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SUSTAINED RELEASE DOSAGS E FORMS OF ZIPRASIDONE
Backqreound

The invention relates to sustained releasse dosage forms comprising ziprasidone.

Ziprasidone is an atypical antipsychotic= medication currently marketed in the United
States as GEODON®, in both an immediate-r—elease (IR} oral capsule formulation for the
acute and long-term treatment of schizophreniam and an IR intramuscular (IM) formulation for
acute control of agitation in patients with schizopohrenia. The IR oral capsule is typically taken
twice per day. The IR oral capsule is availabl € as 20, 40, 60, and 80 mgA capsules. (By
“mgA" is meant the amount of active ziprasidorve—that is, ziprasidone freebase in mg.) The
initial dose is typically 20 mgA twice a day takemn with food. The dose is then adjusted based
on the patient's response.

It is desired to provide an oral sustaine=d release ziprasidone dosage form. Such a
dosage form should provide efficacious blood levels of ziprasidone over a longer period of
time than the IR oral capsule, but ideally woul-d not provide maximum blood levels that are
higher than those provided by an IR oral capsu’Ye containing the same amount of ziprasidone.
Such 2 dosage form may increase patient cornpliance and maximize patient and physician
acceptance, such as by reducing side effects. =Such a dosage form may also provide a safety
and tolerability profile as good as or better thar the IR oral capsule regimen due to relatively
tower blood levels of ziprasidone compared witt the IR oral capsule at the same dose.

To achieve efficacious blood levels ov er long periods of time, the sustained release
dosage form should release ziprasidone to thea gastrointestinal tract in a manner that allows
ziprasidone to be absorbed for a sustained len gth of time. However, formulating ziprasidone
into a sustained release dosage form presents a number of problems. While ziprasidone has
relatively good solubility at gastric pH, it has rel atively poor solubility at intestinal pH. The free
base form of ziprasidone has a solubility of abmout 0.2 pg/ml at a pH of about 6.5. Such low
solubility at intestinal pH inhibits absorption oef ziprasidone in the intestines. In addition, if
ziprasidone becomes supersaturated in an  aqueous solution (that is, dissolved at a
concentration that is greater than the equilibriumsm solubility of the drug at intestinal pH, such as
occurs when moving from a low-pH gasftric environment to a higner pH intestinal
environment), it has a tendency to rapidly preecipitate as the crystalline free base form of the
drug, thus rapidly reducing the concentration eof dissolved ziprasidone to the solubility of the
free base crystalline (lowest energy form) of ziporasidone.

Curatolo et al.. U.S. Patent No. 6.5453,555 B1 disclose mixiures of basic drugs and
precipitation inhibiting polymers such as hyd roxypropy! methyl cellulose acetate succinate
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(HPMCAS). Curatolo e® al. teach that the drug will dissolve in the stomach, and the
precipitation-inhibiting poslymer will maintain high dissolved drug concentration as the
dissolved drug enters the inlestines.

Curatolo et al, US Publication No. 2002/0006443 A1 and Curatolo et al., US
Publication No. 2003/007 2801 A1 disclose physical mixtures of solubility-improved forms of
low-solubility drugs commbined with polymers to provide enhancement of the aqueous
concentration of dissolvect drug. In particular, various solubility-improved forms of ziprasidone
mixed with polymers sucha as hydroxypropyl methyl cellulose acetate succinate are discloséd.

WO 01/47500 disscloses an osmotic controlled release dosage form. The application
discloses in Example 10 an osmotic dosage form containing 20 mgA of ziprasidone in the
form of a solid amorph ous dispersion of the drug in the polymer hydroxypropylmethyl
cellulose acetate succinatte.

It is desired to pr«ovide an oral dosage form to allow sustained release of ziprasidone
that delivers a pharmaceutically effective amount of ziprasidone to a patient in need thereof.

. Summary

The present inveenlion provides a sustained release (SR) solid oral dosage farm for
treatment of a psychoticc disorder, for example schizophrenia, in a mammal, which oral
dosage form comprises zziprasidone in an amount effective in treating said psychotic disorder
and a pharmaceutically a cceptable carrier.

Accordingly, the gpresent invention provides a solid oral dosage form for treatment of a
psychotic disorder, for example schizophrenia, in a mammal which oral dosage form
comprises ziprasidone i n an amount effective in treating said psychotic discrder and a
pharmaceutically acceptaable carrier, wherein the effective amount of ziprasidone is released
over a sustained period of time.

In one embodiment, the oral dosage form is a tablet. In another embodiment, the oral
dosage form is a capsule=.

in another embcadiment, the sustained period of time is at least about 24 ﬁours. In
other embodiments, the sustained period of time ranges from about 4 hours to about 24
hours. The sustained peariod of time may be at least about 4 hours, at least about 6 hours, at
least about 8 hours, at Beast about 10 hours, at least about 12 hours, or at least about 16
hours. In another embodiment, the sustained period of time is about 24 hours. Using the
phrase "at least about 6 hours™ as an example, the phrase “at least about’, as used in such
context, means in one e=mbodiment that substantially all (e.g. about 80 wt% or more), of the
ziprasidone in the dosag -e form is released from the dosage form following administration over
a period of time of abouit 6 hours. with no more than about 20 wt% being released after 6
hours. In another emboadiment. it means that substantially all (e.g., about 80 wt% or more) of

2



WO 2005/020929 PCT/US2004/028304

10

15

20

25

30

35

the ziprasidosne is released from the dosage form following administration over a peﬁqd of
time longer traan about 6 hours.

In armother embodiment, the oral dosage form comprises more than one fayer, for
example 2 or 3layers. Ina preferred embodiment, the oral dosage form comprises a bi-layer
core, comprissing an active layer and a sweller layer. The core may be coated. The oral
dosage form scomprising multiple layers may, in one embodiment, comprise one or more holes
on the surfacee of the coating on the active layer side.

In orme aspect, a sustained release oral dosage form comprises a pharmaceutically
effective amount of ziprasidone and sustained release means for releasing at least a portion
of the ziprasi done, wherein following administration to achieve steady state, the dosage form
provides a steady state minimum blood ziprasidone concentration (Cin) Of at least 20 ng/mi,
and a steady state maximum blood ziprasidone concentration (Cnq,) of less than 330 ng/mi.

By bRood ziprasidone concentration is meant concentration of ziprasidone in blood, in
serum, or in golasma.

In ore preferred embodiment the steady state ratio of Cmex 10 Cmin is less than about
2 6 when do=sed twice per day. In another preferred embodiment, the ratio of Crax 10 Crin IS
less than aboout 12 when dosed once per day.

In a second aspect, a pharmaceutical dosage form comprises a pharmaceutically
effective ameount of ziprasidone, the dosage form releasing no greater than about 90 wt% of
the total armount of ziprasidone from the dosage form during the first 2 hours after
administratiosn to a use environment. The dosage form contains at least 30 mgA of
Ziprasidone.

As Lased herein, a "use environment” can be either the in vivo environment, such as
the Gl tract -of an animal, particularly a human, or the in vitro environment of a test solution,
such as pho =sphate buffered saline (PBS) solution, Model Fasted Duodenal (MFD) solution, or
a simulated #@ntestinal buffer solution.

In a third embodiment, a suslained release dosage form comprises a
pharmaceutEcally effective amount of ziprasidone and sustained release means for releasing
at least a p ortion of the ziprasidone. The ziprasidone contained in the sustained release
portion is at least one of (i) crystalline drug and (ii) drug combined with cyclodextrin.

In another aspect, the invention provides a method for administering ziprasidone.
The methocd comprises administering a sustained release dosage form, that when dosed
either once or twice per day to a human in the fed state, provides a minimum steady state
blood ziprassidone concentration (Crn) of at least about 20 ng/ml, and a maximum steady
state blood =ziprasidone concentration (Cmax) of less than about 330 ng/ml.
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In one preferred embodiment of the method, the steady state ratio of Crnax 10 Canin IS
n0 greater than about 2.6 when dosed twice per day. In another preferred embcdiment. the
ratio Of Conax t0 Cmin iS N0 greater than about 12 when dosed once per day.

~Sustained release” means that the dosage form releases no greater than about
Q0 wt% of the ziprasidone in the dosage form during the first two hours after admeinistration to
a use envionment. Thus the dosage form may release ziprasidone gr-adually and
continuously over a release period, may release ziprasidone in a pulsatile or dela yed manner,
or may release ziprasidone in a combination of release profiles, such as amn immediate
release burst followed by either a delayed burst or by a gradual and continuous release.

»administration” to a use environment means, where the in vivo use erwvironment is
the Gl tract, delivery by ingestion or swailowing or other such means to delive-r the dosage
form. Where the use environment is in vitro, “administration” refers to placememt or delivery
of the dosage form to the in vitro test medium.

A sustained release dosage form may provide a number of advantages. Without
wishing to be bound by theory, it is believed that ziprasidone efficacy is related to occupancy
of the D2 receptor. Occupancy in turn is a function of the concentration of zipraasidone in the
brain, which is related to the concentration of ziprasidone in the blaod, wilkh occupancy
increasing substantially as the concentration of ziprasidone in the blood inecreases. D2
occupancy is approximately 50% when the blood ziprasidone concentratiora is 16 ng/ml,
approximately 65% when the blood ziprasidone conceniration is 30 ng/mi, and =approximately
75% when the blood ziprasidone concentration is 50 ng/ml. Accordingly it is preferred that
the dosage form provide a minimum steady state blood ziprasidone concentration of at least
about 20 ng/mi for efficacy, more preferably at least about 30 ng/ml, an d even more
preferably at least about 50 ng/ml. A sustained release dosage form may improve efficacy by
maintaining the biood level of ziprasidone at high enough concentrations to pmrovide greater
D2 occupancy for a longer period of time than the IR oral capsule. This ma y be achieved
because the sustained release dosage form may permit dosing of greater amounts of
ziprasidone relative to the IR oral capsule, or may be due to absorption of zipr&sidone over a
longer period of time relative to the IR oral capsule, or both. The sustained reelease dosage
form may also minimize the fluctuation in blood levels of ziprasidone, thereby ywielding a more
uniform response.

A sustained release dosage form may also provide lower maximum Dlood levels of
ziprasidone relative to the IR oral capsule for a given dose, thus potentia3ly reducing or
mitigating adverse events or side effects. Alternatively, a higher dose susstained release
dosage form of ziprasidone may be administered, which would result in ggreater efficacy
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compared to a lower dose IR oral capsule, aned fewer adverse events or side effects relative
to a higher dose IR oral capsule.

For those sustained released forrmulations which provide for once a day
administration, the sustained release dosage forms may provide greater convenience and
compliance arising out of once daily dosing . This is particularly important because the
absorption of ziprasidone is increased up to two-fold in the presence of food and so it is
recommended that ziprasidone be administeremd with food. Compliance to *take with food® is
ikely to be better when the dosing frequenCiw/ is once or twice a day compared to several
times a day.

The foregoing and other objectives, fe atures, and advantages of the invention will be
more readily understood upon consideratiorm of the following. detailed description of the
invention.

Brief Descriptior of the Drawings

FIG. 1 shows ziprasidone concentratiomn in the blood {plasma) versus time for a model
dosage form based on the modeling results of Ex. 4.

FIG. 2 shows ziprasidone concentraticon in the plood (piasma) versus time for another
model dosage form based on the modeling ressults of Ex. 4.

Detailed Descriptimon Of The lnvention

Ziprasidone is  5-[2{4-(1,2-benz lsothiazol-s-yl)-1-piperazinyl]ethyl]-6-chloro-1.2-

dihydro-2H-indol-2-one, a known compound haaving the structure:

Cl

s JS—N N H
NN/ N

0]

Ziprasidone is disclosed in U.S. Pat. M=los. 4,831,031 and 5,312,925, both of which are
herein incorporated by reference in their entiresty. Ziprasidone has utility as a neuroleptic, and
is thus useful, inter alia, as an antipsychotic. ~ Ziprasidone is typically administered in a daily
dose of from about 40 mgA to about 160 mgA=, depending on patient need. By “daily dose® is
meant the tolal amount of ziprasidone adminisStered to a patient in one day.

The term “ziprasidone” should be understood to include any pharmaceutically
acceptable form of the compound. By “prmamaceutically acceptabie form" is meant any
pharmaceutically acceptable derivative or v=ariation, including stereoisomers, stereoisomer
mixtures, enantiomers,. solvates, hydrates, issomorphs, polymorphs, pseudomerphs, neutral
forms, acid addition salt forms, and prodrugs..  The pharmaceutically acceptable acid addition
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salts of ziprasidone are prepared in a conventional manner by treating a solution ©r
suspens ion of the free base with about one chemical equivalent of a pharmaceuticaﬂy
acceptabole acid. Conventional concentration and recrystallization techniques are employed &@n
isolating the salts. lllustrative of suitable acids are acetic, lactic, succinic, maleic, tartariec,
citric, gleaconic, ascorbic, mesylic, tosylic, benzoic, cinnamic, fumaric, sulfuric, phosphori=c,
hydrochBoric, hydrobromic. hydroiodic, sulfamic, sulfonic such as methanesulfoni <,
benzeneasulfonic, and related acids. Preferred forms of ziprasidone include the free bas=e,
ziprasidone hydrochloride monohydrate, ziprasidone mesylate trihydrate, and ziprasidor—e
tosylate .

The oral sustained-release dosage forms of the present invention contain a sufficie nt
amount of ziprasidone so as to be pharmaceutically effective. The typical daily dose for
ziprasidene ranges from 40 mgA to 240 mgA ziprasidone. One or multiple sustained releasse
dosage forms may be administered simultaneously to achieve the desired dose. In preferrexd
embodirments, the sustained release dosage form contains at least about 40 mgA to abomut
160 mgAA ziprasidone.

' Since the dosage forms may contain a relatively large amount of ziprasidone, it is
desired. to accommodate the high drug loading, that ziprasidone constitutes a significaant
fraction of the dosage form. This allows the dosage form to be kept at a size that is
conveni €nt for oral administration (e.g., preferably less than 1,000 mg, and more preferatoly
less thaan 800 mg). Preferably, ziprasidone constitutes at least about 5 wt% of the dosa ge
form. Ziprasidone may conslitute even greater amounts of the dosage form, such as at le=ast
about 160 wt%. or even at least about 15 wt% of the dosage form.

Ziprasidone may be present in crystalline or amorphous form. Because ziprasido-ne
has a teendency to rapidly crystaliize, the crystaliine form is preferred from the standpoint of
stability of the drug in the dosage form. When present as amorphous drug, ziprasidone= is
preferabdly present in a stable form. A preferred amorphous form is a co-lyophile  of
ziprasid one and cyclodextrin.

The ziprasidone in the sustained-release dosage form may optionally be inc a
solubilit y-improved form. By a “solubility-improved form" is meant a form of zZiprasidone tha tis
capablex of providing concentration-ennancement as described in more detail belcow.
Solubility-improved forms of ziprasidone are described in more detail below. As discusssed
herein, a solubifity-improved form is preferred for those embodiments in which it is desirec8 to
achieve= absorption of ziprasidone in the distal small intestine or in the colon, and for thcse
embodisments in which it is desired to provide once a day administration.

In one embodiment, the solubility-improved form of ziprasidone is a high solubility ssalt
form. It is known that some low-solubility drugs may be formulated in highly soluble salt for-ms
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that provide tempora ry improvements in the concentration of the drug in a use environment
relative to another sa It form of the drug. An example of such a salt form for ziprasidone is the
mesylate salt, which thas an aqueous solubility of about 900 pg/mL at pH of 2.5. The solubility
of several high-solub dlity sait forms of ziprasidone are given in the following table:

Aqueous  Solubility | pH of Saturated
Salt Form (ug/mL) Solution
Free base 0.2 9.8
Hydrochloride 12 4.3
Mesylatee 900 25
Citrate 86 41
_Pf'Iosph 2te 37 2.3
Tosylate 64 6.0
Maleate 118 4.3
Succinaate 187 34
Salicylaate 58 5.5
Fumarate 2000 2.5

Preferred high-solubility sait forms of ziprasidone include the hydrochloride, mesylate,
tosylate, phosphate and salicylate.

In another embodiment, the solubility-improved form comprises zZiprasidone having a
volume weighted meean particle size of less than about 10 pm and preferably less than about
5 um. Standard cryrstalline ziprasidone HCl is typically in block or needle habits. The size of
such crystals is conmmonly 30 um long and 4 pm wide, but there is a wide range observable.
When these crystals are analyzed by a Malvern Mastersizer and studied as a wet slurry, the
volume-weighted muean diameter is about 10 pm. Reducing the particle size of ziprasidone
may improve its dis solution rate, thus providing at least temporarily enhanced concentrations
of dissolved ziprassidone in an aqueous use environment relative to the concentration
achieved with largeer crystal sizes. Such small particles may be achieved. by conventional
grinding and milling techniques. In one preferred process, the ziprasidone is jet milled. Jet-
milled ziprasidone rmay have a volume weighted mean diameter of less than about 5 microns,
and preferably less than about 3 microns.

In another embodiment, the ziprasidone may be in the form of nanoparticles. The
term “nanoparticle” refers to ziprasidone in the form of particles generally having an effective
average crystal sizes of less than about 500 nm. more preferably less than about 250 nm and
even more preferably less than about 100 nm. Examples of such nanoparticles are further
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described in U.S. Palent No. 5,145,684, herein incorporated by reference. The nanoparticles
of the drug can Bbe prepared using any known method for preparing nanopaarticles. One
method comprise=s suspending ziprasidone in a liquid dispersion medium and applying
mechanical mean s in the presence of grinding media to reduce the particle si=ze of the drug
substance to the effective average particle size. The particles can be reduced in size in the
presence of a suarface modifier. Alternatively, the particles can be contacted wwith a surface
modifier after attraition. Other alternative methods for forming nanoparticles aree described in
U.S. Patent No. 5,560,932, and U.S. Patent No. 5,874,029, both incorporated Dy reference in
their entirety.

Another ssolubility-improved form of ziprasidone comprises ziprasidone —combined with
a cyclodextrin (ass an inclusion complex or as a physical mixture). As used hexrein, the term
“cyclodextrin® ref-ers to all forms and derivatives of cyclodextrin. Particulamr examples of
cyclodextrin incBude a—cyclodextrin, B-cyclodextrin, and y-cyclodextrin. Exemplary
derivatives of cyclodextrin include mono- or polyalkylated B-cyclodextr—in, mono- or
polyhydroxyalkyleated B-cyclodextrin, such as hydroxypropyl f-cyclodextrin
(hydroxypropylcy ~clodextrin), mono, tetra or hepta-substituted p-cyciodextrin, and sulfoalkyl
ether cyclodextrims (SAE-CD), such as sulfobutylether cyclodextrin (SBECD).

These soolubility-improved forms, also known as cyclodextrin derivative=s, herein after
referred to as “cyrclodextrin/drug forms™ can be simpie physical mixtures. An e=xample of such
is found in U.S. Patent No. 5,134,127, herein incorporated by reference. Al ternatively, the
drug and cyclocextrin may be complexed together. For example, the active drug and
sulfoalkyl ether cyclodextrin (SAE-CD) may be preformed into a comple=x prior to the
preparation of th=e final formulation. Alternatively, the drug can be formulated by using a film
coating surrouncding a solid core comprising a release rate modifier and & SAE-CD/drug
mixture, as disclosed in U.S. Patent No. 6,046,177, herein incorporated by reference.
Alternatively, su stained-release formulations containing SAE-CD may conesist of a core
comprising @ ph-ysical mixture of one or more SAE-CD derivatives, an optioral release rate
modifier, a thera peutic agent, a major portion of which is not complexed to thee SAE-CD, and
an optional relezase rate modifying coating surrounding the core. Other cwyclodextrin/drug
forms contemplaated by the invention are found in U.S. Patent Nos. 5,134,127, 5.874,418, and
5,376,645, all of which are incorporated by reference.

Another solubility-improved form of ziprasidone is a combination of ziforasidone and a
solubilizing agemt. Such solubilizing agents promote the aqueous solubility of ziprasidone.
When ziprasidore is administered to an aqueous use environment in the oresence of the
solubilizing agert, the concentration of dissolved ziprasidone may exceed the equilibrium
concentration of dissolved ziprasidone, at least temporarily. Examples of soEubilizing agents
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include surfactants; pH control agents such as buffers, organic acids; glycerides; partial
glycerid es; glyceride derivatives; polyoxyethylene and polyoxypropylene etthers and their
copolyrmers; sorbitan  esters; polyoxyethylene sorbitan esters; alkyl sullfonates; and
phospheolipids. In this aspect, the drug and solubilizing agent are both preferab» ly solid.

Exemplary surfactants include fatty acid and alkyl sulfcnates; commer-cial surfactants
such ass benzalkonium chloride (HYAMINE® 1622, available from Lonza, Inc.. Fairlawn, New
Jersay) 1 dioctyl sodium sulfosuccinate (DOCUSATE SODIUM, available from Mallinckrodt
Spec. CChem., St. Louis, Missouri); polyoxyethylene sorbitan fatty acid esters (TWEEN®,
availablle from ICl Americas Inc., Wwilmington, Delaware, LIPOSORB® 0-20, available from
Lipocheam Inc., Patterson New Jersey, CAPMUL® POE-0, available from» Abitec Corp.,
Janesville, Wisconsin), and natural surfactants sﬁch as sodium taurocholic acid, 1-palmitoyi-
2-oleoyl-sn-glycero-s-phosphocholine. lecithin, and other phospholipids and mono- and
diglycewides.

One preferred class of solubilizing agents consists of organic acids. Exemplary
organic acids include acetic, aconitic, adipic, ascorbic, aspartic, benzenesuslifonic, benzoic,
campheorsulfonic, cholic, citric, decanoic, erythorbic, 1,2-ethanedisulfonic, ethanesulfonic,
formic, fumaric, gluconic, glucuronic, glutamic, glutaric, glyoxylic, heptanoic, hippuric,
hydrox-yethanesulfonic, lactic, |actobionic, levulinic, lysine, maleic, malic, maalonic, mandelic,
metharesulfonic, mucic, 1- and 2- naphthalenesulfonic, nicotinic, pamaoeic, pantothenic,
phenylalanine, 3-phenylpropionic, phthalic, salicylic, saccharic, succinic, tamnic, tartaric, p-
tolueneasulfonic, tryptophan, and uric.

Another class of sclubilizing agents consists of lipophilic mic-rophase-forming
materizals described in US published patent application 2003/0228358A1 publ ished December
11, 20803 herein incorporated by reference. Lipophilic microphase-formirg material may
compriise a surfactant and/or a lipophilic material. Thus. as used hereim, the "lipophilic
micrope hase-forming material” is intended to include blends of materials in acidition to a single
materizal. Examples of amphiphilic materials suitable for use as the lipophilic microphase-
formineg material include: sulfonated hydrocarbons and their salts, such as sadium 1,4-bis(2-
ethylhexyl) sulfosuccinate, also known as docusate sodium (CROPOL) ard sodium fauryl
sulfater (SLS); poloxamers, also referred to as polyoxyethylene-polyoxyspropylene biock
copoly=mers (PLURONICs, LUTROLs); polyoxyethylene alkyl ethers {(CREMOPHOR A, BRU),
potyoxzyethylene sorbitan fatty acid esters (polysorbates, TWEEN), short-chain glyceM mono-
alkylat-es (HODAG, IMWITTOR, MYRJ); polyglycolized glycerides (GELUCIIREs); mono- and
di-alkywlate esters of polyols, such as glycerol; nonionic surfactants such as polyoxyethylene
20 sowbitan monooleate, (polysorbate 80, sold under the trademark TWE EN 80, available
comm -ercially from ICl); polyoxyethylene 20 sorbitan monolaurate (Polysortoate 20, TWEEN
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20); polwethylene (40 or 60) hydrogenated castor oil (available undear the trademarks
CREMOFPHOR® RH40 and RH60 from BASF). polyoxyethylene  (35) castor oil
(CREMCO®PHOR® EL), polyethylene (60) hydrogenated castor oil (Nikkeol HCO-60); alpha
tocopheryl polyethylene giycol 1000 succinate (Vitamin E TPGS): glyceryl PEG 8
caprylate=/caprate (available commercially under the registered trademark LABRASOL® from
Gattefos =se); PEG 32 glyceryl laurate (sold commercially under the re-gistered trademark
GELUCIERE 44/14 by Gattefosse), polyoxyethylene fatty acid esters (ava_ilable commercially
under th -e registered trademark MYRJ from (Cl), polyoxyethylene fatty ac=id ethers (available
commerssially under the registered trademark BRIJ from ICl). Alkylate essters of polyols may
be consi dered amphiphilic or hydrophobic depending on the number of alicylates per molecule
and the number of carbons in the alkylate. When the polyol is glycearol, mono- and di-
alkylatess are often considered amphiphilic while trialkylates of glycserol are generally
consider—ed hydrophobic. However, some scientists classify even mediu m chain mono- and
di-glycer-ides as hydrophobic. See for example Patel et al US Patent ENo. 6,294,192 (B1),
which iss incorporated herein in its entirety by reference. Regardless Of the classification,
composiitions comprising mono- and di-glycerides are preferred compositions  of this
inventiomn. Other suitable amphiphilic materiais may pe found in Patel, P~atent No. 6,294,192
and are listed as "hydrophobic non-ionic surfactants and hydrophilic ionic surfactants.”

It should be noted that some amphiphilic materials may not be water immiscible by
themset ves, but instead are at least somewhat water soluble. Such ammphiphilic materials
may ne vertheless be used in mixtures to form the lipophilic microphasse, particularly when
used ass mixtures with hydrophobic materials.

Examples of hydrophobic materials suitable for use as the ligoophilic microphase-
forming material include: medium-chain glyceryl mono-, di-, and tri-alkylaates {CAPMUL MCM,
MIGLYOOL 810, MYVEROL 18-92, ARLACEL 186, fractionated coconumt oil, light vegetable
oils); soarbitan esters (ARLACEL 20, ARLACEL 40); long-chain fatty alco-hols (stearyl alcohol,
cetyl al cohol, cetostearyl alcohol); long-chain fatty-acids (stearic acid2; and phospholipids
(egg lecsithin, soybean lecithin, vegetable lecithin, sodium taurocholic ac®d, and 1,2-diacyl-sn-
glycero—3-phosphochaline, such as 1-palmitoyl-2-oleyl-sn-g|ycero-3-J)hosphocoline, 1,2-
dipalmiloyl-sn-gchero-3—phosphocholine. 1,2-distearoyl-sn-glycero-3-phosphocholine,  1-
plamito-yI-Z-stearoyl-sn—glycero-3-phosphocholine. and other natural or s ynthetic phosphatidyl
choline =s); mono and diglycerides of capric and caprylic acid under the following registered
trademaarks: Capmul® MCM, MCM 8, and MCM 10, available commerc:=ially from Abitec, and
Imwitor-® 988, 742 or 308, available commercially from Condea Vistaa; polyoxyethylene &
apricot  kernel oil, available under the registered trademark Labrafiic® M 1944 CS from
Gattefomsse; polyoxyetnylene corn oil, available commercially as Labrafil ® M 2125; propylene
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glycol masnolaurate, available commercially as Lauroglycol from Gattexfosse; propylene glycol
dicaprylatte/caprate available commercially as Captex® 200 from Abiteec or Miglyol® 840 from
Condea W/ista, polyglyceryt cleate available commercially as Plurol caleique from Gattefosse,
sorbitan exsters of fatty acids (e.g., Span® 20, Crii® 1, Crill® 4, available commercially from
iCl and C=roda), and glyceryl monooleate (Maisine, Peceol); medium chain trigiycerides (MCT.,
C6-C12) and long chain triglycerides (LCT, C14-C20) and mixtu res of mono-, di-, and
triglycericies, or lipophilic derivatives of fatty acids such as estedrs with alkyl alcohols;
fractiona®ed coconut oils, such as Miglyol® 812 which is a 56% caprwlic (C8) and 36% capric
(C10) trisglyceride, Miglyol® 810 (68% C8 and 28% C10), Neobee® MS, Captex® 300,
Captex®- 355, and Crodamol® GTCC; (Miglyols are supplied by C-ondea Vista Inc. (Huls),
Neobee®D by Stepan Europe, Voreppe, France, Captex by Abitec &Corp., and Crodamol by
Croda C=orp); vegetable oils such as soybean, safflower, com, oli ve, cottonseed, arachis,
sunflowe=rseed, paim, or rapeseed; fatty acid esters of alky! alcohols such as ethyl oleate and
glyceryt monooleate.  Other hydrophobic materials suitable foxr use as the lipophilic
microphaase-forming material include those listed in Patel, U.S. Palent No. 6,294,192 as
*hydroptobic surfactants.” Exemplary classes of hydrophobic materials include: falty
alcohols ; polyoxyethyiene alkylethers; fatty acids; glycerol fatty acid rmonoesters; glycerol fatty
acid diessters; acetylated glycerol fatty acid monoesters; acetylated g Bycerol! fatty acid diesters,
lower allcohol fatty acid esters; polyethylene glycol fatty acid es-ters, polyethylene glycol
glycerol fatty acid esters; polypropylene glycol fatty acid esters; po lyoxyethylene glycerides;
lactic acid derivatives of monoglycerides; lactic acid derivatives o=f diglycerides; propylene
glycol dHigiycerides; sorbitan fatty acid esters; polyoxyethylene scoritan fatty acid esters;
po|yoxyethy|ene-polyoxypropylene block copolymers; transesterifie d vegetable oils; sterols;
sterol d erivalives; sugar esters; sugar ethers sucroglycerides; peolyoxyethylene vegetable
oils; pot yoxyethylene hydrogenated vegetable oils; reaction producsts of polyols and at least
one memmber of the group consisting of fatty acids, glycerides, veg etable oils, hydrogenated
vegetabmle oils, and sterols; and mixtures thereof. Mixtures of relatisvely hydrophilic materials,
such as= those termed herein as "amphiphilic” or in Patel as “hydrogohilic surfactants” and the
above hydrophobic materials are particularly suitable. Speczifically, the mixtures of
hydropimobic surfactants and hydrophilic surfactants disclosed by B>atel are suitable and for
many ceompositions, preferred. However, unlike Patel, mixtures tha g include triglycerides as a
hydroptobic component are also suitable.

tn one embodiment, the lipophilic microphase-forming matwerial is selected from the
group consisting of polyglycolized glycerides (GELUCIREs); gpolyethylene {40 or 60)
hydrogeznated castor oil (available under the trademarks CREMO®PHOR® RH40 and RH60
from B-ASF). polyoxyethylene (35) castor oil (CREMOPHOR® EL), polyethylene (60)
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hydrogenateed castor oil (Nikkol HCO-60); alpha tocopheryl polyethylene g Tycol 1000
succinate (™/itamin £ TPGS), glyceryl PEG 8 caprylate/caprate (available commerecially under
the registemred trademark LABRASOL® from Gattefosse). PEG 32 glyceryl la urate (sold
commercially under the registered trademark GELUCIRE 44/14 by Gattefosse);
polyoxyethywlene fatty acid esters (available commercially under the registered trademark
MYRJ frorm ICI); polyoxyethylene fatty acid ethers (available commercially under the
registered ®rademark BRI from ICI); polyoxyethylene-polyoxypropylene block <copolymers
(PLURONIC s, LUTROLS); polyoxyethylene alkyl ethers (CREMOPHOR A, BRIJ)Z long-chain
fatty alcoh=ols (steary! alcohol, cetyl alcohol, cetostearyl aicohol); long-chain fatty-acids
(stearic aci ), polyoxyethylene 6 apricot kernel oil, available under the registerec trademark
Labrafil® NA 1944 CS from Gattefosse: polyoxyethylene com oil, available comrmercially as
Labrafil® Nt 2125; propylene glycol monolaurate, available commercially as Laureoglycol from
Gattefosse ; polyglycery! oleate available commercially as Plurol oleique from Gattefosse;
triglyceride -s, including medium chain triglycerides (MCT, C¢-Ci2) and long chain -triglycerides
(LCT. C1a-Cy); fractionated coconut oils, such as Miglyol® 812 which is a 56% c=aprylic (Cs)
and 36% capric (Cy) triglyceride, Miglyol® 810 (68% Cp and 28% Ci), Ne=obee® M5,
Captex® 3-00, Captex® 355, and Crodamol® GTCC; (Miglyols are supplied by C-ondea Vista
inc. {Huls] , Neobee® by Stepan Europe, Voreppe, France, Captex by Abitec- Corp., and
Crodamol Bby Croda Corp), vegetabie oils such as soybean, safflower, corn, clive, cottonseed,
arachis, sutnflowerseed, paim, or rapeseed; polyoxyethylene alkylethers; fatty acids; lower
alcoho! fatty acid esters; polyethylene glycol fatty acid esters; polyethylene glwycol glycerol
fatty acid e=sters; polypropylene glycol fatty acid esters; polyoxyethylene glyceride-s; lactic acid
derivativess of monoglycerides; lactic acid derivatives of diglycerides; propwylene glycol
diglyceride=s; ransesterified vegetable oils; sterols; sterol derivatives; sugar emsters; sugar
ethers; swLacroglycerides; polyoxyethylene vegetable oils; polyoxyethylene he ydrogenated
vegetable oils; reaction products of polyols and at least one member of the grousp consisting
of fatty acsids, glycerides, vegetable oils, hydrogenated vegetable oils, and sterols; and
mixtures tereof.

Esspecially preferred lipophilic microphase-forming materials include mixtures of
polyethoxywlated castor oils and medium-chain glyceryl mono-, di-, andfor tri-alk ylates, (such
as mixtureas of CREMOPHOR RHA40 and CAPMUL MCM), mixtures of polwyoxyethyiene
sorbitan famtty acid esters and medium-chain glyceryl mono-, di-, and/or tri-alkyla-tes, (such as
mixtures of TWEEN 80 and CAPMUL MCM), mixtures of polyethoxylated ca=stor oils and
medium-cEnain glyceryl mono-, di-, andfor tri- alkylates, {such as mixtures of CEREMOPHOR
RH40 ancd ARLACEL 20), mixtures of sodium taurocholic acid and palmitomyi-2-oleyl-sn-
glycero-3-gphosphocholine and other natural or synthetic phosphatidylcholines, =and mixtures
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of polyglycolized glycerik des and medium-chain glycery! mono-, di-, and/or tri-alkylates, (such
as mixtures of Gelucire -44/14 and CAPMUL MCM).

Yet another solusbility-improved form of ziprasidone is ziprasidone in amorphous form.
Preferably, at least a rmajor portion of the ziprasidone is amorphous. By “amorphous” is
meant simply that the Zigrasidone is in a non-crystalline state. As used herein, the term "a
major portion” of mears that at least 60 wt% of the drug in the dosage form is in the
amorphous form, rather- than the crystaltine form. Preferably, the ziprasidone is substantially
amorphous. As use<«d herein, "substantially amorphous” means that the amount of
ziprasidone in crystaliine form does not exceed about 25 wit%. More preferably, the
ziprasidone is "almost completely amorphous,” meaning that the amount of ziprasidone in the-
crystaliine form does neot exceed about 10 wt%. Amounts of crystalline ziprasidone may be=
measured by Powder X-Ray Diffraction (PXRD), Scanning Electron Microscope (SEM®P
analysis, differential sscanning calorimetry (DSC), or any other standard quantitative=
measurement.

The amorphouas form of ziprasidone may be in any form in which Ziprasidone s
amorphous. Exampies of amorphous forms of ziprasidone include solid amorphouss
dispersions of Zziprasicione in a polymer, such as disclosed in commonly assigned us
published patent apoplication 2002/0009494A1  herein incorporated by reference=.
Alternatively, ziprasido ne may be adsorbed in amorphous form on a solid substrate, such a=s
disclosed in commonly assigned US published patent application 2003/0054037A1, hereimn
incorporated by reference. As vyet another altemative, amorphous ziprasidone may bee
stabilized using a matrix material, such as disclosed in commonly assigned US Patert
application 2003/01040363A1, herein incorporated by reference.

Another solubmility-improved form of ziprasidone is ziprasidone in a semi-ordere-d
state, such as disclosead in commonly assigned US Provisional Patent Application Serial NO.
60/403,087 filed August 12, 2002, herein incorporated by reference.

Several methods, such as an in vitro dissolution tast or a membrane permeation tesst
may be used to dete=rmine if a form of ziprasidone is a solubility-improved form and thme
degree of solubility imgprovement. An in vitro dissolution test may be performed by adding tme
solubility-improved form of ziprasidone to a dissolution test media, such as model fastead
duodenal (MFD) solustion, phosphate buffered saline (PBS) solution, simulated intestin-al
buffer solution. or wateer and agitating to promole dissolution. An appropriate PBS solution is
an aqueous solutione comprising 20 mM Na,HPO,, 47 mM KH.PO, 87 mM NaCl, ard
0.2 mM KCI, adjusted to pH 6.5 with NaOH. An appropriate MFD solution is the same PEBS
solution wherein there is also present 7.3 mM sodium tauracholic acid and 1.4 mM of 1-

palmitoyl-2-oleyl-sn-gl ycero-3-phosphocholine. Appropriate simulated intestinal buff-er

13



WO 2005/020929 PCT/US2004/028304

10

15

20

25

30

35

solutions include (1) 50 mM NaH,PO, and 2 wt% ssodium lauryl sulfate, adjusted to pH 7.5, (2)
50 mM NaH,PO, and 2 wt% sodium lauryl su Mate, adjusted to pH 6.5, and (3) 6 mM
NaH,PO,, 150 mM NaCl, and 2 wt% sodium lau ryl sulfate, adjusted to pH 6.5. Water is a
preferred dissolution media for some fast precipdtating salls. In one method for evaluating
whether the form is 2 solubility-improved form, the solubility-improved form of ziprasidone
when tested in an in vitro dissolution test meet=s at least one, and preferably both, of the
following conditions. The first condition is that thee solubility-improved form provides a higher
maximum dissolved drug concentration (MDC) of ziprasidone in the in vitro dissolution test
relative to a control composition consisting of th e crystalline free base form of ziprasidone.
That is, once the solubility-improved form is introeduced into a use environment, the solubility-
improved form provides a higher aqueous conceantration of dissolved ziprasidone relative to
the contro! composition. The control compasitio- n is the bulk crystaliine form of ziprasidone
free base alone. Itis important to note that the =solubility-improved form is dissolution tested
independently of the dosage form so that the supstained release means do not interfere with
evaluation of the degree of solubility improveme=nt. Preferably, the solubility-improved form
provides an MDC of ziprasidone in aqueous seolution thag is at least 1.25-fold that of the
control composition, more preferably at least 2-feld, and most preferably at least 3-fold. For
example, if the MDC provided by the test compomsition is 22 pg/mli, and the MDC provided by
the control composition is 2 pg/ml, the solubility—improved form provides an MDC thatis 11-
fold that provided by the control composition.

The second condition is that the solubilitys-improved form provides a higher dissolution
area under the concentration versus time curve & AUC) of dissolved ziprasidone in the in vitro
dissolution test relative to a control compositi#on consisting of an equivalent amount of
crystalline ziprasidone free base alone. More spmecifically, in the in vitro use environment, the
solubility-improved form provides an AUC for anwy 80-minute period from about 0 to about 270
minutes following introduction to the use environment that is at least 1.25-fold that of the
control composition described above. Preferabley, the AUC provided by the composition is at
teast 2-fold, more preferably at least 3-fold that o f the control composition.

An in vitro test to evaluate enhanced zi prasidone concentration in aqueous solution
can be conducted by (1) adding with agitation a ~sufficient quantity of control composition, that
is, the crystalline ziprasidone free base alone, t-o the in vitro test medium, such as an MFD,
PBS, or simulated intestinal buffer solution, 1o achieve equilibrium concentration of
ziprasidone; (2)in a separate test, adding with agitation a sufficient quantity of test
composition {e.g., the solubility-improved formY) in the same test medium, such that if all
ziprasidone dissolved, the theoretical concemtration of ziprasidone would exceed the
equilibrium concentration provided by crystalline= ziprasidone free base by a factor of at least
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2, and preferably by a factomr of at least 10; and (3) comparing the measured MDC and/or
aqueous AUC of the test cormposition in the test medium with the equilibrium concentration,
and/or with the aqueous AU®C of the control composition. In conducting such 2 dissolution
test, the amount of test comgosition or control composition used is an amount such that if all
of ziprasidone dissolved, the ziprasidone concentration would be at least 2-fold, preferably at
teast 10-fold, and most prefer—ably at least 100-fold that of the equilibrium concentration.

The concentration of dissolved ziprasidone is typically measured as a function of time
by sampling the test mediurm and plotting ziprasidone concentration in the test medium vs.
time so that the MDC can b-e ascertained. The MDG is taken to be the maximum value of
dissolved ziprasidone meassured over the duration of the test. The agueous AUC is
calculated by integrating the concentration versus time curve over any 90-minute timé period
between the time of introduc=tion of the composition into the aqueous use environment (when
fime equé|s zero) and 270 minutes following introduction to the use environment (when time
equals 270 minutes). Typically, when the composition reaches its MDC rapidly, (in less than
about 30 minutes), the time interval used to calculate AUC is from time equals zero to time
equals 90 minutes. Howevesr, if the AUC of a composition over any 90-minute time period
described above meets the criterion of this invention, then the ziprasidone is considered to be
in a solubility-improved form_

To avoid large drug particulates that would give an erroneous determination, the test
solution is either filtered or centrifuged. “Dissolved drug” is typically taken as that material
that either passes a 0.45 pmm syringe fiter or, alternatively, the material that remains in the
supernatant following centricfugation. Filtration can be conducted using a 13 mm, 0.45 pm
polyvinylidine difluoride syeringe filter soid by Scientific Resources under the trademark
TITAN®. Centrifugation is- typically carried out in a polypropylene microcentrifuge tube by
centrifuging at 13,000 G for 60 seconds. Other similar fittration or centrifugation methods can
be employed and useful ressults obtained. For example, using other types of microfilters may
yield vaiues somewhat higier or tower (+10-40%) than that obtained with the filter specified
above but will still allow icllentification of preferred solubility-improved forms. It should be
recognized that this definiticon of “dissolved drug" encompasses not only monomeric solvated
drug molecules but also a v=vide range of species such as polymer/drug assemblies that have
submicron dimensions sucha as drug aggregates, aggregates of mixtures of polymer and drug,
micelles, polymeric micelless, colloidal particles or nanocrystals, polymer/drug complexes, and
olher such drug-containingg species that are present in the filtrate or supernatant in the
specified dissolution test.

In another method ®or evaluation of whether a drug form is a solubility-improved form,
the dissolution rate of thez solubility improved form is measured and compared to the
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dissolution rate of the free base form of ziprasidone having an average particle size of 10 pm.
The dissolution rate may be tested im any appropriate dissolution media, such as PBS
solution, MFD solution, simulated intestiinal buffer solution, or distilled water. Distilled water is
a preferred dissolution media for salt for-ms that rapidly precipitate. The dissolution rate of the
solubility-improved form is greater trman the dissolution rate of the free base form of
ziprasidone having an average particle size of 10 pm. Preferably, the dissolution rate is 1.25-
fold that of the free base form of Ziprassidone, more preferably at least 2-fold that of the free
base, and even more preferably at leas® 3-fold that of the free base.

Alternatively, an in vilro mem prane-permeation test may be used to determine if
ziprasidone is in a solubility-improved feorm. In this test, the solubility-improved form is placed
in, dissolved in, suspended in, or other-wise delivered to the agueous solution to form a feed
solution. The aqueous solution can be any physiologically relevant solution, such as an MFD
or PBS or simulated intestinal buffer solution, as described above. After forming the feed
solution, the solution may be agitatedl to dissclve or disperse the solubitity-improved form
therein or may be added immediately~ 10 a feed solution reservoir. Alternatively, the feed
solution may be prepared directly in a ®eed solution reservoir. Preferably, the feed solution is
not filtered or centrifuged after adrministration of the solubility-improved form prior to
performing the membrane-permeation ®est.

The feed solution is then plamced in contact with the feed side of a microporous
membrane, the feed side surface of the microporous membrane being hydrophilic. The
portion of the pores of the membrane that are not hydrophilic are filled with an organic fluid,
such as a mixture of decanol and decane, and the permeate side of the membrane is in fluid
communication with a permeate solutieon comprising the organic fiuid. Both the feed solution
and the organic fluid remain in contact with the microporous membrane for the duration of the
test. The length of the test may range from several minutes to several hours or even days.

The rate of transport of drug from the feed solution to the permeate solution is
determined by measuring the concemntration of drug in the organic fluid in the permeate
sofution as a function of time or by meaasuring the concentration of drug in the feed solution as
a function of time, or both. This car be accomplished by methods welt known in the art,
including by use of ultraviolet/visible (\VIVis) spectroscopic analysis, high-performance liquid
chromatography (HPLC), gas chromaatography (GC), nuclear magnetic resonance (NMR),
infra red (IR) spectroscopic analysis-, polarized light, density, and refractive index. The
concentration of drug in the organic fi-uid can be determined by sampling the organic fluid at
discrete time paints and analyzing fo r drug concentration or by continuously analyzing the
concentration of drug in the organic #fluid. For continuous analysis, UV/Vis probes may be
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used, as can flow-through celQds. In all cases, the concentration of drug in the organic fuid is
determined by comparing the ~vesults against a set of standards, as well known in the art.

From these data, the maximum flux of drug across the membrane is calculated by
multiplying the maximum slopae of the concentration of drug in the permeate solution versus
time plot by the permeate voleyme and dividing by the membrane area. This maximum slope
is typically determined during the first 10 to 90 minutes of the test, where the concentration of
drug in the permeate solution= often increases at a nearly constant rate following a short time
lag of a few minutes. At long-er times, as more of the drug is removed from the feed solution,
the stope of the concentratior versus time plot decreases. Often, the slope approaches zero
as the driving force for transgoort of drug across the membrane approaches zero; that is, the
drug in the two phases approsaches equilibrium. The maximum flux is determined either from
the linear portion of the conc_entration versus time plot, or is estimated from a tangent to the
concentration versus time picot at time where the slope is at its highest value if the curve is
non-linear. Further details of this membrane-permealion test are presented in co-pending
U.S. Patent Application Seriaal No. 60/557.897, entitled “Method and Device for Evaluation of
Pharmaceutical Compositiors,” filed March 30, 2004 (attorney Docket No. PC25968),
incorporated herein by refere-nce.

A typical in vitro rmmembrane-permeation test to evaluate solubility-improved drug
forms can be conducted by C 1) administering a sufficient quantity of test composition (that is,
the solubility-improved ziprassidone} to a feed solution, such that if all of the drug dissolved,
the theoretical concentration- of drug would exceed the equilibrium concentration of the drug
by a factor of at least 2; (=2) in a separate test, adding an equivalent amount of control
composition (that is, crystamlline ziprasidone free base) to an equivalent amount of test
medium: and (3) determinin=g whether the measured maximum flux of drug provided by the
test composition is at least 1. .25-fold that provided by the control composition. A composition
is a solubility-improved form of ziprasidone if, when dosed to an aqueous use environment, it
provides a maximum flux eof drug in the abave test that is at least about 1.25-fold the
maximum flux provided by time control composition. Preferably, the maximum flux provided by
the compositions are at leasSt about 1.5-fold, more preferably at least about 2-fold. and even
more preferably at least about 3-fold that provided by the control composition.

RELEASE PROFILE
The sustained relea-se oral dosage forms release at least a portion of the ziprasidone

from the dosage form after =about 2 hours after administration to a use environment. In other
words, the dosage forms deo not release all of the ziprasidone immediately. By “immediate
release” is meant that a dos age form releases greater than S0 wi% of all of the ziprasidone in
the dosage form within the first two hours following administration. In one embodiment, the
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sustained release dossage form releases no greater than 80 wt% of the ziprasidone from the
dosage form during tHe first 2 hours after administration to an in vitro use environment. In
other embodiments, &he dosage form releases no greater than 80 wt%, no greater than
70 wi%, or even no greater than about 60 wi% of the ziprasidone during the first 2 hours after
administration to a usee environment. The time to release at least 80 wt% of ziprasidone from
the dosage form may be at least 4 hours, at least 6 hours, at least 8 hours, at least 10 hours,
or even at least 12 h=ours. By Trelease” is meant the amount of ziprasidone that exits or is
released by the dosa ge form, rather than the amount of ziprasidone that is dissolved in the
use environment. T hus, for example, the dosage form may release ziprasidone that is
crystalline (not disso lved) into the use environment, which then dissolves subsequent to
release.

An in vitro iesSt may be used to determine whether a dosage form releases at least a
portion of the ziprasicione from the dosage form after about 2 hours after administration to a
use environment. In vitra lests are well known in the art. The in vitro tests are designed to
approximate the behaavior of the dosage form in vivo. One such test is a “residual test,” which
is performed as follows. A plurality of dosage forms are each placed into separate stirred
USP type 2 dissoluticon flasks containing 900 mL of 0.05 M sodium dihydrogen phosphate, pH
6.5, with 2 wt% sodkium lauryl suifate, at 37°C simulating an intestinal environment. The
dosage form is place«d in the dissolution medium, and the medium is stirred using paddies that
rotate at a rate of 75- rpm. When the dosage form is in the form of a tablet, capsule or other
solid dosage form, thme dosage form may be placed in a wire support to keep the dosage form
off of the bottom of t he flask, so that all of its surfaces are exposed to the dissolution media.
After a given time in terval, a dosage form is removed from a flask, material adhering to the
surface is wiped away from the surface of the dosage form, and the dosage form cut in half
and placed in 100 m3L of a recovery solution as follows. For the first two hours, the dosage
form is stirred in 25 mL acetone or other solvent suitable to dissoive any coating on the
dosage form. Next, 75 mL of methanol is added and stirring continued overnight at ambient
temperature to dissclve the drug remaining in the dosage form. Approximately 2 mL of the
recovery solution is wemoved and centrifuged, and 250 uL of supernatant added to an HPLC
vial and diluted with» 750 uL methanol. Residual drug is then analyzed by HPLC. HPLC
analysis is performe«d using a Zorbax RxC8 Reliance column. The mobile phase consists of
55% 50 mM potassimm dihydrogen phosphate, pH 6.5 and 45% acetonitrile. UV absorbance
is measured at 315 rm. The amount of drug remaining in the dosage form is subtracted from
the total drug initiallw/ present in the dosage form to obtain the amount released at each time
interval.
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The dosage forms of ithe present inveantion may also be evaluated using 2 so-called
“direct" test, where the dosage form is plac-ed into a stirred USP type 2 dissolution flask
containing 900 mL of 0.05 M sodium dihydrog=en phosphate, pH 6.5, with 2 wt% sodium lauryl
sulfate, at 37°C simulating an intestinal envir-onment as previously described. The dosage
form is placed in a wire support in the dissot ution medium, and the medium is stirred using
paddles that rotate at a rate of 75 rpm. Sammples of the dissolution medium are taken at
periodic intervals, for example, by using a VanKel VK8000 autosampling dissoette with
automatic receptor solution replacement. The concentrationv of released drug in the
dissolution medium is then determined by HEPLC, as described above. (In scme cases the
released ziprasidone may not be sufficiently =solubilized to be completely dissolved. In such
cases, the released suspended ziprasidone contained in the sample is dissolved and then
assayed). The mass of released drug in the dissolution medium is then calculated from the
concentration of drug in the medium and th e volume of the medium, and expressed as a
percentage of the mass of drug originally pressent in the dosage form.

In some embodiments, the sustained release dosage form may provide certain blood
levels of ziprasidone following administration.

In one aspect, the sustained release dosage form provides a steady state minimum
blood ziprasidone conceniration. The susta ined release dosage form provides a minimum
steady state blood ziprasidone concentratiomn in the blood (Cmin} Of at least 20 ng/mi after
administration in the fed state either once or t-wice a day. By “steady state” is meant the state
achieved after administration of the dosage form over a sufficient period of time (e.g.. from
three days to a week) so that the maximum and minimum ziprasidone concentrations in the
blood have plateaued (that is, reached a relaatively constant value). (Of course, reference to
administration of a dosage form means domsage forms having the same composition are
administered once or twice a day to achieve ssteady state, and not that a single dosage form is
repeatedly administered). Preferably, the swustained release dosage form provides a steady
state minimum concentration of ziprasidones in the blood of at least 30 ng/ml, and more
preferably at least 50 ng/ml.

The sustained release dosage formms also limit the maximum steady state blood
ziprasidone concentration (Cma). The sustamined release dosage form provides a maximum
steady state blood ziprasidone concentrati on in the blood of less than 330 ng/ml after
administration in the fed state when adminis@ered either once or twice a day. Preferably, the
sustained release dosage form provides a steady state maximum concentration of
ziprasidone in the blood of less than 265 ng/rmi, and more preferably less than 200 ng/mi.

In a preferred embodiment, the dos=age form limits the steady state ratio of Cnax t0
Cma. In one embodiment, when the sustain-ed release dosage form is dosed twice per day,
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the suslained release dosage form provicdes a steady state ratio of the maximum
concentration of Ziprasidone in the blood (Cmex) t0 the minimum concentration of ziprasidone
in the blood (Cmn) that is less than about 2.6. By keeping the ratio of Cmax 10 Cmin low, the
sustained release dosage form may provide> a more uniform patient response, and may
reduce or mitigate side effacts relative to an immediate release dosage form containing the
same amount of ziprasidone. in a more prefearred embodiment, the steady state ratio of Cmex
to Cmn is less than about 2.4, and even mo re preferably less than about 2.2, when dosed
twice per day. In another embodiment, when dosed only once per day, the sustained release
dosage form provides a steady state ratio of t he maximum concentration of ziprasidone in the
blood (Cmex) to the minimum concentration of ziprasidone in the blood (Crin) that is less than
about 12. In a more preferred embodiment, /he steady state ratio of Cpax t0 Cumin is less than
about 10, and even more preferably is less th=zan about 8 when dosed only once per day.

In another aspect, the sustained rele2ase dosage form provides a steady state area
under the concentration of ziprasidone in the blood versus time curve after administration in
the fed state. For those dosage forms that are administered twice daily, the steady state
AUCq.; (where 1 is the dosing interval) is pre=ferably at least 240 ng-hr/ml, more preferably at
least 420 ng-hriml, and even more preferabl-y at least 600 ng-hr/ml. For those dosage forms
administered once per day, the sustained re=lease dosage form preferably provides a steady
state AUC,., after administration in the fed s®ate that is at least 480 ng-hr/ml, more preferably
at least 840 ng-hr/ml, and even more prefera bly at least 1200 ng-hr/mi.

In some embodiments, the susstained release dosage forms may provide
improvement relative to the IR oral capsule.

In one aspect, the sustained releas-e dosage form reduces the steady state ratio of
Cuex 10 Cmin refative to that provided by a control IR oral capsule when administered at the
same dosing interval. By “control IR ora | capsule” is meant the commercially available
GEODON™ capsules for oral administration manufactured by Pfizer, Inc. containing the same
amount of active ziprasidone. GEODONJI™ capsules contain ziprasidone hydrochloride
monohydrate, lactose, pregelatinized starck, and magnesium stearate. (If the commercial
GEODON capsule is unavailable, the contreot IR oral capsule means a capsuie that releases
greater than 95 wi% of ziprasidone within twero hours following administration to the dissolution
test media described in the dissolution test exemplified in the In Vitro Release Tests of the
Examples as reported in Table 6). More gpreferably, the steady state ratio of Cnax t© Cain
provided by the sustained release dosage fcorm is less than 90% that of the control immediate
release oral capsule, and even more preferaably is less than 80% that of the control immediate
release oral capsule. Lowering the steady~ state ratio of Cmsx 10 Cmin has the advantage of
allowing the sustained release dosage form._s to either contain greater amounts of ziprasidone
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{relative t-o the IR oral capsule) and result in higher doses without increasing the rnaximum
ziprasidorne blood concentrations, or contain the same amount of ziprasidone (relati ve to the
IR oral campsule) but lower the maximum ziprasidone blood concentration.

it is also desired that while the dosage forms reduce the ratio of Crex 0 Crmin: the
dosage fcrms do not substantially decrease the relative bioavailability of ziprasidorze. Thus,
in yet ancother aspect, the sustained release dosage forms of the present invention preferably
provide am relative bioavailability when administered to a human patient in the fed sstate of at
feast S0%% relative to a control IR oral capsule containing the same amount of ziprassidone. In
a more poreferred embodiment, the sustained release dosage form may provide a relative
bioavailadbility of at least 60% relative to the immediate release capsule. In an e-ven more
preferredd embodiment, the sustained release dosage form provides a relative bioavaailability is
at least 7~ 0% relative to the immadiate release capsule.

Whe Cmsx:. Crmin: Cmax/Cin ratio, and relative bioavailability of ziprasidone provided by
the sust=ained release dosage forms can be tested in vivo in humans using comnventional
methods for making such a determination. An in vivo test, such as a crossover studly, may be
used to clelermine the relative bioavailability of the sustained release dosage form compared
with the control IR oral capsule containing the same amount of active ziprasidore. In an
in vivo carossover study a test sustained release dosage form is dosed to half a group of test
subjects and, after an appropriate washout period (e.g.. one week) the same sumbjects are
dosed weith the control IR oral capsule that consists of an equivalent quantity of zi prasidone.
The otheer half of the group is dosed with the IR oral capsule first, followed t»y the test
sustaine-d release dosage form. The relative bioavailability is measured as the corncentration
of ziprassidone in the blood (serum or plasma) versus time area under the curve (AUC)
determired for the test group divided by the AUC in the blood provided by the core trol IR oral
capsule— Preferably, this test/control ratio is determined for each subject, and ther the ratios
are averraged over all subjects in the study. /n vivo determinations of AUC can b @ made by
plotting the serum or plasma concentration of drug along the ordinate (y-axis) aggainst time
along th e abscissa (x-axis). Methods for determining the AUCs and the relative bicavailability
of a do=sage form are well known in the art. (The calculation of an AUC is a -well-known
procedumre in the pharmaceutical arts and is described, for example, im Welling,
“Pharmazcokinetics Processes and Mathematics,” ACS Monograph 185 (1986)).

Ziprasidone blood concentrations and relative bioavailability are meassured after
adminis—tration of the sustained release dosage form and the immediate release <control oral
dosage form in the fed state. By “fed state” is meant after a meal as is known by tkose skilied
in the =art. Far example. administration in the fed state may be administrat ion after a
standawd” breakfast consisting of 2 eggs fried in butter, 2 strips of bacon, 2 ounces of hash
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brown potatoes, 2 slices of white toast with 2 pats of butter, and 240 mlL of whole milk. The
entire meal is to bex consumed within 20 minutes prior to receiving the dosage form.
PRECIPITATION INHIBITORS
For those embodiments which release ziprasidone over a long period of time,

particularly those that allow once a day administration of the sustained release dosage form,
the sustained rele ase dosage form releases ziprasidone in a form and manner that facilitates
absorption from thse lumen of the intestines. In these embodiments, the dosage form contains
ziprasidone in a solubility-improved form, and a precipitation inhibitor to improve the
concentration of dissolved ziprasidone in the use environment.

By a "precipitation inhibitor® is meant any material known in the art that is capable of
slowing the rate at which ziprasidone crystaliizes or precipitates from an aqueous solution that
is supersaturated with ziprasidone. Precipitation inhibitors suitable for use in the sustained
release dosage forms of the present invention should be inert, in the sense that they do not
chemically react with ziprasidone in an adverse manner, be pharmaceutically acceptable, and
have at least some solubility in.agueous solution at physiologically relevant pHs (e.g. 1-8).
The precipitation inhibitor can be neutral or ionizable, and should have an aqueous-solubility
of at least 0.1 mgZ mL over atleast a portion of the pH range of 1-8.

Precipitation inhibitors may be polymers of non-polymeric.  Precipitation-inhibiting
polymers suitable for use with the present invention may be cellulosic or non-cellulosic. The
polymers may be neutral or ionizable in aqueous solution. Of these, ionizable and cellulosic
polymers are preferred, with ionizable cellulosic polymers being more preferred.

A preferred class of polymers comprises polymers that are “amphiphilic” in nature,
meaning that the polymer has hydrophobic and hydrophilic portions. The hydrophobic portion
may comprise groups such as aliphatic or aromatic hydrocarbon groups. The hydrophilic
portion may comporise either ionizable or non-ionizable groups that are capable of hydrogen
bonding such as hydroxyls, carboxylic acids, esters, amines or amides.

One class of polymers suitable for use with the present invention comprises neutral
non-cellulosic polymers. Exemplary polymers include: vinyl polymers and copolymers having
substituents of hysdroxyl, alkylacyloxy, or cyclicamido; polyvinyl alcohols that have at least a
portion of their wepeat units in the unhydrolyzed (vinyl acetate) form; polyvinyl alcohol
polyvinyl acetate copolymers; polyvinyl pyrrolidone; polyoxyethylene-polyoxypropylene
copolymers, also known as poloxamers; and polyethylene polyvinyl alcohol copolymers.

Another class of polymers suitable for use with the present invention comprises
ionizable non-celiulosic polymers. Exemplary polymers include: carboxylic acid-
functionalized virryl polymers, such as the carboxylic acid functionalized polymethacrylates
and carboxylic acid functionalized polyacrylates such as the EUDRAGITS® manufactured by
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Degussa, of Malcien, Massachusetts;  amine-functionalized polyacrylates  and
polymethacrylates; proteins; and carboxylic acid functionalized starches such as starch
glycolate.

Non-cellulosic polymers that are amphiphilic are copolymers of a relatively hydrophilic
and a relatively hydr-ophobic monomer. Examples include acrylate and methacrylate
copolymers, and polyroxyethylene-polyoxypropylene copolymers. Exemplary commercial
grades of such copolyrmers include the EUDRAGITS, which are copolymers of methacrylates
and acrylates, and Ehe PLURONICS supplied by BASF, which are polyoxyethyiene-
polyoxypropylene copoalymers.

A preferred cl ass of polymers comprises ionizable and neutral cellulosic polymers
with at least one ester— andlor ether-linked substituent in which the polymer has a degree of
substitution of at least 0.1 for each substituent.

It should be noted that in the polymer nomenclature used herein, ether-linked
substituents are recitead prior to "cellulose” as the moiety attached to the ether group; for
example. "ethylbenzoi-C acid cellulose” has ethoxybenzoic acid substituents. Analogously,
ester-linked substituemnts are recited after “cellulose” as the carboxylate; for example,
"cellulose phthalate” as one carboxylic acid of each phthalate moiety ester-linked to the
polymer and the other carboxylic acid unreacted.

It should also be noted that a polymer name such as "cellulose acetate phthalate”
(CAP) refers to any of the family of cellulosic polymers that have acetate and phthalate
groups attached via esster finkages to a significant fraction of the cellulosic polymer's hydroxyl
groups. Generally, thes degree of substitution of each substituent group can range from 0.1 to
2.0 as long as the othear criteria of the polymer are met. "Degree of substitution” refers to the
average number of the three hydroxyls per saccharide repeat unit on the cellulose chain that
have been substituted . For example, if all of the hydroxyls on the celiulose chain have been
phthalate substituted, the phthalate degree of substitution is 3. Also included within each
polymer family type are cellulosic polymers that have additional subslituents added in
relatively small amoun “ts that do not substantially alter the performance of the polymer.

Amphiphilic ce2llulosics comprise polymers in which the parent cellulosic polymer has
a degree of substituti on of at least one relatively hydrophobic substituent of at least 0.1.
Hydrophobic substitueants may be essentially any substituent that, if substituted to a high
enough level or degre«e of substitution, can render the cellulosic polymer essentially aqueous
insoluble. Examples -of hydrophobic substituents include ether-linked alkyl groups such as
methyl, ethyl, propyl, butyl. etc.; or ester-linked alkyl groups such as acetate, propionate,
butyrate, etc.; and efther- and/or ester-linked aryl groups such as phenyl, benzoate, or
phenylate. Hydrophitic regions of the polymer can be either those portions that are relatively
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unsutostituted, since the unsubstituted hydroxyls are themselves rela“tively hydrophilic, or
those regions that are substituted with hydrophilic substituents. Hycdrophilic substituents
includlle ether- or ester-linked nonionizable groups such as the hydrooxy alkyl substituents
hydro xyethyl, hydroxypropyi, and the alkyl ether groups such 23S ethoxyethoxy of
methOxyethoxy. Particularly preferred hydrophilic substituents are thosse that are ether- of
ester—linked ionizable groups such as carboxylic acids. thiocarboxyllic acids, substituted
phencxy groups, amines, phosphates or sulfonates.

One class of cellulosic polymers comprises neutral polymer=s, meaning that the
polyrmers are substantially non-ionizable in aquecus solution. Such poolymers contain non-
ionizamble substituents, which may be either ether-linked or ester-linkecd. Exemplary ether-
linkecl ron-ionizable substituents include: alkyl groups, such as methyl , ethyl, propyl, butyl.
atc.; Fydroxy alkyl groups such as hydroxymethyl, hydroxyethyl, nydroxywpropyl, etc.; and aryl
groupms such as phenyl. Exemplary ester-linked non-ionizable substit uents include: alkyl
groupms, such as acetate, propionate, butyrate, etc.; and aryl groups Such as phenylate.
Howemver, when aryl groups are included, the polymer may need to inclucte a sufficient amount
of a Ehydrophilic substituent so that the polymer has at least some w ater solubility at any
physisologically relevant pH of from 1 to 8.

Exemplary non-ionizable polymers that may be used as t he polymer include:
hydromxypropyl methyl cellulose acetate, hydroxypropyl methy! celitalose, hydroxypropy!
cellulense, methyi cellulose, hydroxyethyt methyl cellulose, hydroxyethyl cellulose acetate, and
hydromxyethyl ethyl cellulose.

A preferred set of neutral cellulosic polymers are those t-hat are amphiphillc.
Exemmplary polymers include hydroxypropyl methyl cellulose and hycdroxypropyl cellulose
aceta te. where cellulosic repeat units that have relatively high nhumberss of methyl or acetate
subst ituents relative to the unsubstituted hydroxyl or hydroxypropyl s wbstituents constitute
hydro= phobic regions relative to other repeat units on the polymer.

A preferred class of cellulosic polymers comprises polymers theat are at least partially
jonizeable at physiologically relevant pH and include at least one ionizakole substituent, which
may be either ether-inked or ester-linked. Exemplary ether-linked i onizable substituents
inclucte: carboxylic acids, such as acetic acid, propionic acid, benzoi c acid, salicytic acid,
alkox=ybenzoic acids such as ethoxybenzoic acid or propoxybenzoic acicd, the various isomers
of alkzoxyphthalic acid such as ethoxyphthalic acid and ethoxyisophth=alic acid, the various
isome=rs of alkoxynicotinic acid such as ethoxynicotinic acid, and the= various isomers of
picoliric acid such as ethoxypicolinic acid, etc.: thiocarboxylic acids, su ch as thioacetic acid;
subst3tuted phenoxy groups, such as hydroxyphenaxy, etc.; amines, ssuch as aminosathoxy,
diethywlaminoethoxy, trimethylaminoethoxy, etc.. phosphates. such as pBhosphate ethoxy; and
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sulfonates, such as sulphonate ethoxy. Exemplary ester lirmked ionizable substituents include:
carboxylic acids, such as succinate, citrate, phthalate, terepohthalate. isophthalate, trimelitate,
and the various isomers of pyridinedicarboxylic acid, efkc.; thiocarboxylic acids, such as
thiosuccinate; substituted phenoxy groups, such as amirmo salicylic acid; amines, such as
natural or synthetic amino acids, such as alanine or pheenylalanine; phosphates, such as
acetyl phosphate; and sulfonates, such as acetyl sulffonate. For aromatic-substituted
polymers to also have the requisite aqueous solubility, it is also desirable that sufficient
hydrophilic groups such as hydroxypropy! or carboxylic aci d functional groups be attached to
the polymer to render the polymer aqueous soluble at leas=t at pH values where any ionizable
groups are ionized. In some cases, the aromatic groups may itself be ionizable, such as
phthatate or trimellitate substituents.

Exemplary ceflulosic polymers that are at least partially ionized at physiologically
relevant pHs include: hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl
methyl cellulose succinate, nydroxypropy! cellulose acetamte succinate, hydroxyethyl methyl
cellulose succinate, hydroxyethyl cellulose acetate succinaate, hydroxypropyl methyl cellulose
phthalate, hydroxyethyl methyl cellulose acetate succinz=ate, hydroxyethyl methyl cellulose
acetate phthalate, carboxyethyl cellulose, carboxymeth yl cellulose, carboxymethyl ethyl
cellulose, cellulose acetate phthalate, methyi cellulose acetate phthalate, ethyl cellulose
acetate phthalate, hydroxypropy! cellulose acetate phthalate, hydroxypropy! methyl cellulose
acetate phthalate, hydroxypropy! cellulose acetate phthala:te succinate, hydroxypropy! methyl
cellulose acetate succinate phthalate, hydroxypropyl methyl cellulose succinate phthalate,
cellulose propionate phthalate, hydroxypropyl celiulose buityrate phthalate, cellulose acelate
trimellitate, methyl cellulose acetate trimellitate, eth yl cellulose acetate trimeliitate,
hydroxypropyl cellulose acetate trimellitate, hydroxygporopyl methyl cellulose acetate
trimellitate, hydroxypropyt cellulose acetate trimellitates succinate, cellulose propionate
trimellitate, cellulose butyrate trimellitate, cellulose acetamte terephthalate, cellulose acetate
isophthalate, cellulose acetate pyridinedicarboxylate,  salicylic acid cellulose acetate,
hydroxypropy! salicylic acid cellulose acetate, ethyllbenzoic acid celiuiose acetate,
hydroxypropyl ethytbenzoic acid cellulose acetate, ethyl p hthalic acid cellulose acetate, ethyl
nicotinic acid cellulose acetate, and ethyl picolinic acid cell ulose acetate.

Exemplary cellulosic polymers that meet the definition of amphiphilic, having
hydrophilic and hydrophobic regions include polymers smuch as cellulose acetate phthalate
and cellulose acetate trimellitate where the cellulosic re=peat units that have one or more
acetate substituents are hydrophobic relative to those th at have no acetate substituents or
have one or more ionized phthalate or trimellitate substitue=nts.
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A particularly desirable subset of cellulosic ionizable polymers are= those that possess
both a carboxylic acid functional aromatic substituent and an alkylate sub stituent and thus are
amphiphilic. Exemplary polymers include cellulose acetate phthalalte, methy! celiuiose
acetate phthalate, ethyl cellulose acetate phthalate, hydroxypropy~| cellulose acetate
phthalate, hydroxypropyl methyl cellulose phthalate, hydroxypropyl metlihyl cellulose acetate
phthalate, hydroxypropyl cellulose acetate phthalate succinate, c=elulose propionate
phthalate, hydroxypropyl cellulose butyrate phthalate, cellulose acetatez trimellitate, methyl
cellulose acetate trimellitate, ethyl cellulose acetate trimeliitate, hyd roxypropyl cellulose
acetate trimellitate, hydroxypropyl methyl celiulose acetate trimell itate, hydroxypropyl
cellulose acetate trimeliitate succinate, cellulose propionate trimellitate, cellulose butyrate
trimellitate, cellulose acetate terephthalate, cellulose acetate isophthalamte, cellulose acetate
pyridinedicarboxylate, salicylic acid celiulose acetate, hydroxypropyl saalicylic acid cellulose
acetate, ethylbenzoic acid cellulose acetate, hydroxypropyl ethylbernzoic acid cellulose
acetate, ethyl phthalic acid cellulose acetate, ethyl nicotinic acid celiulosse acetate, and ethyl
picolinic acid cellulose acetate. .

Another particularly desirable subset of cellulosic ionizable polwymers are those that
possess a non-aromatic carboxylate substituent. Exemplary polymers imnclude hydroxypropyl
methyl celiulose acetate succinate, hydroxypropyl methyi cellulose sucecinate, hydroxypropyl
cellulose acetate succinate, hydroxyethyl methyl cellulose acetate suaccinate, hydroxyethyl
methyl cellulose succinate, hydroxyethyl cellulose acetate succinate, ancd carboxymethyl ethyl
cellulose.

While, as listed above, a wide range of polymers may be usecd, the inventors have
found that relatively hydrophobic polymers have shown the beast performance as
demonstrated by high MDC and AUC values. In particular, cellulossic polymers that are
aqueous insoluble in their nonionized state but are aqueous soluble in their ionized state
perform particularly well. A particular subclass of such polymers are t"he so-called “enteric”
polymers, which include, for example, hydroxypropyl methyl cellulosse acetate succinate
{(HPMCAS), hydroxypropyl methyl cellulose phthalate (HPMCP), cellulcose acetate phthalate
(CAP), cellulose acetate trimellitate (CAT), and carboxymethyl ethyl c=ellulose (CMEC). In
addition, non-enteric grades of such polymers, as well as closely relate-d cellulosic polymers,
are expected to perform well due to the similarities in physical properties .

Thus, especially preferred polymers are hydroxypropyl metlhyl cellulose acetate
succinate (HPMCAS), hydroxypropyl methyl cellulose phthalate (HPMCCP), cellulose acetate
phthalate (CAP), cellulose acetate trimellitate (CAT), methyl cellulosse acetate phthalate,
hydroxypropyl methy! cellulose acetate phthalate, cellulose acetate te rephthalate, cellulose
acetate isophthalate, and carboxymethyl ethyl cellulose. The mosst preferred ionizable
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cellulosic polymers are hydroxypropyl methy! cellulose acetate succinate, hydroxypropPy!
methyl cellelose phthalate, cellulose acetate phthalate, celiulose acetate trimellitate, asnd
carboxymeti—yi ethyl cellulose.

Whike specific polymers have been discussed as being suitable for use in tihe
compositionss of the present invention, blends of such polymers may also be suitable. Th us
the term "po lymer” is intended to include blends of polymers in addition to a single species of
polymer. In particular, it has been found that ionizable cellulosic polymers such as HPMCAAS
function besst over particular pH ranges. For example, HPMCAS aqueous properties are= a
function of tlhe degree of substitution of each of the substituents: hydroxypropoxy, methomy,
acetate, ancll succinate, as well as the pH of the use environment. For example, HPMCAS= is
manufacturead by Shin-Etsu, and sold under the trade name AQOAT as three different gradkes
that differ ira their levels of substituents and therefore their properties as & function of oH.
Thus, it has been found in in vitro tests, that the H grade of HPMCAS is preferred for inhibitk on
of crystallizaation in a pH 6.5 use environment. The H grade of HPMCAS has 22-26 wt%
methoxy, 6 10wt% hydroxypropoxy, 10-14 wt% acetate, and 4-8 wt% succinate groups. At
lower pH va lues, say 5 to 6, the M grade of HPMCAS is preferred. The M grade of HPMC.AS
has 21-25 wwt% methoxy, 5-9wt% hydroxypropoxy, 7-11 wi% acetate, and 10-14 wet%
succinate gwoups. It has also been found that in a use environment where the pH may be
variable, su ch as in the Gl tract of a mammal, a mixture of two or more grades may be
preferred. SSpecifically, the inventors have found that delivering a solubility improved forrs of
ziprasidone . such as the chloride salt in micronized form, along with a crystallization inhib itor
comprising a mixture of HPMCAS grades, such as a 1 to 1 mixture of the H grade andB M
grade of HP-MCAS, to the G tract of a mammal, yields excellent absorption of ziprasidone.

Ancether preferred class of polymers consists of neutralized acidic polymers. By
"neutralized acidic polymer” is meant any acidic polymer for which a significant fraction of the
“acidic moieeties” or “acidic substituents” have been "neulralized”; that is, exist in tHFeir
deprotonate=d form. By "acidic polymer” is meant any polymer that possesses a signific=ant
number of acidic moieties. In general, a significant number of acidic moieties would be
greater thar or equal to about 0.1 milliequivalents of acidic moieties per gram of polyn—er.
»Acidic moiesties” include any functional groups that are sufficiently acidic that, in contact wvith
or dissolvecd in water, can at least partially donate a hydrogen cation to water and t@us
increase thee hydrogen-ion concentration. This definition includes any functional groups or
~substituent ," as it is termed when the functional group is covalently attached to a polyner,
that has a pKa of less than about 10. Exemplary classes of functional groups that are
included in the above description include carboxylic acids. thiocarboxylic acids, phosphaztes,
phenolic groups, and sulfonates. Such functional groups may make up the primary structture
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of the polymer such as for polyacrylic acid, but more gene=rally are covalently attached to the
backbone of the parent polymer and thus are termed “substituents.” Neutralized acidic
polymers are described in more detail in commonly assigned copending US Patent
Application Serial No. 10/1 75,566 entitied "Pharmaceumtical Compositions of Drugs and
Neutralized Acidic Polymers® filed June 17, 2002, thex relevant disclosure of which is
incorporated by referance.

In addition, the preferred polymers listed above, thaat is amphiphilic cellulosic polymers,
tend to have greater precipitation-inhibiting properties re=lative to the other polymers of the
present invention.  Generally those precipitation-inhibilting polymers thét have ionizable
substituents tend to perform best. n vitro tests of compeositions with such polymers tend to
have higher MDC and AUC values than compositions with cther polymers of the invention.

Saveral methods, such as an in vitro dissolution t-est or a membrane permeation test
may be used to evaluate precipitation inhibitors emnd the degree of concentration
enhancement provided by the precipitation inhibitors. aAn in vitro dissolution test may be
performed by adding the solubility-improved form of ziprassidone together with the precipitation
inhibitor to MFD or P8BS or simulated intestinal buffer solution and agitating to promote
dissolution. To evaluate the utility of precipitation inhibitcors in use environments at other pH
values, it may be desirable to use other similar dissOlution media that have pH values
adjusted to other values. For example, an acid such as E-HCl or H,PO, may be added to PBS
or MFD to adjust the pH of the solution to 6.0 or 5.0 and then used in the following dissolution
tests. A solubility-improved form of ziprasidone together with the precipitation inhibitor, when
tested in an in vitro dissolution test meets at least one, &nd preferably both, of the following
conditions. The first condition is that the solubility-impreoved form and precipitation inhibitor
provide a higher maximum dissolved drug concentration {MDC) of ziprasidone in the in vitro
dissolution test relative to a control composition. The control composition consists of the
solubility-improved form of ziprasidone alone (without ®he precipitation inhibitor). That is,
once the solubility-improved form and the precipitation inhibitor are introduced into a use
environment, the solubility-improved form and precipitation inhibitor provide a higher agueous
concentration of dissolved ziprasidone relative to the comntro! compasition. It is important to
note that the solubility-improved form and precipitat@on inhibitor are dissolution tested
independently of the dosage form so that the sustained release means do not interfere with
evaluation of the degree of solubility improvement. Pre=ferably, the solubility-improved form
and precipitation inhibitor provide an MDC of ziprasidonee in agqueous solution that is at least
1.25-fold that of the control compasition, more preferablwy at least 2-fold, and most preferably
at least 3-fold. For example, if the MDC provided by the= test composition is § pg/mi, and the
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MDC provide=d by the control composition is 1 ug/ml, the test composition provides an MDC
that is 5 fold fthat provided by the control composition.

The second condition is that the solubility-improved form and pre-cipitation inhibitor
provide a hi¥gher dissolution area under the concentration versus time - curve (AUC) of
dissolved ziparasidone in the in vitro dissolution test relative to a control ccomposition. More
specifically, i n the use environment, the solubility-improved form and pre cipitation inhibitor
provide an AaUC for any 90-minute period of from about O to about 270 minutes following
introduction t_o the use environment that is at least 1.25-fold that of the cocntro! composition.
Preferably, thme AUC provided by the composition is al least 2-fold, more pre=ferably at least 3-
fold that of th—e control composition.

Alterratively, an in vilro membrane-permeation test may be usecd to evaluate the
precipitation inhibitor. In this test, described above, the solubility-imporoved form and
precipitation ®nhibitor are placed in, dissolved in, suspended in, or otherwis e delivered to the
aqueous soliution to form a feed solution. A typical in vifro membrane-p=ermeation test to
evaluate precipitation inhibitors can be conducted by (1) administering a su—fficient quantity of
test composifition (that is, the solubility-improved ziprasidone and precipita®&ion inhibitor) to a
feed solution_ such that if all of the drug dissolved, the theoretical concentra=tion of drug would
exceed the e=quilibium concentration of the drug by a factor of at least 3; (2) in a separate
test, adding an equivalent amount of cantrol composition to an equivalemnl amount of test
medium; and” {3) determining whether the measured maximum flux of drueg provided by the
test compositcion is at least 1.25-fold that provided by the control compositicon. The solubility-
improved for m and precipitation inhibitor, when dosed to an aqueous suse environment,
provide a ma=ximum flux of drug in the above test that is at least about 1.25--fold the maximum
flux provided by the control composition. Preferably, the maximum flux proovided by the test
composition i s at least about 1.5-fold, more preferably at least about 2-folcd, and even more
preferably at Beast about 3-fold that provided by the control composition.

The ssustained-release dosage forms of this embodiment comprise &a combination of a
solubility-imprroved form of ziprasidone and a precipitation-inhibiting polyme=r. “Combination”
as used here=in means that the solubility-improved form and precipitation-Z énhibiting polymer
may be in ph ysical contact with each other or in close proximity but witholsst the necessity of
being physiczally mixed. For example, the combination may be in the forrm of a multi-layer
tablet, as kno»wn in the art, wherein one or more layers comprises the solubilRity-improved form
and one or mmore different layers comprises the precipitation-inhibiting polyr=mer. Yet another
example may constitute a coated tablet wherein either the solubility-improvead form of the drug
or the precip itation-inhibiting polymer or both may be present in the tatDolet core and the
coating may acomprise the solubility-improved form or the precipitation-inha biting polymer or
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both. Afternatively, the combinatior can be in the form of a simple dry physical mixture
wherein both the solubility-improvec form and precipitation-inhibiting polymer are mixed in
particulate form and wherein the paricles of each, regardless of size, retain the same
individual physical properties that theay exhibit in bulk. Any conventional method used 10 mix
the polymer and drug together such  as physical mixing and dry of wet granulation, may be
used.

The combination of solubiRity-improved form and precipitation inhibitor may be
prepared by dry- or wet-mixing the d rug or drug mixture with the precipitation inhibitor to form
the composition. Mixing processes include physical processing as well as wet-granulation
and coating processes.

For example, mixing methowds include convective mixing, shear mixing, or diffusive
mixing. Convective mixing involves moving a relatively large mass of material from one part
of a powder bed to another, by mea ns of blades or paddles, revolving screw, or an inversion
of the powder bed. Shear mixing O=cCCurs when slhip planes are formed in the material to be
mixed. Diffusive mixing involves arm exchange of position by single parlicles. These mixing
processes can be performed using e=quipment in batch or continuous mode. Tumbling mixers
(e.g., twin-shell) are commonly used equipment for batch processing. Continuous mixing can
be used to improve composition unifeormity.

Milling may also be employeed to prepare the compositions of the present invention.
Milling is the mechanical process of reducing the particle size of sclids (comminution).
Because in some cases milling mawy alter crystalline structure and cause chemical changes
for some materials, milling conditiomns are generally chosen which do not alter the physical
form of the drug. The most commmon types of milling equipment are the rotary cutter, the
hammer, the roller and fluid energy rils. Equipment choice depends on the characteristics of
the ingredients in the drug form (e.g—., soft, abrasive, or friable). Wet- or dry-milling techniques
can be chosen for several of thase processes, also depending on the characteristics of the
ingredients (e.g. drug stability in soivent). The milling process may serve simultaneously as a
mixing process if the feed materialls are heterogeneous. Conventional mixing and milling
processes suitable for use in the pr-esent invention are discussed more fully in Lachman, et
al., The Theory and Practice of Indeslrial Pharmacy (3rd Ed. 1986). The components of the
compositions of this invention may amlso be combined by dry- or wet-granulating processes.

In addition to the physical nixtures described above, the compositions of the present
invention may constitute any device or collection of devices that accomplishes the objective of
delivering to the use environment bmoth the drug and the precipitation inhibitor. Thus, in the
case of oral administration to a mzammal, the dosage form may constitute a layered tablet
wherein one or more layers compriise the drug and one or more other layers comprise the
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pol-ymer. Alternatively, the dosage form may be a coated tablet wherein the tatolet core
cormprises the drug and the coating comprises the polymer. In addition, the drug and the
pol=ymer may even be present in different dosage forms such as tablets or beads ancd may be
adrninistered simultaneously of separately as Ioné as both the drug and poly=mer are
adrninistered in such a way that the drug and polymer can come into contact in the use
enwironment. When the drug and the polymer are administered separately it is generally
pre=ferable to deliver the polymer prior to the drug.

in one preferred embodiment, the combination comprises particles of the ssolubility-
improved form of ziprasidone coated with a precipitation-inhibiting polymer. The particles
ma y be either ziprasidone crystals, or particles of some other solubility-improved form™ such as
amcormphous drug or a cyclodextrin complex. This embodiment finds particularly utilit=y when it
is desired to provide absorption of ziprasidone in the intestines, particularly trme colon.
Without wishing to be bound by theory, when the polymer and ziprasidone are rele=ased into
the= intestinal use environment, the polymer may begin to dissoive and gel prior to di ssolution
of ghe drug. Thus, as the drug dissolves into the intestinal use environment, the «dissolved
drimg immediately encounters dissolved polymer surrounding the dissolved drug. Thi=s has the
adwantage of preventing nucleation of the drug, thus reducing the rate of precipitati on of the
drisg.

The polymer may be coated around the ziprasidone crystals using any conc ventional
me=thod. A preferred method is a spray drying process. The term spray-dryincgg is used
corwentionally and broadly refers to processes involving breaking up liquid mixtures or
susspensions into small droplets (atomization) and rapidly removing solvent from the= droplets
in = container where there is a strong driving force for evaporation of solvent.

To coat the ziprasidone crystals by spray drying, first a suspension of ziporasidone
cry-stals and dissolved polymer is formed in a solvent. The retative amounts= of drug
susspended in the solvent and polymer dissolved in the solvent are chosen to yield th e desired
driag to polymer ratio in the resulting particles. For example, if a particle having = drug to
poBymer ratio of 0.33 (25 wt% drug) is desired, then the spray solution comprisees 1 part
cry-stafline drug particles and 3 parts polymer dissolved in the solvent. The to tal solids
cortent of the spray solution is preferably sufficiently high so that the spray solution results in
offf cient production of the particles. The total solids content refers to the amount of s-olid drug,
dis solved polymer and other excipients dissolved in the solvent. For example, to forrm a spray
sol ution having a 5 wt% dissolved solids content and which results in a particle ha=ving a 25
wt®; drug loading, the spray solution would comprise 1.25 wt% drug, 3.75 wt% pol-ymer and
95 wit% solvent. To achieve good yield, the spray solution preferably has a solids c=ontent of
at Meast 3 wt%, more preferably at least 5 wt%. and even more preferably at leasst 10 wi%.
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However, the dissolved solids content should not b e too high, or else the spray solution may
be too viscous to atomize efficiently into small dropleets.

Often it is desirable for the particle size of tBne ziprasidone to be relatively small. This
promotes satisfactory coating of the ziprasidone par-ticies by the polymer. Thus, itis generally
preferred for the ziprasidone particles to have a vo lume average diameter of less than about
10 pm and preferably less than about 5 pm.

The solvent is chosen based on the followirg characteristics: (1) the drug is insoluble
or only slightly soluble in the solvent; (2) the poly mer is soluble in the solvent; and (3) the
solvent is refatively volatile. Preferred solvents inclLude alcohols such as methanol, ethanol, n-
propanol, iso-propanol, and butanol; ketones succh as acetone, methyl ethyl ketone and
methy! iso- butyl ketone; esters such as ethyl acestate and propyiacetate; and various other
solvents such as acetonitrile, methylene chloride , toluene, THF, cyclic ethers, and 1,1,1-
trichloroethane. A preferred solvent is acetone. Mdixtures of solvents may also be used, as
can mixtures with water as long as the polymer is s ufiiciently soluble to make the spray-drying
process practicable. [n some cases it may be des=sired to add a small amount of water to aid
solubility of the polymer in the spray solution.

Spray drying to form polymer coatings ar-ound drug particles is well known and is
described in, for example, U.S. Patent No. 4,767, 789, U.S. Patent No. 5,013,537, and U.S.
published patent application 2002/0064108A1, here=in incorporated by reference.

Alternatively, the polymer may be coated =around the drug crystals using a rotary disk
atomizer, as described in US Patent No. 4,675,140=, herein incorporated by reference.

Alternatively, the precipitation-inhibiting gpolymer may be sprayed onto the drug
particles in a high shear mixer or a fluid bed.

The amount of precipitation inhibitor mawy vary widely. In general, the amount of
precipitation inhibitor should be sufficient to proviede concentration-enhancement of the drug
relative to a control composition consisting of the cirug alone as described above. The weight
ratio of solubility-improved form to precipitation inFibitor may range from 100 to 0.01. Where
the precipitation inhibitor is a polymer, good resultss are generally achieved where the polymer
to drug weight ratio is at least 0.33 (at least 25 wt%a polymer), more preferably at least 0.66 (at
least 40 wt% polymer), and even more preferalibly at least 1 (at least 50 wt% polymer).
However, since it is desired to limit the size of th—e dosage form, the amount of precipitation
inhibitor may be less than the amount that prowides the greatest degree of concentration

enhancement.



W0 2005/020929 PCT/US2004/028304

10

16

20

25

30

35

SUSTAINED-RELEASE MEANS
The oral dosage forms of the present invention pro-vide sustained-release of

ziprasidone. The means for providing sustained release of ziprassidone can be any dosage
form or collection of dosage forms known in the pharmaceutica! aarts that allow delivery of a
drug in a sustained manner. Exemplary dosage forms include erodible and non-erodible
matrix sustainec-release dosage forms, osmotic sustaineca-release dosage forms,
multiparticulates, and enteric coated cores.

MATRIX SUSTAINED RELEASE DOSAGE FeORMS

In one embodiment, ziprasidone is incorporated into arm erodible or non-erodible
polymeric matrix sustained release dosage form. By an erodible matrix is meant aqueous-
erodible of water-swellable or aqueous-soluble in the sense O f being either erodible or
swellable or dissolvable in pure water or requiring the presence omf an acid or base to ionize
the polymeric matrix sufficiently to cause erosion or dissolution.  When contacted with the
aqueous use environment, the erodible polymeric matrix imbibes water and forms an
aqueous-swolien gel or "matrix” that entraps the ziprasidone. THhe agueous-swollen matrix
gradually erodes, swells, disintegrates, disperses or dissolves imn the environment of use,
thereby controlling the release of ziprasidone 10 the environment of use. Examples of such
dosage forms are well known in the art. See, for example, Rermington: The Science and
Practice of Pharmacy. 20" Edition, 2000. Examples of such dosagge forms are also disclosed
in commonly assigned pending U.S. Patent Application Se rial No. 097495,059 filed
January 31, 2000 which claimed the benefit of priority of provisioral patent application Serial
No. 60/119.400 filed February 10, 1999, the relevant disclamsure of which is herein
incorporated by reference. Other examples are disclosed in US Paatent No. 4,839,177 and US
Patent No. 5,484,608, herein incorporated by reference.

The erodible polymeric matrix into which ziprasidone is i ncorporated may generally
be described as a set of excipients that are mixed with ziprasidonee that, when contacted with
the aqueous environment of use imbibes water and forms a water—swollen gel or "matrix" that
entraps the drug. Drug release may occur by a variety of mechanisms: the matrix may
disintegrate or dissolve from around particles or granules of tlhe drug; or the drug may
dissolve in the imbibed aqueous solution and diffuse from the tablet, beads or granules of the
dosage form. A key ingredient of this water-swollen matrix is the v=vater-swellable, erodible, or
soluble polymer, which may generally be described as an osmopoolymer, hydrogel or water-
swellable polymer. Such polymers may be linear, branched, or crosslinked. They may be
homopolymers or copolymers. Afthough they may be synthetic p olymers derived from vinyl,
acrylate, methacrylate, urethane, ester and oxide monomers, they are most preferably
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deriva tives of naturally occurring polymers such as polysaccharides or proteirs. Exemplary
materBals include hydrophilic vieyl and acrylic polymers, polysaccharides su ch as caicium
algina-te, polyethylene oxide (PEO), polyethylene glycol (PEG). polypropylene= glycol (PPG).
Exempplary naturally occurring polymers include naturally occurring polysacchaarides such as
chitin, chitosan, dexiran and pullulan; gum agar, gum arabic, gum karaya, loc=ust bean gum,
qum Wragacanth, carrageenans, gum ghatti, guar gum, xanthan gum andll sclerogiucan;
starch es such as dextrin and maltodextrin; hydrophilic colloids such as pectin : phosphatides
such as lecithin; alginates such as ammonium alginate, sodium, potassiLam or calcium
algina te, propylene glycol alginate; gelatin; collagen; and cellulosics. By “cellul-osics™ is meant
a cellLlose polymer that has been modified by reaction of at least a portion «of the hydroxyl
group=s on the saccharide repeat units with a compound to form an ester-linkead or an ether-
linked substituent. For example, the cellulosic ethyl cellulose has an eth er linked ethyl
substi tuent attached to the saccharide repeat unit, while the cellulosic celiulo se acetate has
an eser iinked acetate substituent.

A preferred class of cellulosics for the erodible matrix comprises aqueus-soluble and
aquecus-erodible cellulosics such as ethyl cellulose (EC), methylethyl ce=llulose (MEC),
carboxymethyl cellulose (CMC), carboxymethyl ethylcellulose (CMEC), hydrox “yethyl celluiose
(HECD), hydroxypropy! cellulose {(HPC), cellulose acetate (CA), cellulose propionate (CPr),
cellulose butyrate (CB), cellulose acetate butyrate (CAB), cellulose acetate plihthalate (CAP),
cellulose acetate trimeliitate (CAT), hydroxypropyl methyl cellulose (HPMC).. hydroxypropy!
methysl cellulose phthalate (HPMCP), hydroxypropy! methyl cellulose acetate succinate
(HPM CAS), hydroxypropyl methyl cellulose acetate trimellitate (HPMCAT), ard ethyihydroxy
ethylcellulose (EHEC). A particularly preferred class of such cellulosics cormprises various
grade s of low viscosity (MW less than or equal to 50,000 daltons) and Thigh viscosity
(MW greater than 50,000 daltons) HPMC. Commercially available low v-iscosity HPMC
polymmers include the Dow METHOCEL series ES5, E15LV, E50LV and K10OLY, while high
viscossity HPMC polymers include E4MCR, E10MCR, K4M, K15M and K10O0M; especially
prefer—red in this group are the METHOCEL (Trademark) K series. Othe=r commercially
availa ble types of HPMC include the Shin Etsu METOLOSE 90SH series.

Although the primary role of the erodible matrix material is to con trol the rate of
releasse of ziprasidone to the environment of use, the inventors have found th=at the choice of
matrixe material can have a large effect on the maximum drug concentration attained by the
dosagge form as well as the maintenance of a high drug concentration. In ore embodiment,
the maatrix material is a precipitation-inhibiting polymer, as defined herein.

Other materials useful as the erodible matrix material include, but are not limited to,
pullul=an, polyvinyl pyrrolidone. polyvinyl alcohol, polyvinyl acetate, glycerol faatty acid esters,
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polyacrylamide, polyacrylic acid , copolymers of ethacrylic acid or methacrylic acid
(EUDRAGIT®, Rohm America, Inc., Piscataway, New Jersey) and other acrylic acid
derivatives such as homopolymers and copolymers of butyimethacrylate, methylmethacrylate.
ethyimethacrylate, ethylacnwlate, (2-dimethylaminoethyl)methacrylate, and
(trimethylaminoethyl) methacryiate= chioride.

The erodible matrix polymer may also contain a wide variety of additives and
excipients known in the pharmace=utical arts, including osmopolymers, osmagens, solubility-
enhancing or -retarding agents aand excipients that promote stability or processing of the
dosage form.

Alternatively, the sustaine=d-release means may be a non-erodible matrix dosage
form. In such dosage forms, zipramsidone in a solubility-improved form is distributed in an inert
matrix. The drug is released by diffusion through the inert matrix. Examples of materials
suitable for the inert matrix inclucie insoluble plastics, such as copolymers of ethylene and
vinyl acetate, methyl acrylate-nmethyl methacrylate copolymers, polyvinyl chloride, and
polyethylene; hydrophilic polymerss, such as ethyl cellulose, cellulose acetate, and crosslinked
polyvinylpyrrolidane (also known -as crospovidone); and fatty compounds, such as carnauba
wax, microcrystalline wax, and tariglycerides. Such dosage forms are described further in
Remington: The Science and Pra ctice of Pharmacy, 20" edition (2000).

Matrix sustained release closage forms may be prepared by blending ziprasidone and
other excipients together, and thean forming the biend into a tablet, caplet, pill, or other dosage
form formed by compressive forc-es. Such compressed dosage forms may be formed using
any of a wide variety of pressess used in the fabrication of pharmaceutical dosage forms.
Examples include single-punch oresses, rotary tablet presses, and multilayer rotary tablet
presses, all well known in the art. See for example, Remington: The Science and Practice of
Pharmacy, 20™ Edition, 2000. Thme compressed dosage form may be of any shape, including
round. oval, oblong, cylindrical, or triangular. The upper and lower surfaces of the
compressed dosage form may be flat, round, concave, Or convex.

When formed by compresssion, the dosage form preferably has a "strength” of at least
5 Kiloponds {(kp)cm?, and more pPreferably at least 7 kplcm?. Here, "strength” is the fracture
force, also known as the tablet “hardness,” required to fracture a tablet formed from the
materials, divided by the maximeum cross-sectional area of the tablet normal to that force.
The fracture force may be measu red using a Schleuniger Tablet Hardness Tester, Model 6D.
The compression force required t-0 achieve this strength will depend on the size of the tablet,
but generally will be greater than about § kp. Friability is a well-known measure of a dosage
form's resistance to surface aWbrasion that measures weight loss in percentage after
subjecting the dosage form to a standardized agitation procedure. Friability values of from
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0.8 to 1.0% are regarded as constituting the Lipper limit of acceptability. Dosage forms having
a strength of greater than about 5 kpk:m2 geenerally are very robust, having a friability of less
than about 0.5%.

Other methods for forming matrix su stained-release dosage forms are well known in
the pharmaceutical arls. See for example=e, Remington. The Science and Practice of
Pharmacy, 20" Edition, 2000.

OSMOTIC SUSTAINED FREL EASE DOSAGE FORMS

Alternatively, ziprasidone may be iecorporated into an osmotic sustained release
dosage form. Such dosage forms have at le-ast two components: (&) the core which contains
an osmotic agent and ziprasidone; and (b ) a water permeable, non-dissolving and non-

eroding coating surrounding the core, the ceoating controlling the. influx of water to the core

" from an aqueous environment of use so as t © cause drug release by extrusion of some or all

of the core to the environment of use. The o=smotic agent contained in the core of this dosage
form may be an aqueous-swellable nydrophifllic polymer or it may be an osmogen, also known
as an osmagent. The coating is preferably polymeric, aqueous-permeable, and has at least
one delivery port which is pre-formed or forrmned in sitv. Examples of such dosage forms are
well known in the art. See, for example, Rernington: The Science and Practice of Pharmacy,
20" Edition, 2000. Examples of such doszage forms are also disclosed in U.S. Patent No.
6,706,283, the relevant disclosure of which i herein incorporated by reference.

In addition to ziprasidone, the core Of the osmotic dosage form optionally includes an
“osmotic agent.” By “osmotic agent’ is m eant any agent that creates a criving force for
transport of water from the environment of Luse into the core of the dosage form. Exemplary
osmotic agents are water-swellable hydrogohilic polymers, and osmogens (or osmagens).
Thus, the core may include water-swellablee hydrophilic polymers, both ionic and nonionic,
often referred to as “osmopolymers™ and ‘hydrogels.” The amount of water-swellable
tydrophilic palymers present in the core ma~y range from about 5 to about 80 wt%, preferably
10 to 50 wit%. Exemplary materials irnclude hydrophilic vinyl and acrylic polymers,
polysaccharides such as calcium alginate. polyethylene oxide (PEO). polyethylene glycol
(PEG), polypropylene glycol (PPG), poly(=2-hydroxyethyl methacrylate), poly(acrylic) acid,
poly(methacrylic) acid, polyvinylpyrrolidone  (PVP) and crosslinked PVP, polyvinyl alcohol
{PVA), PVA/PVP copolymers and PVA/PVP copolymers with hydrophobic monomers such as
methyl methacrylate, vinyl acetate, and the= like, hydrophilic polyurethanes containing large
PEO blocks, sodium croscarmellose,  carrageenan, hydroxyethyl cellulose (HEC),
hydroxypropyl cellulose (HPC), hydroxypsropyl methyl cellulose (HPMC), carboxymethyl
cellulose (CMC) and carboxyethyl cellulosez (CEC). sodium alginate, polycarbophil, gelatin,
xanthan gum, and sodium starch glycolate=. Other materials include hydrogels comprising
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interpenetrating networks of polymerss that may be formed by addition or by condensation
polymerization, the components of which may comprise hydraphilic and hydrophobic
monomers such as those just mentiored. Preferred polymers for use as the water-swellable
hydrophilic polymers include PEO, PE G, PVP, sodium croscarmeliose, HPMC, sodium starch
glycolate, polyacrylic acid and crosslin ked versions or mixtures thereof.

The core may also include aan osmogen (or osmagent). The amount of osmogen
present in the core may range from about 2 to about 70 wt%, preferably 10 to 50 wt%.
Typical classes of suitable osmogens are water-soluble organic acids, salts and sugars that
are capable of imbibing water to thereby effect an osmotic pressure gradient across the
barrier of the surrounding coating.  Typical useful osmogens include magnesium sulfate,
magnesium chloride, calcium chloride, sodium chloride, lithium chloride, potassium sulfate,
sodium carbonate, sodium sulfite, lithium sulfate, potassium chloride, sodium sulfate,
mannitol, xylitol, urea, sorbitol, inositol, raffinose, sucrose, glucose, fructose, lactose, citric
acid, succinic acid, tartaric acid, and mixtures thereof. Particularly preferred osmogens are
glucose, lactose, sucrose, mannitol, x~ylitol and sodium chioride.

The core may include a wid<e variety of additives and excipients that enhance the
performance of the dosage form or that promote stability, tableting or processing. Such
additives and excipients include ta bleting aids, surfactants, water-soluble polymers, pH
modifiers, fillers, binders, pigments, disintegrants, antioxidants, lubricants and flavorants.
Exemplary of such components are rnicrocrystaliine cellulose; metallic salts of acids such as
aluminum stearate, calcium stearate, magnesium stearate, sodium stearate, and zinc
stearate; pH control agents such as buffers, organic acids and organic acid salts and organic
and inorganic bases; fatty acids, h ydrocarbons and fatty alcohols such as stearic acid,
palmitic acid, liquid paraffin, stearyl alcohol, and paimitol; fatty acid esters such as glyceryl
(mono- and di-) stearates, triglyceridees, glyceryl (palmiticstearic) ester, sorbitan esters, such
as sorbitan monostearate, saccha vose monostearate, saccharose monopalmitate, and
sodium stearyl fumarate; palyoxyethywlene sorbitan esters: surfactants, such as alkyl sulfates
such as sodium lauryl sulfate and m agnesium lauryl sulfate; polymers such as polyethylene
glycols, polyoxyethylene glycols, polyoxyethylene and polyoxypropylene ethers and their
copolymers, and polytetraflucroethyl ene; and inorganic materials such as talc and dibasic
calcium phosphate; cyclodextrins; s ugars such as lactose and xylitol; and sodium starch
glycolate. Examples of disintegrants are sodium starch glycolate (e.g., Explotab™),
microcrystalline cefiulose (e.g., Avicel”), microcrystalline silicified cellulose (e.g.. ProSolv™),
croscarmellose sodium (e.g., Ac-Di-S ol”).

One embodiment of an osmotic dosage form consists of one or more drug layers
conlaining ziprasidone, and a swellew layer that comprises a water-swellable polymer, with a
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coating surrounding the ~drug layer and sweller layer. Each layer may contain other ex=cipients
such as tableting aids, @smagents, surfactants, water-soluble polymers and water-swwellable
polymers.

Such osmotic «delivery dosage forms may be fabricated in various gecometries
including bilayer, where=in the core comprises a drug layer and a sweller layer adj=acent to
each other; tritayer, whesrein the core comprises a sweller layer “sandwiched" betweeen two
drug layers; and conceentric, wherein the core comprises a central sweller commposition
surrounded by the drug layer.

The coating of such a tablet comprises a membrane permeable to waater but
substantially impermeatole to drug and excipients contained within. The coating cont=ains one
or more exit passagew ays of pofts in communication with the drug-containing lay=er(s) for
delivering the drug corrmposition. The drug-containing layer(s) of the care contains ®he drug
composition (including Optional osmagents and hydrophilic water-soluble polymers), wvhile the
sweller layer consists of™ an expandable hydrogel, with or without additional osmotic acents.

When placed in an aqueous medium, the tablet imbibes water throraugh the
membrane, causing thme composilion to form a dispensable aqueous compositison, and
causing the hydrogel l=ayer to expand and push against the drug-containing coma position,
forcing the compositiorm out of the exit passageway. The composition can swell, =aiding in
forcing the drug out of the passageway. Drug can be delivered from this type of ° delivery
system either dissolve=d or dispersed in the composition that is expelled from the exit
passageway.

The rate of drug delivery is controlled by such factors as the permeatoility and
thickness of the coatin g, the osmotic pressure of the drug-containing layer, the diegree of
hydrophilicity of the hyclirogel iayer, and the surface area of the dosage form. Those skilled in
the art will appreciate that increasing the thickness of the coating will reduce the rele=ase rate,
while any of the followding will increase the release rate: increasing the permeabilfity of the
coating; increasing the hydrophilicity of the hydrogel layer; increasing the osmotic praessure of
the drug-containing layesr; or increasing the dosage form's surface area. "

Exemplary mat-erials useful in forming the drug-containing composition, in aeddition to
ziprasidone, include HFPMC, PEO and PVP and other pharmaceutically acceptable - carriers.
In addition, osmagents such as sugars or salts, especially sucrose, lactose, xylitol, rmannitol,
or sodium chioride, ma-y be added. Materials which are useful for forming the hydrcoagel layer
include sodium CMC, FPEO, poly (acrylic acid), sodium {polyacrylate), sodium crosca rmellose,
sodium starch glycolates, PVP, crosslinked PVP, and other high molecular weight hwydrophilic
materials. Particularly useful are PEO polymers having an average motecular we=ight from
about 5,000,000 to abo ut 7,500,000 daltons.
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In the case of a bilayer geometry, the delivery port(s) or emxit passageway(s) may be
located on the side of the tablet containing the drug composition €Or may be on both sides of
the tablet or even on the edge of the tablet so as to connect bcath the drug layer and the
sweller fayer with the exterior of the dosage form. The exit passacyeway(s) may be produced
by mechanical means or by laser drilling, or by creating a difficuit-&o-coat region on the tablet
by use of special tooling during tablet compression or by other meanns.

The osmotic dosage form can also be made with a homoge=neous core surrounded by
a semipermeable membrane coating, as in U.S. Patent 3.845,7770. Ziprasidone can be
incorporated into a tablet core and a semipermeable membrane ecoating can be applied via
conventional tablet-coating techniques such as using a pan coater. A drug delivery
passageway can then be formed in this coating by drilling a hole.iM the coating, either by use
of a laser or mechanical means. Alternatively, the passageway maay be formed by rupturing a
portion of the coating or by creating a region on the tablet that is difficult to coat, as described
above.

A particularly useful embodiment of an osmotic dosage for-m comprises: (@) a single-
layer compressed core COMprising: (i) ziprasidone, (ii) a hydrox-yethylcellulose, and (jii) an
osmagent, wherein the hydroxyethylcellulose is present in the cores from about 2.0% to about
35% by weight and the osmagent is present from about 15% to =about 70% by weight; (b) a
water-permeable and drug-impermeable layer surrounding the e=ore; and (c) at least one
passageway within the layer (b) for delivering the drug to a fluid emnvironment surrounding the
tablet. In a preferred embodiment, the dosage form is shaped stmch that the surface area to
volume ratio (of @ water-swollen tablet) is greater than 0.6 mm™'; more preferably greater than
1.0 mm™", Itis preferred that the passageway connecting the core with the fluid environment
be situated along the tablet band area. A particularly preferred shape is an oblong shape
where the ratio of the tablet tooling axes, i.e., the major and m inor axes which define the
shape of the tablet, are between 1.3 and 3; more preferably betxween 1.5 and 2.5. In one
embodiment, the combination of ziprasidone and the osmagent ha—ve an average ductility from
about 100 to about 200 MPa, an average tensile strength from a bout 0.8 to about 2.0 MPa,
and an average brittle fracture index less than about 0.2. ~TThe single-layer core may
optionally include a disintegrant, a bioavailability enhan-cing additive, and/or a
pharmaceutically acceptable excipient, carrier or diluent. Such cdosage forms are disclosed
more fully in commonly owned, pending U.S. Patent Applicat-ion Serial No. 10/352,283,
entitled *Osmotic Delivery System,” the disclosure of which amre incorporated herein by
reference.

Entrainment of particles of ziprasidone in the extruded flumid during operation of such
osmotic dosage form is highly desirable. For the particles to be wwell entrained, the drug form
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is preferably well d ispersed in the fluid before the particles have an opportunity to sexttle in the
tablet core. One neans of accomplishing this is by adding a disintegrant that serve s to break
up the compressec core into its particulate components. Examples of standard dis -integrants
included materials such as sodium starch glycolate {(e.9., Explotab™ CLV), micro crystalline
cellulose (e.9., SAvicel™), microcrystalline silicified cellulose (e.g., ProSol=v™) and
croscarmellose soedium (e.9., Ac-Di-Sol™), and other disintegrants known to those= skilled in
the arl. Dependirg upon the particular formulation, some disintegrants work b etter than
others. Several di sintegrants tend to form gels as they swell with water, thus hindeering drug
delivery from the cdosage form. Non-gelling, non-swelling disintegrants provide a rxore rapid
dispersion of the =drug particles within the core as water enters the core. Prefezmed non-
gelling, non-swellieng disintegrants are resins, preferably ion-exchange resins. A~ preferred
resin is Amberlite ™ IRP 88 (available from Rohm and Haas, Philadelphia, PA). VW®hen used,
the disintegrant is goresent in amounts ranging from about 1-25% of the core composSition.

Water-solL_ible polymers are added to keep particles of the drug suspended inside the
dosage form befor—e they can be delivered through the passageway(s) (e.g.. an orifTice). High
viscosity polymers= are useful in preventing settling. However, the polymer in ccombination
with the drug is e xtruded through the passageway(s) under relatively low pressiares. At a
given extrusion preessure, the extrusion rate typically slows with increased viscosity. Certain
polymers in combi nation with particles of the drug form high viscosity solutions witl— water but
are still capable o=f being extruded from the tablets with a relatively fow force. | m contrast,
polymers having =a low weight-average, molecular weight (< about 300,000) do not form
sufficiently viscouss solutions inside the tablet core to allow complete delivery due to particie
settling. Settling Of the particles is 3 problem when such dosage forms are prepar—ed with no
polymer added, w hich leads to poor drug delivery unless the tablet is constantly agitated to
keep the particless from settling inside the core.  Settling is also problematic when the
particles are large and/or of high density such that the rate of settling increases.

Preferred water-solubte polymers for such osmotic dosage forms do not irteract with
the drug. Non-ig nic polymers are prefered. An example of a non-itanic polynm=aer forming
solutions having a high viscosity yet still extrudable at low pressures is Natrosal™ _250H (high
molecular weight hydroxyethylcellulose, available from Hercules Incorporatecd, Aqualon
Division, Wilmingteon, DE; MW equal to about 1 million daltons and a degree of polwymerization
equal to about 3,7700). Natrosol™ 250H provides effective drug delivery at conceritrations as
low as about 3% by weight of the core when combined with an osmagent. Natro=sol™ 250H
NF is a high-viscomsity grade nonionic cellulose ether that is soluble in hot or cold \water. The
viscosily of a 1% solution of Natrosol™ 250H using a Brookfield LVT (30 rpm)  at 25°C is
between about 1,5500 and about 2,500 ¢ps.
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Preferred hydroxyethyicellulose polymers for use in these monciayer amsmotic tablets
havee a weight-average, molecular weight from about 300,000 to about 1.58 million. The
hydiroxyethylcellulose polymer is typically present in the core in an amount from about 2.0% to
about 35% by weight.

Another example of an osmotic dosage form is an osmotic capsule. The capsule
she=li or portion of the capsule shell can be semipermeable. The capsule can be filled either
by a powder or liquid consisting of ziprasidone, excipients that imbibe wa ter to provide
osrmnotic potential, and/or a water-swellable polymer, or optionally solubilizing e=xcipients. The
capasule core can also be made such that it has a bilayer or multilayer composi“tion analogous
to t™he bilayer, trilayer or concentric geometries described above.

Another class of osmotic dosage form useful in this invention conprises coated
swesllable tablets, as described in EP 378 404, incorporated herein by refereence. Coated
sweallable tablets comprise a tablet core comprising the solubility-improved foarm of the drug
and a swelling material, preferably a hydrophilic polymer, coated with a memmbrane, which
cortains holes, or pores through which, in the aqueous use environment, Sthe hydrophilic
pol ymer can extrude and carry out the drug compasition. Alternatively. the renembrane may
cortain polymeric or low molecular weight water-soluble “porosigens”. Porosig ens dissolve in
the- aqueous use environment, providing pores through which the hydrophili ¢ polymer and
drumg may extrude. Examples of porosigens are water-soluble polymers such a s HPMC, PEG,
and low molecular weight compounds such as glycerol, sucrose, glucose2, and sodium
chl-oride. In addition, pores may be formed in the coating by drilling holes in th-e coating using
a laser, mechanical, or other means. In this class of osmotic dosage forms, the membrane
memterial may comprise any fim-forming polymer, including polymers wiich are water
per-meable or impermeable, providing that the membrane deposited on the= tablet core is
por-ous or contains water-soluble porosigens Of possesses a macroscopic  hole for water
ing ress and drug release. Embodiments of this class of sustained release dossage forms may
als o be multilayered, as described in EP 378 404 A2.

The osmotic sustained release dosage forms of the present invéntion =alsa comprise a
coaating. The essential constraints on the coating for an osmotic dosage forr are that it be
wa ter-permeable, have at least one port for the delivery of drug, and be norm-dissolving and
norn-eroding during release of the drug formulation, such that drug is substtantially entirely
deEivered through the delivery port(s) or pores as opposed to delivery primarily~ via permeation
threough the coating material itself. By “delivery port” is meant any passagevevay, opening or
porre whether made mechanically, by laser drilling, by pore formation either du ring the coating
proscess oF in situ during use or by rupture during use. The coating should b-€ present in an
amount ranging from about 5 to 30 wt%, preferably 10 to 20 wi% relative to the= core weight.
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A preferred form of  coating is a semipermeable polymeric membrane that has the
port(s) formed therein either prior to or during use. Thickness of such a polymeric membrare
may vary between about 20 and 800 pm, and is preferably in the range of 100 to 500 urm.
The delivery port(s) should cgenerally range in size from 0.1 to 3000 pm or greater, preferatoly
on the order of 50 to 30008 ym in diameter. Such port(s) may be formed post-coating by
mechanical or laser drilling sor may be formed in situ by rupture of the coatings; such ruptusre
may be controlled by intesntionally incorporating a relatively small weak portion into tlhe
coating. Delivery ports maay also be formed in situ by erosion of a plug of water-solutole
material or by rupture of a ®hinner portion of the coating over an indentation in the core. In
addition, delivery ports ma=ay be formed during coating, as in the case of asymmet-ric
membrane coatings of the &ype disclosed in U.S. Patent Nos. 5,612,059 and 5,698,220, t he
disclosures of which are incedrporated by reference.

When the delivery port is formed in situ by rupture of the coating, a particulam rly
preferred embodiment is a collection of beads that may be of essentially identical or off a
variable composition. Drugy is primarily released from such beads following rupture of the
coating and, following ruptusre, such release may be gradual or relatively sudden. When The
collection of beads has a vaariable composition, the composition may be chosen such that €he
beads rupture at various tines following administration, resulting in the overall release of drug
being sustained for a desire- d duration.

Coatings may be dense, microporous or "asymmetric,” having a dense reg ion
supported by a thick poroues region such as those disclosed in U.S. Patent Nos. 5,612,059
and 5,6908,220. When the coating is dense the coating is composed of a water-permea ble
material. When the coatingg is porous, it may be composed of either a water-permeable omr a
water-impermeable materia {. When the coating is composed of a porous water-impermea. ble
material, water permeates t@hrough the pores of the coating as either a liquid or a vapor.

Examples of osmo-tic dosage forms that utilize dense coatings include U.S. Pat_ent
Nos. 3,995,631 and 3,845,770, the disclosures of which pertaining to dense coatings -are
incorporated herein by refesrence. Such dense coatings are permeable to the external fRuid
such as water and may be composed of any of the materials mentioned in these patents as
well as other water-permealble polymers known in the art.

The membranes maay also be porous as disclosed in U.S. Patent Nos. 5,654,005 &=nd
5,458,887 or even be forrmed from water-resistant polymers. U.S. Patent No. 5,120,548
describes another suitable process for forming coatings from a mixture of a water-insolumble
polymer and a leachable water-soluble additive, the pertinent disclosures of which are

incorporated herein by reFerence. The poraus membranes may also be formed by the
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acidition of pore-formers as disclosed in U.S. Patent No. 4,612,008, the peartinent disclosures
of” which are incorporated herein by reference.

In addition, vapor-permeable coatings may even be formeed from extremely
hywdrophobic materials such as polyethylene or polyvinylidene difluoride thamt, when dense, are
esssentially water-impermeable, as long as such coatings are porous.

Materials useful in forming the coating include various grades of acrylics, vinyls,
et-hers, polyamides, polyesters and cellulosic derivatives that are water-per—maeable and water-
in soluble at physiologically relevant pHs, or are susceptible to being rende red water-insoluble
bwy chemical alteration such as by crosslinking.

Specific examples of suitable polymers (or crosslinked versions) u-seful in forming the
coating include plasticized, unplasticized and reinforced cellulose acet=te (CA), cellulose
di acetate, cellulose triacetate, CA propionate, cellulose nitrate, cellulos e acetate butyrate
(CCAB), CA ethyl carbamate, CAP, CA methyl carbamate, CA succinate=, cellulose acetate
trimellitate (CAT), CA dimethylaminoacetate, CA ethyl carbonate, CA chlomroacetate, CA ethyl
oxxalate, CA methyl sulfonate, CA butyl sulfonate, CA p-toluene sulforate, agar acetate,
armylose triacetate, beta glucan acetate, beta glucan triacetate, acefaldehyde dimethyl
accelate, triacetate of locust bean gum, hydroxiated ethylene-vinylacetate, and ethyl cellulose,
P EG, PPG, PEG/PPG copolymers, PVP, HEC, HPC, CMC, CMEC. HPMC, HPMCP,
H PMCAS, HPMCAT, poly{acrylic) acids and esters and poly-(methacrylicT) acids and esters
amnd copolymers thereof, starch, dextran, dextrin, chitosan, collagen, geelatin, polyalkenes,
peolyethers, polysulfones, polyethersulfones, polystyrenes, polyvinyl halid=es, polyviny! esters
amnd ethers, natural waxes and synthetic waxes.

A preferred coating composition comprises a cellulosic polymer, irm particular cellulose
o®hers, celiulose esters and cellulose ester-ethers, i.e., cellulosic derivativees having a mixture
off ester and ether substituents.

Another preferred class of coating materials are poly(acrylic) acids and esters,
peoly(methacrylic) acids and esters, and copolymers thereof.

A more preferred coating compasition comprises cellulose acetaate. An even more
pareferred coating comprises a cellulosic polymer and PEG. A mos~—t preferred coating
comprises cellulose acetate and PEG.

Coating is conducted in conventional fashion, typically by dissollving or suspending
thme coating material in a solvent and then coating by dipping, spray coatfing or preferably by
paan-coating. A preferred coating solution contains 5 to 15 wt% polyme-r. Typical solvents
usseful with the cellulosic polymers mentioned above include acetone, mmethyl acetate, ethyl
aecetate, isopropyl acetate, n-butyl acetate, methyl isobuty! ketone, me=thyl propyl ketone,
efthylene glycol monoethyl ether, ethylene glycol monoethyl acetate, maeethylene dichloride,
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ethylene dichloride, propylers e dichloride, nitroethane, nitropropane. tetrachloroethane, 1.4-
dioxane, tetrahydrofuran, diglyme, water, and mixtures thereof. Pore-formers and non-
solvents (such as water, glycerol and ethanol) or plasticizers (such as diethyl phthalate) may
also be added in any amount as long as the polymer remains soluble at the spray
temperature. Pore-formers aand their use in fabricating coatings are described in U.S. Patent
No. 5.612.059, the pertinent Cisclasures of which are incorporated herein by reference.

Coatings may also be hydrophobic microporous layers wherein the pores are
substantially filled with a gas and are not wetted by the aqueous medium but are permeable
to water vapor, as disclosed in U.S. Patent No. 5,798,119, the pertinent disclosures of which
are incorporated herein by reference. Such hydrophobic but water-vapor permeable coatings
are typically composed of hydrophobic polymers such as polyalkenes, polyacrylic acid
derivatives, polyethers, pol ysulfones, polyethersulfones, polystyrenes, polyvinyl halides,
polyvinyl esters and etherss, natural waxes and synthetic waxes. Especially preferred
hydrophobic  microporous coating materials  include polystyrene,  polysulfones,
polyethersulfones, polyethylexne, palypropylene, polyvinyl chloride, polyvinylidene fluoride and
polytetrafiuoroethytene. Such hydrophobic coatings can be made by known phase inversion
methods using any of vapor-guench, liquid quench, thermal processes, leaching soluble
material from the coating or by sintering coating particles. In thermal processes, a solution of
polymer in a latent solvent is brought to liquid-liquid phase separation in a cooling step.
When evaporation of the soOlvent is not prevented, the resulting membrane will typically be
porous. Such coating processes may be conducted by the processes disclosed in U.S.
Patent Nos. 4,247,498; 4,480,431 and 4,744,906, the disclosures of which are also
incorporated herein by reference.

Osmotic sustained-release dosage forms may be prepared using procedures known
in the pharmaceutical arts. See for example, Remington: The Science and Practice of
Pharmacy, 20" Edition, 2000.

MULTIPARTICULATES

The dosage forms of the present invention may also provide sustained release of
ziprasidone through the use of multiparticulates. Multiparticulates generally refer to dosage
forms that comprise a multi plicity of particles or granules that may range in size from about
10 um to about 2 mm, wsmore typically about S0 ym to 1 mm in diameter. Such
multiparticulates may be pa ckaged, for example, in a capsule such as a gelatin capsule or a
capsule formed from an aqiseous-soluble polymer such as HPMCAS, HPMC or starch; dosed
as a suspension or slurry im a liquid; or they may be formed into a tablet, caplet, or pill by

compression or other processses known in the art.
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Such multiparticulates may be made by any known process, such as wet- and dry-
granulation processess, extrusion/spheronization, roller-compaction, meit-congealing, or by
spray-coating seed c=ores. For example, in wet- and dry-granulation processes, the
composition comprisirg ziprasidone and optional excipients may be granutated to form
multiparticulates of the- desired size. Other excipients, such as a binder (e.g., microcrystalline
celiulose), may be bBended with the composition to aid in processing and forming the
multiparticulates. In the case of wet granulation, a binder such as microcrystalline celiulose
may be included in thea granulation fluid to aid in forming a suitable multiparticulate. See, for
example, Remington: The Science and Practice of Pharmacy, 20™ Edition, 2000.

(n any case, %he resulting particles may themselves constitute the multiparticulate
dosage form or they may be coated by various film-forming materials such as enteric
polymers or water-swellable or water-soluble polymers, or they may be combined with other
excipients or vehicles Eo aid in dosing to patients.

ENTERIC COATED CORES
The sustained release means may comprise a core coated with an enteric coating so

that the core does not dissolve in the stomach. The core may be either a sustained release
core, such as a matrix tablet or an osmotic tablet, or alternatively may be an immediate
release core that prowides a delayed burst. By “enteric coating” is meant an acid resistant
coating that remains  ntact and does not dissolve at pH of less than about 4. The enteric
coating surrounds the core so that the core does not dissolve in the stomach. The enteric
coating may include =an enteric coating polymer. Enteric coating polymers are generally
polyacids having a piK, of about 3 to 5. Examples of enteric coating polymers include:
celulose derivatives, such as cellulose acetate phthalate, cellulose acetate trimellitate,
hydroxypropyl methyl eellulose acetate succinate, cellulose acetate succinate, carboxy methyl
ethyl celislose, methylcellulose phthalate, and ethylhydroxy celiulose phthalate; vinyl
polymers, such as pol yvinyl acetate phthalate, polyvinylbutyrate acetate, vinyl acetate-maleic
anhydride copolymer ;3 polyacrylates; and polymethacrylates such as methyl acrylate-
methacrytic acid cop=olymer, methacrylate-methacrylic acid-octyl acrylate copolymer; and
styrene-maleic mono-ester copolymer. These may be used either alone or in combination, or
together with other pot ymers than those mentioned above.

One class off preferred coating materials are the pharmaceutically acceptable
methacrylic acid copol ymer which are copolymers, anionic in character, based on methacrylic
acid and methy! methmacrytate, for example having a ratio of free carboxy! groups: methyl-
esterified carboxyl gro ups of 1:>3, e.g. around 1:1 or 1:2, and with a mean molecular weight
of 135000. Some of these polymers are known and sold as enteric polymers, for example
having a sqlubility in asqueous media at pH 5.5 and above, such as the commercially available
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EUDRAGIT enteric polymers, such as Eudragit L 30, a cationic polymer synthesized from
dimethylaminoethyl methacrylate, Eud ragit S and Eudragit NE.

The coating may include conwentional plasticizers, including dibutyl phthalate; dibuty!
sebacate; diethyl phthalate; dimethyl phthalate; triethyl citrate; benzy! benzoate; butyl and
glycol esters of fatty acids; mineral oil; oleic acid; stearic acid; cetyl alcohol; stearyl alcohol;
castor oil; com oil; coconut oil; and camphor oil; and other excipients such as anti-tack
agents, glidants, etc. For plasticizer's, triethyl citrate, coconut oil and dibutyl sebacate are
particularly preferred. Typically the <oating may include from about 0.1 to about 25 wt. %
plasticizer and from about 0.1 to about 10 wt% anti-tack agent.

The enteric coating may also include insoluble materials, such as alkyl cellulose
derivatives such as ethyt cellulose, crosslinked polymers such as styrene-divinylbenzene
copolymer, polysaccharides having Fydroxyl groups such as dextran, cellulose derivatives
which are treated with bifunctio nal crosslinking agents such as epichlorohydrin,
dichlorohydrin, 1,2-, 3,4-diepoxybutane, etc. The enteric coaling may also include starch
and/or dextrin. ‘

The enteric coating may be applied to the core by dissolving or suspending the
enteric coating materials in a suitable solvent. Examples of solvents suitable for use in
applying a coating include alcohols, such as methanol, ethanol, isomers of propanal and
isomers of butanol; ketones, such as acetone, methylethyi ketone and methyl isobutyl ketone;
hydrocarbans, such as pentane, hexane, heptane, cyclohexane, methylcyclohexane, and
octane; ethers, such as methyl tert—butyl ether, ethyl ether and ethylene glycol monoethyl
ether; chlorocarbons, such as chlo roform, methylene dichloride and ethylene dichioride;
tetrahydrofuran; dimethylsulfoxide; NI-methyl pyrrolidinone; acetonitrile; water, and mixtures
thereof.

Coating may be conducted by conventional techniques, such as by pan coaters,
rotary granulators and fluidized bed coaters such as top-spray, tangential-spray or bottom-
spray (Wirster coating), most preferaably the latter.

One preferred coating soluti©n consists of about 40 wt% Eudragit L30-D55 and 2.5
wt% triethyicitrate in about 57.5 wt% water. This enteric coating solution may be coated aonto
the core using a pan coater.

IMIMEDIATE RELEASE

While the suslained releases oral dosage forms release at least a portion of the

ziprasidone after 2 hours after admimistration to the use environment, the sustained release
dosage may also have an immediate release portion. By “immediate release portion” is
meant broadly that a portion of the ziprasidone separate from the sustained release means is

released within the two hours or lesss following administration to a gastric use environment.
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“Administration” to a use environment means, where the in vivo use environment is the Gl
tract, delivery by ingestion or swallowing or other seuch means to deliver the dosage form.
Where the use environment is in vitro, "administratio " refers to placement or delivery of the
dosage form to the in vitro test medium. The dosage form may release at least 70 wt% of the
ziprasidone initially present in the immediate release= portion of the dosage form within two
hours or less following introduction to a gastric use erwironment. Preferably, the dosage form
releases at least 80 wt% during the first two hours, and most preferably, at least 90 wt% of
the drug initially in the immediate release portion of the dosage form during the first two hours
after administering of the dosage form to a gastric Lise environment. Immediate release of
drug may be accomplished by any means knowi™ in the pharmaceutical arts, including
immediate release coatings, immediate releasse layers, and immediale release
multiparticulates or granules.

Virtually any means for providing immediate release of a drug known in the
pharmaceutical arts can be used with the dosage form of the present invention. In one
embaodiment, the ziprasidone in the immediate releasse portion is in the form of an immediate
release coating that surrounds the sustained relea=se means. The drug in the immediate
release portion may be combined with a water solubole or water dispersible polymer, such as
HPC, HPMC, HEC, PVP, and the like. The coatk ng can be formed using solvent-based
coating processes, powder-coating processes, and h ot-meit coating processes, all well known
in the art. In solvent-based processes, the coaling is made by first forming a solution or
suspension comprising the solvent, the drug, the coating polymer and optiona! coating
additives. Preferably, the drug is suspended in the= coating solvent. The coating materials
may be completely dissolved in the coating solvent_, or only dispersed in the solvent as an
emulsion or suspension or anywhere in between. L3tex dispersions, including aqueous latex
dispersions, are a specific example of an emulsion or suspension that may be useful as a
coating solution. The solvent used for the solution should be inert in the sense that it does
not react with or degrade the drug, and be pharmaceutically acceplabie. In one aspect, the
solvent is a liquid at room temperature. PreferabBly, the solvent is a volatile solvent. By
“volatile solvent" is meant that the material has a tailing point of less than about 150°C at
ambient pressure, although small amounts of solverats with higher boiling points can be used
and acceptable resuits still abtained.

Examples of solvents suitable for use in aapplying a coating to an enteric coated
sustained release core include alcohols, such as mesthanol, ethano!, isomers of propanol and
isomers of butanol; ketones, such as acetone, methywlethyl ketone and methy! isobutyl ketone,
hydrocarbons, such as pentane, hexane. heptane, «cyclohexane, methylcyclchexane, octane
and mineral oil: ethers, such as methyl tert-butyl ether, ethyl ether and ethylene glycol
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maonoethyl ether; chlorocarbons, such as chloroform, methylene2 dichloride and ethylene
di chloride; tetrahydrofuran; dimethyisulfoxide; N-methy! pyrrolidinore; acetonitrile; water; and
maixtures thereof.

The coating formulation may also include additives to prormmote the desired immediate
realease characteristics or to ease the application or improve the cdurabiiity or stability of the
coating. Types of additives include plasticizers, pore formers, amnd glidants. Examples of
coaling additives suitable for use in the compositions of the present invention include
plasticizers, such as mineral oils, petrolatum, lanolin aicon ols, polyethylene glycol,
peoliypropylene glycol, triethyl citrate, sorbitol, triethanol amine, diethyl phthalate, dibutyl
plhthalate, castor oil, triacetin and others known in the art; emulsiFiers, such as polysorbate-
8@0; pare formers, such as polyethylene glycol, polyvinyl pyrroli=done, polyethylene oxide,
h=ydroxyethyt cellulose and hydroxypropyimethy! cellulose; and glidants, such as colloidat
sililicon dioxide, talc and cornstarch. In one embodiment, the drug is suspended in a
ceommercially available coating formulation, such as Opadry'g clea r (available from Colorcon,
Ic., WestPoint, PA). Coating is.conducted in conventional fashiorm, typically by dipping, fluid-
be=ed coating, spray-coating, or pan-coating.

The immediate release coating may also be applied using powder coating techniques
weel known in the art. In these lechniques, the drug is blermded with optional coating
e:xcipients and additives, to form an immediate release co ating composition. This
ceomposition may then be applied using compression forces, such &asin a tablet press.

The coating may also be applied using a hot-melt coating technique. In this method,
a molten mixture comprising the drug and optional coating excipierts and additives, is formed
a nd then sprayed onto the enteric coated sustained release comre. Typically, the hot-meit
ceoating is applied in a fluidized bed equipped with a top-spray arrargement.

In another embodiment, the immediate release portio n is first formed into an
irqnmediate release composition, multiparticulates or granules theat are combined with the
srustained release means. The immediate release compaosition, me ultiparticulates, or granules
may be combined with the sustained release means in a capoasule. In one aspect, the
irnmediate-release composition consists essentially of the druga. In another aspect, the
irnmediate-release composition comprises ziprasidene and opfional excipients, such as
b inders, stabilizing agents, diluents, disintegrants, and surfactantss. Such immediate release
ceompositions may be formed by any conventional method for- combining the drug and
e xcipients. Exemplary methods include wet and dry granulationm. in anaother embodiment,
irnmediate release multiparticulates are filled into the same gelati n capsule as the sustained
rezlease multiparticulates, or, the immediate release multiparticulates are blended with the
s ustained release multiparticutates along with other excipients and compressed into tablets.
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In addition to the drug, the immediate release pomriion may include other excipients to
aid in formulating the immediate release portion. See, for example, Remington: The Science
and Practice of Pharmacy (20th ed. 2000). Exarwples of other excipients include
disintegrants, porasigens, matrix materials, fillers, diluemts, lubricants, glidants, and the like,
such as those previously described.

The relative amount of ziprasidone in the irmmediate release portion and the
sustained release portion may be as desired in order to obtain desired blood levels of drug.
The immediate release portion may contain at least 10 wrt%, at least 20 wt%, or even at least
30 wi% of the ziprasidone in the dosage form. in exernplary embodiments, the immediate
release portion may contain from about 10 to 50 wi% of the ziprasidone, while the sustained
release means may contain from about 90 wi% to about =50 wt% of the ziprasidone.

DOSAGE FORM EXCIPIEENTS

The sustained release dosage form may coOntain other excipients to imprave
performance, handling, or processing.  Generally, exxcipients such as surfactants, pH
modifiers, fillers, matrix materials, complexing agentss, solubilizers, pigments, lubricants,
glidants, flavorants, and so forth may be used for custonaary purposes and in typical amounts
without adversely affecting the properties of the susta ined release dosage form. See for
example, Remington’s Pharmaceutical Sciences (18th ecd. 1990).

One very usefut class of excipients is surfacstants, preferably present from 0 to
10 wi%. Suitable surfactants include fatty acid and alk-yi sulfonates: commercial surfactants
such as benzalkonium chloride (HYAMINE® 1622, avai-lable from Lonza, Inc., Fairlawn, New
Jersey); diactyl sodium sulfosuccinate (DOCUSATE SSODIUM, avallable from Mallinckrodt
Spec. Chem., Si. Louis, Missouri); polyoxyethylene s=orbitan fatty acid esters (TWEEN®,
available from ICl Americas Inc.. Wilmington, Delawaree; LIPOSORB® O-20, available from
Lipochem Inc., Patterson New Jersey, CAPMUL® FPOE-0, available from Abitec Corp.,
Janesville, Wiscaonsin); and natural surfactants such as sodium taurocholic acid, 1-palmitoyl-
2-0Ieoyl-sn-gchero-s-phosphocholine, lecithin, and ofther phospholipids and mono- and
diglycerides. Such materials can advantageously bea employed to increase the rate of
dissolution by, for example, facilitating wetting, or otherwwise increase the rate of drug release
from the dosage form.

The addition of pH modifiers such as acids, bases, or buffers may be beneficial,
retarding the dissolution of ziprasidone (e.g., bases suach as sodium acetate or amines) or,
alternatively, enhancing the rate of dissolution of ziprasi done (e.g., acids such as citric acid or
succinic acid).

Conventional matrix materials, complexing ageanis, solubilizers, fillers, disintegrating
agents (disintegrants), or binders may also comprise up to 90 wt% of the dosage form.
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Exxamples of filers, of diluents include lactose, mannitol, xylitol, microcrystalline
cellulose, dibasic calcium phosphate (anhydrous and dihydrate) and starch.

E ~xamples of disintegrants include sodium starch glycolate, sodium a lginate, carboxy
methyl ce liulose sodium, methyl cellulose, and croscarmellose sodium, and cr-osslinked forms
of polyviryl pyrrolidone such as those sold under the trade name CFROSPOVIDONE
(available from BASF Corporation).

E _xamples of binders include methyl cellulose, microcrystalline cellulose, starch, and
gums suc has guar gum, and tragacanth.

E xamples of lubricants include magnesium stearate, calcium stearaate, and stearic
acid.

E xamples of preservatives include sulfites (an antioxidant), benzallonium chiloride,
methyl pamraben, propyl paraben, benzyl alcoho! and sodium benzoate.

€ xamples of suspending agents or thickeners include xanthan gu m, starch, guar
gum, soddium alginate, carboxymethyl cellulose, sodium carboxymethyl c-ellulose, methyl
cellulose, hydroxypropyl methyl cellulose, polyacrylic acid, silica gel, alusminum  silicate,
magnesiumm silicate, and titanium dioxide.

£ xamples of anti-caking agents or fillers include silicon oxide and lacteose.

E xamples of solubilizers include ethanol, propylene gtycol or polyethy lene glycol.

Other canventional excipients may be employed in the sustained release dosage
forms of ®hig invention, including those well-known in the art. Generally, ex cipients such as
pigments , lubricants, flavorants, and so forth may be used for customary gourposes and in
typical ammounts without adversely affecting the properties of the compositionss.

Dosing Interval

T he sustained release dosage forms may be administered at any convenient
frequencws. In one embodiment, the sustained release dosage forms are admeinistered at least
twice per day. In one embodiment, the dosage forms are administered twice= per day. When
dosed twilice per day, the period between dosing is preferably from 8 to 16 howurs. The dosage
forms are= preferably administered with food. Far example, when the dosage forms are
administe=red twice per day, a dosage form may be administered in the morming with a meal,
and another dosage form of the same composition may be administered aga in in the evening
with a me=al.

I one embodiment, the sustained release means provide a relativezly short release
period theat may be suitable for twice daily administration. The release period for such dosage
forms mz3y be from 4 10 8 hours. By “release period” is meant the time required for the
dosage fom to release 80 wi% of the ziprasidone in the dosage form. The ammount of drug in
the dosacge from may be 20 mgA, 30 mgA, 40 mgA, 60 mgA, 80 mgA, or mor €. In a preferred
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embodimemnt, ziprasidone in such a short release dosage form is preferably a high solubility
salt form omf ziprasidone. The dosage form is preferably administered twice a day in the fed
state.

in another embodiment, the sustained release dosage form is admini=stered only once
per day. The dosage forms are preferably administered with food. Accoardingly, when a
dosage for-mis administered once per day, the dosage form may be administered once in the
moming wilith a meal, or may be administered once in the evening with a meal .

In another embodiment, the sds\ained release means provide & relatively long
release pe riod that may be suitable for twice daily administration. The releasee period for such
dosage for—ms may be from 8 to 24 hours. By “release period” is meant the —time required for
the dosage= form to release 80 wt% of the ziprasidone in the dosage form. The amount of
drug in thea dosage from may be 20 mgA, 30 mgA, 40 mgA, 60 mgA, 80 mgsA, or more. Ina
preferred eembodiment, zZiprasidone in such a short release dosage form i s in a solubility-
improved #Form of ziprasidone and contains a precipitation inhibiting polymeer. The dosage
form is pre-ferably administered once a day in the fed state.

Thae sustained release dosage forms may be used to treat any co=ndition for which
ziprasidonee may be effective.

Other features and embodiments of the invention will become apparent from the
following eaxamples that are given for illustration of the invention rather thaan for limiting its
intended s: cope.

EXAMPLES
Solubility-Improved Forms of Ziprasidone

High Solubility Salt Forms
Mi crocentrifuge dissolution tests were performed to evaluate the h ydrochloride and

mesylate crystalline salt forms of ziprasidone to verify they were solubility-irmproved forms of
ziprasidonee. For this test, a sufficient amount of ziprasidone hydrochloride= monohydrate or
ziprasidonee mesylate trihydrate was added to a microcentrifuge test twibe so that the
concentration of ziprasidone would have been 200 ugA/mL, if all of the ziprasidone had
dissoived. The lests were run in duplicate. The tubes were placed in a 3 7°C temperature-
controlled chamber, and 1.8 mL MFD solution at pH 6.5 and 290 mOsm/k<g was added to
each respeective tube. The samples were quickly mixed using a vortex muxer for about 60
seconds. ~The samples were centrifuged at 13,000 G at 37°C for 1 minute prior to collecting a
sample. TWhe resulting supernatant solution was then sampled and diluted 1:5 (by volume)
with methaanol. Samples were analyzed by high-performance liquid chroma tography (HPLC)
at a UV afbsorbance of 315 nm using a Zorbax RxC8 Reliance column anct a mobile phase
consisting of 55% (50 mM potassium dihydrogen phosphate, pH 6.5)45% =acetonitrile. Orug
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conceniration was calculated by comparing UV absorbance of samples tc the absorbance of
drug standards. The contents of each tube were mixed on the vortex mxixer and allowed to
stancd undisturbed at 37°C until the next sample was taken. Samples wers collected at 4, 10,
20, 40, 90, and 1200 minutes following administration to the MFD solution. The results ére
showwn in Table 1.

A similar test was performed with the crystalline ziprasidone free» base as a control,
and =a sufficient amount of material was added so that the concentration «of compound would
havee been 200 ugA/mL, if all of the ziprasidone had dissolved.

Table 1
Salt Form Time (min) Dissolved Ziprasidone‘ AUC (mx in-ygA/mL)
Concentration (MgA/mL
0 0
1 3
Ziprasidone 10 ! "
Free Base 20 ! 2
40 2 51
90 1 120
1200 2 2000
(o] 0 0
4 14 30
Ziprasidone 10 15 110
hydrochloride | 20 20 280
monohydrate | 40 22 700
90 18 1,700
1200 9 16,400
0 0 0
4 55 110
Ziprasidone 10 33 380
mesylate 20 20 640
trihydrate 40 13 970
90 1 1,600
1200 6 11,200

The concentrations of ziprasidone obtained in these tests were ussed to determine the
max<imum dissolved concentration of ziprasidone ("MDCgo") and the area under the
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concentration-versus-time curve ("“AUCq") during the initial rminety minutes. The resuits are

shown in Table 2.
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Table 2
Salt Form MDCgo (WGA/ML) AUCq, (min*pgA/mL)
Ziprasidone free base 2 120
Ziprasidone hydrochloride | 22 1,700
monohydrate
Ziprasidone mesylate trihydrate | 55 1,600

These resuits show that ziprasidone hydrochloride= monohydrate provided an MDCgo
that was 11-fold that provided by the free base, and an ALJCy, that was 14-fold that provided
by the free base. The ziprasidone mesylate trihnydrate preovided an MDCy that was 27-fold
that provided by the free base, and an AUCq that was 13-%old that provided by the free base.
Thus. both the hydrochloride and mesylate salt forms are solubility-improved forms of
ziprasidone.

Ziprasidone coated crystals comprising 35%  active ziprasidone hydrochloride
monohydrate coated with the precipitation-inhibiting poly=mer HPMCAS, were prepared as
follows. A spray suspension was first formed by dissolvTing HPMCAS-H (AQOAT H grade,
available from Shin Etsu, Tokyo Japan) in acetone in a container equipped with a top-
mounted mixer. Crystalline particles of ziprasidone hyc3rochloride monohydrate, having a
mean particle size of about 10 pm, were then added tc> the polymer solution and mixing
continued with a top-mounted mixer. The composition consisted of 3.97 wt% crystalline
ziprasidone hydrochloride monohydrate particles suspenc8ed in 6.03 wt% HPMCAS-HG, and
90 wt% acetone. Next, a re-circulation pump (Yamada a ir actuated diaphragm pump model
NDP-5FST) was used to transfer the suspension to a high-shear in line mixer (Bematek
model LZ-150-6-PB multi-shear in-line mixer) where a seri-es of rotor/stator shear heads broke
up any remaining drug crystal agglomerations. The higl shear mixer was operated with a
setting of 3500 + 500 rpm, for 45-60 minutes per 20 kg1 solution. The re-circulation pump
pressure was 35 £ 10 psig.

The suspension was then pumped using a high—pressure pump to a spray drier (a
Niro type XP Portable Spray-Dryer with a Liquid-Feed Pr—ocess Vessel ("PSD-17)), equipped
with a pressure nozzie (Spraying Systems Pressure Nozz@le and Body—SK 74-20). The PSD-
1 was equipped with a 5-foot 8-inch chamber extension. The chamber extension was added
to the spray dryer to increase the vertical length of the drywer. The added length increased the
residence time within the dryer, which allowed the producct to dry before reaching the angled
section of the spray dryer. The spray drier was also e=quipped with a 316 stainless steel
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circular diffuser plate with 1/16-inch drilled holess, having a 1% open area. This small open
area directed the flow of the drying gas to mirimize product recirculation within the spray
dryer. The nozzle sat flush with the diffuser p-late during operation. The suspension was
delivered to the nozzle at about 285 g/min at a p=ressure of about 300 psig. The pump system
included a pulsation dampener to minimize Pulsation at the nozzle. Drying gas (eg.
nitrogen) was circulated through the diffuser piaate at a flow rate of 1850 g/min, and an inlet
temperature of 140°C. The evaporated solvent —and wet drying gas exited the spray drier at a
temperature of 40°C. The coated crystals forme=d by this process were collected in a cyclone,
then post-dried using @ Gruenberg single-pass convection tray dryer operating at 40°C for 4
hours. The properties of the coated crystals aftear post-drying were as follows:

Parameter Value-

Morphology Irregumiar spheres with evidence of crystalline
partic les

Crystallinity (% of drug) ’ 90%—=+10%

Mean particle diameter (um) 42

*Dv,q, Dvso, Dvgg (M) 13, 3=8,76

Span (Dso-D10)/Dso 1.6

Bulk specific volume (cc/g) 33

Tapped specific volume (cc/g) 2.2

Hausner ratio 1.5

Glass Transition Temperature at | 120 -(the same as the Tg

5% RH (°C) for HIPMCAS-HG)

Crystallization Temperature (°C) Nonee Observed from 0°C to 260°C

¢ 10 vol% of the particles have a di=ameter that is smaller than D, 50 vol% of

the particles have a diameter that is smallier than D, and 80 vol% of the particles
have a diameter that is smaller than Dgo.

The ziprasidone coated crystals w ere evaluated in vitro using a membrane
permeation test. An Accurel® PP 1E microp-oroué polypropylene membrane was obtained
from Membrana GmbH (Wuppertal, Germanwy). The membrane was washed in isopropyl
;Icohol and rinsed in methanal in a sonicating bath for 1 minute at ambient temperature, and
then allowed to air dry at ambient temperaturre. The feed side of the membrane was then
plasma-treated to render it hydrophilic by plaacing a sample of the membrane in a plasma
chamber. The atmosphere of the plasma cshamber was saturated with water vapor at a

pressure of 550 mtorr. A plasma was then generaled using radio frequency (RF) power
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inductively coupled into the chamber via anwular electrodes at a power setting of 50 watts for
45 seconds. The contact angle of a drop of "water placed on the surface of the plasma-treated
membrane was about 40°. The contact angale of a drop of water placed on the permeate side
of the same membrane was greater than ab=out 110°.

A permeate reservoir was forme=d by gluing a sample of the plasma-treated
membrane to a glass tube having an insicle diameter of about 1 inch (2.54 cm) using an
epoxy-based glue (LOCTITE® £.30CL HEYSOL® from Henkel Loctite Corp, Rocky Hill,
Conneclicut). The feed-side of the membraane was oriented so that it was on the outside of
the permeate reservoir, while the permeate—side of the membrane was oriented so that it was
on the inside of the reservoir. The effe ctive membrane area of the membrane on the
permeate reservoir was about 4.9 cm? The permeate reservoir was placed into a glass feed
reservoir. The feed reservoir was equippead with a magnetic stir bar and the reservoir was
placed on a stir plate and the stir rate was sset to 100 rom during the test. The apparatus was
placed into a chamber maintained at 37°C for the duration of the test. Further details of the
test apparatus and protocols are presented in co-pending U.S. Patent Application Serial No.
60/557,897. entitted “Method and Device for Evaluation of Pharmaceutical Compositions,”
filed March 30, 2004 (attorney Docket No. C25968), incorporated herein by reference.

To form the feed solution, a 1.39 g sample of the coated crystals was weighed into
the feed reservoir. To this was added 5 m L of MFD solution previously described, consisting
of PBS solution containing 7.3 mM sodium taurocholic acid and 1.4 mM of 1-palmitoyl-2-oleyl-
sn-glycero-3-phosphocholine (0.5% NaTC#POPC). The concentration of ziprasidone in the
feed salution would have been 100 ugA/miL, if all of the ziprasidone had dissolved. The feed
solution was mixed using a vortex mixer f-or 1 minute. Before the membrane contacted the
feed solution, 5 mL of 60 wt% decanol irm decane was placed into the permeate reservoir.
Time zera in the test was when the membraane was placed in contact with the feed solution. A
50 mL aliquot of the permeate solution was collected at the times indicated. Samples were
then diluted in 250 mL IPA and analyzed ussing HPLC. The results are shown in Table 3.

As a control, the membrane test wwvas repeated using a 0.5-mg sample of crystalline
ziprasidone alone, so that the concentration of drug would have been 100 yg/mL, if all of the
drug had dissolved. These results are alsc given in Table 3.

Jable 3
Formulation Time (mEn) | Concentration (pgA/mL)
Ziprasidone 0 0.0
Coated 20 34
Crystals 40 13.2
60 17.5
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Formulation | Time (min) Concentration (pgA/mL)
0 252
120 333
180 479
240 48.4
360 52.4
B 0 00
20 52
40 8.1
Crystalline 60 10.0
Ziprasidone 90 1.4
HCI 120 12.9
180 18.1
245 20.9
" 360 22.6

The maximum flux of drug across thme membrane (in units of mchmz-min) was

determined by performing a least-squares fit t-o the data in Table 3 from O to 60 minutes to

obtain the siope, multiplying the slope by the permeate volume (5 mL), and dividing by the

membrane area (4.9 cmz). The results of this =analysis are summatized in Table 4, and show

that the ziprasidone coated crystals provided a maximum flux through the membrane that was

2-fold that provided by crystalline ziprasidone fwree base alone.

Tatole 4

Formulation

M aximum flux of Ziprasidone (mgA/cm®-min)

Ziprasidone Coated Crystals

0. 32

Crystalline Ziprasidone HCI

0. 16

Preparation of Sustainead-Release Dosage Forms
Dosage Form DF-1
A dosage form containing ziprasidone= hydrochloride monohydrate was prepared that

provided sustained-release of ziprasidone. T he dosage form was in the form of a bi-layer

osmotic tablet. The bi-layer osmotic tablet consisted of a drug-containing composition, a

water-swellable composition, and a coating aaround the two layers. The bi-layer tablet was

prepared as follows.

Preparation of the Drug - -Contalning Composition
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To form the drug-containing composition, the following materials were blended: 10.0
wt% ziprasidone hydrochloride monchydrate, 8-4.0 wt% polyethylene oxide (PEO)(Polyox
WSR NB80) having an average molecular weight of 200,000, 5.0 wt% hydroxypropyl cellulose,
and 1.0 wt% magnesium stearate. The drug-containing composition ingredients were first
combined without magnesium stearate, and wet-granulated using IPA/water (85/15) in a Niro
SP1 high shear mixer granulator. The granulaation was sieved wet, and then dried in a
convection oven at 40°C for 16 hours. The diried granulation was then milled using 3
Fitzpatrick MSA mill. Finally, the magnesium Stearate was added to the drug-containing
composition in a twin-shell plender, and the ingredients were blended for an additional 5
minutes.

Preparation of the Water-Swellable Composition
To form the water-swellable composition, the foliowing materials were blended: 64.9

wt% polyethylene oxide (Polyox WSR coagutamit) having an average molecular weight of
5,000,000, 34.5 wt% sodium chloride, 0.5 wl% rriagnesium stearate, and 0.1 wt% Blue Lake
#2. First, the PEO and sodium chloride were combined and blended in a twin shell blender
for 10 minutes, then milled using a Fitzpatrick MSA mill. The Blue Lake #2 was sieved with a
40-mesh screen, and added to a portion of the PEO and sodium chloride. The ingredients
were mixed using a Turbula mixer for 5 minutes, then added to the remaining PEO and
sodium chloride, and blended in a twin-sheil plender for 10 minutes. The magnesium stearate
was added, and the mixture was blended again for 5 minutes.
Preparation of T ablet Cores

Bilayer tablet cores were manufactured using an Efizabeth-Hata trilayer press
combining 454.5 mg of the drug-containing comgoosition and 150.5 mg of the water-swellable
composition with 7/16-inch standard round concave (SRC) plain-faced tooling. The tablet
cores were compressed to a hardness of about 12.6 kiloponds (kp). The resulting bi-layer
tablet core had a total weight of 605 mg and cont ained a total of 40 mg active ziprasidone.

Application of the Coating

Coatings for the tablet cores were app lied in a Vector LDCS-30 pan coater. The
coating solution for DF-1 contained celluiose acetate (CA 398-10 from Eastman Fine
Chemical, Kingsport, Tennessee), polyethylene glycol (PEG 3350, Union Carbide), water, and
acetone in a weight ratio of 7/3/5/85 (wt%). A MMasterflex pump was used to deliver 20 g of
solution per minute. The flow rate of the inlet heated drying gas of the pan coater was set at
40 ft3/min with the outlet temperature set at 28°C. Air at 22 psi was used to atomize the
coating solution from the spray nozzle, with a Mmozzle-to-bed distance of 2 5/8 inches. The
pan rotation was set to 14 rpm. The so-coated taablets were dried 16 hr at 40°C in a fray-drier.

The final dry coating weight amounted to about 10 wt% of the tablet core. One 900 pm
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ciameter hole was laser-drilled in the coating on the drug-contairming composition side of each
of the tablets of DF-1 to provide one delivery port per tablet.
Dosage Form DF-2
Dosage Form DF-2 was prepared using the same p-rocedure outlined for DF-1,
eexcept that for DF-2, the coating solution contained CA 308—10, PEG 3350, water, and
aacetone in a weight ratio of 8/2/5/85 (wt%).
Dosage Form DE-3
A bilayer osmotic dosage form containing ziprasidone- hydrochloride monohydrate
wvas prepared using the following procedures.
Preparation of the Drug-Containing Comp=osition
To form the drug-containing composition, the following smaterials were blended 10.0
=wt% ziprasidone hydrochloride monohydrate, 84.0 wt% PEO (Po lyox WSR N80), and 1.0 wt%
_magnesium stearate. The drug-containing composition ingrexdients were first combined
~without magnesium stearate, blended for 20 minutes in a Turbul=a mixer, passed through a 20
rmesh sieve, and blended again for 20 minutes. One half of the rnagnesium stearate was then
added to the blend and the mixture blended for an additional 4 rminutes. Next, the ingredients
were roller-compacted using a Vector TF mini roller-compactor (roller pressure 1 ton, roller
speed 2 rpm, auger speed 1.0 rpm), then milled using a Fitzpatarick M5A mill equipped with a
rasping screen at 1500 rpm. Finally, the remaining magnesium stearate was added, and the
ingredients were blended again for 4 minutes.
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Preparation of the Water-Swellable Composition
Tom form the water-swellable composition, the following materials- were blended: 650

wi% PEO (Polyox WSR coaguiant), 34.3 wt% sodium chloride, 0.5 wt% wmagnesium stearate,
and 0.2 w-1% Blue Lake #2. All ingredients except magnesium stearatte and Blue Lake #2
were comboined and blended for 20 minutes, passed through a 20 meshh sieve, and blended
again for 220 minutes. The magnesium stearate and Blue Lake #2 were then added, and the
mixture waas blended for 4 minutes.

Preparation of Tablet Cores

Bilayer tablet cores were manufactured using an F press combining 444 mg of the
drug-contaaining composition and 222 mg of the water-swellable compo ssition with 15/32-inch
standard r—ound concave (SRC) plain-face tocling. The tablet cores were compressed to a
hardness «of about 9.1 kp. The resulting bi-layer tablet core had a total wweight of 666 mg and
contained a total of 40 mg active ziprasidone.

Cooatings for the tablet cores were applied in a Vector LOCS—20 pan coater. The
coating soolution contained CA 398-10, PEG 3350, water, and acetone in a weight ratio of
3.5/1.5/3/92 (wit%). The flow rate of the inlet heated drying gas of the gpan coater was set at
40 f3/min  with the outlet temperature set at 25°C. Nitrogen at 20 psi waas used to atomize the
coating solution from the spray nozzle, with a nozzie-to-bed distance of 2 inches. The pan
rotation w—as set to 20 rpm. The so-coated tablets were dried 16 hr at 40°C in a tray-drier.
The final dry coating weight amounted to about 16.4 wt% of the tablezt core. One 800 um
diameter Fole was laser-drilied in the coating on the drug-containing cormposition side of each
of the tabl ets to provide one delivery port per tablet.

Dosage Form DF-4

D osage Form DF-4 was prepared using the same procedure -outlined for DF-1 with
the followwing exceptions. The drug-containing composition cor sisted of 11.96 wt%
ziprasidore mesylate trihydrate, 82.04 wt% PEO (Polyox WSR N80), 5 wt% hydroxypropy}
cellulose, and 1 wi% magnesium stearate. The water-swellable cormposition consisted of
65.0 wi% PEO (Polyox WSR Coagulant), 34.45 wt% sodium chloride , 0.5 wt% magnesium
stearate. zand 0.05 wit% Blue Lake #2. The coating solution contained CA 398-10, PEG 3350,
water, aned acetone in a weight ratio of 8/2/5/85 (wt%), and amounted to 10.4 wit% of the core
weight. Each tablet of DF-4 contained 40 mgA of ziprasidone.
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Dosage Form DF-5

Dosage Form [DOF-5 was prepared using the same procedure outlined for DF-1 wi th
the following exceptionss. The drug-containing composition consisted of 7.7 wi% ziprasidore
mesylate trihydrate, 31 wi% beta-cyclodextrin, 59.9 wt% PEO (Polyox WSR N80), 0.4 wt%
hydroxypropyl methylcezllulose acetate succinate (HPMCAS; the MF grade from Shin Ets),
and 1 wt% magnesiun stearate. The water-swellable composition consisted of 65.0 w&E%
PEO (Polyox WSR Coaagulant), 34.4 wt% sodium chloride, 0.5 wt% magnesium stearate, asnd
0.1 wt% Blue Lake #2 . The tablet cores were prepared using 13/32-inch standard rou nd
concave (SRC) plain-faaced tooling. The coating solution contained CA 398-10, PEG 33550,
waler, and acetone in & weight ratio of 8/2/5/85 (wt%), and amounted to 11.9 wt% of the coore
weight. Each tablet of IDF-5 contained 20 mgA of ziprasidone.

Dosage Form DF-6

Dosage Form DFf-6 was prepared using a co-lyophile of ziprasidone mesylate amnd
sulfobutylether cyclodextin (SBECD) in the drug-containing composition. The co-lyophile
was prepared by freez ing an aqueous solution containing SBECD and ziprasidone mesyl=ate
in a ratio of 14.7:1 (ws/w) and removing the water from the solid state under vacuum. & he
resulting solid lyophilizzed cake was milled using a Fitzpatrick M5A mill fitted with a 0.03 15-
inch rasping plate and a bar impeiler.

Dosage Form DF-6 was prepared using the same procedure outlined for DF-1 wvith
the following exceptiors. The drug-containing composition consisted of 38.4 wt% of the co-
lyophile described atoove, 60.2 wit% PEO (Polyox WSR N80), 0.4 wit% hydroxypropyl
methylcellulose aceta te succinate (MF grade from Shin Etsu), and 1wt% magnes ium
stearate. The watemr-swellable composition consisted of 65.0 wit% PEO (Polyox Wa/SR
Coagulant), 34.4 wt% sodium chloride. 0.5 wt% magnesium stearate, and 0.1 wi% Blue L_ake
#2. The tablet cores were prepared using 7/16-inch standard round concave (SRC) pi ain-
taced tooling. The coaating solution contained CA 398-10, PEG 3350, water, and acetone ina
weight ratio of 7/3/5/8 5 (wt%), and amounted to 19.5 wt% of the core weight. Each tablet of
DF-6 contained 20 maeA of ziprasidone.

Dosage Form DF-7

Dosage Forme DF-7 was prepared using the same procedure outiined for DF-3  with
the following exceptioms. The drug-containing composition consisted of 10.0 wt% ziprasicllone
hydrochloride monohyydrate, 15.0 wi% HPMCAS (HF grade from Shin Etsu), 74.0 wt% FPPEO
(Polyox WSR NB80), amnd 1.0 wt% magnesium stearale. The drug-containing composition was
made by blending the> zprasidone. HPMCAS, and PEO in a Turbula mixer for 20 minites,
passing the blend threough a 20-mesh screen, blending an additional 20 minutes, addingg the
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magnesium stearate and blending zn additional 4 minutes. The water-swellable composition
consisted of 65.0 wt% PEO (Polyox WSR Coagulant), 34.3 wt% sodium chioride, 0.5 wt%
magnesium stearate, and 0.2 wt% Blue Lake #2 and was made as outlined for DF-3. The
tablet cores were prepared using 15/32-inch SRC tooling. The coating solution contained CA
398-10, PEG 3350, water, and acetone in a weight ratio of 3.5/1.5/3/92 (wt%), and amounted
to 18.4 wi% of the core weight. Orse 800 um diameter hole was laser-drilled in the coating on
the drug-containing composition siide of each of the tablets. The resulting bi-layer tablets
contained a total of 40 mg active ziprasidone.
Dosage Form DF-8
Dosage Form OF-8 was prepared using crystals of ziprasidone hydrochloride
monohydrate that had been coatecd with the “H" grade of HPMCAS {HPMCAS-HF, Shin Etsu
(where “F" indicates fine)), as pre~viously described. The coated crystals contained 35 wt%
active (Wt%A) ziprasidone. Dosamge Form DF-8 was prepared using the same procedure
outlined for DF-1 with the followings exceptions. The drug-containing composition consisted of
25 wt% of the coated crystals, 7 4 wt% PEO (Polyox WSR N80), and 1 wt% magnesium
stearate. The water-swellable composition consisted of 65.0 wit% PEO (Polyox WSR
Coagulant), 34.3 wt% sodium chioeride, 0.5 wt% magnesium stearate, and 0.2 wt% Blue Lake
#2. The tablet cores were prepaared using 7/16-inch standard round concave (SRC) plain-
faced tooling. The coating solutiomn contained CA 398-10, PEG 3350, water, and acetone in a
weight ratio of 6.8/1.2/4/88 (Wt%), and amounted to 8.1 wi% of the core weight. Each tablet
of DF-8 contained 40 mgA of zipraasidone.
Dosage Form DF-9
Dosage Form DF-9 was perepared using the same procedure outlined for DF-8 except
that the coating amounted to 10 wt% of the core weight. Each tablet of DF-9 contained
40 mgA of ziprasidone.
Dosaqe Form DF-10
Dosage Form DF-10 con sisted of a bilayer osmotic tablet containing coated crystals
of ziprasidone hydrochloride moenohydrate, that were jet-milled prior to coating to reduce
particle size. Dosage form DF-10» was prepared using the following procedures.
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Preparation of Coate=d Crystals by Spray-drying
Jet-milled ziprasidone coated crys®als were formed by spray drying, as previously

described. except that the ziprasidone hy<drochloride was first jet-milled to reduce particle
size. Jet-milled znprasndone was prepared Ty slowly pouring the ziprasidone dry powder into
a Glen Mills Laboratory Jet Mill, with two nStrogen lines set at about 100 psi. Milled material
was collected in a receiving jar, with a mean particle size of about 2 pm. Jet-milled
ziprasidone crystals were coated with HPMSCAS-HG, and the properties of the coated crystals
after secondary drying were as follows:

Parameter Valaue

Morphology Spherical and wrinkled particles
Mean particle diameter (pm) 44

*Dvg, Dvso, Dvgo (pm) 13, 40, 81

Span (Dao-D10)/Dso 1.7

Bulk specific volume (cc/g)’ 4.1-4

Tapped specific volume {cc/g) 26 5

Hausner ratio 1.5 6

* 10 vol% of the particles have a dicameter that is smaller than Dyo; 50 vol% of
the particles have a diameter thatt is smaller than Ds, and 90 vol% of the
particles have a diameter that is smaller than Dgo.

Preparaticn of Tablet Cores

The drug-containing composition Wwras prepared using the procedures outlined for DF-
7 and consisted of 25.0 wt% ziprasidone c=cated crystals, 74.0 wi% PEO (Polyox WSR N8Q),
and 1.0 wt% magnesium stearate. The wvater-sweilable composition consisted of 65.0 wt%
PEO (Polyox WSR Coagulant), 34.3 wi% sodium chloride, 0.5 wt% magnesium stearate, and
0.2 wt% Blue Lake #2 and was made as eoutlined for DF-3. The tablet cores were prepared
using 7/16-inch SRC tooling. The coatingm solution contained CA 398-10, PEG 3350, water,
and acetone in a weight ratio of 4.25/0.755/2.5/92.5 (wt%), and amounted to 7.8 wt% of the
core weight. One 900 um diameter ho le was laser-drilled in the coating on the drug-
containing composition side of each of the= tablets. The resulting bi-layer tablets contained a
total of 40 mg active ziprasidone.
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Dosage Form DF-11

Dosage Form DF-11 was prepared using the same pr-ocedure outlined for DF-10
except that the coating amounted to 10.2 wi% of the core weight. Each tablet of DF-11
contained 40 mgA of Ziprasidone. '

Dosage Form DF-12

Dosage Form DF-12 consisted of a matrix sustained—release tablet made using
coated crystals of ziprasidone hydrochloride. The coated cry-stals were made using the
process previously described, and contained 35 wi% of acti-ve ziprasidone coated with
HPMGCAS-HF. The matrix tablets consisted of 42 wt% of the coa-ted crystals, 42 wt% sorbitol,
15 wi% HPMC (K100LV), and 1 wi% magnesium stearate. The tablets were prepared by first
blending the coated crystals, sorbitol, and HPMC in a twin-shell blender for 20 minutes,
milling using a Fitzpatric MSA mill, and then biending in the twin-sshell blender for an additional
20 minutes. The magnesium stearate was then added and the mixture biended again for 5
minutes. The tablets were manufactured using an F press using 555.5 mg of the mixture
using 11-mm SRC plain-faced tooling. The tablet cores were compressed to a hardness of
about 11 kp. The resuiting sustained-release matrix tablet cont=ained a total of 80 mg active
ziprasidone.

Dosage Form DF-13

Dosage Form DF-13 consisted of a matrix sustained-welease tablet made using a
mixture of ziprasidone hydrochloride and HPMCAS (HF grade, SShin Etsu) that had been wet
granulated. To form the wet granulation, ziprasidone hydrochioride and HPMCAS were
mixed in a Turbula mixer for 4 minutes. The resulting physica 1 mixture contained 34 wt%A
Ziprasidone. A binder solution was then prepared consisting of 10 wt% HPMCAS (HF grade,
Shin Etsu) dissolved in an 85/15 (wiw) mixture of isopropyl alcobol/water. A 10-gm sample of
the physical mixture and a 4-gm sample of the binder soluticn were then combined in a
mortar and pestle and wet granulated by hand. The resulting ggranules were then dried in 3
40°C oven overnight. The resulting wet granulation contained 36 wt%A ziprasidone.

The matrix tablets consisted of 40 wi% of the wet grarmulated mixture of ziprasidone
hydrochloride and HPMCAS, 44 wt% sorbitol, 15 wt% HFPPMC (K100LV), and 1 wt%
magnesium stearate. The tablets were prepared by first blerding the granulated mixture,
sorbitol, and HPMC in a twin-shell blender for 20 minutes, millirg using a Fitzpatric M5A mill,
and then blending in the twin-shell blender for an additional 20 minutes. The magnesium
stearate was then added and the mixture blended again for S minutes. The tablets were
manufactured using an F press using 555.5 mg of the mixture Lising 11-mm SRC plain-faced
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tooling. The tablet cores wer-€ compressed to a hardness of about 8 kp. The resultisng
suslained-release matrix tablet ~contained a total of 80 mg active ziprasidone.
Dosage Form DF-14
Dosage Form DF-14 consisted of a matrix sustained-release tablet made using
coated crystals of ziprasidone— hydrochloride. The coated crystals were made using t he
process previously described, and contained 35 wt% of active ziprasidone coated writh
HPMCAS (HF grade). The ma trix tablets consisted of 30 wt% of the coated crystals, 29 wt%
spray-dried lactose, 40 wt% PEO (Polyox WSRN-10) (100,000 daltons), and 1 w t%
magnesium stearate. The tablexts were prepared by first blending the coated crystals, lacto=se,
and PEO in a twin-shell blendezr for 20 minutes, milling using a Fitzpatric M5A mill, and thmen
blending in the twin-shell blendller for an additional 20 minutes. The magnesium stearate w’sas
then added and the mixture bmlended again for 5 minutes. The tablets were manufactur-ed
using an F press using 381 mag of the mixture using caplet-shaped tooling wiih dimensions
0.30 inches by 0.60 inches. Tie tablet cores were compressed to a hardness of about 13 kp.
The resulting sustained-releases matrix tablet contained a total of 40 mg active ziprasidone.
Dosage Form DF-15
Dosage Form DF-15 c=onsisted of Dosage Form DF-14 that had been coated withx an
enteric coating. The coating ssolution consisted of 41.7 wt% Eudraglt L30-D55 and 2.5 vwvi%
triethylcitrate in 55.8 wt% water. Coatings were applied in an LDCS-20 pan coater, “The
coating weight was 10 wt% of the uncoated core weight. The resulting sustained-rele ase
matrix tablet contained at total .of 40 mg active ziprasidone.
Dosage Form DF-16
Dosage Form DF-16: consisted of a bi-layer osmotic tablet prepared using the
procedures outlined for DF-3 wwvith the following exceptions. The drug layer contained crysstals
of the tosylate salt form of zip rasidone coated with HPMCAS (H grade) using the procedwuires
outlined for coating crystals eof the hydrochloride salt of ziprasidone. The coated crysstals
contained 35 wt% active zipramsidone. The drug layer composition consisted of 25 wt% of the
coated crystais of ziprasidorme tosylate, 74 wt% of PEO (Polyox WSR N80), and 1 wwit%
magnesium stearate. The waater-sweliable composition consisted of 65.0 wt% PEO (Po lyox
WSR Coagulant), 34.3 wt% scadium chloride, 0.5 wt% magnesium stearate, and 0.2 wt% Blue
Lake #2. The tablet cores vevere prepared using 7/16-inch standard round concave (S RC)
plain-faced tooling. The co ating solution contained CA 398-10, PEG 3350, water, and
acetone in a weight ratio of 4 .25/0.75/2.5/92.5 (wt%), and amounted to 10.4 wt% of the core
weight. Each tablet of DF-16 contained 40 mgA of ziprasidone.

Dosage Form DF-17
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Dosage Form DF-17 consisted of a single-layesr osmotic tablet that provided
sustained release of ziprasidone. The dosage form contairied the ziprasidone hydrochloride
monohydrate crystals coated with HPMCAS (H grade) as previously described. The tablet
core consisted of 26.5 wt% of the coated crystals of ziprassidone, 60.0 wi% sorbitol, 8.0 wt%
hydroxy ethyl cellulose (Natrosol 250HX), 1.5 wi% sodiLam lauryl sulfate (SLS). 3.0 wt%
hydroxypropyl cellulose (Klucel EXF), and 1.0 wi% magne =sium stearate. To form the tablet
core, all of the ingredients except for the magnesium stezarate were biended in a twin-shell
blender for 15 minutes. The blend was then passed througgh a Fitzmill M5A equipped with a
0.031-inch Conidur rasping screen at 200 rpm. The biend swas then returned to the twin-shell
blender and biended an additional 15 minutes. One haif of the magnesium stearate was then
added to the blend and the mixture blended for an additiomnal 3 minutes. The dry blend was
then roller compacted using a Vector Feund TF Mini rollesr compactor with “S” rolls, using a
roll pressure of 390 to 400 psi, a roller speed of 3-4 rpm, a nd a screw speed of 4-6 rpm. The
roller compacted ribbons were then milled using the Fitzranill M5A, The milled material was
then returned to a twin-shell blender and biended for 10 m@nutes, at which time the remaining
magnesium stearate was added and the mixture blended for an additional 3 minutes. The
tablet cores were then formed using a Killian T100 tablet poress using 0.2838-inch by 0.5678-
inch modified oval tooling. A coating was applied to thex tablet core using the procedures
outlined for DF-1, except that the coating solution contaired CA 398-10, PEG 3350, water,
and acetone in a weight ratio of 4.5/1.5/5/89 (wt%), and amounted to 7.5 wi% of the core
weight. ) )Ea?:ﬁ tablet of DF-17 contained 40 mgA of ziprasicdone.

Dosage Form DF-18

Dosage Form DF-18 consisted of sustained-relea se multiparticulates prepared using
the following procedure. The muitiparticulates consisted of 40 wt% ziprasidone hydrochloride
monohydrate, 50 wt% COMPRITOL 888 ATO (2 mi xture of 13 to 21 wi% glyceryl
monabehenate, 40 to 80 wt% glycery! dibehenate, and 21 to 35 wt% glyceryl tribehenate from
Gattefossé Corporation of Paramus, New Jersey}, and 10 wt% poloxamer 407 (sold as
LUTROL F127 by BASF Corporation of Mt. Olive, New Je=rsey), and were prepared using the
following melt-congeal pibcedure. First, the COMPRITOL_ 888 ATO and LUTROL F127 were
melted at 90°C in a heated syringe barrel. The zipr-asidone was then added and the
suspension of drug in the moiten components was stirred ~for 5 minutes at 700 rpm.

Using a syringe pump, the feed suspension was tihen pumped at a rate of 75 g/min to
the center of a spinning-disk atomizer. The spinning disk atomizer, which was custom made,
consisted of a bowl-shaped stainless steel disk of 10. 1cm (4 inches) in diameter. The
surface of the spinning disk atomizer was maintained at 100°C using a thin film heater
beneath the disk surface, and the disk was rotated at 10,000 rpm. The multiparticulates
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formed by the spinning-disk atomizer were congealed in ambie nt air and a total of 25 g of
multiparticulates collected. The average diameter of the smootilh, spherical muitiparticulates
was about 110 um, as determined by scanning-electron microscompy (SEM).
Dosage Form DF-19
Dosage Form DF-19 is prepared as follows. First, =an enteric coated sustained
release core was prepared comprising a matrix sustained-rele=ase core containing polymer
coated crystals of ziprasidone hydrochioride. The coated crywstals were made using the
process previously described, and contained 35 wt% of actiive ziprasidone coated with
HPMCAS (H grade). The matrix tablets consistad of 30 wt% of" the coated crystals, 29 wt%
spray-dried lactose, 40 wt% PEO {(Polyox WSRN-10) (100®,000 daltons), and 1 wt%
magnesium stearate. The tablets were prepared by first blending the coated crystals, lactose,
and PEO in a twin-shell blender for 20 minutes, milling using a Filzpatric M5A mill, and then
blending in the twin-shell blender for an additional 20 minutes. ~The magnesium stearate was
then added and the mixture blended again for 5 minutes. Thee tablets were manufactured
using an F press using 381 mg of the mixture using caplet-sh=aped toaling with dimensions
0.30 inches by 0.60 inches. The tablet cores were compressed to a hardness of about 12-14
kp. The resulting sustained-release matrix tablet containe=d a total of 40 mg active
ziprasidone and had a total mass of about 380 mg.
DF-19 was then coated with an enteric coating. The coating solution consisted of
41.7 wt% Eudragit L30-D55 and 2.5 wit% triethylcitrate in 55.8 wt% water. Coatings were
applied in an LDCS-20 pan coater. The coating weight was —10 wt% of the uncoated core
weight. The resulting enteric coated sustained-release matrix tamblet had a total mass of about
419 mg.
Next, an immediate release coating is applied to the e nteric sustained release core.
A coating suspension is formed in acetone containing  jet-milled Zziprasidone and
hydroxypropyl methyl cellulose. The drug and polymer collecstively are 2 to 15 wt% of the
suspension. The suspension is stirred for one hour and is filtezred through a 250 pm screen
prior to use to remove any particles of polymer that could poteentially plug the spray nozzle.
The enteric coated sustained release cores are coated in a pam coater. At the conclusion of
the spray, the coated dosage forms are dried in a tray drier for ©ne hour at 40°C.
Dosage Form DF-20
Dosage Form DF-20 is prepared using the same proceedure outlined for DF-6 with the
following exceptions. The drug-containing composition consistss of 38.4 wt% of the co-lyophile
described above, 56.1 wi% PEOQ (Polyox WSR N80), 4.5 wt% hydroxypropyl methylceliulose
acetate succinate {HF grade from Shin Etsu), and 1 wt% magneasium stearate.
Dosage Form DF-21
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Dosage Form DF-21 is prepared using the same procedure ou tined for DF-6 with the
following exceptions. The drug-containing composition consisted o f 38.4 wt% of the co-
tyophile described above, 56.1 wt% PEO (Polyox WSR N80), 2. 25 wi% hydroxypropyt
methylcellulose acetate succinate (HF grade from Shin Etsu), 2. 25wi% hydroxypropyl
methyicellulose acetate succinate (MF grade from Shin Etsu), amnd 1 wt% magnesium
stearate.

Dosage Form DF-22

Dosage Form DF-22 is prepared using the same procedure ourtlined for DF-6 with the
following exceptions. The drug-containing compaosition consists of 38.21 wt% of the co-lyophile
described above, 58.4 wt% PEO (Polyox WSR N80), 1.1 wi% hydroxypropyl methylcellulose
acetate succinate (HF grade from Shin Etsu), 1.1 wt% hydroxypropyl smethylcellulose acetate
succinate (MF grade from Shin Etsu), and 1 wt% magnesium stearate.

Dosage Form DF-23

Dosage Form DF-23 is prepared using the same procedure outlined for DF-14 with
the following exceptions. The coated crystals are made using the process previously
described, and contained 35 wt% of active ziprasidone coated with a ~1:1 mixture of HPMCAS
(H grade) and HPMCAS (M grade).

Dosage Form DF-24

Dosage Form DF-24 consists of Dosage Form DF-23 that are coated with an enteric
coating as applied to DF-15. The coated crystals are made using the process previously
described, and contained 35 wt% of active ziprasidone coated with a —1:1 mixture of HPMCAS
(H grade) and HPMCAS (M grade).

Dosage Form DF-25

Dosage Form DF-25 is prepared using the same procedure outlined for DF-14 with
the following exceptions. The matrix tablet consists of 26.9 wt% of the co-lyophile, 1.65 wt%
HPMCAS (H grade, Shin Etsu), 1.65 wt% HPMCAS (M grade, Shin E&su), 29 wt% spray-dried
lactose, 40 wt% PEO (Polyox WSRN-10)(100,000 daltons), and 1 wt % magnesium stearate.
The resulting sustained-release matrix tablet contains a total of 20 mg active ziprasidone.

Control Dosage Form C1

Control dosage form C1 consisted of a commercial GEODON™ capsule containing
40 mgA ziprasidone. The capsule contained ziprasidone hydrochlorid € monohydrate, lactose,
pregelatinized starch, and magnesium stearate.
Control Dosage Form C2
Control dosage form C2 consisted of 22.65 wt% ziprasidosne mesylate trihydrate,
66.10 wt% lactose. 10 wt% pregelatinized starch, and 1.25 wt% magnesium stearate in an
immediate release capsule. Each capsule contained 20 mgA of ziprassidone.
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Control Dosage Form C3
Comtro! dosage form C3 consisted of a commercial GEODON™ capsulse containing
20 mgA zip rasidone. The capsule contained ziprasidone hydrochloride monohydrate, lactose,

pregelatinizzed starch, and magnesium stearate.
Control Dasage Form C4

Comtiol dosage form C4 consisted of immediate release tablets contaireing 20 mgA
ziprasidone= hydrochloride monohydrate. To form the tablets, 22.61 wt%  ziprasidone
hydrochloriede monohydrate, 51.14 wt% anhydrous lactose, 20.0 wt% microcrystalline
cellulose, aand 5.0 wt% hydroxypropyl cellulose were Initially blended for 30 minmates using a
V-blender. Next, 0.75 wt% magnesium was added and blended for 3 minutes. Trme blend was
roller-compmacted into ribbons using a Freund TF-mini roller compactor with “COPS” rolls, a
rotation spseed of 5 rpm, a compaction force of 30 kg/icm?, and an auger speecd of 18 rpm.
The resultling ribbons were granulated using a Comil {197S) fitted with a 2A-1601-173
impeller armd a 2A-040G03122329 screen operated at 500 rpm. The graruiation had
untapped aand tapped specific volumes of 1.66 and 1.12 cm®/g, respectively.

Thee granulated materiai was added to a twin shell blender and the mixture was
blended fomr 10 minutes. The final amount of magnesium stearate (0.5 wt%) wa s added and
the granutzation was blended an additional 3 minutes. A Killian T-100 rotary tabl-et press with
7/32" stancard round concave (SRC) tooling was used to make 100 mg tablets with a target
hardness of 6-8 kiloponds (kP). A White Opadry Il film coat (4 wit% of tablet wreight) and a
Clear Opemdry overcoat (0.5 wit% of tablet weight) were applied to the tablets in a
Vector/Freeuand HCT-30 pan coater.

In Vitro Release Tests

in vitro release tests of DF-1 to DF-18 were performed using direct drugg analysis as
follows. A dosage form was first placed into a stirred USP type 2 dissoette flassk containing
800 mL of a dissolution medium of a simulated intestinal buffer solution. For DF-1 to DF-9,
the simulated intestinal buffer consisted of 50 mM NaH,PO, and 2 wt% sodium Bauryl sulfate,
adjusted tos pH 7.5. For DF-10 to DF-13, and DF-16 to DF-18, the simulated intestinal buffer
consisted of 50 mM NaH,PO, and 2 wt% sodium lauryl sulfate, adjusted to pH 6.55. For DF-14
and DF-15 . the simulated intestinal buffer consisted of 6 mM NaH,PO,, 150 m M NaCl, and
2 wit% sodf um lauryl sulfate, adjusted to pH 6.5. In the flasks, the dosage form wevas placed in
a wire suppoort to keep the dosage form off of the bottom of the flask, so that all ssurfaces were
exposed tos the moving buffer solution and the solutions were stirred using paddiess at a rate of
50 or 75 rpom. Samples of the dissolution medium are taken at periodic intemrvals using a
VanKe) VKZ8000 autosampling dissoette with automatic receptor solution replaccement. The
concentratiion of dissolved drug in the dissolution medium is then determined By HPLC at a
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UV absorbance of 315 nm using a Zorbax RxC8 Reliance column and a mobile phase
consisting of 55% (550 mM potassium dihydrogen phosphate, pH 6.5)/45% acetonitrgle. Drug
concentration was caicutated by comparing UV absorbance of samples to the absor-bance of
drug standards. Thee mass of dissolved drug in the dissolution medium was then calculated

5 from the concentrati=<on of drug in the medium and the volume of the medium, and & xpressed
as a percentage of tkhe mass of drug originally present in the dosage form. Results a re shown
in Table 6.
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Table 6
Time Ziprasidone Released (\1%) ] .
(hrs) DF1 |DF2 |DF-® |DF4 |DF-5 [DF-6 |[DF-7 |DF-8 DF-9
0 0 0 ¢] 0 0 0 0 0 0
1 - - 0 0 5 - 0 - -
2 16 4 18 - 20 6 12 - -
3 - - - - - - - g 7
4 43 19 44 - 52 26 40 - -
5 - -- -- 16 - - - - --
6 - -- 72 - - -- 68 27 20
8 75 47 -- 45 72 65 - - --
9 - - 99 - - - 98 - -
10 86 65 - 61 - - - - -
12 89 77 99 75 88 a0 a9 71 59
14 o1 87 100 - - - 99 - -
15 - - - - - - - - -
16 92 92 99 88 94 98 99 92 81
18 - - 99 - - -~ 98 - -
20 - - 98 - - -- 98 - -
24 91 94 - 91 98 96 - 96 91

Table 6 (continued)

Time Ziprasidone Released C wt%)

(hrs) DF-10 | DF-11 | DF- 42 | DF-13 | DOF-14 | DF-15 | DF-16 | DF-17 C1
0 0 0] 0 Y 0 0 0 0 0

1 0 0 7 9 17 4 0 1 95
2 4 1 - - 38 22 1 -- 98
3 - - 27 29 60 43 - 13

4 21 13 - -- 79 65 14 --

5 - -- 47 54 95 a3 - -

6 37 27 - - 100 96 29 4?2

8 - - - - 100 100 - 57

9 66 49 - - - -- 53 --

10 -- - 88 90 100 100 - -
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Time Ziprasidone Released (wt%)

(hrs) DF-10 | DF-11 | DF-12 | DF -13 DF-14 | DF-15 | DF-16 | DF-17 (03]
12 92 72 - - - - 76 73

14 97 85 - -- -- - 89 -

15 - -- 100 101 - - - -

16 97 86 - - - - 96 82

18 99 101 - - - - 96 -

20 99 100 100 10© - - 96 86

24 - - - - - - - 88

The results for the immediate rele2ase (IR) commercial GEODON™ capsule showed
that more than 95 wi% of the ziprasidorme had been released during the first 2 hours after
introduction to the in vitro test media.

In vitro tests of multiparticulate d osage form DF-18 were performed using the direct
drug analysis method described above wwith the following exceptions. The multiparticulate
dosage form was placed into 8 small besaker and pre-wet with a sample of the dissolution
medium. The pre-wetted multiparticulatess were then added to the dissolution medium at time
zero. The dissolution medium was slirred using paddies at a rate of 50 rpm. A sufficient
amount of the multiparticulates were added to the dissolution medium so that the
concentration of ziprasidone, once all of the ziprasidone was released, was 90 ygA/mL. Drug
concentrations were determined using HPLC as described above. The results are in Table 7.

Table 7
Time (hrs) DF=-18
Zigorasidone Released (wt%)

0 (o}

0.5 17

1 29

2 -

3 60

4 .

5 =)

6 -

8 .

10 -

16 -
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mes to release 80 wi% and 90 wi% of the
ge form s were estimated and are provided in Table

8.
Table 8
Approximate Time to Relea=se 80 | Approximate Time to Release Q0
Dosage Form
wi% of the Ziprasidone (hr} wt% of the Ziprasidone (hr)
DF-1 9 13
DF-2 13 15
DF-3 7 8
DF-4 14 20
DF-5 10 14
DF-6 10 12
DF-7 7 8
DF-8 14 16
DF-9 16 24
DF-10 11 12
DF-11 13 15
DF-12 11
DF-13 10
DF-14 4 5
DF-15 6
DF-16 13 14
DF-17 15 >24
DF-18 5 >5
C1 <1 <1
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Example 1
The sustained release Dosage Forms DF-1 and DF-2 and the Control Dosage Form

C1 were tested in in vivo tests in humans in a Phase 1, Open, Randomized, Crossover,

5 Single-Dose study in healthy subjects. Healthy humar volunteers were dosed with the
dosage forms in the fed state. each dosage form containineg 40 mgA Ziprasidone.

Plasma samples were collected at multiple ®imes post-dose and ziprasidone

concentrations were determined. Table 9 shows Cmax (n/mL), AUCq.nr {ng-hr/mL), and Tamax

(nr) obtained for these tests. The results provided in Tables 9 are after the initial dose and are

10 not steady state values.

Table 9
Conax AUCp.int Trmex Ca2 Cas Cnax/Cas
Dosage Form | (ng/mL) {ng-hrimL) | (hr) (rmg/ml) (ng/mL)
DF-1 6 4.4 8 12.0
99 887
(30) {266)
DF-2 9 38 12 38
52 701
(16) (337)
C1 (40 mgA 6 =9 7 15.1
commercial IR | 117 1006
capsule) (45) (290)

The data in Table 9 show that the sustained-rel ease dosage forms DF-1 and DF-2

provided Cmex values that were lower than that of the IFR control, providing Cmex values that

15 were 85% and 44% that provided by C1, respectively. Furthermore, the ratio of Cuna/Caa for
DF-1 and DF-2 were lower than that provided by C1.
Exampfle 2

The sustained-release dosage forms DF-4 and DF-5 were tested in in vivo tests in

numans using the procedures outlined in Example 1. Hezalthy human volunteers were dosed

20 with the dosage forms in the fed state. Each subject waas dosed two tablets of DF-5 so that

40 mgA of ziprasidone was dosed.

Plasma samples were collected at multiple times post-dose and ziprasidone

concentrations were determined. Table 10 shows Comax (W0g/mL), AUC.in (ng-hr/mL), and Tmex

(hr) obtained for these tests, as well as C,2 and Cps valueas. The results provided in Table 10
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are after the initial dose and are not steady state values. AlsSo included in Table 10 are the

results for the IR Control C1, previously described.

Table 10
Dosage Form Comax AUCo.ns Tmax (A1) Ciz (ng/mL) | Cas Cmax/C2s
(ng/mL) (ng-hr/mL) (ng/mL)
DF-4 388+ 14.4 | 439+ 176 | 83+29 269 +213 [53+26 |73
DF-5 300+10.1 |458+138 |76+18 | 258+ 131 {67+19 |68
(2 tablets)
C1 (40 mgA | 106 1009 6 39 7 15.1
commercial R
capsule)

The data in Table 10 show that the sustained-releas-e dosage forms DF-4 and DF-5
provided Cpay values that were lower than that of control C1. providing Cmax values that were
37% that provided by C1, respectively. Furthermore, the ratios 0f Cpax/Caa for DF-4 and DF-5
were lower than that provided by C1.

Example 3

The sustained release dosage forms DF-3, DF-7, DF-8, DF-9, DF-10, DF-11, DF-15,
and control dosage form C1 were tested in in vivo tests usimng beagle dogs in the fed state.
The dogs were fed one can of Clinicare Canine Liquid Diet the day before the study. Dogs
were allowed ad libidum access to water. On the morning of the study, dogs were fed 50 g of
dry food and allowed 15 minutes to eat. After the dogs finished eating, the dosage form
specified was adminislered with 50 mL of water via cgavage immediately after dose
administration. Dogs were then placed in metabolism cages or individual runs for the duration
of the study. They were allowed free access to water and fed normal rations 8 hours after
dose administration.

Whole blood samples of 6 ml were taken from the jugular or cephalic vein using a
plasma serum separator tube containing sodium heparin witlh a 20 gauge needle at 0,05, 1.
2,4, 8,12, and 24 hours post desing. Samples were spun irm a refrigerated (5°C) centrifuge at
2500 rpm for 15 minutes. The resultant plasma samples \were poured into 2 ml cryogenic
plastic tubes and stored in a freezer (-20°C) within 30-minut es post sampling time. Samples
were then analyzed using HPLC. Table 11 summarizes the resulls of these tests. The
results provided in Table 11 are after the initial dose and are not steady state values.

Table 11
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Dosage Conax AUCo.nt Tonax Crz Cas
Cmaxlcﬂd
‘Form {ng/mL) (ng-hr/mL) | (hr) (ng/mL) {ng/mL)
DF-3 461 t
112+ 26 877+£202 |8 30:06 {373
(40 mgA) 19.5
DF-7 274 %
105 + 28 824t254 |53 3.7:2.4|284
(40 mgA) 8.9
DF-8 386
107.5+ 50.0 | 798 £ 311 8 49+32 (219
(40-mgA) 12.5
DF-9 19.3 +
50.9 + 28.4 381+ 118 7.3 43+271118
(40-mgA) 6.8
-1 87124 643 + 153 8 32.1 +
bF-10 . 48+29| 181
(40 mgA) 8.4
DF-11 47 + 32 342 + 189 7.3 16.4 +
33+12]14.2
(40 mgA) 10.1
DF-15 ' 503 &
110+ 48 510 £ 210 10 74:92] 149
{40 mgA) 19.7
Control  C1
51.5 ES
(40-mgA IR | 282 ¢ 122 1890 + 452 | 3.1 208 <3 > 04
Capsule) .

The data in Table 11 show that the sustained release dosage forms provided a lower
Cmax than the IR control C1, with Cmax values that were 17% to 40<% those obtained with C1.
The sustained release dosage forms also provided ratios of Cmax/Cas that were significantly
tower than that provided by the IR control (C1), with values that ran ged from less than 13% to
less than 40% of C1.

Example 4

Studies were conducted in man of both immediate relea se and sustained release
ziprasidone dosage forms, and the results were used as the basis for a modeling study to
determine appropriate dosage forms to achieve desired steadw state concentrations of
Ziprasidone in the blood. The modeling results may be used to porepare dosage forms that
provide preferred Caax (blo0d), Cumin (Dl00d), 8nd Cnax/Crin ratios.

Blood concentration versus time data were collected frorm the results of the study
conducted in Example 1 for the sustained release dosage form DF -2 and the IR oral capsule
C1. In addition, blood concentration versus time data were collected from a separate study
for the immediate release tablet C4. The data were fit ussing a one compartment
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pharmacokinetic model with first order absorption and elimination. Th € mean
pharmacokinetic parameters derived from the model are reported in Table 12:
Table 12
CUF \ Kq Tig AUC
Formulatior | (Lhr) L) {1/hr) {(hr) {ng-hrfmi_)
C1 43.8 282 0.44 0.95 913
(1016)"
DF-2 58.1 250 0.14 28 690
(639)*
C4 36.4 1434 0.37 0.46 550
(558)"
*Mean AUC from previous NCA analysis

5 (CL/F = CClearance/Oral Bioavailability; V = volume of distribution; K, = Ambsorption
rate constant ; Taaq = time lag: -and AUC = concentration of ziprasidone in the b lood are2
under the curve).

The resu Its of the model were then used to calculate various steady st-ate blood

concentrations of ziprasidone (plasma) for various model dosage forms at differeznt dosing

10 intervals. The -calculated steady state blood (plasma) ziprasidone concentra tions and
pharmacokinetic goarameters are shown in Table 13:
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Table 13
Amount DOsSNG | Tmax | Crmax Cemin AUCo. Crox/Crmin
Formulation Drug (mgA) | Interval (hr) (ng/mL) | (ngimL) | (hr*ng/mL) Ratio
C1 30 BI D 4 776 29.5 681 2.63
C1 40 BI D 4 103 39.4 908 2.61
C1 60 BI D 4 155 59 1360 263
C1 120 QD 461 250 16.6 2750 15.1
DF-2 30 BED 6.79 52.1 30.6 526 1.70
DF-2 40 880D 6.79 69.4 40.8 702 1.70
DF-2 60 1'BBD 6.79 | 104 61.2 1050 1.70
DF-2 90 BED 6.79 156 91.8 1580 1.70
DF-2 120 BED 6.79 208 122 2110 1.70
DF-2 120 QD 8 148 251 2110 5.90
C4 20 B 1D 3.39 69.6 17.2 549 4.05
c4 30 B8 ID 3.39 104 25.8 824 4.03
c4 45 B ID 3.39 167 38.6 1240 4.07
(o2, 60 B 1D 3.39 209 515 1650 4.06
c4 60 (o- 18] 3.64 185 3.01 1650 61.5

(BID=dosing twice dailyy: QD-=dosing once daily; Tna, is time in hours to Crax)

The results show that each of the sustained release dosage forms are predicted to
achieve improved performance relative to the IR oral capsule and IR tablet. For examp le,
comparing the 60 mgA IR orak capsule with the 60 mgA sustained release dosage form, t he
sustained release dosage formm significantly lowers Cmax, while providing about the same Crnin.
The Cnax for the 60 mgA IR oraal capsule is predicted to be 155 ng/mi, while the Cinax for the 60
mg sustained release dosage Form is predicted to be 104 ng/mi.

The modeling further iandicates that higher doses of ziprasidone may be administer—ed
in a sustained release dosage form without increasing Cnax relative to an IR dosage fo rm
containing the same amount of ziprasidone. For example, the model predicts that a 90 megA
sustained release dosage fornm will provide @ Cmex Of 156 ng/ml and a Cpin 0f 91.8 ng/ml.  In
contrast, an IR orai capsule wrould provide a Cma, Of 155 ng/ml, but a Coin Of Only 59 ng/aml.
Thus. the mode! predicts that = sustained release dosage form having 50% more ziprasidcs ne
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does not significantly increase Cumex, bulk does significantly increase Cmin cOmpared with an IR
oral capsule.

In addition, the sustained releasse dosage form provides calculated steady state blood
(plasmay) ziprasidone concentrations th-at would permit once a day administration for certain
doses of ziprasidone. The sustained r-elease dosage form containing 120 mgA ziprasidone
when administered once per day provid es a Cain Of 25.1 ng/ml and @ Cray Of 148 ng/ml, which
are both within the scope of the desirec steady state blood concentrations for Ziprasidone. In
contrast, an IR oral capsule containing 120 mgA ziprasidone is predicted to provide & Cnin of
16.6 ng/ml, which is less than the dessired minimum ziprasidone blood concentration of 20
ng/mi.

Finally, the results of the meadel were then combined to predict performance of
dosage forms having both immediate release and sustained release portions. The modeling
results for DF-2 were combined with th e modeling results from C4 by assuming that the dose
response was simply linear. For exanmple, the “SR30+IR30" formulation corresponds with a
dosage form having a 30 mgA sustaired release portion and a 30 mgA immediate release
portion, in which the sustained release portion behaves like DF-2, and the immediate release
portion behaves like C4. Results of the model are shown in Table 15, with the calculated

results for a 60 mgA immediate release oral capsule (C1) shown for comparison:

Table 15
Formulation Dosing | Tmax. Cmax Crin AUCq Camnex/Crin
SRmgA + IRmgA | Interval j (hr) (ng/mL) | (n@/mL) | (hr*ng/mL) Ratio
SR30+IR30 B8ID 428 146 63.7 1340 2.29
SR30+|R45 BID 3.88 196 76.2 1750 2.57
SR30+IR60 BID 7S 248 889 2160 2.79
SR40+IR30 BID 464 161 76.6 1520 21
SR40+IR45 BID 4253 211 88.9 1930 2.37
SR40+IR60 BID 3.88 262 102 2340 2.57
SR60+IR30 BID 485 193 102 1870 1.89
SR60+IR45 BID 4365 242 115 2280 2.1
SR60+IR60 BID 424 292 128 2690 2.28
SR90+IR30 BID 5.2 242 141 2400 1.72
SR90+IR45 8ID 485 289 163 2810 1.89
SR120+IR30 BID 52 292 179 2930 1.63
C1 (60mgA) BID 4 155 | 59 1360 2.63
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(SR corresponds with parameters dewived from DF-2, while IR corresponds with
parameters derived from C4).

The results show that dosage forms thaat have both immediate release and sustained
release portions are predicted to achieve good performance. All of the dosage forms are
predicted to achieve a steady state Cmin Of greaater than 50 ng/mi, and a Cumax Of less than 330
ng/ml. Several of the dosage forms are predictexd to provide a steady state Cmin that is greater
than 50 ng/mi and a steady state Cnex that is less than 200 ng/ml: SR30+IR30; SR30+(R45;
SR40+IR30; and SRE0+IR30.

FIG. 1 shows ziprasidone blood conc entrations calculated from the model for the
SR30+IR30 dosage form. The solid line= shows the calculated ziprasidone blood
concentration (plasma) after the initial dose, vvhile the dashed line shows the steady state
ziprasidone blood concentration (plasma). F1G. 2 shows the calculated results for the
SR60+IR30 dosage form. In both cases, dossage forms are predicted to achieve a steady
state Cnin Of greater than 50 ng/mi, and a stead y state Cmax Of less than 200 ng/mil.

The terms and expressions which have been employed in the foregoing specification
are used therein as terms of description and reot of limitation, an there is no intention, in the
use of such terms and expressions, of exclLiding equivalents of the features shown and
described or portions thereof, it being recogni=zed that the scope of the invention is defined
and limited only by the claims which follow.
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Claims
1. A sustained retease oral dosage form comprisirig a pharmaceutically effective
zamount of ziprasidone and a sustained release means for releasing at least a portion of said
—iprasidone, wherein following administration to achieve steady state, said dosage form
provides a steady state minimum blood ziprasidone concentrat ion {Camia) Of at least 20 ng/mi,
and a steady state maximum blood ziprasidone concentration (Cmax) Of less than 330 ng/ml.

2. A sustained release oral dosage form comprisirg a pharmaceutically effective
amount of ziprasidone, said dosage form releasing no greater than 90 wt% of said
ziprasidone from said dosage form during the first 2 hours after administration to an in vitro
use environment, wherein said dosage form comprises at leasst 30 mgA of ziprasidone, and
said in vitro use environment is 900 mL of a dissolution me«dium of a simulated intestinal
buffer solution.

3. A sustained release oral dosage form comprisirg a pharmaceutically effactive
amount of ziprasidone and a sustained release means for rele asing at least a portion of said
ziprasidone, wherein said at least a portion of said ziprasidone in said sustained release
means is at least one of crystalline ziprasidone and ziprasidonex combined with a cyclodextrin.

4. The dosage form of claim 1 or 3 wherein said dosage form releases no
greater than 90 wt% of said ziprasidone from said dosage forrm during the first 2 hours after
administration to an in vitro use environment, wherein said desage form comprises at least
30 mgA of ziprasidone, and said in vilro use environment is 900 mL of a dissolution medium
of a simulated intestinal buffer solution consisting of 50 mM  NaH,PQ4 with 2 wt% sodium
tauryl suifate at pH 7.5 and 37°C.

5. The dosage form of claim 4 wherein said dossage form releases no greater
than 80 wt% of said ziprasidone during the first 2 hours after administration to said use
environment.

6. The dosage form of claim § wherein said do sage form releases no greater
than 70 wt% of said ziprasidone during the first 2 hours after administration to said use
environment.

7. The dosage form of claim 2 wherein said do sage form releases no greater
than 80 wi% of said ziprasidone during the first 2 hours affter administration to said use
environment.

B. The dosage form of any one of claims 1-3 wherein the time to release at least
about 80w1% of said ziprasidone in said dosage form is at least 4 hours.

9. The dosage form of any one of claims 1-3 whe=rein the time to release at ieast
about 80wt% of said ziprasidone in said dosage form is at least hours.
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10. The dosage form of claim 9 wherein no greater than ~70wl% of said
ziprasidone i-s released into said use environment during the first 2 hours after- administration.

11. The dosage form of claim 1 wherein, following administrat ion to a patient
twice per da=y, said dosage form provides a steady state ratio of said Cmax 10 said Cuin that is
less than 2.6-.

12. The dosage form of claim 11 wherein said steady state ratio of said Cpax to
said Cnin is IE2s5s than 2.4

13. The dosage form of claim 12 wherein said steady state ratic of said Cnax t0
said Cmin IS l&@®ss than 2.2.

14. The dosage form of claim 1 wherein, following administraftion to a patient
once per davy, said dosage form provides a steady state ratio of said Ciex t0  said Crin that is
less than 12 .

15. The dosage form of claim 14 wherein said steady state rati=o of said Cnax 10
said Cuin is |=ess than 10.

16. The dosage form of claim 15 wherein said steady state rati o of said Cnax 10
said Cqn is | @ss than 8.

17. The dosage form of claim 2, wherein following administration to a patient in
the fed stamte, said dosage form provides a steady state minimum bflood ziprasidone

concentratiomn (Cmi) of at least 20 ng/ml.

18. The dosage form of claim 1 or 17 wherein said Crin IS at leasst 35 ng/ml.
19. The dosage form of claim 18 wherein said Cria is at least 50 ng/ml.
20. The dosage form of claim 2, wherein following administratieon to a patient in

the fed stamte, said dosage form provides a steady state maximum b lood ziprasidone

concentratican (Cmi) of less than 330 ng/ml.

21. The dosage form of claim 1 or 20 wherein said Cmax iS l@ss tkan 265 ng/ml.
22. The dosage form of claim 21 wherein said Cmax is less than 2200 ng/ml.
23. The dosage form of any one of claims 1-3 wherein said dosaage form provides

a steady st=ale area under the concentration of ziprasidone in the blood wersus time curve
over twelve= hours after administration in the fed state that is at least 2280 ng-hr/m! when
administere dtwice a day.

24. The dosage form of claim 1 wherein a ratio of s3id Cpmax O $8id Cmin is less
than the ra-tio of the steady state maximum blood ziprasidone concentrat-ion to the steady
state minim um biood ziprasidone concentration provided by a control imme=diate release oral
capsule admministered at the same dosing frequency, said control immeciiate release oral
capsule ceonsisting essentially of ziprasidone hydrochioride monokydrate, lactose,
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pregelatinized stareh, and magnesium stearate, and said control immediate relesase oral
capsule containing the same amount of ziprasidone as said dosage form.

25. The dosage form of claim 2 or 3 wherein said dosage form provides & ratio of
a steady state max<imum blood ziprasidone concentration (Cmex) to a steady state rminimum
blood ziprasidone <oncentration {Cmin) that is no greater than the ratio of the steaady state
maximum blood zi prasidone concentration to the steady state minimum blood zip- rasidone
concentration provi ded by a control immediate release oral capsule administered at t he same
dosing frequency, said control immediate release capsule consisting essertially of
zZiprasidone hydrochloride monohydrate, lactose, pregelatinized starch, and mamgnesium
stearate, and said control immediate release oral capsule containing the same asmount of
ziprasidone as said dosage form.

26. Th e dosage form of any one of claims 1-3 wherein said dosage form provides
a relative bioavailaability of at least 50% relative to a control immediate release oral capsule,
said control immedliate release oral capsule consisting essentially of an equivalent aamount of
active ziprasidone in the form of ziprasidone hydrochioride monohydrate, lactose,

pregelatinized star«ch, and magnesium stearate.

27. Thee dosage form of any one of claims 1-3 wherein said ziprassidone is
crystalline.
28. Thae dosage form of claim 27 wherein a voiume weighted mear particle

diameter of said crystalline ziprasidone is less than about 10 ym.
29. Thee dosage form of any one of claims 1-3 wherein said ziprasidore is in a

solubility improved form.

30. Thie dosage form of claim 29 wherein said ziprasidone is a high sclubility salt
form.

31. Thee dosage form of claim 29 further comprising a cyclodextrin.

32. The dosage form of any one of claims 1-3 further comprising a seolubilizing
agent.

33. The dosage form of claim 32 wherein said solubilizing agent is a cyczlodextrin.

34. The dosage form of any one of claims 1-3 further comprising a preacipitation
inhibitor.

35. The dosage form of claim 34 wherein said precipitation inhibitor is a polymer.

36. The dosage form of claim 35 wherein said precipitation inhibitor i selected

from the group consisting of hydroxypropyl methyl cellulose acetate succinate, cellulose
acetate phthalate, cellulose acetate trimellitate, hydroxypropyl methyl cellulose, hydr-oxypropyl
methy! cellulose ptathalate, and carboxy methyl ethyl cellulose.
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37. The dosage form of claim 36 wherein said precipitation inhibitor is

hydroxypropylmethy! cellulose acetate succinate.

38. The dosage form of claim 35 wherein said precipitation inhibitor is present as
a coating on said ziprasidone.

39. The dosage forrm of any one of claims 1-3 comprising at least a portion of
said ziprasidone in a solubility-imy proved form and a precipitation inhibitor.

40. The dosage form of claim 1 or 3 comprising at least 30 mgA of said
Ziprasidone.

41. The dosage forrm of any one of claims 1-3 wherein at least 5 wt% of said

dosage form is ziprasidone.

42. The dosage forrr of any one of claims 1-3 wherein at least 10 wt% of said
Ziprasidone is released within ther first hour after administration to said use environment.

43. The dosage form of claim 42 further comprising an immediate release
portion.

44. The dosage formmy of any one of claims 1-3 wherein said dosage form is an
osmotic tablet.

45. The dosage forrr of any one of claims 1-3 wherein said dosage form is a

matrix tablet.

46. A method for treating a patient in need of ziprasidone, comprising
administering the dosage form of any one of claims 1-3.

47. The method of cl aim 46 wherein said dosage form is administered only once

per day.
48. The method of claim 46 wherein said dosage form is administered at least

two times per day.

49, The method of cl aim 48 wherein said dosage form is administered twice per
day.

50. The method of claim 49 wherein the daily dose is at least 40 mgA of
Ziprasidone.

51. The dosage formm of claim 37 wherein said hydroxypropylmethyl cellulose
acetate succinate comprises thes H grade and the M grade of said hydroxypropylmethyi

celluiose acetate succinate.
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