‘%%%&@ a§lpat - @g‘%lﬁ&a‘%allogslﬁmg' at 244
nm. (i) Inkd a BB0ads0axizarbeyghessbittie was addeal indddet: 9796 padfrgraifard4 g of
cal cium phospha | basi c.di ress",. . LRS Phar LP, Chi cago:
Hei glh'ltJ s, pI’E’ ,m@ﬁW@na&%@ﬁ#@%‘ﬂEﬁifw%ﬁfﬁ%?@?aaﬁami%%?. 94 g l)f °
cal ci&m ph : %fr&lxh t@{s‘,h?p [ 255;%%2“&%?%{3 g{ﬁnﬁ' di ents were...
bl ended _100%181&%&%%%@. a Tu éﬁ?gm&gzgﬁ - M Xxer. e %} n _V\%&gel'urrped by
passi ng it 208080yHTke ingtesfientewsrestlanled 1030inl bsing STarisids™! sakoremienre =
formul ati o s then Qblended.10 nin, usi the Turbulg, _lLast]ly, .2.00 g of
veget abl e ngl\élff\%%‘b‘ywﬁﬁ FUmBGHbY Ragsing it shrpy aa@sﬁe%ﬁﬂ-%éoﬁbgtéﬁﬁp@m ended 3
mn. using & : | A/ S] ™e g h air. flow
settings ofél an %@?lgﬁ%dﬁggﬁ%ﬂ%ﬁﬁﬂﬁéﬁﬁ?ﬁlw e 'pg'?égd ¢y val ues
wer e det er n2.0ed of vegdtshle sourded, anagnasivindi¢anate ses taddebambthdeententsed | n Exanpl e

5h with a sanple size of 3.0 g..(J).In 950-cc anper gl ass botile was
addedOin orlalenéedéﬁr.egmuw usw%&%ﬁwagﬁ §%@@PP@PB‘§’§‘S(VWPGB¢“ 102", FMC

BLoPol yner sy \eway A% {, ' \‘e§ ] 5{5&% 1), and
97.94 g of Svrﬁ crocr‘{%%a l%Snot-'f ceela}dg}l%éggq X\?l}lgy@tﬁ% joﬁe | ngl)gdi ents
wer e bl endechlisd wira detesningddoTiophmiddle arhixittm sectiens asTteschibedioh was del unped
by passing eel #30 .U. S.. Sta eve. The

Lt thr h.,a stainless st , d si e\
formul at i orﬁmq? SE%"EH %Fﬁi’é@efﬁerﬁfﬁ:o%@%ﬂ‘qﬁﬁgmfﬂm &%Oﬂﬁg ly, 2.00 g of
vegetabl e ,S@Jrceﬂkto HB90.28 atbes bRSS Bitfle WAS 1805 038er207.94 hSofGRatinRial S bl ended
3 min. "usihg the Turbula. Segregation analysis was conducted with air flow
sett15igs ofpdvdenENB) ChemidalsyCGabhstowgy Ny 233 gof iatarvastatibhdronOE2e@ple1 10409
PCT/ 1 B2004/ 01849‘37 ‘ . . . . .

, and 97.90 g of mannitol powder. The ingredients were blended 10 min. using

a Turbula™ shaker-mixer. The blend was delumped by passing it throngh a

stainless steel, #30 U.S. Standard sieve. The formulation was then blended 10 -

min. using the Turbula™. Lastly, 2.00 g of vegetable sourced, magnesium

20 stearate were added and the contents blended three minutes using the Turbula™.

Segregation analysis was conducted with air flow settings of 4 and 9, for low and

. high, respectively. The potency values were determined for top, middle and
bottom sections as described in Example 5h with a sample size of 2.0 g and an
extraction volume of 200 mL. _

25 (m) Into a 950-cc amber glass bottle was added in order: 97.94 g of spray-dried
mannitol (SPI Polyols, New Castle, DE), 2.12 g of atorvastatin (from Example 1),
and 97.92 g of spray-dried mannitol. The ingredients were blended 10 min. using
a Turbula™ shaker-mixer. The blend was delumped by passing it through a
stainless steel, #30 U.S, Standard sieve. The formulation was then blended 10

30 min. using the Turbula™. Lastly, 2.00 g of vegetable sourced, magnesium
stearate were added and the contents blended three minutes using the Turbula™.
Segregation analysis was conducted with air flow settings of 6 and 12, for low and

high, respectively. The potency values were determined for top, middle and



-27 potency values were determ ned for top, mddle and bottom sections as
described in Exanple Sh with a sanple size of 1.3 g and an extracti.on
vol une of 100 mL (k) Into a 950-cc anber glass bottle was added in order:
97.96 g oWOgoediLloard mannitol (Mannogem 2080, SPI Pol yol scThigvoosadigdss. DE),
2.12 g of 5 atorvastatin (from Exanple 1), and 97.94 g of granul ar mannitol
(Mannogem 2080). The ingredients were bl ended 10 m n. using a Turbula"
shaker-m xer. The bl end was del unped by passing it through a stainless
steel, #30 U. S. Standard sieve. The fornulation was then blended 10 m n.
usi ng the Thottom sctiond assddsyribedin Exagpld Sy with taasiatoplessize ofllS gramgramsi um
st ear at.e was_ added and tgel @I%g{ents 10 bl ended three m nutes using the
Turbul a*. SSGPEER YolRmeof 108ml. o5 conducted with air flow settings of 14
and 30, forgiaowﬁf@abﬁﬁl-@caﬁﬁép Gid By wad HE1eAGh SRfeY: 9704 gp%?gi%h&rdet erm ned
Exa 5

for top, mddl e and bottom sections as described in h wth a

sanpl e si zexylitol{XQlitpl £hGramxiar doenisco, Thbmsen,dL), 2012 gbf atptyastatindfran050- cc
mb I bot t | d der.. 97.94 .9 of. mannit 1 wd EMD
Cher Sal <. Yeragisle Dy ina 394 oruagirmalid vleaferierRoces Bleader 48°1) - ang
97. 90 f Cial! ™ i i gl i
g o ﬂ%ﬂﬁhﬁgamﬂﬁ shmgr-h'ﬁ‘ﬂér.eg‘g@ Biehd b&iegjglg@ﬁg' éﬂ%ﬂ?iﬁ'?t using a

Tur bul aT shaker-nTxer. The bl end was | unpe rough a
st ai nl ess shesigh a#BinlessSiteed #30NASH Stindard. siéhee Thefombuletiomwasthenhen bl ‘ended

26 st ot Db habi e B3 bk Sf Ml PaBBbR Wi s o re O
Tur bul aT. eaagi §teftaRValsyRlasd wﬁ&uf%ﬁﬁﬁﬁqﬂcﬂ&eam Exriﬁbt@!"u§ﬁ%iﬁdé‘gs of 4
an ely al ues wer e

and 9, for hi gh, respectiv . The potency v term ned
for 1®p, niTobelaBhdSegregdtiom anelysisovas canduted withair flow Esttingd of Bhand t h a
sanmple size of 2.0 nd an extraction volu of 20 n1_.25§£rplntoa
30 co anmb i Erdey Agiieh. FrameSt dne oy valuss werr SEioat iR top eq

manni t ol - ( SRlddROAmAHctonINRMiGASAS dbscied in Exbhrple SH withQf shaiplédizdof 3.00m Exanpl e
1), and 97.92 g of spray-dried mannitol. The ingredients were bl ended 10
m n. using ga Turbula shaker-m xer. The bl end was del unped by passing it
through a stainless steel, #30 U. S. Standard sieve. The formul ati on was
-then bl ended 10 30 min. using the Turbula. Lastly, 2.00 g of vegetable
sourged, MeEHbRS].RBsuld GPAGdRaNEH CesBHE fst indly béhds oPEgray-drieiended three

m nutes using the Turbul a.
atorvastatin and diluents.

iddle FBbttom , .
Top Sample, % ‘ Segregation
hExample ample, %  [Sample, %
[ntent Number
tent Intent
Sa 151.9 87.9 44.0 1.14
,\ 5b 1108 | 867 76.2 0.38
5¢ 108.8 978 | 968 0.12
5d 98.1 97.7 95.1 0.03
Se | 104.8 87.6 80.9 0.26
5¢ 122.2 64.4 43.1 1.03
5g 108.1 - 89.9 80.4 0.30
5h 100.9 98.0 81.6 0.21
5 1374 487 558 1.01
5i 939 90.3 88.7 0.06




Segregation anal ysis was conducted with air flow settings of 6 and 12, for

| ow and high, respectively. The potency values were determ ned for top,

m ddl e and WO 2004/ 110409 PCT/ | B2004/ 001845 -28 bottom sections as

descri bedVQ 20033049 S5h with a sanple size of 1.5 g and ROT/IB2004/651B45ON

vol une of 100 nmL. (n) Into a 950-cc anber glass bottle was added in order:
97.94 g of granular xylitol (Xylitol C Ganular, Danisco, Thonson, IL),

2.12 g of atorvastatin (from 5 Exarrpl-ﬁQ-l) and 97.94 g of granular xylitol.
The ingregdientg were bl igg%d 1Q usi ng a .Turbul a7m shaker-ni xer. The

bl end was| del uMfped by pd¥9i'ng ilt tﬁﬁt“ough a stdnless st@8F, #30 U S

St andar d sleve The formul ation was then | blended 10 m n. using the Turbul a.
Lastly, 2|00 gslof velget a®6.8 soyrced8.3 maghesi 8Bst edr at 0.0&s added and the
contents plended thrlee m nutesjusing the 1O Turbul a3M Segregati on anal yS| s

was condufptedsmth air f8Rv setjti n@g.gof 1p ang3. 829, [for ¢.0v and hi gh,
respecti ve Iy ‘"The pot ency val ugs vvere det rm ned for top m ddl e and bottom
sections E ri bed i ngfganplie 5Si ggFe sijze .0 ]g. 15 Table

1. Results of UI d| zation tes |ng or | ary ends of spray ried

at or vast at+f—enrt—dtt+uents—AdtH e—Bettemop—Sanpte—%b-Segregat+on anpl e tent

anple, % Sanple, %unber tent tent 5a 151.9 87.9 44.0 1.14 5b 110.8 86.7

76.2 0.38 Sc 108.8 97.8 96.8 0.12 5d 98.1 97.7 95.1 0.03 5e 104.8 87.6

80.9 0.26 ©5f 122.2 64.4 43.1 1.03 5g 108.1 - 89.9 80.4 0.30 5h 100.9 98.0
81.6 0.21 5i 137.4 48.7 55.8 1. 01EXAMPLE 6

PREPARATION OF BLENDS OF PRECIPITATED ATORVASTATIN
5 AND DILUENTS AND ANALYSIS OF SEGREGATION
Formulations containing precipitated amorphous atorvastatin (prepared as |
described in Example 2) were combined with one diluent, and magnesium stearate
(Mallinckrodt Co., St. Louis, MO) according to the following general process:
10 Into a 950-cc amber glass bottle was added in order, 97.9 g of the diluent
1ndlcated below, 2.15 g of precipitated amorphous atorvastatin, (from Example 2)
and 97. 9 g of the diluent. The ingredients were blended 10 min. using a
Turbula™ shaker-mixer. The blend was delumped by passing it through a
stainless steel, #30 U.S. Standard sieve. The formulation was then blended 10
15 min. using the Turbula™, Lastly, 1.99 g of vegetable sourced, magnesium
stearate (Mallinckrodt, St. Louis, MO) was added and the contents blended 3 min.
using the Turbula™. Finished blend was analyzed for segregation as described in
Example 5h, with the Jow and high flow settings for the fluidization and the

S,

samples weights and extraction volumes indicated below (when different than
20 Example Sh). Results are reported in Table 2. |
(a)  The diluent was calcium phosphate dibasic, anhydrous unmilled (A-Tab™,
Rhodia, Chicago Heighté, IL). The fluidization flow settingﬁ were 5 and 11, for
low and high, correspondingly.
(b)  The diluent was spray dried lactose monohydrate (Foremost Farms USA,
25 Rothschild, WI). The fluidization flow settings were 4 and 11, for low and high,

correspondingly.



5 93.9 90.3 88.7 0.06 WD 2004/ 110409 PCT/|B2004/001845 -29 5k 105.7 65.4
44.5 0.85 51 96.0 98.3 89.8 0.07 5m85.9 83.9 83.8 0.02 5n 93.0 49.0 39.5
0.88 EXAMPLE 6 PREPARATI ON OF BLENDS OF PRECI PI TATED ATORVASTATIN 5 AND

DI LUENTS WRBMNN0® S OF SEGREGATI ON  For nul at i ons cont aipgTng20uareisest at ed
anor phous atorvastatin (prepared as described in Exanple 2) were conbined
wrth one diluent, and magnesium stearate (Mallinckrodt Co., St. Louis, M)
according to the foll owi ng general praos@gss: 10 Into a 950-cc anber gl ass

bottl e was added in order, 97.9 g of the diluent indicated below, 2.15 g of
preci pi t at 48 anorhsgirenkyas O%Plﬁﬁﬁlwc speroshillafplS. WhiteRitPeq, Tpte&of t he

The bi end qaAeAPERYETING)" THE SRIGRAEA o Brogy SL8% et R rdb@ S0 [) 57

St andar d sﬂﬁ:glﬁcoiib@dnd ingly.at i on was then bl ended 10 15 mn. using the

Turbula''. Lastl g of .vegetahl e squrced rraa{rmm um st earate

(Mal || nckrc(dl @B{?ﬂgwamcrﬁwsf&%weﬂmw HAviee) REER0E, BYiEhded 3 i n.

usi nge t he f descri bed
in anpl -eBiéﬁ&B'ﬁm{ Fgl\?velg]l’ %@&ﬁg@n ef%? Elﬁ) zation and

the sanpl qewwal caﬁdspmﬂrr@gumamlyﬂms eeaé&dsusgwmvdﬁen di fferent

than 20 Exanpl e 5h). Results are reported in Table 2. (a) The diluent was
cal ci um ph(% etien volpmmsiof 108y dr ous unmilled (A-Tabtm  Rhodia, Chicago

Hei ght s, T | | {OW and
hi gﬁ, corr s)pongﬂ]n +lmeq%?£%’§§°§cﬁ WBQ@%@@S@:{/&? fa%gﬁ? é%?’oﬁs nr%BJFlohydrat e
(Forenpst Fkms USH) RotBschBd] WY hThelfluidZation filew sextirthis2dre 6rand 19 faget t i ngs

were 4 and 11, for |ow and high, correspondingly. WO 2004/ 110409
PCT/ 182004/l0w redhigh, ggrrespondingly. The analytical sample size was 2.0 g with an

g extraction volume of 200 mL
| (43 The diluent was granular mannitol (Mannogem 2080, SPI Polyols, New
Castle, DE). The fluidization flow settings were 20 and 35, for low and high,
, _correspondingly. The analytical sample size was 2.0 g with an extraction volume
15 “of 200 mL. '

Table 2. Results of fluidization testing for binary blends of precipitated
atorvastatin and diluents. 7 R
Top Middle Bottom

L5‘::3gregat:icm
Example Sample, Sample, Sample,
Number
% Intent [0 Intent % Intent
- 6a 99.0 96.8 89.5 0.10
6b 102.8 102.3 84.0 0.20
6¢ 86.6 78.8 70.3 0.21
6d ' 109.6 89.7 793 0.33
6e 100.1 97.3 104.4 -0.04
6f 109.6 62.2 579 0.68
20 Examples 5 and 6 show that a range of diluents provide a range of

segregation numbers, which differ with drug form, in an unpredictable fashion.



(c) The diluent was conpressible sucrose (D.C. & T.S. Wiite D -Pac, Tate &
Lyl e, Brooklyn, NY). The fluidization flow settings were 8 and 18, for |ow
and high, correspondingly. (d) The diluent was mcrocrystall'ine cellul ose
(Avi cel MHO208/118408 5 Bi oPol yner, Co. Cork, Ireland). Thectimwimnetsymn | ow
settings were 4 and 9, for |ow and high, correspondingly. The anal ytical
sanple size was 1.3 g with an extraction volune of 100 M. (e) The dil uent
was Lactose Monohydrate, Modified (Fasg8i+l o 316, Forenost Farnms USA,

Rot hschild, W). The fluidization flow settings were 6 and 11, for 10 | ow
and hi gh, correspondingly. The anal ytical sanple size was 2.0 g with an
extraction volunme of 200 nmL (f) T i sWas granul ar manni tol (Mannogem
2080, SPI Polyols, New Castle, : i di zation flow settings were 20

and 35, for |ow and mkmommmmommmmam sanpl e size was
2.0 g with an extraction TabI e 2. Results of
fluidization testing forAﬁmsE@Si{Dﬁ '@5 atorvastatin and
di luepts. TOP M ddl e Bottom Segregation anpl e Sarrpl e, Sanple, Sanple, .
Nunmber Intent Intent Intent 6a 99.0 96.8 89.5 0.10 6b 102.8 102.3 84.0

0.20 e 86,6 78T 4b1@8 varé pipared drohf Gach of e/ formmtidns 3a-5gesivigls Kilds. 3 104. 4

-0.04 of 6 62.2 57.9 0.68. 20 %ﬁ%es 5 nd 6 show t hat._a range of
di | uents proid0getasy tahigfpress ( 1% §Bbi wath the sightapedificatign: b dr ug

form in afrom{rpeéhﬁ& BPbfch 836 (A6 g YL MHANO 107 FELE MR BMRAS - 31

cellulose and 11.0 g of magnesium stearate). Tablets were prepared using 1/4"

10 standard round concave (SRC) plain faced tooling, using a partial set of four tools.

- Tablets were prepared with approximately 100 mg each. The tablet press was run

at 37 rpm (shoe speed of 30 rpm). This corresponds to a rate of approximately
20,000 tablets per hour for the corresponding full set of nine tools. Tablets were
sampled (at least three samples from each point) from the beginning, middle and

15 end of the run (about 1 kg of sample was run in each case). Analyses of the
tablets were carried out according to the following procedures: For sample (a), 7.5
ml. of 0.05M ammonium acetate was added to 1 tablet then shaken for 8 minutes
followed by further addition of 12.5 mL of acetonitrile and shaking for 12
minutes; for (b) one tablet was added to 20 mL of 1:1 (v:v) 0.05M ammonium

20 acetate buffer (pH7.4):acetonitrile and shaken for 25 minutes, and (f), one tablet
was added to 20 mL of 1:1 (v:v) 0.05M ammonium acetate buffer (pH

- 7.4):acetonitrile and shaken for 20 minutes; for (c), (d), and (), 1 tablet was

combined with 10 mL of 1:1 (v:v) 0.05M ammonium citrate buffer (pH
7.4):acetonitrile and shaken for 20 minutes. In each case, the solutions were

25 filtered using a Gelman Acrodisc polytetrafluroroethylene membrane (0.45um
pore size), and analyzed using HPLC (Phenomenex, Ultremex C1 8. column, 25.0
cm X 4.6 mm, HPLC HP 1100 series, 20 pL injection volume, flow of 1.5
'mL/minutes; mobile phase of 53:27:20 (v:v:v) 0.05M ammonium citrate (pH
4.0):acetonitrile:tetrahydrofuran; detection at 244 nm). Results are reported in

30 Table 3.



EXAMPLE 7 PREPARATI ON AND UNI FORM TY TESTI NG OF ATORVASTATI N DI LUENT
TABLETS 5 Tabl ets were prepared fromeach of the formul ations 5a-5g using a
Kilian T100 rotary tablet press (Kilian & Co., Bristol, PA) with the slight
nmodi fi catWOR0043p408e in terns of batch size (11.6 g of arOTABEL&L184s 1075.0
g of mcrocrystalline cellulose and 11.0 g of nagnesium stearate). Tablets
were prepared using 1/4" 10 standard round concave (SRC) plain faced
tooling, using a partial set of four tamls. Tablets were prepared with

appr oxi mat 100 each.. The fablet press was run at 37 rpm (shoe speed
of 30 rpm QIL*%F‘FI B&%P@é%ﬁ’d?n%}%ﬂf%@l@t@ﬂ of tableds wihratoryaststin WOBe t abl et s per

hour for ”ﬁﬁs&ﬁé'b?ﬁ%?zﬁﬁ!d%nf | set of nine tools. Tablets were sanpled (at
| east three_sanples Trom each point) fromthe begi nning, nmiddl e and 15 end

of the run (about [HekdSaircs Stait of Rag, rMiddle ofRah, s 6 Rufynal s]]oli t he
tabl ets wer 8 ed out acc rding tojthe follow %%n%nocedures: sanmpl e

(a), 7.5 nL of O M‘B]ﬁ)m AigBet at daftEnkdded £ abl e{%REBh khaken f or

8 m nutes: j y—ortt gucn tram gt 125 t—gf—acetomtrite and
shaki ng for am hut . for b? 3t db98 éé add@B-4%320 f 1t1 (v:v)
0. 0O5M ammon 2B-—-acet-at-e for 25

4 —-ac-et-a4H
m nut es, anfl Olb) orf® t abl eff 9%ds: 28ddd0Ad® £20.2n_ [oP32.408v: V) 4305M ammoni um
acetate buffer (pH 7 4) - aceflonitrile gnd shaken flor 20 m nufles: for (c),

(d), and (e}, 7& tablgt was jcoshiwed Vi baelo2m df 9331=£ysv> lo PgM prmoni um
citrate bufifer (pH 7.4):aceatonitrile and shaken for tes. I each

, th 2511
Sglsst et r:flsjr?ﬁ)gss eFlZ menb ?%%gtrfg Slr%a %? zgac:éﬁgl S(al %’?ed usi ng
HPLC ( Phenofrerex; ‘f8"C’U1"U'm'I_“2'5_6—"C'm") 100
sgries, 20 BL Tenj 'ts gn vf&‘ln ng3.6% P df od.py. oL m ngtmsi 19obill esphase of

53:27:20 (vjv:v) hiizeymoni um ci tratje (pH
4.0): acet onjtriledtetrahydrof uran, detlection_at 444 nn) Regults e

reported in| 3@ Tabls 3. WD} 2084/+£4.6409 807T£ 5200480218685 {323.3abj e 3
Pot ency conpistenty for production of f{tablets witlh atorvastatin in]the

Combining the data from Example 5 (segregation number) and Example 7
5 . (tablet potency variability) shows a strong correlation, as seen in Figure 1. This
correlation, with atorvastatin, allows for the determination of appropriate
segregation numbers as a means of selecting appropriate diluents for production of

atorvastatin dosage forms without a granulation step.



absence of a granul ation step. ExanplLe.lend Source Start of Run, Nfiddle of
‘Run, End of Run, Overall (Exanple) Intent Intent %I ntent 9%RSD_Za 5a-109.5
8.4 94.92.4 96.43.5 8.6 7b 5b 92.7 t 2.2 101.011.2 93.9 0.8 4.3 7c 5c 93.1
0.3 94.6 2.0 95.8 1.5 1.8 7d 5d 89.21.6 92.02.2 94.10.7 2.8 b5e (differed
ro. 7e 83.6 1.3 92.5 0.597.1 1.2 5.7 batch size) 7f 5f 108.1 4.6 89.7
5.4 81.2 0.6 13.3 Conbining the data from Exanple 5 (segregation nunber)
and Exanple 7 5 (tablet potency variability) shows a.strong correlation, as
seen in Figure 1. This correlation, with atorvastatin, allows for the

determ nation of appropriate segr@gﬂ?jlg)n nunbers as a neans of selecting
appropriate diluents for production o atorvastatin-dosage forns without a
granul ation step. CLAIMS Wat is claimed is : 1. Asolid unit dosage form
conpri si Nghaafsetetagitiat i n or a pharnmaceutically acceptable salt thereof,
wherein slhai d aflidrudsti@bgenfooin @heprisag edirvaatin Yor ac plephalcainltcepableaafi and an
excl pi ent ﬁlreregf) wﬂlﬂ:@ﬁl%hﬂ%to%%@ﬁr?bnﬁdhﬁﬂa? L?lcﬁﬁ/aa ﬁgtalB% sglk {hg Bf & eﬁcﬁﬁémqn

wi thout a granulation orvas tin potency
of said dos8gecrmipatios wé\%male?ténf’a%pwé %’t‘HWEFa?Q%PP@"éVP‘ét"Y@ﬁ“‘ wranal@mwsn,au n
activity pewhemsint dosage formof not nore than about 7.8% when said unit

dosage for ”gf) &e%e%gﬂéaeﬂm‘eﬁsta@mBB@%&)E'S@H‘F%?%}&O% %R\%ra rEle’NE E)a)ﬁ’ldé?ﬁ’ﬁ JJ-MH oh dosage

forns per single unit exci pi ent
or conbi nat fBRAETSEIE PYIVERPE WHh{osass O%g%"qt e ﬁlaWtab/B‘tW Sa/h vier &pid 20 g
agent addi t Hesege fand iy @ypasal d agxaiupiocantte @greagotiibs MG 00OMindosagedbimsgat Bour

conpri ses g;gr@;n%[e u}lnggsagpfoyml{@,qjlacﬂmgl luent or conbination of diluents. 2.

The unit do %g form of erei.n said e)iCI o] ent or. conbi I’h’i\tl on of

e)éCI pi ent s said excipient or combmatlon 0 exmplents contains less than 5 wt% of an alkalizing

agent additive; and
(¢) said excipient or combination of excipients comprises greater than 50 wt% of a diluent or
combination of diluents.

2 The unit dosage form of Claim. | -wherein said excipient or combination of excipients
comprises greater than about 50 wt% of a diluent or combination of dilnents.

3. The unit dosagé form of Claim | wherein said dilvent Is lactose monohydrate, lactose -
anhydrous, microcrystalline cellulose er sodium chiotide,

4. The unit dosage form of Claim | wherein said unit dosage form is a tablet or capsule
and also contains st Jeast one active drug in addition to the atorvasiatin,
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conprises greater than about 50 wt % of a diluent or conbination of diluents.
3. The unit dosage formof Caim1l wherein said diluent is |actose
nonohydrate, |actose anhydrous, mcrocrystallinc cellul ose or sodium
chlotide. 4. The unit dosage formof Claim| wherein said unit dosage form
is a tablet or capsule and also contains at |east one active drug in
addition to the atorvastatin. 33 5. The use of an atorvastatin
pharmaceutical fornulation according to clains 1-4 for the preparation of a
medi cammet for the treatnent of hyperchol esterol em a and/or hyperlipidem a,
ost eoporosi s, benign prostatic hyperplesia, and Al zheiner's disease. 6. A
kit for achieving a therapeutic effect in a mammal conprising a
therapeutically effective dose of atorvastatin tablets or capsul es prepared

W t hout a anul ati pon ste and a container for coptain saiLd unit dosage
farms. 34 %r Tﬂe use of an atorvastatin ) accuticalfonnulationaccord?ngmciapu?s 1-4 for the g

preparation of a medicampet for the treatment of hypercholesterolemia and/or
hyperlipidemia, osteoporosis, benign prostatic hyperplasia, and Alzheimer's discase.

6. A kit for achieving a therapeutic effect in a mammal comprising a therapeutically

effective dose of arorvastatin tablets or capsules prepared without a granuladon step
and a container for conteining seid unit dosage forms.
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