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METHODS FOR ISOLATING CRYSTALLINE FORM | OF

5-AZACYTIDINE

FieldoftheInvention

The invention relates to the isolation of crystalline polymorphic FormI of 5-azacytidine

(also known as azacitidine and 4-amino-1-B-D-ribofuranosyl-S-triazin-2(1H)-one). 5-

azacytidine may be used in the treatment of disease, including the treatment of

myelodysplastic syndromes (MDS).

Backeround of the Invention

Polymorphsexist as two or more crystalline phases that have different arrangements

and/or different conformations of the molecule in a crystal lattice. When a solvent molecule(s)

is contained within the crystal lattice the resulting crystal is called a pseudopolymorph, or

solvate. If the solvent molecule(s) within the crystal structure is a water molecule, then the

pseudopolymorph/solvate is called a hydrate. The polymorphic and pseudopolymorphicsolids

display different physical properties, including those due to packing, and various

thermodynamic, spectroscopic, interfacial and mechanical properties (See H. Brittain,

Polymorphism in Pharmaceutical Solids, Marcel Dekker, New York, NY, 1999, pp. 1-2).

Polymorphic and pseudopolymorphic formsofthe drug substance (also known as the "active

pharmaceutical ingredient" (API)), as administered by itself or formulated as a drug product

(also known asthe final or finished dosage form, or as the pharmaceutical composition) are

well known and mayaffect, for example, the solubility, stability, flowability, fractability, and

compressibility of drug substances and the safety and efficacy of drug products,(see, e.g.,

Knapman, Kk Modern Drug Discoveries, March 2000: 53).

5-Azacytidine (also known as azacitidine and 4-amino-1-8-D-ribofuranosyl-S-triazin-

2(1)-one; Nation Service Center designation NSC-102816; CAS Registry Number 320-67-2)

has undergone NCI-sponsoredtrials for the treatment of myelodysplastic syndromes (MDS).

See Kornblith e¢ al., J. Clin. Oncol. 20(10): 2441-2452 (2002) and Silvermanefal., J. Clin.

Oncol. 20(10): 2429-2440 (2002). 5-azacytidine may be defined as having a formula of

CgHi2NaQs, a molecular weight of 244.20 and a structure of:
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In the United States Patent Application Serial No. 10/390,578 entitled "Formsof 5-

azacytidine," filed March 17, 2003 and incorporated herein by referencein its entirety, eight

different polymorphic and pseudopolymorphic forms of 5-azacytidine (FormsI-VIID,in

addition to an amorphous form, are described. Forms I-VIII each have characteristic X-Ray

Powder Diffraction (XRPD) patterns and are easily distinguished from one another using
XRPD.

5-azacytidine drug substance used in the previousclinical trials has typically been

synthesized from 5-azacytosine and 1,2,3,5,-tetra-O-acetyl-f-D-ribofuranose by the method

presented in Example 1. The last step of this methodis a recrystallization of the crude

synthesis product from a methanol/DMSOco-solvent system. Specifically, the crude

synthesis product is dissolved in DMSO(preheated to about 90°C), and then methanolis

added to the DMSOsolution. The product is collected by vacuum filtration and allowedto air

dry.

In In the United States Patent Application Serial No. 10/390,578 entitled "Formsof 5-

azacytidine,"filed March 17, 2003 and incorporated herein by referencein its entirety,it is

demonstrated that this prior art method forthe recrystallization of the crude synthesis product

does not control for the polymorphic forms of 5-azacytidine. Specifically, the priorart

recrystallization procedure produces either Form I substantially free of other forms, or a Form

I/II mixed phasei.e. a solid material in which 5-azacytidine is present in a mixed phase of both

polymorphic Form I and polymorphic Form II. Thus, the prior art procedures do not allow

oneto reliably target Form I as the single polymorphic formin the drug substance. The present

invention provides methodsthat allow oneto recrystallize 5-azacytidine as polymorphic Form

T robustly and reproducibly.
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Summary of the Invention

The present invention provides methods for robustly and reproducibly isolating 5-

azacytidine as polymorphic Form I substantially free of other forms. The methods involve

recrystallizing dissolved 5-azacytidine from a primary solvent/co-solvent mixture and then

collecting the resultant crystals. The invention also provides pharmaceutical compositions

comprising Form I of 5-azacytidine together with a pharmaceutically acceptable excipient,

diluent, or carrier.

Detailed Description of the Preferred Embodiments

Polymorphic Form I of 5-azacytidine

Form I of 5-azacytidine is described in United States Patent Application Serial No.

10/390,578 entitled "Forms of 5-azacytidine," filed March 17, 2003 and incorporated herein

by reference in its entirety. Table 1 provides the most prominent 29 angles, d-spacing and

relative intensities for Form I observed using X-Ray Powder Diffraction (XRPD) performed

according the method of Example 4:

d-spacing (A) Relative Intensity

 
Table 1: 5-azacytidine Form I - the most prominent 20 angles, d-spacing andrelative
intensities (Cu Ko radiation)

-3-
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Isolation of Polymorphic FormI of 5-azacytidine by Recrystallization

FormI of 5-azacytidine may be reproducibly isolated substantially free of other forms by

recrystallizing dissolved 5-azacytidine and collecting the resultant crystals. Specifically, 5-

azacytidine is first dissolved completely in at least one suitable primary solvent, preferably a

polar solvent, more preferably a polar aprotic solvent. Suitable polar aprotic solvents include,

but are not limited to, dimethylformamide (DMF), dimethylacetamide (DMA),

dimethylsulfoxide (DMSO), and N-methylpyrrolidinone (NMP), The mostpreferred polar

aprotic solvent is DMSO. Mixtures of two or more primary solvents are also contemplated for

dissolving the 5-azacytidine, for example a mixture of DMSO and DMF.

The 5-azacytidine used to form the solution may be synthesized by any procedure known

in the art; an exemplary priorart synthesis schemeis provided in Example 1. Any

polymorphic or pseudopolymorphic form(s) of 5-azacytidine, including mixed phases, may be
used to form the solution. Amorphous 5-azacytidine may also be used to form the solution. It

is preferred, but not required, that the primary solvent is preheated to an elevated temperature

in order to ensure that the 5-azacytidine is dissolved completely. An especially preferred

primary solvent is dimethyl sulfoxide, (DMSO), most preferably preheated to a temperature in
the range of about 40°C to about 90°C.

Following solvation of the 5-azacytidine in the primary solvent, at least one co-solvent is

added to the solution of 5-azacytidine. Suitable co-solvents include C2-Cs alcohols (which

term hereinafter refers to C2-Cs alcohols that are independently: branched or unbranched,

substituted or unsubstituted), aliphatic ketones (which term hereinafter refers to aliphatic

ketones that are indepedently: branched or unbranched, substituted or unsubstituted), and alkyl

cyanides (which term hereinafter refers to alkyl cyanidesthat are independently: branched or

unbranched, substituted or unsubstituted). Preferred C2-Cs alcohols, aliphatic ketones, and

alkyl cyanides, along with other suitable solvents, are listed below as Class 2 (solvents to be

limited) and Class 3 (solvents of low toxic potential) per the International Conference on

Harmonization's (ICH) Guideline for Residual Solvents, July 1997). The use ofmixtures of

two or more of any of the aforementioned co-solvents is also included within the scope of the
invention.
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Class2

Acetonitrile

Chlorobenzene

Cyclohexane

1,2-Dichloroethene

Dichloromethane

1,2-Dimethoxyethane

N,N-Dimethylformamide

N,N-Dimethylacetamide

1,4-Dioxane

2-Ethoxyethanol

Ethyleneglycol

Formamide

2-Methoxyethanol

Methylbutyl] ketone

Methylcyclohexane

Nitromethane

Pyridine

Sulfolane

Tetralin

1,1,2-Trichloroethene

Class3

1-Butanol

1-Pentanol

1-Propanol

2-Butanol

2-Methy]-1-propanol

2-Propanol (isopropyl alcohol)

3-Methyl-1-butanol

Acetone

Anisole

Butyl acetate

Cumene
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Ethanol

Ethyl! acetate

Ethyl] ether

Ethyl formate

Isobutyl acetate

Isopropyl acetate

Methyl acetate

Methylethyl ketone

Methylisobutyl ketone

Propyl acetate

tert-Butylmethyl ether

Tetrahydrofuran

It is preferred, but not required, that the co-solvents are preheated before mixing with the

primary solvent, preferably to a temperature below the temperature at which a substantial

portion of the co-solvent would boil, most preferably to about 50°C. It is also preferred, but

not required, that the co-solvent(s) is added gradually to the primary solvent(s).

Following mixing, the primary solvent(s)/co-solvent(s) mixture is then equilibrated at

different temperatures in order to promote either a slow recrystallization or a fast

recrystallization of Form I of 5-azacytidine, as described below.

By slow recrystallization is meant that the co-solvent/DMSOsolution is allowed to

equilibrate at a temperature in the range from about 0°C to about 40°C, preferably in the range

of about 15°C to about 30°C, and most preferably at about ambient temperature. Slow

recrystallization of Form I of 5-azacytidine is preferably performed using C2-Cs alcohols,

aliphatic ketones, or alkyl cyanides as the co-solvent. More preferably, slow recrystallization

is performed with Class 3 C2-Cs alcohols, Class 3 aliphatic ketones, or acetonitrile (Class 2).

The most preferred Class 3 C2-Cs alchohols are ethanol, isopropyl alcohol, and 1-propanol,

and the most preferred Class 3 aliphatic ketone is methylethyl ketone.

By fast recrystallization is meant that the co-solvent solution is allowed to equilibrate at a

temperature of below 0°C, preferably below about -10°C, and most preferably at about -20°C.

-6-
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Fast recrystallization ofForm I of 5-azacytidine is preferably performed with a C3 - Cs alcohol

(which term hereinafter refers to C3-Cs alcohols which are independently: branched or

unbranched, substituted or unsubstituted) or an alkyl cyanide as the co-solvent. More

preferably the C3 - Cs alcohol is a Class 3 solvent, and the alkyl cyanide is acetonitrile. The

most preferred Class 3 C3-Cs alcohols are isopropyl alcohol (2-propanol) and 1-propanol.

Non-limiting examples ofprotocols for the recrystallization of Form I accordingto the

methods described hercin are provided in Examples 2 (slow recrystallization with DMSO as

the primary solvent and ethanol, isopropyl alcohol, acetonitrile, or methylethyl ketone as the

co-solvent) and 3 (fast recrystallization with DMSOasthe primary solvent, and isopropyl

alcohol or acetonitrile as the co-solvent) below,

Following recrystallization, the Form I of 5-azacytidine crystals may be isolated from the

co-solvent mixture by any suitable method known in the art. Preferably, the Form I crystals

are isolated using vacuum filtration through a suitable filter medium or by centrifugation.

Using the novel methods providedherein,it is possible for the first time to target Form I of

5-azacytidine as the drug substance reproducibly and robustly. In particular, isopropyl alcohol

and acetonitrile reliably produce Form I independent of cooling rate (either slow

recrystallization or fast recrystallization) and are preferred as the recrystallization co-solvents

to recover Form I. Most preferably, Form I is isolated using isopropyl alcoholas the co-

solvent since isopropyl alcohol carries a Class 3 risk classification (solvent of low toxic

potential), whereas acetonitrile carries a Class 2 risk classification (solvent to be limited). The

use of the DMSO/isopropylalcohol system allows Form I of 5-azacytidineto be reliably

recoveredfor the first time from solvents of low toxic potential without requiring control over

the rate of recrystallation. In the most preferred embodiment, Form I of 5-azacytidine may be

recovered simply by dissolving 5-azacytidine in DMSO (preferably heated to a temperature in

the range of about 40°C to about 90°C prior to the addition of 5-azacytidine), adding isopropyl

alcohol, and allowing the resulting solvent mixture to equilibrate at about ambient

temperature.

In some embodimentsof the invention, Form I of 5-azacytidine may be recovered from a

primary solvent(s)/co-solvent(s) mixture by "seeding" with a small amount ofForm I of 5-

azacytidine either prior to, or during, the addition of the co-solvent(s). By seeding with Form
-7-
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L, it is possible to expandthe list of suitable co-solvents and co-solvent classes beyond those

listed above. For example, it is known that recrystallization from the DMSO/methanol system

produces either Form I, or a Form I/II mixed phase (see Example 1). Ifa small amount of

Form I is addedto the solution of 5-azacytidine in DMSOpriorto addition of the methanol co-

solvent, or is added during the addition of the methanol co-solvent, then Form I of 5-

azacytidine may bereliably isolated.

By allowing the isolation of a single polymorphic form, one skilled in the art will

appreciate that the present invention allowsfor thefirst time the production of 5-azacytidine

drug substance with uniform and consistent properties from batch to batch, which properties

include but are not limited to solubility and dissolution rate. In turn, this allows one to provide

5-azacytidine drug product (see below) which also has uniform and consistent properties from
batch to batch.

Pharmaceutical Formulations

For the most effective administration of drug substance of the present invention,it is

preferred to prepare a pharmaceutical formulation (also known as the "drug product" or

"pharmaceutical composition") preferably in unit dose form, comprising one or moreofthe 5-

azacytidine polymorphsof the present invention and one or more pharmaceutically acceptable

carrier, diluent, or excipient. Most preferably, Form I 5-azacytidine prepared accordingto the

methods provided herein is used to prepare the pharmaceutical formulation.

Such pharmaceutical formulation may, without being limited by the teachingsset forth
herein, include a solid form of the present invention which is blended with at least one

pharmaceutically acceptable excipient, diluted by an excipient or enclosed within such a

carrier that can be in the form of a capsule, sachet, tablet, buccal, lozenge, paper, or other

container. When the excipient serves as a diluent, it may be a solid, semi-solid, or liquid

material which acts as a vehicle, carrier, or medium for the 5-azacytidine polymorph(s). Thus,

the formulations can be in the form oftablets, pills, powders,elixirs, suspensions, emulsions,

solutions, syrups, capsules (such as, for example, soft and hard gelatin capsules),

suppositories, sterile injectable solutions, and sterile packaged powders.

Examplesof suitable excipients include, but are not limited to, starches, gum arabic,

calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water, syrup, and
3.
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methyl] cellulose. The formulations can additionally include lubricating agents such as, for

example, talc, magnesium stearate and mineraloil; wetting agents; emulsifying and

suspending agents; preserving agents such as methyl- and propyl- hydroxybenzoates;

sweetening agents; or flavoring agents. Polyols, buffers, and inert fillers may also be used.

Examples of polyols include, but are not limited to: mannitol, sorbitol, xylitol, sucrose,

maltose, glucose, lactose, dextrose, and the like. Suitable buffers encompass, but are not

limited to, phosphate, citrate, tartrate, succinate, and the like. Otherinert fillers which may be

used encompass those which are known in the art and are useful in the manufacture of various

dosage forms.Ifdesired, the solid pharmaceutical compositions may include other

components such as bulling agents and/or granulating agents, and the like. The compositions

of the invention can be formulated so as to provide quick, sustained, controlled, or delayed

release of the drug substance after administration to the patient by employing procedures well
known in theart.

In certain embodiments of the invention, the 5-azacytidine polymorph(s) may made into

the form of dosage units for oral administration. The 5-azacytidine polymorph(s) may be

mixed with a solid, pulverant carrier such as, for example, lactose, saccharose, sorbitol,

mannitol, starch, amylopectin, cellulose derivatives or gelatin, as well as with an antifriction

agent such as for example, magnesium stearate, calcium stearate, and polyethylene glycol

waxes. The mixture is then pressed into tabletsor filled into capsules. If coated tablets,

capsules,or pulvules are desired, such tablets, capsules, or pulvules may be coated with a

concentrated solution of sugar, which may contain gum arabic, gelatin, talc, titanium dioxide,

or with a lacquer dissolved in the volatile organic solvent or mixture of solvents. To this

coating, various dyes may be addedin order to distinguish amongtablets with different active

compoundsor with different amounts of the active compound present.

Soft gelatin capsules may be prepared in which capsules contain a mixture of the 5-

azacytidine polymorph(s) and vegetable oil or non-aqueous, water miscible materials such as,

for example, polyethylene glycol andthe like. Hard gelatin capsules may contain granules or

powderofthe 5-azacytidine polymorphin combination with a solid, pulverulent carrier, such

as, for example, lactose, saccharose, sorbitol, mannitol, potato starch, corn starch,

amylopectin, cellulose derivatives, or gelatin.
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Tablets for oral use are typically prepared in the following manner, although other

techniques may be employed. Thesolid substances are gently ground or sieved to a desired

particle size, and a binding agent is homogenized and suspendedin a suitable solvent. The 5-

azacytidine polymorph(s) and auxiliary agents are mixed with the binding agent solution. The

resulting mixture is moistened to form a uniform suspension. The moistening typically causes

the particles to aggregate slightly, and the resulting mass is gently pressed through a stainless

steel sieve having a desired size. The layers of the mixture are then dried in controlled drying

units for a pre-determined length of time to achieve a desired particle size and consistency.

The granules of the dried mixture are gently sieved to remove any powder. Tothis mixture,

disintegrating, anti-friction, and anti-adhesive agents are added. Finally, the mixture is pressed

into tablets using a machine with the appropriate punches and dies to obtain the desired tablet

size.

In the event that the above formulations are to be used for parenteral administration,

such a formulation typically comprisessterile, aqueous and non-aqueousinjection solutions

comprising one or more 5-azacytidine polymorphs for which preparations are preferably

isotonic with the blood of the intended recipient. These preparations may contain anti-

oxidants, buffers, bacteriostats, and solute; which renderthe formulation isotonic with the

blood of the intended recipient. Aqueous and non-aqueous suspensions may include

suspending agents and thickening agents. The formulations may be present in unit-dose or

multi-dose containers, for example, sealed ampules and vials. Extemporaneousinjection

solutions and suspensions may be prepared from sterile powders, granules, and tablets of the

kind previously described.

Liquid preparations for oral administration are prepared in the form of solutions, syrups, or

suspensions with the latter two forms containing, for example, 5-azacytidine polymorph(s),

sugar, and a mixture of ethanol, water, glycerol, and propylene glycol. If desired, such liquid

preparations contain coloring agents, flavoring agents, and saccharin. Thickening agents such

as carboxymethylcellulose may also be used.

Assuch, the pharmaceutical formulations of the present invention are preferably

prepared in a unit dosage form, cach dosage unit containing from about 5 mg to about 200 mg,

more usually about 100 mg of the 5-azacytidine polymorph(s). In liquid form, dosage unit

contains from about 5 to about 200 mg, more usually about 100 mgofthe 5-azacytidine

-10-
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polymorph(s). The term "unit dosage form"refers to physically discrete units suitable as

unitary dosages for humansubjects/patients or other mammals, each unit containing a
predetermined quantity of the S-azacytidine polymorph calculated to produce the desired
therapeutic effect, in association with preferably, at least one pharmaceutically acceptable
carrier, diluent, or excipient.

The following examples are providedforillustrative purposes only, and are not to be
construedas limiting the scope of the claims in any way.

-1ll-
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Examples

Example |

Prior Art Procedure for Synthesis and Recrystallization of 5-azacytidine Drug Substance 

5-azacytidine may be synthesized using commercially available 5-azacytosine and 1,2,3,5-

tetra-O-acetyl-B-D-ribofuranose (RTA) according to the following pathway:

NHp NHSi(CH3)3

a HIN(Si(CH3)3)9 as
HO N

@

ra

  

(NH2)2S0,q, Heat (H3C)3Si0 N

 

NHp

NHSi(CH3)3 LL AAcO.

HA : OAc Ho N 0
Na sy 0 (1) SnCly, CH3CN

pe | * a Y (2) NaOCH3, CH30Ha
SN Be 3 .

(H3C)3810 N H H HOAc OAc OH OH

@) GB)

The crude synthesis productis dissolved in DMSO (preheated to about 90°C), and then

methanol is added to the DMSOsolution. The co-solvent mixture is equilibrated at

approximately -20°C to allow 5-azacytidine crystal formation. The productis collected by

vacuum filtration and allowedto air dry.

Example 2

Form J of 5-azacytidine: Slow Recrystallization of 5-azacytidine from Co-Solvent Systems

Approximately 250 mg of 5-azacytidine was dissolved with approximately 5 ml of

dimethyl sulfoxide (DMSO), preheated to approximately 90 °C, in separate 100-mL beakers.

The solids were allowed to dissolve to a clear solution. Approximately 45 mL of ethanol,

isopropyl alcohol, acetonitrile, or methyl ethyl ketone co-solvent, preheated to approximately

50 °C, was added to the solution and the resultant solution was mixed. The solution was

covered and allowed to equilibrate at ambient conditions. The product was collected by

vacuum filtration using a Buchner funnel.

-12-
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Example 3

Form I of 5-azacytidine: Fast Recrystallization of 5-azacytidine from Co-Solvent Systems

Approximately 250 mg of 5-azacytidine was dissolved with approximately 5 mL of

 

DMSO,preheated to approximately 90 °C, in separate 100-ml beakers. The solids were

allowed to dissolve to a clear solution. Approximately 45 mL of isopropyl alcohol or

acetonitrile co-solvent, preheated to approximately 50 °C, was added to the solution and the

resultant solution was mixed. The solution was covered and placed in a freezer to equilibrate

at approximately -20°C to allow crystal formation. Solutions were removed from the freezer

after crystal formation. The product was collected by vacuum filtration using a Buchner
funnel.

Example 4

X-Ray Powder Diffraction of Recrystallized 5-azacytidine

X-ray powderdiffraction (XRPD)patterns for each sample were obtained on a Scintag

XDS 2000 or a Scintag Xz 0/0 diffractometer operating with copperradiation at 45 kV and 40

mA using a Kevex Psi Peltier-cooled silicon detector or a Thermo ARL Peltier-cooled solid

state detector. Sourceslits of 2 or 4 mm anddetectorslits of 0.5 or 0.3 mm were used for data

collection. Recrystallized material was gently milled for approximately one minute using an

agate mortar and pestle. Samples were placedin a stainless steel or silicon sample holder and

leveled using a glass microscopeslide. Powder diffraction patterns of the samples were

obtained from 2 to 42° 260 at 1°/minute. Calibration of the X» diffractometeris verified

annually using a silicon powder standard.

XRPD performed according to this method revealed that the Form I of 5-azacytidine was

isolated in Example 2 by slowrecrystallization using either ethanol, isopropyl alcohol,

acetonitrile, or methyl ethyl ketone as the co-solvent, and in Example 3 byfast

recrystallization using isopropyl alcohol or acetonitrile as the co-solvent. The results indicate

that Form I of 5-azacytidine maybe reliably recovered from the DMSO/isopropy! alcohol and

DMSO/acetonitrile solvent systems without control of the rate of recrystallization.

-13-
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Whatis claimedis:

the method comprising:

1,1,2-Trichloroethene

1,2-Dichloroethene

1,2-Dimethoxyethane

1,4-Dioxane

1-Butanol

1-Pentanol

1-Propanol

2-Butanol

2-Ethoxyethanol

2-Methoxyethanol

2-Methyl-1-propanol

2-Propanol (isopropyl alcohol)

3-Methyl-1-butanol

Acetone

Acetonitrile

Anisole

Butyl acetate

Chlorobenzene

Cumene

Cyclohexane’

Dichloromethane

Ethanol

Ethyl!acetate

Ethyl ether

Ethyl formate

Ethyleneglycol

Formamide

Isobutyl acetate

-14-
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1. A method for isolating crystalline Form I of 5-azacytidine substantially free of other forms,

recrystallizing 5-azacytidine from a solvent mixture comprising at least one primary

solvent and at least one co-solvent selected from the group consisting of:
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Isopropy] acetate

Methy! acetate

Methylbutyl ketone

Methylcyclohexane

Methylethyl ketone

Methylisobutyl ketone

N,N-Dimethylacetamide

N,N-Dimethylformamide
 
Nitromethane

Propyl acetate

Pyridine

Sulfolane

tert-Butylmethyl ether

Tetrahydrofuran, and

Tetralin

by cooling said solvent mixture from a temperature selected to allow said 5-azacytidine to

dissolve completely to about ambient temperature; and

isolating the recrystallized 5-azacytidine.

2. The method of claim 1 wherein said primary solventis a polar solvent.

3. The method of claim 2 wherein said polar solvent is a polar aprotic solvent.

4, The method of claim 3 wherein said polar aprotic solvent is selected from the

group consisting of dimethylsulfoxide, dimethylformamide, dimethylacetamide, and N-

methylpyrrolidinone.

5. The method of claim 4 wherein said polar aprotic solvent is dimethylsulfoxide.

6. The method ofclaim 1 wherein said co-solvent is acetonitrile.

7. The method of claim 1 wherein said co-solvent is ethanol.

~15-
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8. The method of claim 1 wherein said co-solvent is methylethyl ketone.

9. The method of claim 1 wherein said co-solvent is 2-propanol (isopropyl alcohol).

10. The method of claim 1 wherein said co-solvent is 1-propanol.

11. A method forisolating crystalline Form I of 5-azacytidine substantially free of other

forms, the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising at least one primary

solvent andat least one co-solvent selected from the group consisting of C2-C; alcohols,

aliphatic ketones, and alkyl cyanides, by cooling said solvent mixture from a temperature

selected to allow said 5-azacytidine to dissolve completely to about ambient temperature;
and

isolating the recrystallized 5-azacytidine.

12. The method of claim 11 wherein said primary solvent is a polar solvent.

13. ‘The method of claim 12 wherein said polar solvent is a polar aprotic solvent.

14, The method of claim 13 wherein said polar aprotic solvent is selected from the

group consisting of dimethylsulfoxide, dimethylformamide, dimethylacetamide, and N-

methylpyrrolidinone.

15. The method of claim 14 wherein said polar aprotic solvent is dimethylsulfoxide.

16. The method of claim 11 wherein said co-solvent is acetonitrile.

17. The method of claim 11 wherein said co-solvent is ethanol.

18. The method of claim 11 wherein said co-solvent is methylethyl ketone.

19. The method of claim 11 wherein said co-solvent is 2-propanol (isopropyl alcohol).

20. The method of claim 11 whereinsaid co-solvent is 1-propanol.
-16-
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21. A methodfor isolating crystalline Form I 5-azacytidine substantially free of other forms,

the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising at least one primary

solvent and at least one co-solvent selected from the group consisting of:

1,1,2-Trichloroethene

1,2-Dichloroethene

1,2-Dimethoxyethane

1,4-Dioxane

1-Butanol

1-Pentanol

1-Propanol

2-Butanol

2-Ethoxyethanol

2-Methoxyethanol

2-Methyl-1-propanol

2-Propanol

3-Methyl-1-butanol

Acetone

Acetonitrile

Anisole

Butyl acetate

Chlorobenzene

Cumene

Cyclohexane

Dichloromethane

Ethyl acetate

Ethyl ether

Ethyl formate

Ethyleneglycol

Formamide

Isobutyl acetate

Isopropyl acetate
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Methyl acetate

Methylbutyl ketone

Methylcyclohexane

Methylisobutyl ketone

N,N-Dimethylacetamide

N,N-Dimethylformamide

Nitromethane )

Propyl acetate

Pyridine

Sulfolane

tert-Butylmethyl ether

Tetrahydrofuran, and

Tetralin

by cooling said solution from a temperature selected to allow said 5-azacytidine to
dissolve completely to about -20°C ; and

isolating the recrystallized 5-azacytidine.

22, The method of claim 21 wherein said primary solventis a polar solvent.

23. The method of claim 22 wherein said polar solvent is a polar aprotic solvent.

24, The method of claim 23 wherein said polar aprotic solvent is selected from the

group consisting of dimethylsulfoxide, dimethylformamide, dimethylacetamide, and N-

methylpyrrolidinone.

25. The method of claim 24 wherein said polar aprotic solvent is dimethylsulfoxide.

26. The method of claim 21 wherein said co-solvent is acetonitrile.

27. The method of claim 21 wherein said co-solvent is 2-propanol (isopropy! alcohol).

28. The method of claim 21 wherein said co-solvent is 1-propanol.

-18-
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29. A method for isolating crystalline Form I of 5-azacytidine substantially free of other

forms, the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising at least one primary

solvent and at least one co-solvent selected from the group consisting of C3 - Cs alcohols

and alkyl cyanides by cooling said solution from a temperature selected to allow said 5-

azacytidine to dissolve completely to about -20°C ; and

isolating the recrystallized 5-azacytidine.

30. The method of claim 29 wherein said primary solventis a polar solvent.

31, The method of claim 30 wherein said polar solvent is a polar aprotic solvent.

32. The method of claim 31 wherein said polar aprotic solvent is selected from the

group consisting of dimethylsulfoxide, dimethylformamide, dimethylacetamide, and N-

methylpyrrolidinone.

33. The method of claim 32 wherein said polar aprotic solventis dimethylsulfoxide.

34. The method of claim 29 wherein said co-solvent is acetonitrile.

35. The method of claim 29 wherein said co-solvent is 2-propanol (isopropyl alcohol).

36. The method of claim 29 wherein said co-solvent is 1-propanol.

37. A method for isolating crystalline Form I of 5-azacytidine substantially free of other

forms, the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising dimethylsulfoxide and

isopropyl alcohol; and

isolating the recrystallized 5-azacytidine.

38. A methodfor isolating crystalline Form I of 5-azacytidine substantially free of other

forms, the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising dimethylsulfoxide and 1-

propanol; and

-~19-
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5 isolating the recrystallized 5-azacytidine.

39. A methodforisolating crystalline FormI of 5-azacytidine substantially free of other

forms, the method comprising:

recrystallizing 5-azacytidine from a solvent mixture comprising dimethylsulfoxide and

10 methanol by seeding said solvent mixture with Form I of 5-azacytidine; and isolating the

recrystallized 5-azacytidine.
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COMBINATIONS AND MODES OF ADMINISTRATION OF THERAPEUTIC

AGENTS AND COMBINATION THERAPY

RELATED APPLICATIONS

[0001] This application claims priority benefit to provisional application

 

60/654,245, filed on February 18, 2005, which is incorporated by reference herein in its

entirety.

TECHNICAL FIELD

[0002] The present invention relates to methods and compositions for the treatment

of proliferative diseases comprising the administration of a combination of a taxane and at

least one other and other therapeutic agents, as well as other treatment modalities useful in

the treatmentofproliferative diseases. In particular, the invention relates to the use of

nanoparticles comprising paclitaxel and albumin (such as Abraxane’”) in combination with

other chemotherapeutic agents or radiation, which may be used for the treatment of cancer.

BACKGROUND

[0003] Thefailure of a significant numberof tumorsto respond to drug and/or

radiation therapy is a serious problem in the treatment of cancer. In fact, this is one of the

main reasons why manyof the most prevalent forms ofhuman cancerstill resist effective

chemotherapeutic intervention, despite certain advances in the field of chemotherapy.

[0004] Cancer is now primarily treated with one or a combination of three types of

therapies: surgery, radiation, and chemotherapy. Surgery is a traditional approach in which
all or part of a tumor is removed from the body. Surgery generally is only effective for

treating the earlier stages of cancer, While surgery is sometimes effective in removing

tumors located at certain sites, for example, in the breast, colon, and skin, it cannot be used

in the treatment of tumors located in other areas, inaccessible to surgeons, nor in the

treatment of disseminated neoplastic conditions such as leukemia. For more than 50% of

cancer individuals, by the time they are diagnosed they are no longer candidates for

effective surgical treatment. Surgical procedures may increase tumor metastases through

blood circulation during surgery. Most of cancer individuals do not die from the cancerat

the time of diagnosis or surgery, but rather die from the metastasis and the recurrence of the
cancer.

[0005] Othertherapies are also often ineffective. Radiation therapy is only

effective for individuals who present with clinically localized disease at early and middle
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stages of cancer, and is not effective for the late stages of cancer with metastasis. Radiation

is generally applied to a defined area of the subject's body which contains abnormal

proliferative tissue, in order to maximize the dose absorbed by the abnormal tissue and
minimize the dose absorbed by the nearby normaltissue. However,it is difficult (if not

impossible) to selectively administer therapeutic radiation to the abnormal tissue. Thus,
normal tissue proximate to the abnormaltissue is also exposed to potentially damaging

doses of radiation throughout the course of treatment. There are also sometreatments that

require exposure of the subject's entire bodyto the radiation, in a procedure called "total

bodyirradiation", or "TBL” Theefficacy of radiotherapeutic techniques in destroying
abnormalproliferative cells is therefore balanced by associated cytotoxic effects on nearby
normal cells. Because of this, radiotherapy techniques have an inherently narrow

therapeutic index which results in the inadequate treatment of most tumors. Even the best
radiotherapeutic techniques may result in incomplete tumor reduction, tumor recurrence,

increasing tumor burden, and induction ofradiation resistant tumors.

[0006] Chemotherapy involvesthe disruptionofcell replication or cell metabolism.
Chemotherapy can be effective, but there are severeside effects, ¢.g., vomiting, low white

blood cells (WBC),loss of hair, loss of weight andother toxic effects. Because of the

extremely toxic side effects, many cancerindividuals cannot successfully finish a complete

chemotherapy regime. Chemotherapy-inducedside effects significantly impact the quality
oflife of the individual and may dramatically influence individual compliance with

treatment. Additionally, adverse side effects associated with chemotherapeutic agents are

generally the major dose-limiting toxicity (DLT)in the administration of these drugs. For
example, mucositis is one of the major doselimiting toxicity for several anticancer agents,
including the antimetabolite cytotoxic agents 5-FU, methotrexate, and antitumor

antibiotics, such as doxorubicin. Manyof these chemotherapy-inducedside effects if

severe maylead to hospitalization, or require treatment with analgesics for the treatment of

pain. Some cancerindividuals die from the chemotherapy due to poor tolerance to the
chemotherapy. The extreme side effects of anticancer drugs are caused by the poortarget

specificity of such drugs. The drugscirculate through most normal organs ofindividuals as
well as intended target tumors. The poortarget specificity that causes side effects also

decreases the efficacy of chemotherapy because only a fraction of the drugs is correctly

targeted. The efficacy of chemotherapyis further decreased by poor retention of the

anti-cancer drugs within the target tumors.
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{0007] Due to the severity and breadth of neoplasm, tumorand cancer, there is a

great need for effective treatments of such diseases or disorders that overcome the

shortcomings of surgery, chemotherapy, and radiation treatment.

Problems of Chemotherapeutic Agents

{0008} The drug resistance problem is a reason for the added importance of

combination chemotherapy, as the therapy both has to avoid the emergence ofresistant

cells and to kill pre-existing cells which are already drug resistant.

{0009} Drugresistance is the name given to the circumstance when a disease does

not respond to a treatment drug or drugs. Drug resistance can be eitherintrinsic, which

means the disease has never been responsive to the drug or drugs, or it can be acquired,

which means the disease ceases responding to a drug or drugs that the disease had

previously been responsive to. Multidrug resistance (MDR)isa specific type of drug

resistance that is characterized by cross-resistance of a disease to more than one

functionally and/orstructurally unrelated drugs. Multidrug resistance in the field of cancer

is discussed in greater detail in "Detoxification Mechanisms and Tumor Cell Resistance to

Anticancer Drugs," by Kuzmich and Tew, particularly section VII "The

Multidrug-Resistant Phenotype (MDR)," Medical Research Reviews, Vol. 11, No.2,

185-217, (Section VII is at pp. 208-213) (1991); and in "Multidrug Resistance and

Chemosensitization: Therapeutic Implications for Cancer Chemotherapy," by Georges,

Sharom and Ling, Advances in Pharmacology, Vol. 21, 185-220 (1990).

[0010] One form ofmulti-drug resistance (MDR) is mediated by a membrane

bound 170-180 kD energy-dependent efflux pump designated as P-glycoprotein (P-gp).

P-glycoprotein has been shown to play a majorrole in the intrinsic and acquired resistance

of a number ofhuman tumors against hydrophobic, natural product drugs. Drugsthat act

as substrates for and are consequently detoxified by P-gp include the vinca alkaloids

(vincristine and vinblastine), anthracyclines (Adriamycin), and epipodophyllotoxins

(etoposide). While P-gp associated MDRis a major determinant in tumorcell resistance to

chemotherapeutic agents, it is clear that the phenomenon of MDRis multifactorial and

involves a numberofdifferent mechanisms.

f0011] A major complication of cancer chemotherapy andof antiviral

chemotherapy is damage to bone marrow cells or suppression of their function.

Specifically, chemotherapy damages or destroys hematopoietic precursorcells, primarily

found in the bone marrow and spleen, impairing the production of new bloodcells
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(granulocytes, lymphocytes, erythrocytes, monocytes, platelets, etc.). Treatment of cancer

individuals with 5-fluorouracil, for example, reduces the number of leukocytes

(lymphocytes and/or granulocytes), and can result in enhanced susceptibility of the

individuals to infection. Many cancerindividuals die of infection or other consequences of
hematopoietic failure subsequent to chemotherapy. Chemotherapeutic agents can also

result in subnormal formation of platelets which produces a propensity toward hemorrhage.
Inhibition of erythrocyte production can result in anemia. For some cancer individuals, the

risk of damage to the hematopoietic system or other importanttissues frequently limits the

opportunity for chemotherapy dose escalation of chemotherapy agents high enoughto

provide goodantitumoror antiviral efficacy. Repeated or high dose cycles of

chemotherapy may be responsible for severe stem cell depletion leading to serious

long-term hematopoietic sequelea and marrow exhaustion.

[0012] Prevention of, or protection from, the side effects of chemotherapy would be
a great benefit to cancer individuals. For life-threatening side effects, efforts have

concentrated onaltering the dose and schedules of the chemotherapeutic agent to reduce

the side effects. Other options are becoming available, such as the use of granulocyte

colony stimulating factor (G-CSF), granulocyte-macrophage-CSF (GM-CSF), epidermal

growth factor (EGF), interleukin 11, erythropoietin, thrombopoietin, megakaryocyte
development and growth factor, pixykines, stem cell factor, FLT-ligand, as well as

interleukins 1, 3, 6, and 7, to increase the numberofnormal cells in various tissues before

the start of chemotherapy (See Jimenez and Yunis, Cancer Research 52:413-41 5; 1992).
The mechanismsofprotection by these factors, while not fully understood, are mostlikely
associated with an increase in the numberof normalcritical target cells before treatment

with cytotoxic agents, and not with increased survival of cells following chemotherapy.

Chemotherapeutic Targeting For Tumor Treatment

[0013] Both the growth and metastasis of solid tumors are angiogenesis-dependent
(Folkman, J. Cancer Res., 46, 467-73 (1986); Folkman, J. Nat. Cancer Inst., 82, 4-6

(1989); Folkmanet al., "Tumor Angiogenesis,” Chapter 10, pp. 206-32, in The Molecular

Basis of Cancer, Mendelsohn et al., eds. (W. B. Saunders, 1995)). It has been shown,for
example, that tumors which enlarge to greater than 2 mm in diameter mustobtain their own

blood supply and do so by inducing the growth of new capillary blood vessels. After these

new blood vessels become embeddedin the tumor, they provide nutrients and growth
factors essential for tumor growthas well as a means for tumorcells to enterthe circulation
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and metastasize to distant sites, such as liver, lung or bone (Weidner, New Eng. J. Med.,

324(1), 1-8 (1991)). When used as drugs in tumor-bearing animals, natural inhibitors of

angiogenesis can prevent the growth of small tumors (O'Reilly et al., O'Reilly et al., Cell,

79, 315-28 (1994)). Indeed, in some protocols, the application of such inhibitors leads to

tumor regression and dormancy even after cessation of treatment (O'Reilly et al., Cell, 88,

277-85 (1997)). Moreover, supplying inhibitors of angiogenesis to certain tumors can

potentiate their response to other therapeutic regimes (e.g., chemotherapy) (see, e.g.,

Teischeret al., Int. J. Cancer, 57, 920-25 (1994)).

[0014] Protein tyrosine kinases catalyze the phosphorylation of specific tyrosyl

residues in various proteins involved in the regulation of cell growth and differentiation (A.

F. Wilks, Progress in Growth Factor Research, 1990, 2, 97-111; S. A. Courtneidge, Dev.

Supp.l, 1993, 57-64; J. A. Cooper, Semin. Cell Biol., 1994, 5(6), 377-387; R. F. Paulson,

Semin. Immunol., 1995, 7(4), 267-277; A. C. Chan, Curr. Opin. Immunol., 1996, 8(3),
 394-401). Protein tyrosine kinases can be broadly classified as receptor(e.g.EGFr,

c-erbB-2, c-met, tie-2, PDGFr, FGFr) or non-receptor(e.g. c-src, Ick, Zap70) kinases.

Inappropriate or uncontrolled activation of many of these kinases,i.e. aberrant protein

tyrosine kinase activity, for example by over-expression or mutation, has been shown to

result in uncontrolled cell growth. For example, elevated epidermal growth factor receptor

(EGFR) activity has been implicated in non-small cell lung, bladder and head and neck

cancers, and increased c-erbB-2 activity in breast, ovarian, gastric and pancreatic cancers.

Thus, inhibition of protein tyrosine kinases should be useful as a treatment for tumors such

as those outlined above.

[0015] Growth factors are substances that induce cell proliferation, typically by

binding to specific receptors on cell surfaces. Epidermal growth factor (EGF) induces

proliferation of a variety of cells in vivo, and is required for the growth ofmost cultured

cells. The EGFreceptor is a 170-180 kD membrane-spanning glycoprotein, which is

detectable on a wide variety of cell types. The extracellular N-terminal domainofthe

receptoris highly glycosylated and binds EGF antibodies that selectively bind to EGFR.

Agents that competitively bind to EGFR have beenused totreat certain types of cancer,

since many tumors of mesodermal and ectodermal origin overexpress the EGF receptor.

For example, the EGF receptor has been shownto be overexpressed in many gliomas,

squamous cell carcinomas, breast carcinomas, melanomas, invasive bladder carcinomas

and esophageal cancers. Attempts to exploit the EGFR system for anti-tumor therapy have

generally involved the use ofmonoclonal antibodies against the EGFR. In addition, studies
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with primary human mammary tumors have shown a correlation between high EGFR

expression and the presence of metastases, higherrates of proliferation, and shorter
individual survival.

[0016] Herlyn et al., in U.S. Patent 5,470,571, disclose the use of radiolabeled Mab

425 for treating gliomas that express EGFR. Herlynet al. report that anti-EGFR antibodies

may either stimulate or inhibit cancercell growth and proliferation. Other monoclonal

antibodies having specificity for EGFR,either alone or conjugated to a cytotoxic

compound, have been reported as being effective for treating certain types of cancer.

Bendig et al, in U.S. Patent 5,558,864, disclose therapeutic anti-EGFR Mab's for

competitively binding to EGFR. Heimbrooketal., in U.S. Patent 5,690,928, disclose the

use of EGF fused to a Pseudomonas species-derived endotoxin for the treatment of bladder

cancer. Brown etal., in U.S. Patent 5,859,018, disclose a methodfortreating diseases

characterized by cellular hyperproliferation mediated by, inter alia, EGF.

Chemotherapeutic Modes of Administration

[0017] People diagnosed as having cancer are frequently treated with single or

multiple chemotherapeutic agents to kill cancercells at the primary tumorsite orat distant

sites to where cancer has metastasized. Chemotherapy treatmentis typically given either in

a single or in several large doses or overvariable times ofweeks to months. However,

repeated or high dose cycles of chemotherapy may be responsible for increased toxicities
and severeside effects.

[0018] Newstudies suggest that metronomic chemotherapy, the low-dose and

frequent administration of cytotoxic agents without prolonged drug-free breaks, targets

activated endothelial cells in the tumor vasculature. A numberofpreclinical studies have

demonstrated superior anti-tumorefficacy, potent antiangiogenic effects, and reduced

toxicity and side effects (e.g., myelosuppression) ofmetronomic regimes compared to

maximum tolerated dose (MTD) counterparts (Bocci, et al., Cancer Res, 62:6938-6943,

(2002); Bocci, et al., PNAS, vol, 100(22):12917-12922, (2003); and Bertolini, et al.,

Cancer Res, 63(15):4342-4346, (2003)). It remains unclear whether all chemotherapeutic

drugs exert similar effects or whether someare better suited for such regimes than others.

Nevertheless, metronomic chemotherapy appears to be effective in overcoming someofthe

major shortcomings associated with chemotherapy.
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Chemotherapeutic Agents

[0019] Paclitaxel has been shownto have significant antineoplastic and anticancer

effects in drug-refractory ovarian cancer and has shown excellent antitumoractivity in a

wide variety of tumor models, and also inhibits angiogenesis when used at very low doses

(Grant et al., Int. J. Cancer, 2003). The poor aqueous solubility of paclitaxel, however,

presents a problem for human administration. Indeed, the delivery of drugsthat are

inherently insoluble or poorly soluble in an aqueous medium can be seriously impaired if

oral delivery is not effective. Accordingly, currently used paclitaxel formulations (e.g.,

Taxol®) require a Cremophor® to solubilize the drug. The presence of Cremophor®in this

formulation has been linked to severe hypersensitivity reactions in animals (Lorenzet al.,

Agents Actions 7:63-67 (1987)) and humans (Weisset al., J. Clin. Oncol. 8:1263-68

(1990)) and consequently requires premedication of individuals with corticosteroids

(dexamethasone) and antihistamines. It was also reported that clinically relevant

concentrations of the formulation vehicle Cremophor® EL in Taxol® nullify the

antiangiogenic activity of paclitaxel, suggesting that this agent or other anticancer drugs

formulated in Cremophor® EL mayneedto be used at much higher doses than anticipated

to achieve effective metronomic chemotherapy (Nget al., Cancer Res., 64:821-824

(2004)). As such, the advantage ofthe lack ofundesirable side effects associated with

low-dose paclitaxel regimes vs. conventional MTD chemotherapy may be compromised.

See also U.S. Patent Pub. No. 2004/0143004, W000/64437.

Abraxane’is a Cremophor® EL-free nanoparticle albumin-bound paclitaxel

[0020] Preclinical models have shownsignificant improvement in the safety and

efficacy of Abraxane™ compared with Taxol” (Desai et al., EORTC-NCI-AACR, 2004)

and in individuals with metastatic breast cancer (O’Shaughnessyet al., San Antonio Breast

Cancer Symposium, Abstract #1122, Dec. 2003). This is possibly due to the absence of

surfactants (e.g., Cremophor® or Tween” 80, used in Taxol® and Taxotere®, respectively)

in Abraxane’™’, and/orpreferential utilization of an albumin-based transport mechanism

utilizing gp60/caveolae on microvascular endothelial cells (Desai et al.,

EORTC-NCI-AACR, 2004). In addition, both Cremophor® and Tween® 80 have been

shownto strongly inhibit the binding of paclitaxel to albumin, possibly affecting albumin

based transport (Desai et al., EORTC-NCI-AACR,2004).

[0021] IDN5109 (Ortataxel) is a new taxane, currently in phase II, selected forits

lack of cross-resistance in tumorcell lines expressing the multidrug resistant phenotype
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(MDR/Pgp)andinhibition of P-glycoprotein (Pgp) (Minderman; Cancer Chemother.

Pharmacol. 2004; 53:363-9). Dueto its hydrophobicity, IDN5109 is currently formulated

in the surfactant Tween® 80 (same vehicle as Taxotere®), Removalof surfactants from

taxane formulationse.g., in the case of nanoparticle albumin-boundpaclitaxel

(Abraxane™) showed improvements in safety and efficacy over their surfactant containing

counterparts (O’Shaughnessy et al., San Antonio Breast Cancer Symposium, Abstract

#1122, Dec. 2003). Tween® 80 also strongly inhibited the binding of the taxane, paclitaxel,

to albumin, possibly compromising albumin based drugtransport via the gp60 receptor on

mucrovessel endothelial cells (Desaiet al., EORTC-NCI-AACR,2004).

[0022] The antitumoractivity of colchicine, which is the major alkaloid of the

autumn crocus, Colchicum autumnale, and the African climbinglily, Gloriosa superba,

wasfirst reported at the beginning of the 20" century. The elucidation ofits structure was

finally completed from X-ray studies and a numberoftotal syntheses (see Shiauet al., J.

Pharm. Sci. 1978, 67(3) 394-397). Colchicine is thought to be a mitotic poison,

particularly in tyhmic,intestinal, and hermatopoietic cells, which acts as a spindle poison

and blocks the kinesis. Its effect on the mitotic spindle is thought to represent a special

case ofits effects on various organized,labile, fibrillar systems concerned with structure

and movement.

[0023] Thiocolchicine dimer IDN5404 wasselected forits activity in human

ovarian subline resistant to cisplatin and topotecan A2780-CIS and A2780-TOP. This

effect was related to dual mechanismsofaction, i.c., microtubule activity as in Vinca

alkaloids and a topoisomerase I inhibitory effect different from camptothecin. (Raspaglio,

Biochemical Pharmacology 69:113-121 (2005)).

[0024] It has been found that nanoparticle compositions of a taxane (such as

albumin bound paclitaxel (Abraxane™)) havesignificantly lower toxicities than other

taxaneslike Taxoland Taxotere® with significantly improved outcomesin both safety and
efficacy.

[0025] Combination chemotherapy, e.g., combining one or more chemotherapeutic

agents or other modes of treatment, e.g., combining for example, chemotherapy with

radiation or surgery and chemotherapy, have been found to be more successful than single

agent chemotherapeutics or individual modesof treatment respectively.

[0026] , Other references include U.S. Pub. No. 2006/0013819; U.S. Pub. No.

2006/0003931; WO05/117986; WO05/117978; and WO0S5/000900.
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{0027] Moreeffective treatments for proliferative diseases, especially cancer, are
needed.

{0028] The disclosures of all publications, patents, patent applications and

published patent applications referred to herein are hereby incorporated herein by reference

in their entirety.

BRIEF SUMMARY OF THE INVENTION

[0029] The present invention provides methods forthe treatment of proliferative

 

diseases such as cancer. The invention provides combination therapy methodsoftreating

proliferative diseases (such as cancer), comprising a) a first therapy comprising

administering to an individual an effective amount of a composition comprising

nanoparticles comprising a taxane (such as paclitaxel) and a carrier protein (such as

albumin) and b) a second therapy, such as chemotherapy,radiation therapy, surgery, or

combinations thereof. In another aspect, there are provided methods of administering to an

individual a composition comprising nanoparticles comprising a taxane(suchas paclitaxel)

and a carrier protein (such as albumin) based on a metronomic dosing regime.

[0030] In some embodiments, the invention provides a method of treating a

proliferative disease (such as cancer) in an individual comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an éffective amountofat least one

other chemotherapeutic agent. In some embodiments, the invention provides a method of

treating a proliferative disease (such as cancer) in an individual comprising administering

to the individual a) an effective amount of a composition comprising nanoparticles

comprising paclitaxel and an albumin (such as Abraxane™), and b) an effective amount of

at least one other chemotherapeutic agent. In some embodiments, the chemotherapeutic

agent is any of (and in some embodimentsselected from the group consisting of)

antimetabolites (including nucleoside analogs), platinum-based agents, alkylating agents,

tyrosine kinase inhibitors, anthracycline antibiotics, vinca alkloids, proteasome inhibitors,

macrolides, and topoisomerase inhibitors. In some embodiments, the chemotherapeutic

agentis a platinum-based agent, suchas carboplatin.

[0031] In some embodiments, the composition comprising nanoparticles (also

referred to as “nanoparticle composition”) and the chemotherapeutic agent are administered

simultaneously, either in the same composition or in separate compositions. In some

embodiments, the nanoparticle composition and the chemotherapeutic agent are
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administered sequentially, i.e., the nanoparticle composition is administered either priorto

or after the administration of the chemotherapeutic agent. In some embodiments,the

administration of the nanoparticle composition and the chemotherapeutic agent are

concurrent,i.e., the administration period of the nanoparticle composition and that of the

chemotherapeutic agent overlap with each other. In some embodiments, the administration

of the nanoparticle composition and the chemotherapeutic agent are non-concurrent. For

example, in some embodiments, the administration of the nanoparticle composition is

terminated before the chemotherapeutic agent is administered. In some embodiments, the

administration of the chemotherapeutic agent is terminated before the nanoparticle

composition is administered.

[0032] In some embodiments,thefirst therapy taxane is nano-particle albumin

bound paxlitaxel, described, for example, in U.S. Patent 6,566,405, and commercially

available under the tradename Abraxane™, In addition, the first therapy taxane is also

considered to be nanoparticle albumin bound docetaxel described for example in U.S.
Patent Application Publication 2005/0004002A1,

{0033] In another aspect, there is provided a methodoftreating a proliferative

disease (such as cancer) in an individual comprising a) a first therapy comprising

administering to the individual a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) a second therapy comprising

radiation therapy, surgery, or combinations thereof. In some embodiments, thereis

provided a methodoftreating a proliferative disease (such as cancer) in an individual

comprising a) a first therapy comprising administering to the individual a composition

comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane™), and

b) a second therapy comprising radiation therapy, surgery, or combinations thereof. In

some embodiments, the second therapyis radiation therapy. In some embodiments, the

second therapy is surgery. In some embodiments, the first therapy is carried out prior to the

second therapy. In some embodiments, the first therapyis carried out after the second

therapy.

[0034] In another aspect, the method comprises administering to a mammal having

a proliferative disease (such as cancer) a combination therapy comprisingafirst therapy

comprising a taxane and a second therapy selected from the group consisting of

chemotherapeutic agent and radiation or combinations thereof. The combination therapy

may be administered in any of a variety of ways such as sequentially or simultaneously,

and if sequential, the taxane may be administered beforeor after the second therapy
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although it is preferred that the first therapy comprising a taxane is administered first. It

will also be understood that the second therapy can include more than one

chemotherapeutic agent.

[0035] The present invention also provides metronomic therapy regimes. In some

embodiments, there is provided a method of administering a composition comprising

nanoparticles comprising a taxane and a carrier protein (such as albumin), wherein the

nanoparticle composition is administered overa period of at least one month, wherein the

interval between each administration is no more than about a week, and wherein the dose of

taxane at each administration is about 0.25% to about 25% of its maximum tolerated dose

followinga traditional dosing regime. In some embodiments, there is provided a method of

administering a composition comprising nanoparticles comprising paclitaxel and an

albumin (such as Abraxane™), wherein the nanoparticle composition is administered over

a period of at least one month, wherein the interval between each administration is no more

than about a week, and wherein the dose ofpaclitaxel at each administration is about 0.25%

to about 25% of its maximum tolerated dose following a traditional dosing regime. In

some embodiments, the dose of the taxane (such aspaclitaxel, for example Abraxane™)

per administration is less than about any of 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,

11%, 12%, 13%, 14%, 15%, 18%, 20%, 22%, 24%, or 25% of the maximum tolerated

dose. In some embodiments, the nanoparticle composition is administered at least about

any of 1x, 2x, 3x, 4x, 5x, 6x, 7x (i.e., daily) a week. In some embodiments, the intervals

between each administration are less than about any of 7 days, 6 days, 5 days, 4 days, 3

days, 2 days, and 1 day. In some embodiments, the nanoparticle composition is

administered over a period ofat least about any of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 18, 24,

30 and 36 months.

[0036] Jn some embodiments, there is provided a method of administering a

composition comprising nanoparticles comprising a taxane and a carrier protein (such as

albumin), wherein the taxane is administered over a period of at least one month, wherein

the interval between each administration is no more than about a week, and wherein the

dose ofthe taxane at each administrationis about 0.25 mg/m? to about 25 mg/m”. In some

embodiments, there is provided a method of administering a composition comprising

nanoparticles comprising paclitaxel and an albumin (such as Abraxane™) anda carrier

protein (such as albumin), wherein the paclitaxel is administered over a period ofatleast

one month, wherein the interval between each administration is no more than about a week,

and whereinthe dose of the taxane at each administration is about 0.25 mg/m’ to about 25
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mg/m’. In some embodiments, the doseof the taxane (suchas paclitaxel, for example
Abraxane™) per administrationis less than about any of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 18, 20, 22, and 25 mg/m’, In some embodiments, the nanoparticle composition is
administered at least about any of 1x, 2x, 3x, 4x, 5x, 6x, 7x (i.c., daily) a week. In some

embodiments, the intervals between each administration are less than about any of 7 days, 6

days, 5 days, 4 days, 3 days, 2 days, and 1 day. In some embodiments, the nanoparticle

composition is administered overa period of at least about any of 2, 3, 4, 5, 6, 7, 8, 9, 10,

11, 12, 18, 24, 30 and 36 months.

[0037] The methods of the invention generally comprise administration of a

composition comprising nanoparticles comprising a taxane and a carrier protein. In some

embodiments, the nanoparticle composition comprises nanoparticles comprising paclitaxel

and an albumin. In some embodiments, the paclitaxel/albumin nanoparticles have an

average diameter of no greater than about 200 nm. In some embodiments, the

paclitaxel/albumin nanoparticle composition is substantially free (such as free) of surfactant

(such as Cremophor). In some embodiments, the weightratio of the albuminto paclitaxel

in the composition is about 18:1 or less, such as about 9:1 or less. In some embodiments,

the paclitaxel is coated with albumin. In some embodiments, the paclitaxel/albumin

nanoparticles have an average diameter of no greater than about 200 nm and the

paclitaxel/albumin composition is substantially free (such as free) of surfactant (suchas

Cremophor). In some embodiments,the paclitaxel/albumin nanoparticles have an average

diameter of no greater than about 200 nm andthe paclitaxel is coated with albumin. Other

combinations of the above characteristics are also contemplated. In some embodiments,

the nanoparticle composition is Abraxane™. Nanoparticle compositions comprising other
taxanes (such as docetaxel and ortataxel) may also comprise one or more of the above
characteristics.

[0038] These and other aspects and advantages of the present invention will

become apparent from the subsequent detailed description and the appended claims. It is to

be understood that one, some,orall of the properties of the various embodiments described

herein may be combined to form other embodiments of the present invention.

BRIEF DESCRIPTION OF FIGURES

[0039] Figure 1A showsthe effect of ABI-007 onrataortic ring angiogenesis.

Figure 1B showsthe effect of ABI-007 on humanendothelial cell proliferation. Figure 1C
showsthe effect of ABJ-007 on endothelial cell tube formation.
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[9040] Figure 2 showsthe determination of an optimalbiological dose of ABT-007

for metronomic dosing. Shownare the levels ofviable circulating endothelial progenitors

(CEPs) in peripheral blood of Balb/c] mice in responseto escalating doses of ABI-007,

Untr’d, untreated control; S/A, saline/albumin vehicle control. Bars, mean + SE. *
Significantly (p < 0.05 ) different from the untreated control.
[0041] Figures 3A and 3B show the effects of ABI-007 and Taxol used in

metronomic or MTD regimes on MDA-MB-231 (A) and PC3 (B) tumor growth tumor-

bearing SCID mice. Figures 3C and 3D show the effects of ABI-007 and Taxol used in

metronomic or MTD regimes on the body weight of MDA-MB-231 (C) and PC3 (D)

tumor-bearing SCID mice.

[0042] Figures 4A and 4B show changes in the levels of viable circulating

endothelial progenitors (CEPs) in peripheral blood of MDA-MB-231 (Fig. 4A) and PC3

(Fig. 4B) tumor-bearing SCID miceafter treatment with A, saline/albumin; B, Cremophor

EL control; C, metronomic Taxol 1.3 mg/kg; D, E, and F, metronomic ABI-007 3, 6, and

10 mg/kg, respectively; G, MTD Taxol; H, MTD ABI-007. Bars, mean + SE. =

Significantly (p < 0.05) different from saline/albumin vehicle control. Significantly (p <

0.05) different from Cremophor EL vehicle control.

[0043] Figure 5A showsintratumoral microvessel density of MDA-MB-231 (m)

and PC3 (a) xenografts treated with A, saline/albumin; B, Cremophor EL control; Cc,

metronomic Taxol 1.3 mg/kg; D, E, and F, metronomic ABI-007 3, 6, and 10 mg/kg,

respectively; G, MTD Taxol; H, MTD ABI-007. Bars, mean+ SE. Figure 5B and 5C
show the correlation between intratumoral microvessel density and the number of viable

CEPsin peripheral blood in MDA-MB-231 (Fig. 5B) and PC3 (Fig. 5C) tumor-bearing

SCID mice.

[0044] Figure 6 showsthe effects of ABI-007 or Taxol used in metronomic or

MTD regimeson basic fibroblast growth factor (bFGF)-induced angiogenesis in matrigel

plugs injected subcutaneously into the flanks of Balb/cJ mice. Treatments-A,

saline/albumin; B, Cremophor EL control; C, metronomic Taxol 1.3 mg/kg; D, E, and F,

metronomic ABI-007 3, 6, and 10 mg/kg, respectively; G, MTD Taxol; H, MTD ABI-007.

Matrigel implanted without bFGF (-bFGF)served as negative control. Bars, mean +SE.

[0045] Figure 7A and Figure 7B show the cytotoxic activity of nab-rapamycin in

combination with Abraxane™on vascular smooth muscle cells. Cytotoxicity was

evaluated by staining with ethidium homodimer-1 (Fig. 7A) or by staining with calcein

(Fig. 7B).
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[0046] Figure 8 shows the cytotoxic activity ofnab-rapamycin in combination with

Abraxane™ in a HT29 human colon carcinoma xenograft model.

[0047] Figure 9 showsthe cytotoxic activity ofnab-17-AAG in combination with

Abraxane™ in a H358 humanlung carcinoma xenograft model.

DETAILED DESCRIPTION OF THE INVENTION

[0048] Thepresent invention provides methods of combination therapy comprising

a first therapy comprising administration of nanoparticles comprising a taxane and a carrier

protein (such as albumin) in conjunction with a second therapy such as radiation, surgery,

administration of at least one other chemotherapeutic agent, or combinations thereof. The

invention also provides methods ofmetronomic therapy.

[0049] The present invention involves the discovery that Abraxane™, dueto its

superior anti-tumor activity and reduced toxicity and side effects, can be administered in

combination with other therapeutic drugs and/or treatment modalities and can also be used

in metronomic chemotherapy. Dueto significantly improved safety profiles with

compositions comprising drug/carrier protein nanoparticles (such as Abraxane™), we

believe that combination chemotherapy with such nanoparticle compositions (such as

Abraxane™)is more effective than combination chemotherapy with other drugs. In

addition the use ofnanoparticle composition (such as Abraxane™) in combination with

radiation is also believed to be more effective than combination of other agents with

radiation. Thus, the nanoparticle compositions (especially a paclitaxel/albumin

nanoparticle composition, such as Abraxane™), when used in combination with other

chemotherapeutic agents or when combined with other treatment modalities, should be very

effective and overcomethe deficiencies of surgery, radiation treatment, and chemotherapy

in the treatmentofproliferative disease (such as cancer).

[0050] The present invention in one its embodimentsis the use of a first therapy

comprising a taxane, such as Abraxane™,in combination with a second therapy such as

another chemotherapeutic agent or agents, radiation, or the like for treating proliferative

diseases such as cancer. The first therapy comprising a taxane and second therapy can be

administered to a mammal having the proliferative sequentially, or they can be co-

administered, and even administered simultaneously in the same pharmaceutical

composition.

14

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1373



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1374

WO2006/089290 PCT/US2006/006167

[0051] Further, a metronomic dosing regime using Abraxanc™ has been foundto

be more effective than the traditional MTD dosing schedule of the same drug composition.

Such metronomic dosing regime of Abraxane™has also been found to be moreeffective

than metronomic dosing of Taxol”.

[0052] The methods described herein are generally useful for treatment of diseases,

particularly proliferative diseases. As used herein,“treatment” is an approach for obtaining

beneficial or desired clinical results. For purposes of this invention, beneficial or desired

clinical results include, but are not limited to, any one or moreof: alleviation of one or

more symptoms, diminishment of extent of disease, stabilized (i.c., not worsening) state of
disease, preventing or delaying spread (e.g., metastasis) of disease, preventing or delaying

occurrence or recurrence of disease, delay or slowing of disease progression, amelioration

of the disease state, and remission (whether partial or total). Also encompassed by

“treatment” is a reduction ofpathological consequence ofa proliferative disease. The

methods of the invention contemplate any one or more of these aspects of treatment.

[0053] As used herein, a “proliferative disease” is defined as a tumor disease

(including benign or cancerous) and/or any metastases, wherever the tumoror the

metastasis are located, more especially a tumorselected from the group comprising one or

more of (and in some embodiments selected from the group consisting of) breast cancer,

genitourinary cancer, lung cancer, gastrointestinal cancer, epidermoid cancer, melanoma,

ovarian cancer, pancreatic cancer, neuroblastoma, colorectal cancer, head and neck cancer.

In a broader sense of the invention, a proliferative disease may furthermorebe selected

from hyperproliferative conditions such as hyperplasias, fibrosis (especially pulmonary, but

also other types of fibrosis, such as renal fibrosis), angiogenesis, psoriasis, atherosclerosis

and smooth muscle proliferation in the blood vessels, such as stenosis or restenosis

following angioplasty. In some embodiments, the proliferative disease is cancer. In some

embodiments, the proliferative disease is a non-cancerous disease. In some embodiments,

the proliferative disease is a benign or malignant tumor. Where hereinbefore and

subsequently a tumor, a tumordisease, a carcinomaor a cancer are mentioned, also

metastasis in the original organ ortissue and/or in any other location are implied

alternatively or in addition, whateverthe location of the tumor and/or metastasisis.

[0054] The term “effective amount” used herein refers to an amount of a compound

or composition sufficient to treat a specified disorder, condition or disease suchas

ameliorate, palliate, lessen, and/or delay one or moreofits symptoms. In reference to

cancers or other unwanted cell proliferation, an effective amount comprises an amount
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sufficient to cause a tumorto shrink and/or to decrease the growth rate of the tumor (such

as to suppress tumor growth) or to prevent or delay other unwanted cell proliferation. In

some embodiments, an effective amount is an amount sufficient to delay development. In

some embodiments, an effective amount is an amount sufficient to prevent or delay

occutrence and/or recurrence. An effective amount can be administered in one or more

administrations. In the case of cancer, the effective amount of the drug or composition

may:(i) reduce the numberof cancercells; (ii) reduce tumorsize; (iii) inhibit, retard, slow

to some extent and preferably stop cancercell infiltration into peripheral organs; (iv) inhibit

(.e., slow to some extent and preferably stop) tumor metastasis; (v) inhibit tumor growth;
(vi) prevent or delay occurrence and/or recurrence of tumor; and/or(vii) relieve to some

extent one or more of the symptomsassociated with the cancer.

[0055] In some embodiments, there is provided a method oftreating a primary

tumor. In some embodiments, there is provided a method of treating metastatic cancer (that

is, cancer that has metastasized from the primary tumor). In some embodiments,there is

provided a method oftreating cancer at advanced stage(s). In some embodiments, there is

provided a method oftreating breast cancer (which may be HER? positive or HER2

negative), including, for example, advanced breast cancer, stage IV breast cancer, locally

advanced breast cancer, and metastatic breast cancer. In some embodiments, there is

provided a method oftreating lung cancer, including, for example, non-small cell lung

cancer (NSCLC,such as advanced NSCLC), small cell lung cancer (SCLC, such as

advanced SCLC), and advanced solid tumor malignancy in the lung. In some

embodiments, there is provided a method of treating any of ovarian cancer, head and neck

cancer, gastric malignancies, melanoma (including metastatic melanoma), colorectal

cancer, pancreatic cancer, and solid tumors (such as advanced solid tumors). In some

embodiments, there is provided a method of reducing cell proliferation and/or cell

migration. In some embodiments, there is provided a methodoftreating any of the

following diseases: restenosis, stenosis, fibrosis, angiogenesis, psoriasis, atherosclerosis,

and proliferation of smooth muscle cells. The present invention also provides methods of

delaying development of any ofthe proliferative diseases described herein.

[0056] The term “individual” is a mammal, including humans. An individual

includes, but is not limited to, human, bovine, horse, feline, canine, rodent, or primate. In

some embodiments,the individual is human. The individual (such as human) may have

advanced disease or lesser extent of disease, such as low tumorburden. In some

embodiments, the individual is at an early stage of a proliferative disease (such as cancer).
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In some embodiments, the individual is at an advanced stage of a proliferative disease

(such as an advanced cancer). In some embodiments, the individual is HER2 positive. In

some embodiments, the individual is HER2 negative.

[0057] The methods may be practiced in an adjuvantsetting. “Adjuvant setting”

refers to a clinical setting in which an individual has had a history of a proliferative disease,

particularly cancer, and generally (but not necessarily) been responsive to therapy, which

includes, but is not limited to, surgery (such as surgical resection), radiotherapy, and

chemotherapy. However, because oftheir history of the proliferative disease (such as

cancer), these individuals are considered at risk of developmentof the disease. Treatment

or administration in the “adjuvant setting” refers to a subsequent mode of treatment. The

degree of risk (i.e., when an individual in the adjuvant setting is considered as “high risk”

or “low risk’) depends upon several factors, most usually the extent of disease whenfirst

treated. The methods provided herein may also be practiced in a neoadjuvant setting, 1.e.,

the method may be carried out before the primary/definitive therapy. In some

embodiments, the individual has previously been treated. In some embodiments, the

individual has not previously been treated. In some embodiments, the treatmentis a first

_ line therapy.

[0058] It is understood that aspect and embodiments of the invention described

herein include “‘consisting” and/or “consisting essentially of’ aspects and embodiments.

Combination therapy with chemotherapeutic agent

[0059] The present invention provides methodsoftreating a proliferative disease

(such as cancer) in an individual, comprising administering to the individual: a) an effective

amount of a composition comprising nanoparticles comprising a taxane and a carrier

protein (such as albumin); and b) an effective amount ofat least one other

chemotherapeutic agent. In some embodiments, the taxane is any of (and in come

embodiments consisting essentially of) paclitaxel, docetaxel, and ortataxel. In some

embodiments, the nanoparticle composition comprises Abraxane'™. In some embodiments,

the chemotherapeutic agent is any of (and in some embodiments selected from the group

consisting of) antimetabolite agents (including nucleoside analogs), platinum-based agents,

alkylating agents, tyrosine kinase inhibitors, anthracycline antibiotics, vinca alkloids,

proteasome inhibitors, macrolides, and topoisomeraseinhibitors.

[0060] In some embodiments, the method comprises administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising
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paclitaxel and an albumin; and b) an effective amountof at least one other

chemotherapeutic agent. In some embodiments, the paclitaxel/albumin nanoparticles have

an average diameterof no greater than about 200 nm. In some embodiments, the

paclitaxel/albumin nanoparticle composition is substantially free (such as free) of surfactant
(such as Cremophor). In some embodiments, the weightratio of the albumin to paclitaxel

in the composition is about 18:1 or less, such as about 9:1 orless. In some embodiments,

the paclitaxel is coated with albumin. In some embodiments, the paclitaxel/albumin

nanoparticles have an average diameter of no greater than about 200 nm and the

paclitaxel/albumin composition is substantially free (such as free) of surfactant (such as

Cremophor). In some embodiments, the paclitaxel/albumin nanoparticles have an average

diameter of no greater than about 200 nm andthe paclitaxel is coated with albumin. In

some embodiments, the nanoparticle composition is Abraxane™.

(0061) In some embodiments, the invention provides a method oftreating a

proliferative disease (such as cancer) in an individual comprising administering to the

individuala) an effective amount of Abraxane™, and b) an effective amountofat least one
other chemotherapeutic agent. Preferred drug combinations for sequential or

co-administration or simultaneous administration with Abraxane™are those which show

enhanced antiproliferative activity when compared with the single componentsalone,

especially combinationsthat that lead to regression ofproliferativetissues and/or cure from

proliferative diseases.

[0062] The chemotherapeutic agents described herein can be the agents themselves,

pharmaceutically acceptablesalts thereof, and pharmaceutically acceptable esters thereof,
as well as steroisomers, enantiomers, racemic mixtures, and the like. The

chemotherapeutic agent or agents as described can be administered as well as a

pharmaceutical composition containing the agent(s), wherein the pharmaceutical

composition comprises a pharmaceutically acceptable carrier vehicle, or the like.

[0063] The chemotherapeutic agent may be present in a nanoparticle composition.

For example, in some embodiments, there is provided a methodoftreating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual: a) an

effective amount of a composition comprising nanoparticles comprising a taxane and a

carrier protein (suchas albumin); and b) an effective amount of a composition comprising

nanoparticles comprising at least one other chemotherapeutic agent and a carrier protein

(such as albumin). In some embodiments, the method coniprises administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising
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'™). and b) an effective amount of apaclitaxel and an albumin (such as Abraxanc

composition comprising nanoparticles comprising at least one other chemotherapeutic

agent and a carrier protein (such as albumin). In some embodiments, the chemotherapeutic

agent is any of (and in some embodiments selected from the group consisting of)

thiocolchicineor its derivatives (such as dimeric thiocolchicine, including for example nab-

3404, nab-5800, and nab-5801), rapamycin orits derivatives, and geldanamycin orits

derivatives (such as 17-allyl amino geldanamycin (17-AAG)). In some embodiments, the

chemotherapeutic agent is rapamycin. In some embodiments, the chemotherapeutic agent
is 17-AAG.

[0064] An exemplary and non-limiting list of chemotherapeutic agents

contemplated is provided herein. Suitable chemotherapeutic agents include, for example,

vinca alkaloids, agents that disrupt microtubule formation (such as colchicines and its

derivatives), anti-angiogenic agents, therapeutic antibodies, EGFR targeting agents,

tyrosine kinase targeting agent (such as tyrosine kinase inhibitors), transitional metal

complexes, proteasomeinhibitors, antimetabolites (such as nucleoside analogs), alkylating

agents, platinum-based agents, anthracycline antibiotics, topoisomerase inhibitors,

macrolides, therapeutic antibodies, retinoids ( such as all-trans retinoic acids or a

derivatives thereof); geldanamycinor a derivative thereof (such as 17-AAG), and other

standard chemotherapeutic agents well recognizedin the art.

[0065] In some embodiments, the chemotherapeutic agent is any of (and in some

embodiments selected from the group consisting of) adriamycin, colchicine,

cyclophosphamide, actinomycin, bleomycin, duanorubicin, doxorubicin, epirubicin,

mitomycin, methotrexate, mitoxantrone, fluorouracil, carboplatin, carmustine (BCNU),

methyl-CCNU,cisplatin, etoposide, interferons, camptothecin and derivatives thereof,

phenesterine, taxanes and derivatives thereof(c.g., paclitaxel and derivatives thereof,

taxotere and derivatives thereof, and the like), topetecan, vinblastine, vincristine,

tamoxifen, piposulfan, nab-5404, nab-5800, nab-5801, Irinotecan, HKP, Ortataxel,

gemcitabine, Herceptin®, vinorelbine, Doxil®, capecitabine, Alimta®, Avastin®,

Velcade®, Tarceva®, Neulasta®, Lapatinib, Sorafenib, derivatives thereof,

chemotherapeutic agents knownin the art, and the like. In some embodiments, the

chemotherapeutic agent is a composition comprising nanoparticles comprising a

thiocolchicine derivative and a carrier protein (such as albumin).

[0066] In some embodiments, the chemotherapeutic agent is a antineoplastic agent

including, butis not limited to, carboplatin, Navelbine® (vinorelbine), anthracycline

19

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1378



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1379

WO2006/089290 PCT/US2006/006167

(Doxil®), lapatinib (GW57016), Herceptin®, gemcitabine (Gemzar®), capecitabine

(Xeloda®), Alimta®, cisplatin, 5-fluorouracil, epirubicin, cyclophosphamide, Avastin®,
Velcade®,etc.

[0067] In some embodiments, the chemotherapeutic agentis an antagonist of other

factors that are involved in tumor growth, such as EGFR, ErbB2 (also knownas Herb),
ErbB3, ErbB4, or TNF. Sometimes, it may be beneficial to also administer one or more

cytokines to the individual. In some embodiments, the therapeutic agent is a growth

inhibitory agent. Suitable dosages for the growthinhibitory agent are those presently used

and may be lowered due to the combined action (synergy) of the growth inhibitory agent
and the taxane.

[8068] In some embodiments, the chemotherapeutic agent is a chemotherapeutic
agent other than an anti-VEGF antibody, a HER2 antibody, interferon, and an HGEG
antagonist.

[0069] Reference to a chemotherapeutic agent herein applies to the

chemotherapeutic agent or its derivatives and accordingly the invention contemplates and
includes either of these embodiments (agent; agent or derivative(s)). “Derivatives” or

“analogs” of a chemotherapeutic agentor other chemical moiety include, but are not

limited to, compoundsthatare structurally similar to the chemotherapeutic agent or moiety
or are in the same general chemical class as the chemotherapeutic agent or moiety. In some

embodiments, the derivative or analog of the chemotherapeutic agent or moiety retains
similar chemical and/or physical property (including, for example, functionality) of the
chemotherapeutic agent or moiety.

[0070] In some embodiments, the invention provides a method of treating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane and a carrier protein (such as albumin), and b) an effective amount of a tyrosine

kinase inhibitor. In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane™), and b) an effective amount of a tyrosine
kinase inhibitor. Suitable tyrosine kinase inhibitors include, for example, imatinib

(Gleevec®), gefitinib (Iressa®), Tarceva, Sutent® (sunitinib malate), and Lapatinib. In
some embodiments, the tyrosine kinaseinhibitoris lapatinib. In some embodiments, the

tyrosine kinase inhibitor is Tarceva. Tarceva is a small molecule human epidermal growth
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factor type 1/epidermal growth factor receptor (HERI/EGEFR)inhibitor which

demonstrated, in a Phase ITI clinical trial, an increased survival in advanced non-small cell

lung cancer (NSCLC)individuals. In some embodiments, the methodis for treatment of

breast cancer, including treatment ofmetastatic breast cancer and treatment of breast cancer

in a neoadjuvant setting. In some embodiments, the methodis for treatment of advanced

solid tumor, In some embodiments,there is provided a method to inhibit the proliferation

of EGFR expressing tumors in a mammal comprising administering to a mammalinfected

with such tumors Abraxane™andgefitinib, whereinthe gefitinib is administered by pulse-
dosing.

[0071] In some embodiments, the invention provides a method of treating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of an

antimetabolite agent (such as a nucleoside analog, including for example purine analogs

and pyrimidine analogs). In some embodimenis, the invention provides a method of

treating a proliferative disease (such as cancer) in an individual, comprising administering

to the individual a) an effective amount of a composition comprising nanoparticles

comprising paclitaxel and an albumin (such as Abraxane™), and b) aneffective amount of

an antimetabolite agent. An “antimetabolic agent” is an agent whichis structurally similar

to a metabolite, but cannot be used by the body in a productive manner. Many

antimetabolite agents interfere with production of nucleic acids, RNA and DNA. For

example, the antimetabolite can be a nucleoside analog, which includes, butis not limited

to, azacitidine, azathioprine, capecitabine (Xeloda®), cytarabine, cladribine, cytosine

arabinoside (ara-C, cytosar), doxifluridine, fluorouracil (such as 5-fluorouracil), UFT,

hydoxyurea, gemcitabine, mercaptopurine, methotrexate, thioguanine(such as 6-

thioguanine). Other anti-metabolites include, for example, L-asparaginase (Elspa),

decarbazine (DTIC), 2-deoxy-D-glucose, and procarbazine (matulane). In some

embodiments, the nucleoside analog is any of (and in some embodiments selected from the

group consisting of) gemcitabine, fluorouracil, and capecitabine. In some embodiments,

the methodis for treatment of metastatic breast cancer or locally advanced breast cancer.

In some embodiments, the methodis for first line treatment of metastatic breast cancer. In

some embodiments, the method is for treatment ofbreast cancerin a neoadjuvantsetting.

In some embodiments, the method is for treatment of any ofNSCLC, metastatic colorectal

cancer, pancreatic cancer, or advanced solid tumor.
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[0072] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individuala) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of an alkylating

agent. In some embodiments, the invention provides a method oftreating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising paclitaxel and an

albumin (suchas Abraxane'™), and b) an effective amount of an alkylating agent. Suitable
alkylating agents include, but are not limited to, cyclophosphamide (Cytoxan),

mechlorethamine, chlorambucil, melphalan, carmustine (BCNU), thiotepa, busulfan, alkyl
sulphonates, ethylene imines, nitrogen mustard analogs, estramustine sodium phosphate,

ifosfamide, nitrosoureas, lomustine, and streptozocin. In some embodiments, the alkylating
agent is cyclophosphamide. In some embodiments, the cyclophosphamide is administered

prior to the administration of the nanoparticle composition. In some embodiments, the

methodis for treatment of an early stage breast cancer. In some embodiments, the method

is for treatment of a breast cancer in an adjuvant ora neoadjuvantsetting.

[0073] In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a
taxane anda carrier protein (such as albumin), and b) an effective amount of a platinum-
based agent. In some embodiments, the invention provides a method of treating a
proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising
paclitaxel and an albumin (such as Abraxane™), and b) an effective amountofa platinum-
based agent. Suitable platinum-based agents include,but are notlimited to, carboplatin,
cisplatin, and oxaliplatin. In some embodiments,the platinum-based agent is carboplatin.
In some embodiments, the methodis for treatment of: breast cancer (HER2 positive or

HER2negative, including metastatic breast cancer and advanced breast cancer); lung
cancer(including advanced NSCLC,first line NSCLC, SCLC, and advanced solid tumor

malignancies in the lung); ovarian cancer; head and neck cancer; and melanoma(including
metastatic melanoma).

[0074] In some embodiments, the invention provides a method oftreating a
proliferative disease (such as cancer) in an individual, comprising administering to the

individuala) an effective amount of a composition comprising nanoparticles comprising a
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taxane and a carrier protein (such as albumin), and b) an effective amountof an

anthracycline antibiotic. In some embodiments, the invention provides a methodoftreating

a proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising

paclitaxel and an albumin (such as Abraxane!™) and a carrier protein (such as albumin),

and b) an effective amount of an anthracycline antibiotic. Suitable anthracycline antibiotic

include, but are not limited to, Doxil®, actinomycin, dactinomycin, daunorubicin

(daunomycin), doxorubicin (adriamycin), epirubicin, idarubicin, mitoxantrone, valrubicin.

In some embodiments, the anthracycline is any of (and in some embodiments selected from
the group consisting of) Doxil®, epirubicin, and doxorubicin. In some embodiments, the

methodis for treatment of an early stage breast cancer. In some embodiments, the method

is for treatment of a breast cancer in an adjuvant or a neoadjuvantsetting.

[0075] In some embodiments, the invention provides a method oftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of a vinca

alkloid. In some embodiments, the invention provides a method oftreating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an

effective amount of a composition comprising nanoparticles comprising palitaxel and an

albumin (such as Abraxane™) and a carrier protein (such as albumin), and b) an effective

amount of a vinca alkloid. Suitable vinca alkaloids include, for example, vinblastine,

vincristine, vindesine, vinorelbine (Navelbine®), and VP-16. In some embodiments, the

vinca alkaloid is vinorelbine (Navelbine®). In some embodiments,the methodis for

treatment of stage IV breast cancer and lung cancer.

[0076] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of a macrolide.

In some embodiments, the invention provides a method oftreating a proliferative disease

(such as cancer) in an individual, comprising administering to the individual a) an effective

amount of a composition comprising nanoparticles comprising paclitaxel and an albumin

(such as Abraxane™) and a carrier protein (such as albumin), and b) an effective amount of

a macrolide. Suitable macrolides include, for example, rapamycin, carbomycin, and
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erythromycin. In some embodiments, the macrolide is rapamycin or a derivative thereof.

In some embodiments, the methodis for treatment of a solid tumor.

[0077] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of a

topoisomerase inhibitor. In some embodiments, the invention provides a method of

treating a proliferative disease (such as cancer) in an individual, comprising administering

to the individual a) an effective amount of a composition comprising nanoparticles

comprising paclitaxel and an albumin (such as Abraxane™) anda carrier protein (such as

albumin), and b) an effective amount of a topoisomerase inhibitor. In some embodiments,

the chemotherapeutic agent is a topoisomerase inhibitor, including, for example, inhibitor

of topoisomerase I and topoisomerase II. Exemplary inhibitors of topoisomerase I include,

but are not limited to, camptothecin, such as irinotecan and topotecan. Exemplary

inhibitors of topoisomeraseII include, but are not limited to, amsacrine, etoposide,

etoposide phosphate, and teniposide.

[0078] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of an

antiangiogenic agent. In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising

paclitaxel and an albumin (such as Abraxane™) anda carrier protein (such as albumin),

and b) an effective amount of an antiangiogenic agent. In some embodiments, the method

is for treatment of metastatic breast cancer, breast cancer in an adjuvantsetting or a

neoadjuvantsetting, lung cancer (suchasfirst line advanced NSCLC and NSCLC), ovarian

cancer, and melanoma (including metastatic melanoma).

[0079] Manyanti-angiogenic agents have been identified and are knownin theart,

including those listed by Carmeliet and Jain (2000). The anti-angiogenic agent can be

naturally occurring or non-naturally occurring. In some embodiments, the

chemotherapeutic agent is a synthetic antiangiogenic peptide. For example, it has been

previously reported that the antiangiogenic activity of small synthetic pro-apoptic peptides

comprise two functional domains, one targeting the CD13 receptors (aminopeptidase N) on
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tumormicrovessels and the other disrupting the mitochondrial membrane following

internalization. Nat. Med. 1999, 5(9):1032-8. A second generation dimeric peptide,

CNGRC-GG-d(KLAKLAK)2, named HKP (Hunter Killer Peptide) was found to have

improved antitumoractivity. Accordingly, in some embodiments, the antiangiogenic

peptide is HKP. In some embodiments, the antiangiogenic agentis other than an anti-

VEGFantibody (such as Avastin®).

[0080] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as albumin), and b) an effective amount of a proteasome

inhibitor, such as bortezomib (Velcade). In some embodiments, the invention provides a

methodof treating a proliferative disease (such as cancer) in an individual, comprising

administering to the individual a) an effective amount of a composition comprising

nanoparticles comprising paclitaxel and an albumin (such as Abraxane™)andacarrier

protein (such as albumin), and b) an effective amount of a proteasome inhibitor such as

bortezomib (Velcade).

[0081] In some embodiments, the invention provides a methodoftreating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane and a carrier protein (such as aloumin), and b) an effective amountof a therapeutic

antibody. In some embodiments, the invention provides a method of treating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an

effective amount of a composition comprising nanoparticles comprising paclitaxel and an

albumin (such as Abraxane™) andacarrier protein (such as albumin), and b) an effective

amount of a therapeutic antibody. Suitable therapeutic antibodies include, but are not

limited to, anti-VEGF antibody (such as Avastin® (bevacizumab)), anti-HER2 antibody

(such as Herceptin® (trastuzumab)), Erbitux® (cetuximab), Campath (alemtuzumab),

Myelotarg (gemtuzumab), Zevalin (ibritumomabtiuextan, Rituxan (rituximab), and Bexxar

(tositumomab). In some embodiments, the chemotherapeutic agent is Erbitux®

(cetuximab). In some embodiments, the chemotherapeutic agent is a therapeutic antibody

other than an antibody against VEGF or HER2. In some embodiments, the method is for

treatment ofHER2 positive breast cancer, including treatment of advanced breast cancer,

treatment of metastatic cancer, treatment of breast cancer in an adjuvantsetting, and

treatment of cancerin a neoadjuvant setting. In some embodiments, the methodis for
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treatment of any ofmetastatic breast cancer, breast cancer in an adjuvant sctting or a
neoadjuvant setting, lung cancer(such asfirst line advanced NSCLC and NSCLC), ovarian

cancer, head and neck cancer, and melanoma(including metastatic melanoma). For

example, in some embodiments,there is provided a method for treatment of HER2 positive
metastatic breast cancer in an individual, comprising administering to the individual 125

mg/m” paclitaxel/albumin nanoparticle composition (such as Abraxane') weekly for three
weeks with the fourth week off, concurrent with the administration of Herceptin®.

[0082] In some embodiments, two or more chemotherapeutic agents are

administered in addition to the taxane in the nanoparticle composition. These two or more

chemotherapeutic agents may (but not necessarily) belong to different classes of

chemotherapeutic agents. Examples of these combinations are provided herein. Other

combinations are also contemplated.

[0083] In some embodiments, there is provided a methodoftreating a proliferative
disease (suchas cancer) in an individual, comprising administering to the individual a) an
effective amount of a composition comprising nanoparticles comprising a taxane and a

catrier protein (such as albumin), b) an effective amount of an antimetabolite (such as a

nucleoside analog, for example, gemcitabine), and c) an anthracyclineantibiotic (such as

epirubicin). In some embodiments, there is provided a method of treating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an
effective amountof a composition comprising nanoparticles comprising paclitaxel and an

TM) b) an effective amount of an antimetabolite (such as aalbumin (such as Abraxane

nucleoside analog, for example, gemcitabine), and c) an effective amount of an

anthracycline antibiotic (such as epirubicin). In some embodiments, the method is for

treatment of breast cancer in a neoadjuvantsetting. For example, in some embodiments,

there is provided a methodoftreating locally advanced/inflammatory cancer in an

individual comprising administeringto the individual 220 mg/m? paclitaxel/albumin
nanoparticle composition (such as Abraxane™) every two weeks; 2000 mg/m?
gemcitabine, every two weeks; and 50 mg/m? epirubicin, every two weeks. In some

embodiments,there is provided a methodoftreating breast cancer in an individual in an

adjuvant setting, comprising administering to the individual 175 mg/m? paclitaxel/albumin

nanoparticle composition (such as Abraxane™) every two weeks, 2000 mg/m?
gemcitabine, every two weeks, and 50 mg/m? epirubicin, every two weeks.

[0084] In some embodiments, there is provided a method oftreating a proliferative

disease (such as cancer) in an individual, comprising administering to the individual a) an
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effective amount of a composition comprising nanoparticles comprising a taxane and a

carrier protein (such as albumin), b) an effective amountof a platinum-based agent (such as

carboplatin), and c) a therapeutic antibody (such as ant-HER2 antibody (such as

Herceptin®) and anti-VEGFantibody (such as Avastin®)). In some embodiments,thereis

provided a method oftreating a proliferative disease (such as cancer) in an individual,

comprising administeringto the individual a) an effective amount of a composition

comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane™), b)

an effective amount ofa platinum-based agent (such as carboplatin), and c) a therapeutic

antibody (such as ant-HER2 antibody (such as Herceptin®) and anti-VEGF antibody (such

as Avastin®)). In some embodiments, the methodis for treatment of any of advanced

breast cancer, metastatic breast cancer, breast cancer in an adjuvantsetting, and lung cancer

(including NSCLC and advanced NSCLC). In some embodiments, there is provided a

methodoftreating metastatic cancer in an individual, comprising administering to the

individual 75 mg/m” paclitaxel/albumin nanoparticle composition (such as Abraxane™)
and carboplatin, AUC=2, wherein the administration is carried out weekly for three weeks

with the fourth week off. In some embodiments, the method further comprises weekly
administering about 2-4 mg/kg of Herception®.
[0085] In some embodiments,there is provided a methodoftreating a proliferative

disease (suchas cancer) in an individual, comprising administering to the individual a) an

effective amount of a composition comprising nanoparticles comprising a taxane and a

carrier protein (such as albumin), b) an effective amount ofa platinum-based agent (such as

carboplatin), and c) a vinceaalkaloid (such as Navelbine®). In some embodiments, there is

provided a method of treating a proliferative disease (such as cancer) in an individual,

comprising administering to the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane™), b)

an effective amount of a platinum-based agent (such as carboplatin), and c) a vinca alkaloid

(such as Navelbine®). In some embodiments, the methodis for treatment of lung cancer.
[0086] In some embodiments, the invention provides a method of treating a

proliferative disease (such as cancer) in an individual, comprising administering to the

individual a) an effective amount of a composition comprising nanoparticles comprising a

taxane andacarrier protein (such as albumin), b) an effective amountof analkylating agent

(such as cyclophosphamide) and c) an anthracycline antibiotic (such as adriamycin). In

some embodiments, the invention provides a methodoftreating a proliferative disease

(suchas cancer) in an individual, comprising administering to the individual a) an effective
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amount of a composition comprising nanoparticles comprising paclitaxel and an albumin,

b) an effective amount ofan alkylating agent (such as cyclophosphamide) and c) an

anthracycline antibiotic (such as adriamycin). In. some embodiments, the method is for
treatment of an early stage breast cancer. In some embodiments, the methodis for

treatmentof a breast cancer in an adjuvant or a neoadjuvantsetting. For example, in some

embodiments, there is provided a methodoftreating an early stage breast cancer in an

individual, comprising administering 260 mg/m? paclitaxel/albumin nanoparticle
composition (such as Abraxane™), 60 mg/m’ adriamycin, and 600 mg/m?
cyclophosphamide, wherein the administration is carried out once every two weeks.
[0087] Other embodiments are provided in Table 1, For example, in some

embodiments,there is provided a methodof treating advancedbreast cancerin an

individual, comprising administering to the individual a) an effective amount ofa

composition comprising nanoparticles comprising a paclitaxel and an albumin (such as
Abraxane™), b) an effective amount of carboplatin. In some embodiments, the method

further comprises administering an effective amount of Herceptin® to the individual. In
some embodiments, there is provided a methodoftreating metastatic breast cancer in an

individual, comprising administering to the individual a) an effective amount ofa

composition comprising nanoparticles comprising paclitaxel and an albumin(such as
Abraxane™), b) an effective amount of gemcitabine. In some embodiments, there is

provided a methodoftreating advanced non-small cell lung cancer in an individual,
comprising administering to the individual a) an effective amount of a composition
comprising nanoparticles comprising paclitaxel and an albumin (such as Abraxane™), b)
an effective amount of carboplatin.

[0088] In some embodiments, there is provided a composition comprising
nanoparticles comprising a taxane (suchas paclitaxel, docetaxel, or ortataxel) and a carrier
protein (such as albumin) and at least one other chemotherapeutic agent. The compositions
described herein may comprise effective amounts of the taxane and the chemotherapeutic

agent for the treatment of a proliferative disease (such as cancer). In some embodiments,
the chemotherapeutic agent and the taxaneare present in the compositionat a

predetermined ratio, such as the weight ratios described herein. In some embodiments, the
inventionprovides a synergistic composition of aneffective amount ofa composition
comprising nanoparticles comprising a taxane (such as paclitaxel, docetaxel, or ortataxel)
and an effective amountofat least one other chemotherapeutic agent.
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[0089] In some embodiments, the invention provides pharmaceutical compositions

comprising nanoparticles comprising a taxane and a carrier protein (such as albumin) for

use in the treatment ofa proliferative disease (such as cancer), wherein said use comprises

simultaneous and/or sequential administration of at least one other chemotherapeutic agent.
In some embodiments, the invention provides a pharmaceutical composition comprising a

chemotherapeutic agent for use in the treatment of a proliferative disease (such as cancer),

wherein said use comprises simultaneous and/or sequential administration of a composition

comprising nanoparticles comprising a taxane and a carrier protein (such as albumin). In
some embodiments, the invention provides taxane-containing nanoparticle compositions

and compositions comprising one other chemotherapeutic agent for simultaneous, and/or

sequential use for treatmentof a proliferative disease (such as cancer).

Modes ofadministration

[0090] The composition comprising nanoparticles comprising taxane (also referred

to as “nanoparticle composition”) and the chemotherapeutic agent can be administered

simultaneously (i.e., simultaneous administration) and/or sequentially (i.e., sequential

administration).

(0091) In some embodiments, the nanoparticle composition and the

chemotherapeutic agent (including the specific chemotherapeutic agents described herein)

are administered simultaneously. The term “simultaneous administration,” as used herein,

meansthat the nanoparticle composition and the chemotherapeutic agent are administered

with a time separation of no more than about 15 minute(s), such as no more than about any

of 10, 5, or 1 minutes. Whenthe drugs are administered simultaneously, the drug inthe

nanoparticles and the chemotherapeutic agent may be contained in the same composition

(e.g., a composition comprising both the nanoparticles and the chemotherapeutic agent) or

in separate compositions(e.g., the nanoparticles are contained in one composition and the

chemotherapeutic agent is contained in another composition). For example, the taxane and

the chemotherapeutic agent may be presentin a single composition containing at least two

different nanoparticles, wherein someof the nanoparticles in the composition comprise the

taxane and a carrier protein, and some of the other nanoparticles in the composition

comprise the chemotherapeutic agent and a carrier protein. The invention contemplates

and encompasses such compositions. In some embodiments, only the taxaneis contained

in nanoparticles. In some embodiments, simultaneous administration of the drug in the
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nanoparticle composition and the chemotherapeutic agent can be combined with

supplemental doses of the taxane and/or the chemotherapeutic agent.

[0092] In some embodiments, the nanoparticle composition and the

chemotherapeutic agent are administered sequentially. The term “sequential

administration”as used herein meansthat the drug in the nanoparticle composition and the

chemotherapeutic agent are administered with a time separation of more than about 15

minutes, such as more than about any of 20, 30, 40, 50, 60 or more minutes. Either the

nanoparticle composition or the chemotherapeutic agent may be administered first. The

nanoparticle composition and the chemotherapeutic agent are contained in separate

compositions, which maybe containedin the sameordifferent packages.

[0093] In some embodiments, the administration of the nanoparticle composition

and the chemotherapeutic agent are concurrent,i.e., the administration period of the

nanoparticle composition and that of the chemotherapeutic agent overlap with each other.

In some embodiments, the administration of the nanoparticle composition and the

chemotherapeutic agent are non-concurrent. For example, in some embodiments, the

administration of the nanoparticle composition is terminated before the chemotherapeutic

agent is administered. In some embodiments, the administration of the chemotherapeutic

agent is terminated before the nanoparticle composition is administered. The time period

betweenthese two non-concurrent administrations can range from about twoto eight
weeks, such as about four weeks.

[0094] The dosing frequency of the drug-containing nanoparticle composition and

the chemotherapeutic agent may be adjusted over the course ofthe treatment, based on the

judgmentof the administering physician. When administered separately, the drug-

containing nanoparticle composition and the chemotherapeutic agent can be administered at

different dosing frequency orintervals. For example, the drug-containing nanoparticle

composition can be administered weekly, while a chemotherapeutic agent can be

administered more orless frequently. In some embodiments, sustained continuous release

formulation of the drug-containing nanoparticle and/or chemotherapeutic agent may be

used. Various formulations and devices for achieving sustained release are knownin the
art.

[0095] The nanoparticle composition and the chemotherapeutic agent can be
administered using the sameroute of administration or different routes of administration.

In some embodiments (for both simultaneous and sequential administrations), the taxane in

the nanoparticle composition and the chemotherapeutic agent are administered at a

30

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1389



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1390

WO2006/089290 PCT/US2006/006167

predetermined ratio. For example, in some embodiments, the ratio by weightof thc taxane

in the nanoparticle composition and the chemotherapeutic agent is about 1 to 1. In some

embodiments, the weight ratio may be between about 0.001 to about 1 and about 1000 to

about 1, or between about 0.01 to about 1 and 100 to about 1. In some embodiments, the

ratio by weight of the taxane in the nanoparticle composition and the chemotherapeutic

agentis less than about any of 100:1, 50:1, 30:1, 10:1, 9:1, 8:1, 7:1, 6:1, 5:1, 4:1, 3:1, 2:1,

and 1:1 In some embodiments,the ratio by weight ofthe taxane in the nanoparticle

composition and the chemotherapeutic agent is more than about any of 1:1, 2:1, 3:1, 4:1,

3:1, 6:1, 7:1, 8:1, 9:1, 30:1, 50:1, 100:1. Other ratios are contemplated.

[0096] The doses required for the taxane and/or the chemotherapeutic agent may

(but not necessarily) be lower than what is normally required when each agent is

administered alonc. Thus, in some embodiments, a subtherapeutic amount of the drug in

the nanoparticle composition and/or the chemotherapeutic agent are administered.

“Subtherapeutic amount”or “subtherapeutic level” refer to an amountthatis less than the

therapeutic amount, that is, less than the amount normally used when the drugin the

nanopatticle composition and/or the chemotherapeutic agent are administered alone. The

reduction maybe reflected in terms of the amount administered at a given administration

and/or the amount administered over a given period of time (reduced frequency).

[0097] In some embodiments, enough chemotherapeutic agent is administered so as

to allow reduction of the normal dose of the drug in the nanoparticle composition required

to effect the same degree of treatment by at least about any of 5%, 10%, 20%, 30%, 50%,

60%, 70%, 80%, 90%, or more. In some embodiments, enoughdrug in the nanoparticle

composition is administered so as to allow reduction of the normal dose ofthe

chemotherapeutic agent required to effect the same degree of treatment by at least about

any of 5%, 10%, 20%, 30%, 50%, 60%, 70%, 80%, 90%, or more.

[0098] In some embodiments, the dose ofboth the taxane in the nanoparticle

composition and the chemotherapeutic agent are reduced as compared to the corresponding

normal dose of each when administered alone. In some embodiments, both the taxanein the

nanoparticle composition and the chemotherapeutic agent are administered at a

subtherapeutic, i.e., reduced, level. In some embodiments, the dose of the nanoparticle

composition and/or the chemotherapeutic agent is substantially less than the established

maximum toxic dose (MTD). For example, the dose of the nanoparticle composition

and/or the chemotherapeutic agentis less than about 50%, 40%, 30%, 20%, or 10% ofthe
MTD.
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[0099] A combinationofthe administration configurations described herein can be
used. The combination therapy methods described herein may be performed alone or in

conjunction with another therapy, such as surgery, radiation, chemotherapy,

immunotherapy, gene therapy, andthe like. Additionally, a person having a greater risk of
developing the proliferative disease may receive treatments to inhibit or and/or delay the

development of the disease.

[0100] As will be understood bythose of ordinary skill in the art, the appropriate
doses of chemotherapeutic agents will be approximately those already employed in clinical

therapies wherein the chemotherapeutic agent are administered alone or in combination
with other chemotherapeutic agents. Variation in dosage will likely occur depending on the

condition being treated. As described above, in some embodiments,the chemotherapeutic

agents may be administered at a reducedlevel.

[0101] The nanoparticle compositions described herein can be administered to an

individual (such as human) via various routes, such as parenterally, including intravenous,

intra-arterial, intraperitoneal, intrapulmonary,oral, inhalation, intravesicular, intramuscular,
intra-tracheal, subcutaneous, intraocular, intrathecal, or transdermal. For example, the

nanoparticle composition can be administered by inhalationto treat conditions of the

respiratory tract. The composition can be usedto treat respiratory conditions such as
pulmonary fibrosis, broncheolitis obliterans, lung cancer, bronchoalveolar carcinoma, and
the like. In some embodiments, the nanoparticle composition is administrated

intravenously. In some embodiments, the nanoparticle composition is administered orally.

[0102] The dosing frequency of the administration of the nanoparticle composition

dependson the nature of the combination therapy and the particular disease beingtreated.
An exemplary dosing frequencyinclude,butis not limited to, weekly without break,

weekly, three out of four weeks; once every three weeks: once every two weeks; weekly,
two out of three weeks. See also Table 1.

[0103] The doseofthe taxane in the nanoparticle composition will vary withthe
nature of the combination therapy and the particular disease being treated. The dose should

be sufficient to effect a desirable response, suchas a therapeutic or prophylactic response

against a particular disease. An exemplary dose of the taxane (in some embodiments
paclitaxel) in the nanoparticle composition include, but is not limited to, about any of 50
meg/in’, 60 meg/m?, 75 mg/m’, 80 mg/m? , 90 mg/m’, 100 mg/m’, 120 mg/m’, 160 mg/m’,
175 mg/m”, 200 mg/m’, 210 mg/m”, 220 mg/m”, 260 mg/m’, and 300 mg/m’. For example,
the dosage of paclitaxel in a nanoparticle composition canbe in the range of 100-400
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mg/m’ when given on a 3 week schedule, or 50-250 mg/m? when given on a weekly
schedule. See also Table 1.

[0104] Other exemplary dosing schedules for the administration of the nanoparticle
composition (such as paclitaxel/albumin nanoparticle composition, for example
Abraxane™) include, but are not limited to, 100 mg/m’, weekly, without break; 75 mg/m?
weekly, 3 out of four weeks; 100 mg/m’, weekly, 3 out of 4 weeks; 125 mg/m’, weekly, 3
out of 4 weeks; 125 mg/m’, weekly, 2 out of 3 weeks; 130 mg/m’, weekly, without break;
175 mg/m’, once every 2 weeks; 260 mg/m’, once every 2 weeks; 260 mg/m’, once every 3
weeks; 180-300 mg/m’, every three weeks; 60-175 mg/m’, weekly, without break. In
addition,the taxane (aloneor in combination therapy) can be administered by following a
metronomic dosing regime described herein.

[0105] Exemplary dosing regimes for the combination therapy of nanoparticle
composition (suchas paclitaxel/albumin nanoparticle composition, for example
Abraxane™) and other agents include, but are not limited to, 125 mg/m? weekly, two out of
three weeks, plus 825 mg/m’ Xeloda®, daily; 260 mg/m? once every two weeks, plus 60
mg/m? adriamycin and 600 mg/m” cyclophosphamide, once every two weeks; 220-340
mg/m? once every three weeks, plus carboplatin, AUC=6, once every three weeks; 100-150
mg/m’ weekly, plus carboplatin, AUC=6, once every three weeks; 175 mg/m2 once every
two weeks, plus 2000 mg/m” gemcitabine and 50 mg/m epirubicin, once every two wecks;
and 75 mg/m” weekly, three out of four weeks, plus carboplatin, AUC=2, weekly, three out
of four weeks.

[0106] In some embodiments, the nanoparticle composition of the taxane and the

chemotherapeutic agent is administered according to anyofthe dosing regimes described in
Table 1.

[0107] In some embodiments, there is provided a method of treating breast cancer
in an individual comprising administering to the individual: a) an effective amount of a

composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an

albumin, and b) an effective amountofat least one other chemotherapeutic agent as
provided in Rows1 to 35 in Table 1. In some embodiments, the administration of the

nanoparticle composition and the chemotherapeutic agent may be any ofthe dosing

regimesas indicated in Rows1 to 35 in Table 1. In some embodiments, there is provided a
method of treating metastatic breast cancerin an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a
taxane (suchas paclitaxel) and an albumin,and b) an effective amountofat least one other
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chemotherapeutic agent as provided in Rows2, 4-8, and 10-15 in Table 1. In some

embodiments, the administration of the nanoparticle composition and the chemotherapeutic

agent maybe any of the dosing regimes as indicated in Rows2, 4-8, and 10-15 in Table 1.

[0108] In some embodiments, there is provided a method oftreating advanced

breast cancer in an individual comprising administering to the individual: a} an effective

amount of a composition comprising nanoparticles comprising a taxane (suchas paclitaxel)

and an albumin, and b) an effective amount of at least one other chemotherapeutic agent as

provided in Rows 1 and 16 in Table 1. In some embodiments, the administration of the

nanoparticle composition and the chemotherapeutic agent may be any of the dosing

regimes as indicated in Rows 1 and 16 in Table 1. In some embodiments, there is provided

a method of treating stage [V breast cancer in an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a

taxane (such as paclitaxel) and an albumin, and b) an effective amount of at least one other
chemotherapeutic agent as provided in Row 3 in Table 1. In some embodiments, the

administration of the nanoparticle composition and the chemotherapeutic agent may be the

dosing regime as indicated in Row 3 in Table 1.

[0109] In some embodiments, there is provided a methodoftreating breast cancer

in an individual in an adjuvant setting comprising administering to the individual: a) an

effective amount of a composition comprising nanoparticles comprising a taxane (such as

paclitaxel) and an albumin, and b) an effective amount of at least one other

chemotherapeutic agent as provided in Rows 18 to 24 in Table 1. In some embodiments,

the administration of the nanoparticle composition and the chemotherapeutic agent may be

any of the dosing regimes as indicated in Rows 18 to 24 in Table 1.

[0110] In some embodiments, there is provided a methodoftreating breast cancer

in an individual in a neoadjuvant setting comprising administering to the individual: a) an

effective amount of a composition comprising nanoparticles comprising a taxane (such as

paclitaxel) and an albumin, and b) an effective amount ofat least one other

chemotherapeutic agent as provided in Rows 25 to 35 in Table 1. In some embodiments,

the administration of the nanoparticle composition and the chemotherapeutic agent may be

any of the dosing regimes as indicated in Rows 25 to 35 in Table 1.

{0111} In some embodiments, there is provided a method of treating lung cancer in

an individual comprising administering to the individual: a) an effective amount ofa

composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an

albumin, and b) an effective amount of at least one other chemotherapeutic agent as
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provided in Rows 36 to 48 in Table 1. In some embodiments, the administration ofthe

nanoparticle composition and the chemotherapeutic agent may be any of the dosing
regimesas indicated in Rows36 to 48 in Table 1.

[0112] In some embodiments, there is provided a method of treating NSCLC

(Gncluding advanced NSCLCandfirst line NSCLC)in an individual comprising
administering to the individual: a) an effective amount of a composition comprising
nanoparticles comprising a taxane (such as paclitaxel) and an albumin, and b) an effective

amount of at least one other chemotherapeutic agentas provided in Rows 36-40 and 42-43

in Table 1. In some embodiments, the adininistration ofthe nanoparticle composition and
the chemotherapeutic agent may be any of the dosing regimes as indicated in Rows 36-40

and 42-43 in Table 1. In some embodiments,thereis provided a method oftreating

advanced solid tumor malignancy in the lung in an individual comprising administering to
the individual: a) an effective amount of a composition comprising nanoparticles
comprising a taxane(suchas paclitaxel) and an albumin, and b) an effective amount ofat
least one other chemotherapeutic agent as provided in Row 41 in Table 1. In some

embodiments, the administration of the nanoparticle composition and the chemotherapeutic
agent may be the dosing regimesas indicated in Row 41 in Table 1. In some embodiments,

there is provided a method oftreating SCLC in an individual comprising administering to
the individual: a) an effective amount of a composition comprising nanoparticles
comprising a taxane (such as paclitaxel) and an albumin, and b) an effective amountofat

least one other chemotherapeutic agent as provided in Row 48 in Table 1. In some

embodiments, the administration of the nanoparticle composition and the chemotherapeutic
agent may be the dosing regimes as indicated in Row 48 in Table 1.

[0113] In some embodiments,there is provided a method of treating ovarian cancer
in an individual comprising administering to the individual: a) an effective amount of a

composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amountofat least one other chemotherapeutic agent as
provided in Rows 49to 52 in Table 1. In some embodiments,the administration of the

nanoparticle composition and the chemotherapeutic agent may be any of the dosing
regimesas indicated in Rows 49 to 52 in Table 1,

[0114] In some embodiments,there is provided a methodof treating head and neck

cancer in an individual comprising administeringto the individual: a) an effective amount

of a composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an
albumin, and b) an effective amountof at least one other chemotherapeutic agent as
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provided in Rows 53 to 55 in Table 1. In some embodiments, the administration of the

nanopatticle composition and the chemotherapeutic agent may be any ofthe dosing

regimes as indicated in Rows 53 to 55 in Table 1.

{0115} In some embodiments, there is provided a methodoftreating solid tumor

Gneluding advanced solid tumor) in an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a

taxane (such as paclitaxel) and an albumin, and b) an effective amountofat least one other

chemotherapeutic agent as provided in Rows 56 to 59 in Table 1. In some embodiments,

the administration of the nanoparticle composition and the chemotherapeutic agent may be

any of the dosing regimesas indicated in Rows 56 to 59 in Table 1.

[0116] In some embodiments, there is provided a method oftreating melanoma

(including metastatic melanoma) in an individual comprising administering to the

individual: a) an effective amount of a composition comprising nanoparticles comprising a

taxane (such as paclitaxel) and an albumin, and b) an effective amount ofat least one other

chemotherapeutic agent as provided in Rows 60-63 in Table 1. In some embodiments, the

administration of the nanoparticle composition and the chemotherapeutic agent may be any

of the dosing regimes as indicated in Rows 60 to 63 in Table1.

[0117] In some embodiments, there is provided a method oftreating metastatic

colorectal cancer in an individual comprising administering to the individual: a) an

effective amount of a composition comprising nanoparticles comprising a taxane (such as

paclitaxel) and an albumin, and b) an effective amount of at least one other

chemotherapeutic agent as provided in Row 64 in Table 1. In some embodiments, the

administration of the nanoparticle composition and the chemotherapeutic agent may be the

dosing regime as indicated in Row 64 in Table 1.

[0118] In some embodiments, there is provided a method oftreating pancreatic

cancer in an individual comprising administering to the individual: a) an effective amount

of a composition comprising nanoparticles comprising a taxane (such as paclitaxel) and an

albumin, and b) an effective amountofat least one other chemotherapeutic agent as

provided in Rows65 to 66 in Table I. In some embodiments, the administration of the

nanoparticle composition and the chemotherapeutic agent may be any of the dosing

regimes as indicated in Rows65 to 66 in Table 1.

 

 

TABLE1

Row Combination Regime/Dosage Study therapy Protocoltitle
No. type
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 Row Combination Regime/Dosage _
- No.  

ABX: 100 mg/m? D1, 8, 15
q4wk x 6  +

Carboplatin |.|Carbo: AUC=2 D1, 8,15
Herceptin® gawk x 6

Herceptin®: 4 mg/kg on wk 1, 2
mg/kg all subsequent weeks

 
 
  
  

 

 
  
  
 

 Study therapy
type

Protocol title 

A phase Il study of
weekly dose-dense

nanoparticle paclitaxel
(ABI-007)

carboplatin™, with
Herceptin® asfirst or
second-line therapy of

advanced HER2+
breast cancer

 
 
 
 
 

 
 
 
 

Advanced
HER2+ Breast

Cancer

 

 

 
  
  
  

  

Phase II trial of weekly

     
 

 

 

  
  

 
 
 

 
 

  
    

 
  

 

 
 
 

2 . Abraxane™
ABX alone ABX: 125 mg/m’ Metastatic monotherapyforIst-

(+Herceptin®)|qwk x 3/4 Breast Cancer line MBC (plus
Herceptin® in HER2+

pts)

L1: ABX: 80 mg/m

Nav: 15 mg/m

L2: ABX: 90 mg/m*

Nav: 20 mg/m?
. . 2 Phase I-II study weekly

ABX + 13: ABX: 100 mg/m Stage IV ABX + Navelbine®,
3. Navelbine®|Nav: 22.5 mg/m” with or without G-CSF,

(+G-CSF) L4: ABX: 110 me/m? Breast Cancer in stage IV breast, . ei cancer

Nav: 25 mg/m

L5; ABX: 125 mg/m

Nav: 25 mg/m

qwk:all levels
. 2

4 ABX + Xeloda® ABX: 125 mg/m awk x23 Metastatic Phase IT 1st-line ABX +
. ee 825 mg/m’ DI-14 Breast Cancer Xeloda® MBC trial 5

oe Metastatic Phase I/UI trial ABX
5|RB me plus Doxil® for MBC

¥ Breast Cancer plus limited PK
Randomized Phase II

Trial of Weekly nab
(nanoparticle atbumin

ABX: 125 mg/m’ . bound)-Paclitaxel (nab-

6. ABX + Gem: 1000 mg/m2 Metastatic paclitaxel) inGemcitabine

qwk x 2/3

 
 
 

 
  
  
  
  

 

 

Combination with
Gemcitabine in Patients

with HER2 Negative
Metastatic Breast

Cancer

Breast Cancer

  

  
 

 
 

 
 

ABX +

Lapatinib

 
 

 
 

ABX: 100 mg/m? qwk x 3/4
Lapatinib: starting at 1000 mg/d.
x2 days

ABX +

Lapatinib

37

 Metastatic  
 
 

 
 

Phase I/II Abraxane™
+ GW572016 Breast Cancer

 

  
  

Phase I dose escalation

study of a 2 day oral
lapatinib

chemosensitization

 Metastatic
 
  

 
  Breast Cancer
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No.

10.

11.

12.

13.

 

 
15.

16,

 

PCT/US2006/006167

 

Regime/Dosage Study therapy
type

 
  
 

Protocoltitle

 pulse given prior to
weekly intravenous

Abraxane™in patients
with advanced solid

tumors  
ABX: 220 mg/m’ q2wkx 6

Phase I preoperative
trial of Abraxane™

 

  
 

ABX +FEC followed by Breast Cancer followed by FEC
(+Herceptin®)|FEC: 4 cycles (+Herceptin® for (+Herceptin® as

HER2+pts) appropriate) in breastcancer

ABX: 100 mg/m’ qwk D1, 8, 15 Metastatic PhaseII safety and
ABX + tolerability study of

Carboplatin + Carbo: AUC =2 qwkD1,8,15| Breast Cancer|Abraxane™, Avastin®
Avastin® Avastin®: 10 mg/m? q2wk (HER2-, ER- and carboplatin in triple

PpR) > negative metastatic
breast cancer patients

ABX: 130 mg/m’ qwk

+ Avastin®
vs

ABX + ABX: 260 mg/m’ q2wk Metastatic Three armphaseII trial
Avastin® . in 1* line HER2-

+ Avastin® Breast Cancer negative MBCpatients
vs

ABX: 260 mg/m’ q3wk
+ Avastin®

2 . Single arm study of
ABX + ABX: 125 mg/m’ qwkx 3/4 Metastatic Abraxane™ and

Avastin® + Avastin® Breast Cancer Avastin® in 1line
MBS

. Randomized Phase IIIABX + Avastin®
ABX + vastin® qwk Metastatic trial in 1* line and 28

Avastin® vs line MBC with
Taxol® + Avastin® qwk Breast Cancer biological correlates

~ analysis

ABX + Xeloda®

+ Lapatinib

ABX +
Gemcitabine 

ABX + RADOOL

 

ABX: 3000 mg/m* D1 q3wk

Gem: 1250 mg/m? D1, 8 q3wk

 

Metastatic

Breast Cancer

Phase II Abraxane™in
combination with

Xeloda® and Lapatinib
for metastatic breast

cancer 

Metastatic

Breast Cancer

Single arm Phase JI
study of Abraxane™

and gemcitabine for 1"
line MBC 

Advanced

Breast Cancer

Phase I/II study of
Abraxane™in

combination with

RADOO1 in patients
with advanced breast

cancer
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Combination Regime/Dosage Protocol title Study therapy
fype 

 

Phase I study of
Abraxane™in

combination with
Sutent®

   
  
 
 
 

  ABX + Sutent® Breast Cancer

 

AC+G-CSF q2wk x4

  
 

 

 

Abraxane™in dose- 
 

  

 
 

 
  
  

 
 

 
  
 
  

  

   

  

+AC4+G-

18 ABNeec G-|followed by Breast Cancer- dense adjuvant
Herceptin®) ABX: 260 mg/m? q2wk x4 Adjuvant chemotherapyforearly

. stage breast cancer
(+ Herceptin® for HER2+ pts)
Dose dense AC + G-CSF -

ABX + AC + G- ; . Phase Ipilot adjuvant
19, CSF (+ followed by ABX Breast Cancer: trial of Abraxane™in

Herceptin®) (+ Herceptin® for HER2+ pts) yuvant breast cancer
qwk

AC followed by ABX: 260
mg/m?

20 ABX +AC vs Breast Cancer- Adjuvant Dose dense
. Adjuvant Registrational Trial

AC followed by Taxol®

Rx length 16 wks

AC q2wkfollowed by Phase If dose dense
1 ABX + AC ABX: 260 mg/m? +G-CSF Breast Cancer-|pilot adjuvant study of

(+G-CSF) q2wk Adjuvant Abraxane™in breastcancer
Rx length 16 wks 
Dose dense AC followed by

ABX (+ Avastin® in HER2+
pts) ,

AC

followed by ABX

  ABX+AC

(+ Avastin®)

Breast Cancer-

Adjuvant
Pilot adjuvant breast |

cancer study
 

 
22,

  
 

 
   
  

 
 

  
   

BIG study: Dose dense
vs standard adjuvant

chemotherapy

Breast Cancer-

Adjuvant
 

  
 ABX + AC

q2wk or q3wk  

Phase If ~— Pilot Study
Evaluating the Safety of
a Dose-Dense Regime —
AC x4 => ABI-007 x 4

 
ABX (ABI-007)|AC followed by

  

  
 
 
 
 
 
 
 
 

 
24. +ACH Breast Cancer - Q 2 WEEKS +

Neulasta®) ABX q2wk x4 Adjuvant Neulasta® — Given as
Adjuvant

Chemotherapy of High-
Risk Women with Early

Breast Cancer

A PhaseII Study of 
 

  

ABX: 100 mg/m? qwk x 12
 
 
 
 

followed by Neoadjuvant
BL: 2 Chemotherapy with

S-FU: 500 mg/m" q3wk Locally Sequential WeeklABX +FEC 4 ¥
25, Epirubicin: 100mg/m? Advanced Breast} Nanoparticle Albumin

(+Herceptin®) Cancer- Bound Paclitaxel   
 

(without Herceptin@)
 

 
 

Neoadjuvant|(Abraxane™) Followed
by 5-Fluorouracil,

Epirubicin,
Cyclophosphamide

 
 
 

 

 
 

or

   
Epirubicin: 75 mg/m  
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Combination Regime/Dosage Study therapy
type
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Protocoltitle
  

(with Herceptin® for HER2+
pts)

Cyclophosphamide: 500 mg/m?
q3wk 

Arm 1: Neoadjuvant: Gem: 2000}
mg/m’, ABK: 175 mg/m’, Epi

 
 

  
  

(FEC)in Locally
Advanced Breast

Cancer

 

  
  
 

Breast Cancer-

Neoadjuvant 

  
  
   

 

 

 
 

 
 

 
 
 

ABX +

Carboplatin

 
 +AC

 
 
  
  

ABX +

29. Capecitabine

 
 
  
 
 

ABX +

30. Carboplatin

C+ Avastin®)

ABX +

Carboplatin +
Herceptin® +

Avastin®

31.

 
ABX +

Lapatinib

 
(+ Herceptin®) 

 

 

  
 

 

 
 

50 mg/m?ABX +

Gemcitabine +|92wk x 6

Epirubicin Arm 2: Adjuvant: Gem: 2000
mg/m’, ABX: 220 mg/m”

q2wk x 4

ABX:260 mg/m* q2wk +
ABX + Herceptin®

Herceptin® followed by

Navelbine® + Herceptin®

TAC

VS

vs

AC followed by ABX + carbo +
Herceptin®

 
 
 
 
 

AC followed by ABX + carbo

 

 

  Breast Cancer-

Neoadjuvant

  

PhaseII Trial of Dose

Dense Neoadjuvant
Gemcitabine,

Epirubicin, ABI-007
(GEA)in Locally

Advanced or

Inflammatory Breast
Cance

Phase II Multi-center

study neoadjuvant.
 

Breast Cancer~

Neoadjuvant

 
 

3 arms Randomized

dose dense phaseII
trial of neoadjuvant

chemotherapy in
patients with breastcancer

 

ABX: 260 mg/m’ q3wk x 4

Xeloda®850 mg/m? D1-14
q3wk x 4

 
 

Breast Cancer-

Neoadjuvant

 

 
PhaseIT neoadjuvant

trial of Abraxane™and

capecitabine in locally
advanced breast cancer 

 
  
 
 

ABX qwk

carbo gqwk

+ Avastin® in HER2+ pts

 
 

 

 
 

ABX: 100 mg/m? qwkx 3/4
Carbo: AUC = 5

+ Herceptin®
+ Avastin?

 4 week cycle x 6

ABX: 260 mg/m* g3wk

Lapatinib: 1000 mg/day
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Breast Cancer-

Neoadjuvant 

 
 

  

Breast Cancer-

Neoadjuvant 

 

 
 

Breast Cancer-

Neoadjuvant 
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Phase [I/II trial of

neoadjuvant
chemotherapy (NCT)

with weekly
nanopatticle paclitaxel
(ABI-007, Abraxane™)

in combination with

carboplatin and
Avastin® in clinical

stage J-TIT. 
 
 
 
 
  

Phase II study of
weekly bevacizumab

administered with

weekly trastuzumab,
ABI-007, and
carboplatin as

preoperative therapy in
HER2-neu geue

amplified breast cancer
tumors

 
  
 

 
  

 
 

Pilot neoadjuvanttrial
with combination of

ABI-007 (Abraxane™)
and GW572016 
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  Row ‘Combination
No.

Protocoltitle   
 

  

Regime/Dosage Study therapy
type  

 
 

  

(Lapatinib) 
 
 
 
 
 
 

  

   

  ABX: 200 mg/m*

  
Phase IJ neoadjuvant

Breast Cancer -|trial of Abraxane™and

Neoadjuvant capecitabine in locally
advanced breast cancer

q3wk x 4

Xeloda®: 1000 mg/nv

D1-14 q3wk x 4

  ABX +

Capecitabine  
  
 
 
 
 

  
 

Phase JItrial of

ABX qwk + Avastin® followed paclitaxel vs  
 
 
 
 
  

ABX + by A qwk + C daily Abraxane™ with or
34 Avastin® + AC Breast Cancer-|without Avastin® in. vs : er :

Neoadjuvant combination with
(+ G-CSF) Taxol® qwk = Avastin® doxorubicin and

followed by A qwk+ C daily cyclophosphamideplus  
 
 

G-CSF
  
 

 

 Phase IT neoadjuvant
trial with gene

expression analyses

Anopenlabel phase IT
trial ofAbraxane™,

  Breast Cancer -

Neoadjuvant    ABX followed by AC    

 
 
 

 
 

 
 
 

 
 

ABX: 300 mg/m’ q3wk 
 
 

  

  

 
 

  
 
 
 
 

ABXK + Carbo: AUC = 6 g3wk 1" line carboplatin and
Carboplatin + . Advanced Avastin® in patients

Avastin® Avastin®: 15 mg/kg NSCLC with advanced non-
  squanious non-small4 cycles

cell lung cancer 
 
 

  

 Ll: ABX: 225 mg/m?

L2: ABX: 260 mg/m?

L3: ABX: 300 mg/m?

Cohorts 1-4: ABX q3wk

Cohorts 5-7: ABX weekly

Cohort 8: 75 additional patients

Carbo fixed at AUC =6 q3wk

Carbo: AUC = 6+ ABX

 PhaseII toxicity pilot
study of Abraxane™

and carboplatin in
advanced non-small cell

lung cancer.

 
 
 

 ABX +

Carboplatin

Advanced
37. NSCLC 

  

 
 
 

  
    

 
 

 

 
 

38|Catboplatin | I" line NSCLC|NgGrc1stlinetherapy
arpoplann Carbo: AUC = 6+ Taxol®: 225 DY

men” 

ABX: 100 mg/m’ dl, 8, 15

Carbo: AUC =6 q4wk

Amendment: ABX: 125 mg/m”

PhaseII Trial of weekly
Abraxane™plus

carboplatin in 1st-line
NSCLC

 

 

  ABX +

Carboplatin
  39,  

 
 

1 tine NSCLC

  

  
 
 
 

 

 
 

ABX +

Carboplatin +
Avastin®

40.
 

 

 
 

 

 Arm 1: ABX: 100, 125, 150 Lung Cancer-
mg/m’ D1, 8, 15 q4wk Advanced Solid
Arm 2: ABX 220, 260, 300, 340 Tumor
mg/m? q3wk Malignancy

  Phase I Trial of

carboplatin and
Abraxane™ona

weekly and every three
weekschedule in

 
 
 

 
 

 
ABX +

Carboplatin   
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Row Combination Regime/Dosage Study therapy Protocoltitle
No. type

Arm 3: ABX 100, 125, 150 patients with Advanced
me/mD1, 8 Solid Tumor

MalignanciesCarbo: AUC = 6 in all arms

ABK + Abraxane™in
Gemcitabine or combination with

42. ABX + NSCLC gemcitabine or
Avastin® Avastin®

PhaseItrial of

4 ABXK + Abraxane™in
43. Gerncitabine NSCLC combination with

gemcitabine

ABX: 225, 260, 300 mg/m” Phase J/II study of
ABK + Abraxane™and
: . Carbo: AUC =6 carboplatin AUC 6,

44. Carboplatin + Lung Cancer :
Avastin® gBwk plus Avastin®

a (Standard 343 Phase I
+ Avastin® design; Phil: 40 pts)

ABX:220, 260, 300 mg/m? Phase I/II study of
45, ABX + Alimta®|93wk Lung Cancer|Abraxane™ + Alimta®

Pemtrexed: 500mg q3wk for 2nd-line NSCLC
Phase I/II trial of

. : Abraxane™ plus+
46. ABX+Cisplatin Lung Cancer cisplatin in advanced

NSCLC

PhaseI/IT study of
ABX + Abraxane™,

47. Navelbine® + Lung Cancer Navelbine®, and
Cisplatin Cisplatin for treatment

of advanced NSCLC

Phase li trial of —
ABX + ABX:300 mg/m’ g3wk Abraxane™and

48. Carboplatin SCLC carboplatin in extensive
P Carbo: AUC =6 g3wk stage small cell Jungcancer

2 A phase II trial of
ABX + ABX: 100 mg/m* qwk x 3/4 . Abraxane™ +

49, Car . Ovarian Cancer nsarboplatin Carbo: AUC = 6 Carboplatin in recurrentovarian cancer

~| ABX: awk Phase I study of
ABX + 4 Abraxane™ plus carbo

50. . ABX: q3w Ovarian Cancer for treatment of
Carboplatin advanced ovarianCarbo: AUC = 6 both arms cancer

Ist line, optimally
ABX: TBD by ABI-CA034 debulked, registration

trial. Carbo AUC 6++ V8
SI. oneMin 9 Ovarian Cancer ABX vs Carbo +

P Taxol® 175 mg/nt Taxol® 175 mg/m’.
Carbo: AUC = 6 in both arms Endpoint: relapse free

survival, survival
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Combination Protacaltitle   
  

Regime/Dosage Stady therapy
type |_No.

 
  

  
   

Phase II study of
bevacizumab with

Abraxane™in patients 
   
 

 
 
 

 
 

ABX: 100 mg/n? qwk x 3/4
 

    
  

 
  
  

 
 

  

 

 
 
 

 
 

 
 
 
  
 

  
 
  
 

 

  
 

 

 
 
 

ABX + . with recurrent,
52. . Ovarian Cancer . we

Avastin® Avastin®: 10mg/m q2wk platinum resistant
primary epithelial
ovarian or primary

peritoneal carcinoma

ABX: DI Unresectable localized

ABX +5-FU +|5-FU: 750 mg/m? CIV x 5 Head and Neck head and neck cancer
53. Cisplati : . 2 Cancer Phase J] Abraxane™ in

praan cisplatin: 75 mg/m’ D1 cornbination with 5-FU

followed by XRT/surgery t and cisplatin1 5-FU: 750 mg/m" CIV x 5 Unresectable localized
ABX +5-FU +|Cisplatin: 75 mg/m’ D1 Head and Neck head and neck cancer

54. Cisplatin Cance Phase II 5-FU and
isplaty + ABX D1 r cisplatin with or without

followed by XRT/surgery Abraxane™
r Phase JI multicenter trial

of Abraxane™in

ABX + Head and Neck combinatio7 with55. : cetuximabin 1* line
Cetuximab Cancer

treatment of locally
advanced or metastatic

| head and neck cancer
> Phase I Study of

ABX + ABX: 100mg/m’ qwk Rapamycin in
56. Rapamycin Rapamycin; 5-40 mg dose Solid Tumors Combination with
  

 
 

 
 
 

 

 
 

Abraxane™ in Advanced
Solid Tumors

escalation
 

PhaseI trial of
Abraxane™and

Satraplatin

  
ABX +

Satraplatin Solid Tumors 
ABX: 180, 220, 260, 300, 340
mg/m” q3wk

 Phase I Trial of

 

 
 

 

 
 

  
 

  
  
 

 

 

 
  

 

 58 ABX + Advanced Solid Abraxane™in
“ Gemcitabine|Gemcitabine: 1000me/m? D1 Tumors combination with

and D& GemcitabineL

2 Phase I dose escalation
oe ABX: 100 me/nr qwk x 3/4 Advanced Solid study of gefitinib

59.|ABX + Gefitinib|Gefitinib starting at 1000 mg/d x Tumors chemosensitization pulse
2 given prior to weekly

Abraxane™

Phase II study of

60 ABK + Metastatic Abraxane™and., Avastin® Melanoma Avastin® in metastatic
melanoma

Abraxane™and

ABX + Avastin® as therapy for
61. Avastin® Melanoma patients with malignant

melanoma
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 Combination Regime/Dosage Study therapy Protocoltitle
type

 
 

 
  

  
 

 

Phase II study of

 

ABX + Metastatic Abraxane™and

Carboplatin Melanoma carboplatin in
metastatic melanoma

Phase II study of. . ™. j

ABX + ABX: qwk Abraxane™ in
  

 
 
 
 

 
 
 

 

 
 
 

 

Metastatic combination with
Sorafenib + Sorafenib: D2-19

 
 

Catboplatin Melanoma carboplatin and
are Carbo: AUC =6 D1 sorafenib in metastatic

melanoma

Metastatic .
Colorectal PhaseII trial ofAbraxane™in

 
  

  

 
 

  
 
 

 

  
 

Cancer(after binati :ABX + failure of combination with
64. wy + ae Xeloda® for previously

Capecitabine oxaliplatin- : . :treated patient with
based therapy .. advance or metastatic
and irnotecan- colorectal cancer

i based therapy)
Phase I study of

j Abraxane™in
+ Pancreatic

65.|fTne|Weekly combination with
Cancer gemcitabine in pancreaticcancer

ABX ++ Gem /

66 ABX + vs Pancreatic|PhaseIII registrationtrial
, Gemcitabine Cancer in pancreatic cancer

Gem |
ABX + anti- Abraxane™comibined
angiogenic with anti-angiogenic

agents agents, e.g. Avastin®
7M i

ABX + Abraxane combined
with proteasome

proteasome inhibitorinhibitors IMMIDUOTS, C-B-Velcade®

TM bined
ABX + EGFR Abraxane’™ combine

inhibitors with EGFRinhibitors,
e.g. Tarceva®

(O119} As used in herein (for example in Table 1), ABX refers to Abraxane™,

GW572016 refers to lapatinib; Xel refers to capecitabine or Xeloda®; bevacizumabts also

known as Avastin®; trastuzumab is also known as Herceptin®; pemtrexed is also known as

Alimta®; cetuximab is also knownas Erbitux®; gefitinib is also known as Iressa®; FEC

refers to a combination of 5-fluorouracil, Epirubicin and Cyclophosphamide; AC refers toa

combination of Adriamycin plus Cyclophosphamide; TAC refers to a FDA approved

adjuvant breast cancer regime; RADOOJ refers to a derivative of rapamycin; NSCLC refers
to non-small cell hing cancer; and SCLC refers to small cell lung cancer.
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[0120] As used herein (for cxample in Table 1), AUC refers to area under curve;

q4wkrefers to a dose every 4 weeks; q3wk refers to a dose every 3 weeks; q2wkrefers to a

dose every 2 weeks; qwk refers to a weekly dose; qwk x 3/4 refers to a weekly dose for 3

weeks with the 4" week off; qwk x 2/3 refers to a weekly dose for 2 weeks with the 3
weekoff.

Combination therapy with radiation therapy and surgery

[0121] In another aspect, the present invention provides a methodoftreating

proliferative disease (such as cancer) comprising a first therapy comprising administering a

taxane (particularly nanoparticles comprising a taxane) and a carrier protein and a second

therapy comprising radiation and/or surgery.

[0122] In some embodiments, the method comprises: a) a first therapy comprising

administering to the individual a composition comprising nanoparticles comprising an

effective amount of a taxane and a carrier protein (such as albumin) and b) a second

therapy comprising radiation therapy, surgery, or combinations thereof. In some

embodiments, the taxane is coated with the carrier protein (such as albumin). In some

embodiments, the second therapy is radiation therapy. In some embodiments, the second

therapy is surgery.

[0123] In some embodiments, the method comprises a) a first therapy comprising

administering to the individual a composition comprising nanoparticles comprising

paclitaxel and an albumin; and b) a second therapy comprising radiation therapy, surgery,

or combinations thereof. In some embodiments, the second therapyis radiation therapy. In

some embodiments, the second therapy is surgery. In some embodiments,the

paclitaxel/albumin nanoparticles have an average diameter of no greater than about 200

nm. In some embodiments, the paclitaxel/albumin nanoparticle compositionis

substantially free (such as free) of surfactant (such as Cremophor). In some embodiments,

the weight ratio of the albuminto paclitaxel in the composition is about 18:1 or less, such

as about 9:1 or less. In some embodiments, the paclitaxel is coated with albumin. In some

embodiments, the paclitaxel/albumin nanoparticles have an average diameter of no greater

than about 200 nm andthe paclitaxel/albumin composition is substantially free (such as

free) of surfactant (such as Cremophor). In some embodiments, the paclitaxel/albumin

nanoparticles have an average diameter of no greater than about 200 nm and the paclitaxel

is coated with albumin. In some embodiments, the nanoparticle composition is

Abraxane™,
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[0124] The administration of the nanoparticle composition may be prior to the

radiation and/or surgery, after the radiation and/or surgery, or concurrent with the radiation

and/or surgery. For example, the administration of the nanoparticle composition may

precedeor follow the radiation and/or surgery therapy by intervals ranging from minutes to
weeks. In some embodiments, the time period betweenthefirst and the second therapyis

suchthat the taxane and the radiation/surgery would still be able to exert an advantageously

combined effect on the cell. For example, the taxane (such as paclitaxel) imthe

nanoparticle composition may be administered less than about any of 1, 3, 6, 9, 12, 18, 24,
48, 60, 72, 84, 96, 108, 120 hoursprior to the radiation and/or surgery. In some

embodiments, the nanoparticle composition is administered less than about 9 hours prior to

the radiation and/surgery. In some embodiments, the nanoparticle composition is

administered less than about any of 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 days priorto the

radiation/surgery. In some embodiments, the taxane (suchas paclitaxel) in the nanoparticle

composition is administered less than about any of 1,3, 6, 9, 12, 18, 24, 48, 60, 72, 84, 96,
108, or 120 hours after the radiation and/or surgery. In some embodiments, it may be
desirable to extend the time period for treatment significantly, where several days to several

weeks lapse between the two therapies.

[0125] Radiation contemplated herein includes, for example, y-rays, X-rays

(external beam), and the directed delivery of radioisotopes to tumorcells. Other forms of
DNA damaging factors are also contemplated such as microwaves and UV irradiation are

also contemplated. Radiation may be given in a single dose or ina series of small doses in
a dose-fractionated schedule. The amount of radiation contemplated herein ranges from

about 1 to about 100 Gy,including, for example, about 5 to about 80, about 10 to about 50

Gy, or about 10 Gy. The total dose may be applied in a fractioned regime, For example,

the regime may comprise fractionated individual doses of 2 Gy. Dosage ranges for

radioisotopes vary widely, and depends on the half-life of the isotope and the strength and

type of radiation emitted.

[0126] Whenthe radiation comprises use of radioactive isotopes, the isotope may

be conjugatedto a targeting agent, such as a therapeutic antibody, which carries the
radionucleotide to the target tissue. Suitable radioactive isotopes include, but are not
ae 21 . : 575limited to, astatine ' “carbon, tchromium, “chlorine, iron, 8cobalt, copper”, Fu,

186 >: 4° + 4: .oqe 1] . .
gallium”, 5hydrogen, iodine!*, iodine!?!, indium!"', *°ion, >?phosphorus, rhenium

99m: soe : 90
selenium, *sulphur, technicium”’”, and/or yttrium”.
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[0127] In some embodiments, enough radiation is applied to the individual so as to

allow reduction of the normal dose of the taxane (suchas paclitaxel) in the nanoparticle

composition required to effect the same degree of treatment byat least about any of 5%,

10%, 20%, 30%, 50%, 60%, 70%, 80%, 90%, or more. In some embodiments, enough

taxane in the nanoparticle composition is administered so as to allow reduction ofthe

normal doseofthe radiation required to effect the same degree of treatmentbyat least

about any of 5%, 10%, 20%, 30%, 50%, 60%, 70%, 80%, 90%, or more. In some

embodiments, the dose of both the taxane (such as paclitaxel) in the nanoparticle

composition and the radiation are reduced as compared to the corresponding normal dose
of each when used alone,

[0128] In some embodiments, the combination of administration of the nanoparticle

composition and the radiation therapy produce supra-additive effect. In some

embodiments,the taxane (such as paclitaxel) in the nanoparticle compositionis

administered once at the dose of 90 mg/kg, and theradiation is applied five times at 80 Gy

daily.

[0129] Surgery described herein includes resection in which all or part of cancerous

tissue is physically removed, exercised, and/or destroyed. Tumorresection refers to

physical removalof at least part of a tumor. In addition to tumorresection, treatment by

surgery includeslaser surgery, cryosurgery, electrosurgery, and micropically controlled

surgery (Mohs surgery). Removal of superficial surgery, precancers, or normaltissues are

also contemplated.

[0130] The radiation therapy and/or surgery may be carried out in addition to the

administration of chemotherapeutic agents. For example, the individual mayfirst be

administered with a taxane-containing nanoparticle composition and at least one other

chemotherapeutic agent, and subsequently be subject to radiation therapy and/or surgery.

Alternatively, the individual mayfirst be treated with radiation therapy and/or surgery,

which is then followed by the administration of a nanoparticle composition and at least one

other chemotherapeutic agent. Other combinations are also contemplated.

[0131] Administration of nanoparticle compositions disclosed above in conjunction

with administration of chemotherapeutic agent is equally applicable to those in conjunction

with radiation therapy and/or surgery.

[0132] In some embodiments, the nanoparticle composition of the taxane and/or the

chemotherapeutic agent is administered in conjunction with radiation according to any of

the dosing regimes described in Table 2.
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[0133] In some embodiments, there is provided a method of treating NSCLC in an

individual comprises a) a first therapy comprising administering to the individual a

composition comprising nanoparticles comprising taxane (such as paclitaxel) and an

albumin; and b) a second therapy comprising radiation as provided in Rows | to 5 in Table
2. In some embodiments,the administration of the nanoparticle composition and the

chemotherapeutic agent may be any of the dosing regimes as indicated in Rows 1 to5in
Table 2.

[0134] In some embodiments, there is provided a method of treating head and neck
cancerin an individual comprisesa) a first therapy comprising administering to the

individual a composition comprising nanoparticles comprising taxane (such as paclitaxel)

and an albumin; and b) a second therapy comprising radiation as provided in Rows 6 to 9 in

Table 2. In some embodiments, the administration of the nanoparticle composition and the

chemotherapeutic agent may be anyofthe dosing regimes as indicated in Rows6 to 9 in
Table 2.

[0135} In some embodiments, there is provided a methodoftreating pancreatic
cancerin an individual comprises a) a first therapy comprising administering to the

individual a composition comprising nanoparticles comprising taxane (such as paclitaxel)

and an albumin; and b) a second therapy comprising radiation as provided in Row 10 in

Table 2. In some embodiments,the administration of the nanoparticle composition and the

chemotherapeutic agent may be the dosing regimesas indicated in Row 10 mn Table 2.

[0136} In some embodiments,there is provided a methodoftreating gastric

malignancies in an individual comprisesa) a first therapy comprising administering to the

individual a composition comprising nanoparticles comprising taxane (such as paclitaxel)
and an albumin; and b) a second therapy comprising radiation as provided in Row 11 in

Table 2. In some embodiments, the administration of the nanoparticle composition and the

chemotherapeutic agent may be the dosing regimes as indicated in Row11 in Table 2.
TABLE 2

Row Combination Regime/Dosage Study therapy Protocoltitle
No. type

Phase VII trial of

ABX+ NSCLC Abraxane™combinedRadiation at ea diatiwith radiation

Phase I/II trial of

NSCLC
Abraxane™and

1 cycle ABX/Carbo induction NSCLC

carboplatin combined
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Combination Regime/Dosage  
  

  Carboplatin +pie followed byRadiation

2 or 3 times weekly pulse ABX
+ radiation

 

 
 
 
 

 
 
 

ABX +

Carboplatin +
Radiation

 

 
 

ABX qwk + carbo + radiation
followed by

ABX q3wk+ carbo

ABX +

Carboplatin +
Radiation 

 

  
 

Study therapy Protocoltitle
type

 
 

in NSCLC

   
 

  
    

 
 

Abraxane™

/carboplatin induction
followed by

Abraxane™+ radiation

in stage TI A&B PS2
NSCLCpatients

 

  

 
 
 
 

 
 

 

NSCLC Phase II study

 
 

 
 

 

ABX +
Radiation

 

 
 

Abraxane™as a
radiosensitizer in head

and neck cancer

 
 

Head and
Neck Cancer

 
   

 
 
 

ABX +
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Radiation

 
 
  
  

Phasel/II] Abraxane™
in combination with

cetuximab andradiation
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Neck Cancer
    

 
 
 

 
  

 
 

 

    

 
 

 

 
 

      

 
  
 
 

 
 

    

 
 

 
 
 

 
 

 

  
  
 
 
 
 
 

 

 
 
 

 
   

 
  

  

 
 
 

    
 
 
 

 
 
 

  

 
 

 
 

  

  
  

Induction: ABX 135 mg/m” . Phase VAL study of
: _ induction chemotherapygwk + carbo: AUC = 2 .with Abraxane™and

ABX + .
: followed by carboplatin followed byCarboplatin + :| qtegs Head and concomitant8 5-FU + Concurrent chemoradiation: :

2 Neck Cancer fluorouracil,Hydroxyurea +|ABX: 100 mg/m : .
Radiation 2 hydroxyurea,

5-FU: 600 mg/m Abraxane™and IMRT
oe. for locally advanced

hydroxyurea: 5000 mg BID head and neck cancers

ABX: 20-50 mg/m’ qwk x 7 PhaseI trial of
dose escalation Abraxane™in

ABX + Locally combination with
9 Carboplatin+|Eribitux®: 400 mg/ny day7, Advanced carboplatin, cetuximab

Erbitux® + 250 mg/m? qwk x 7 Head and and IMRTin locally
Radiation. Carbo: AUC = 1.5 qwk x7 Neck Cancer advanced squamouscellcancer of the head and

IMRT neck

A randomized phase II
trial of weekly

ABX + Pancreatic gemcitabine,
10 Gemcitabine +|qwk Cancer Abraxane™, and

Radiation external irradiation for
locally advanced
pancreatic cancer

Phase I/II combinationz TM/ez 1

ABX + ; ofAbraxane ‘cisplatin: . Gastric and radiation for
jl Cisplatin + . : . a

Radiation Malignancies patients with resected
gastric/GEJ

malignancies.

[0137] In some embodiments,the invention provides pharmaceutical compositions

comprising nanoparticles comprising a taxane (suchas paclitaxel) and a carrier protein
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(such as albumin) for use in the treatment of a proliferative disease (such as cancer),

wherein said use comprises a second therapy comprising radiation therapy, surgery, or

combinations thereof.

Metronomic therapy

{01338} The invention also provides metronomic therapy regime. There is provided

a method of administering to an individual a composition comprising nanoparticles

comprising a taxane (such as paclitaxel, docetaxel, or ortataxel) and a carrier protein (such

as albumin) based on a metronomic dosing regime. The methods are applicable to methods

of treatment, delaying development, and otherclinical settings and configurations described

herein. For example, in some embodiments, the methods are useful for treatment of

proliferative diseases (such as cancer).

[0139] “Metronomic dosing regime” used herein refers to frequent administration

of a taxane at without prolonged breaks at a dose below the established maximumtolerated

dose via a traditional schedule with breaks (hereinafter also referred to as a “standard MTD

schedule”or a “standard MTD regime”). In metronomic dosing, the same, lower, or higher

cumulative dose over a certain time period as would be administered via a standard MTD

schedule may ultimately be administered. In somecases, this is achieved by extending the

time frame and/or frequency during which the dosing regime is conducted while decreasing

the amount administered at each dose. Generally, the taxane administered via the

metronomic dosing regimeof the present invention is better tolerated by the individual.

Metronomic dosing can also be referred to as maintenance dosing or chronic dosing.

[0140] In some embodiments, there is provided a method of administering a

composition comprising nanoparticles comprising a taxane and a carrier protein (such as

albumin), wherein the nanoparticle composition is administered over a period ofat least

one month, wherein the interval between each administration is no more than about a week,

and wherein the dose of the taxane at each administration is about 0.25% to about 25% of

its maximum tolerated dose following a traditional dosing regime. In some embodiments,

there is provided a method of administering a composition comprising nanoparticles

comprising paclitaxel and an albumin, wherein the nanoparticle compositionis

adminisiered over a period of at least one month, wherein the interval between each

administration is no more than about a week, and wherein the dose of the taxane at each

administration is about 0.25%to about 25% of its maximumtolerated dose following a

traditional dosing regime.
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(0141) In some embodiments, the dosing of the taxane (suchas paclitaxel) in the

nanoparticle composition per administration is less than about any of 1%, 2%, 3&, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 18%, 20%, 22%, 24%, or 25% ofthe

MTDforthe same taxane (such as paclitaxel) in the same formulation following a given
traditional dosing schedule. Traditional dosing schedule refers to the dosing schedulethat

is generally established in a clinical setting. For example, the tradition dosing schedule for
Abraxane™ jis a three-weekly schedule, i.c., administering the composition every three

weeks.

[0142] ln some embodiments, the dosing of the taxane (such as paclitaxel) per
administration is between about 0.25% to about 25% of the corresponding MTD value,

including for example any of about 0.25% to about 20%, about 0.25%to about 15%, about

0.25% to about 10%, about 0.25% to about 20%, and about 0.25% to about 25%, of the

corresponding MTD value. The MTD value for a taxane following a traditional dosing
schedule is known or can be easily determined by a person skilled in the art. For example,

the MTD value when Abraxane™is administered followinga traditional three-week

dosing schedule is about 300 mg/m’.

[0143} In some embodiments, there is provided a method of administering a

composition comprising nanoparticles comprising a taxane and a carrier protein (such as
albumin), wherein the nanoparticle compositionis administered over a period ofat least
one month, wherein the interval between each administration is no more than about a week,
and wherein the dose of the taxane at each administration is about 0.25 mg/m to about 25

mg/m’. In some embodiments, there is provided a method of administering a composition

comprising nanoparticles comprising paclitaxel and an albumin, wherein the nanoparticle

composition is administered over a period ofat least one month, wherein the interval
between each administration is no more than about a week, and wherein the dose of the

taxane at each administration is about 0.25 mg/m’to about 25 mg/m’.

{0144} In some embodiments, the dose ofthe taxane (such as paclitaxel) at each
administrationis less than about any of2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 18, 20,

22, 25, and 30 mg/m’. For example, the dose of the taxane (suchas paclitaxel) can range

from about 0.25 mg/m’ to about 30 mg/m’, about 0.25 mg/m’to about 25 mg/m’, about
0.25 mg/m’to about 15 mg/m’, about 0.25 mg/m? to about 10 mg/m’, and about 0.25
mg/m’ to about 5mg/m’.

[0145] Dosing frequencyfor the taxane (suchas paclitaxel) in the nanoparticle
composition includes, but is not limited to, at least about any of once a week, twice a week,
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three times a week, fourtimes a week,five times a weck, six times a week, or daily.

Typically, the interval between each administrationis less than about a week,suchas less

than aboutany of 6, 5, 4, 3, 2, or 1 day. In some embodiments, the interval between each

administration is constant. For example, the administration can be carried out daily, every

two days, every three days, every four days, every five days, or weekly. In some

embodiments, the administration can be carried out twice daily, three times daily, or more

frequent. .
[0146] The metronomic dosing regimes described herein can be extended over an

extended period of time, such as from about a month up to about three years. For example,

the dosing regime can be extended over a period of any of about 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 18, 24, 30, and 36 months. Generally, there are no breaks in the dosing schedule.

[0147] The cumulative dose of the taxanc (suchas paclitaxel) administered by the

_metronomic regime may be higher than that of the taxane administered according to a

standard MTD dosing schedule over the same time period. In some embodiments, the

cumulative dose of the taxane administered by the metronomic regime equals to or is lower

than that of the taxane administered according to a standard MTD dosing schedule over the

same time period.

[0148] It is understood that the teaching provided herein is for examples only, and

that metronomic dosing regime can be routinely designed in accordance with the teachings

provided herein and based uponthe individual standard MTD schedule, and that the

metronomic dosing regime used in these experiments merely serves as one example of

possible changes in dosing interval and duration which are made to a standard MTD

schedule to arrive at an optimal metronomic dosing regime.

[0149] The metronomic dosing regime described herein may be used alone as a

treatment of a proliferative disease, or carried out in a combination therapy context, such as

the combination therapies described herein. In some embodiments, the metronomic

therapy dosing regime maybe used in combination or conjunction with otherestablished

therapies administered via standard MTD regimes. By “combination orin conjunction

with”it is meant that the metronomic dosing regime ofthe present invention is conducted

either at the same time as the standard MTD regimeof established therapies, or between

courses of induction therapy to sustain the benefit accrued to the individual by the

induction therapy, the intent is to continue to inhibit tumor growth while not unduly

compromising the individual’s health or the individual’s ability to withstand the next
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course of induction therapy. For example, a metronomic dosing regime maybe adopted
after an initial short course of MTD chemotherapy.

[0150] The nanoparticle compositions administered based on the metronomic

dosing regime described herein can be administered to an individual (such as human) via
vatious routes, suchas parenterally, including intravenous, intra-arterial, intrapulmonary,
oral, inhalation, intravesicular, intramuscular, intra-tracheal, subcutaneous,intraocular,
intrathecal, or transdermal. For example, the nanoparticle composition can be administered
by inhalation to treat conditions of the respiratory tract. The composition can be used to

treat respiratory conditions such as pulmonary fibrosis, broncheolitis obliterans, lung
cancer, bronchoalveolar carcinoma, and the like. In some embodiments, the nanoparticle
composition is administered orally.

[0151] Some various exemplary embodiments are provided below.

[0152] In some embodiments, there is provided a method of administering a
composition comprising nanoparticles comprising a taxane and a carrier protein (such as
albumin), wherein the nanoparticle composition is administered over a period ofat least
one month, wherein the interval between each administration is no more than about a week,
and wherein the dose of the taxane at each administration is about 0.25% to about 25% of

its maximum tolerated dose followingatraditional dosing regime. In some embodiments,
the taxane is coated with the carrier protein (such as albumin). In some embodiments, the
dose of the taxane per administrationis less than about any of 1%, 2%, 3%, 4%, 5%, 6%,
7%; 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 18%, 20%, 22%, 24%, or 25% of the

maximum tolerated dose. In some embodiments, the taxane is administered at least about

any of 1x, 2x, 3x, 4x, 5x, 6x, 7x (Le., daily) a week. In some embodiments, the intervals

between each administration are less than about any of 7 days, 6 days, 5 days, 4 days, 3
days, 2 days, and 1 day. In some embodiments, the taxane is administered over a period of
at least about any of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 18, 24, 30 and 36 months.

[0153] In some embodiments, there is provided a method of admunistering a
composition comprising nanoparticles comprising paclitaxel and an albumin, wherein the

nanoparticle composition is administered overa periodof at least one month, whereinthe

interval between each administration is no more than about a week, and wherein the dose of

the taxane at each administration is about 0.25% to about 25% of its maximumtolerated

dose followingatraditional dosing regime. In some embodiments, the paclitaxel/albumin
nanoparticles have an average diameter of no greaterthan about 200 nm. In some

embodiments, the paclitaxel/albumin nanoparticle composition is substantially free (such as
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free) of surfactant (such as Cremophor). In some embodiments, the weightratio of the

albumin to paclitaxel in the composition is about 18:1 or less, such as about 9:1 or less. In

some embodiments, the paclitaxel is coated with albumin. In some embodiments, the

paclitaxel/albumin nanoparticles have an average diameter of no greater than about 200 nm

and the paclitaxel/albumin compositionis substantially free (such as free) of surfactant

(such as Cremophor). In some embodiments, the paclitaxcl/albumin nanoparticles have an

average diameter of no greater than about 200 nm andthe paclitaxel is coated with

albumin. In some embodiments, the nanoparticle compositionis Abraxane™,

[0154] In some embodiments, there is provided a method of administering a

composition comprising nanoparticles comprising a taxane and a carrier protein (such as

albumin), wherein the nanoparticle composition is administered over a period ofat least

one month, wherein the interval between each administration is no more than about a week,

and wherein the dose ofthe taxane at each administration is about 0.25 mg/m*to about 25

mg/m’. In some embodiments, the taxane is coated with the carrier protein (such as

albumin). In some embodiments,the dose of the taxane per administration is less than

about any of 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18, 20, 22, and 25 mg/m’. In some
embodiments, the taxane is administered at least about any of 1x, 2x, 3x, 4x, 5x, 6x, 7x

(i.e., daily) a week. In some embodiments,the intervals between each administration are

less than about any of 7 days, 6 days, 5 days, 4 days, 3 days, 2 days, and 1 day. In some

embodiments, the taxane is administered over a period ofat least about any of 2, 3, 4, 5, 6,

7,8, 9,10, 11, 12, 18, 24, 30 and 36 months.

[0155] In some embodiments, there is provided a method of administering a

composition comprising nanoparticles comprising paclitaxel and an albumin, wherein the

nanoparticle composition is administered over a period of at least one month, wherein the

interval between each administration is no more than about a week, and wherein the dose of

the taxane at each administration is about 0.25 mg/m* to about 25 mg/m’. In some

embodiments, the paclitaxel/albumin nanoparticles have an average diameter of no greater

than about 200 nm. In some embodiments, the paclitaxel/albumin nanoparticle

composition is substantially free (such as free) of surfactant (such as Cremophor). In some

embodiments, the weight ratio of the albuminto paclitaxel in the composition is about 18:1

or less, such as about 9:1 or less. In some embodiments, the paclitaxel is coated with

albumin. In some embodiments, the paclitaxel/albumin nanoparticles have an average

diameter of no greater than about 200 nm andthe paclitaxel/albumin compositionis

substantially free (such as free) of surfactant (such as Cremophor). In some embodiments,
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the paclitaxel/albumin nanoparticles have an average diameter of no greater than about 200
nm andthe paclitaxel is coated with albumin. In some embodiments, the nanoparticle

composition1s Abraxane™.
[0156] In some embodiments, the Abraxane™(or other paclitaxel/albumin
nanoparticle compositions) is administered at the dose of about 3 mg/kg to about 10 mg/kg
daily. In some embodiments, the Abraxane™ js administered at the dose of about 6 mg/kg
to about 10 mg/kg daily. In some embodiments,the Abraxane™ is administered at the

M is administered at thedose of about 6 mg/kg daily. In some embodiments, Abraxane™
dose of about 3 mg/kg daily.

[0157] The invention also provides compositions for use in the metronomic
regime(s) described herein. In some embodiments, there is provided a composition
comprising nanoparticles comprising a taxane and a carrier protein (such as albumin),
wherein said composition is administered to an individual via a metronomic dosing regime,

such as the dosing regime described herein.

Other aspects of the invention

[0158] In another aspects, there are provided methodsof treating proliferative
diseases comprising administering a composition comprising nanoparticles comprising a

taxane (including pacltiaxel, docetaxel, or ortataxel) and a carrier protein (such as

albumin). In some embodiments,there is provided a method of treating cancer comprising
administering a composition comprising nanoparticles comprising ortataxel and a carrier

protein (such as albumin).

{0159} In some embodiments, there is provided methodsof treating proliferative
diseases comprising administering a composition comprising nanoparticles comprising a
thiocolchicine orits derivative (such as dimeric thiocolchicine) and a carrier protein (such

as albumin). In some embodiments, there is provided a method of treating cancer

comprising administering a composition comprising nanoparticles comprising dimeric
colchicines and a carrier protein (such as albumin). In some embodiments, the nanoparticle

compositionis any of (and in some embodiments selected from the group consisting of)
Nab-5404, Nab-5800, and Nab-5801.

[0160] In some embodiments, there is provided a method oftreating cancer

comprising administering a composition comprising nanoparticles comprising paclitaxel,
wherein the nanoparticle composition is administered according to any of the dosing
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regimes described in Table 3. In some embodiments, the canceris a Taxane refractory

metastatic breast cancer.

TABLE 3

Regimen/Dosage 
  

 Study therapy Protocol title
type 
 

   ABXalone ABX: 125 mg/m” qwkx 3/4

 
 
 

 
 
 

Phase II study with
weekly Abraxane™
treatmentin taxane-

refractory MBCpatients

Metastatic
Breast Cancer

   

 
Arm 1: ABX 130 mg/m* qwk

Arm 2: ABX 260 mg/m? q2wk

Arm 3: ABX 260 mg/m? q3wk

 
 
 

ABX alone

ABX:260 mg/n? q3wk ABX alone

(Capxol)

VS 

  
  Taxol: 175 mg/m? q3wk

Arm 1: ABX weekly

Arm 2: ABX q3wk
 

ABX alone

Arm 3: Taxol weekly 

 

 

 

  

   

 

   

 
Metastatic

Breast Cancer
3-arm phase [I trial in Ist-
line Her-2- MBCpatients.
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Nanoparticle compositions

fO16t} The nanoparticle compositions described herein comprise nanop articles

comprising (in various embodiments consisting essentially of) a taxane (such as paclitaxel)
and a carrier protein (such as albumin). Nanoparticles ofpoorly water soluble drugs (such

as taxane) have been disclosed in, for example, U.S. Pat. Nos. 5,916,596; 6,506,405; and

6,537,579 and also in U.S. Pat. Pub. No. 2005/0004002A1. Although the description

provided belowis specific to taxane, it is understood that the same applies to other drugs,
such as rapamycin, 17-AAG,and dimeric thiocolchicine.

[0162] In some embodiments, the composition comprises nanoparticles with an

average or mean diameterof no greater than about 1000 nanometers (nm), such as no

greater than about any of 900, 800, 700, 600, 500, 400, 300, 200, and 100 nm. In some

embodiments, the average or mean diameters of the nanoparticles is no greater than about

200 nm. In some embodiments, the average or mean diameters of the nanoparticles is no

greater than about 150 nm. In some embodiments,the average or mean diameters of the
nanoparticles is no greater than about 100 nm. In some embodiments, the average or mean

diameter of the nanoparticles is about 20 to about 400 nm. Tn some embodiments, the

average or mean diameter of the nanoparticles is about 40 to about 200 nm. In some

embodiments, the nanoparticles are sterile-filterable.

[0163]

(such as lyophilized composition) or suspended in a biocompatible medium. Suitable

The nanoparticles described herein maybe presentin a dry formulation

biocompatible media include,but are not limited to, water, buffered aqueous media, saline,
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buffered saline, optionally buffered solutions of aminoacids, optionally buffered solutions

of proteins, optionally buffered solutions of sugars, optionally buffered solutions of

vitamins, optionally buffered solutions of synthetic polymers, lipid-containing emulsions,
andthe like.

[0164] The term “proteins” refers to polypeptides or polymers of amino acids of

any length (including full length or fragments), which may be linear or branched, comprise

modified amino acids, and/orbe interrupted by non-amino acids. The term also

encompasses an amino acid polymerthat has been modified naturally or by intervention;

for example, disulfide bond formation, glycosylation, lipidation, acetylation,
phosphorylation, or any other manipulation or modification. Also included within this term

are, for example, polypeptides containing one or more analogs of an amino acid (including,
for example, unnatural amino acids,etc.), as well as other modifications known in theart.

The proteins described herein maybe naturally occurring,i.e., obtained or derived from a

natural source (such as blood), or synthesized (such as chemically synthesized or by

synthesized by recombinant DNA techniques).

[0165] Examples of suitable carrier proteins include proteins normally found in

blood or plasma, which include, but are not limited to, albumin, immunoglobulin including

IgA, lipoproteins, apolipoprotein B, alpha-acid glycoprotein, beta-2-macroglobulin,

thyroglobulin,transferin, fibronectin, factor VII, factor VII, factor IX, factor X, and the

like. In some embodiments, the carrier protein is non-blood protein, such as casein, a-

lactalbumin, and 6-lactoglobulin. The carrier proteins may either be natural in origin or

synthetically prepared. In some embodiments, the pharmaceutically acceptable carrier

comprises albumin, such as human serum albumin. Human serum albumin (HSA)is a
highly soluble globular protein of M, 65K. and consists of 585 amino acids. HSAis the

most abundant protein in the plasma and accounts for 70-80 % of the colloid osmotic

pressure of human plasma. The amino acid sequence of HSA containsatotal of 17

disulphide bridges, one free thiol (Cys 34), and a single tryptophan (Trp 214). Intravenous

use of HSA solutionhas beenindicated for the prevention and treatment of hypovolumic

shock (see, e.g., Tullis, JAMA, 237, 355-360, 460-463, (1977)) and Houseretal., Surgery,

Gynecology and Obstetrics, 150, 811-816 (1980)) and in conjunction with exchange

transfusion in the treatment of neonatal hyperbilirubinemia (see, e.g., Finlayson, Seminars

in Thrombosis and Hemostasis, 6, 85-120, (1980)). Other albumins are contemplated,

such as bovine serumalbumin. Use of such non-humanalbumins could be appropriate, for
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example, in the context of use of these compositions in non-human mammals, such as the

veterinary (including domestic pets and agricultural context).

(0166] Human serum albumin (HSA) has multiple hydrophobic bindingsites (a

total of eight for fatty acids, an endogenous ligand of HSA) and bindsa diverse set of

taxanes, especially neutral and negatively charged hydrophobic compounds (Goodmanet

al., The Pharmacological Basis ofTherapeutics, 9" ed, McGraw-Hill New York (1996)).

Two high affinity binding sites have been proposed in subdomains ITA and IMA of HSA,

which are highly elongated hydrophobic pockets with charged lysine and arginine residues

near the surface which function as attachment points for polar ligand features (see, e.g.,

Fehske et al., Biochem. Pharmcol., 30, 687-92 (198a), Vorum, Dan. Med. Bull., 46, 379-99

(1999), Kragh-Hansen, Dan. Med. Bull., 1441, 131-40 (1990), Curryet al., Nat. Struet.

Biol., 3, 827-35 (1998), Sugio et al., Protein. Eng., 12, 439-46 (1999), He et al., Nature,

358, 209-15 (199b), and Carter et al., Adv. Protein. Chem., 45, 153-203 (1994)). Paclitaxel

and propofol have been shown to bind HSA(see, e.g., Paal et al., Zur. J. Biochent., 268(7),

2187-91 (200a), Purcell et al., Biochim. Biophys. Acta, 1478(a), 61-8 (2000), Altmayeret

al., Arzneimittelforschung, 45, 1053-6 (1995), and Garrido et al., Rev. Esp. Anestestiol.

Reanim., 41, 308-12 (1994)). In addition, docetaxel has been shown to bind to human

plasma proteins (see, e.g., Urien et al., {nvest. New Drugs, 14(b), 147-51 (1996)).

(0167) The carrier protein (such as albumin) in the composition generally serves as

a carrier for the taxane, i.e., the carrier protein in the composition makes the taxane more

readily suspendable in an aqueous medium or helps maintain the suspension as compared

to compositions not comprising a carrier protein. This can avoid the use of toxic solvents

(or surfactants) for solubilizing the taxane, and thereby can reduce one or moreside effects

ofadministration of the taxane into an individual (such as a human). Thus, in some

embodiments, the composition described herein is substantially free (such as free) of

surfactants, such as Cremophor(including Cremophor EL® (BASF)). In some
embodiments, the nanoparticle composition is substantially free (such as free) of

surfactants. A composition is “substantially free of Cremophor’”or “substantially free of

surfactant”if the amount of Cremophororsurfactant in the composition is not sufficient to

cause one or moreside effect(s) in an individual when the nanoparticle compositionis

administered to the individual.

[0168] The amountof carrier protein in the composition described herein will vary

depending on other components in the composition. In some embodiments, the

coniposition comprises a carrier protein in an amountthatis sufficient to stabilize the
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taxane in an aqueous suspension, for example,in the formof a stable colloidal suspension

(such as a stable suspension of nanoparticles), In some embodiments,the carrier protein is

in an amount that reduces the sedimentation rate ofthe taxane in an aqueous medium. For

particle-containing compositions, the amountof the carrier protein also depends on the size

and density of nanoparticles of the taxane.

[0169] A taxaneis “stabilized” in an aqueous suspension if it remains suspended in

an aqueous medium (such as without visible precipitation or sedimentation) for an extended

period of time, such as for at least about any of 0.1, 0.2, 0.25, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 11, 12, 24, 36, 48, 60, or 72 hours. The suspensionis generally, but not necessarily,

suitable for administration to an individual (such as human). Stability of the suspensionis

generally (but not necessarily) evaluated at a storage temperature (such as room

temperature (such as 20-25 °C) or refrigerated conditions (such as 4°C)). For example, a

suspensionis stable at a storage temperatureif it exhibits no flocculation orparticle

agglomeration visible to the naked eye or when viewed underthe optical microscope at

1000 times, at aboutfifteen minutes after preparation of the suspension. Stability can also

be evaluated under accelerated testing conditions, such as at a temperature that is higher
than about 40 °C.

[0170] In some embodiments, the carrier protein is present in an amountthatis

sufficient to stabilize the taxane in an aqueous suspensionat a certain concentration. For

example, the concentration of the taxane in the composition is about 0.1 to about 100

mg/ml, including for example any of about 0.1 to about 50 mg/ml, about 0.1 to about 20

mg/ml, about 1 to about 10 mg/ml, about 2 mg/ml to about 8 mg/ml, about 4 to about 6

mg/ml, about 5 mg/ml. In some embodiments, the concentration ofthe taxaneis at least

about any of 1.3 mg/ml, 1.5 mg/ml, 2 mg/ml, 3 mg/nl, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7

mg/ml, § mg/ml, 9 mg/ml, 10 mg/ml, 15 mg/ml, 20 mg/ml, 25 mg/ml, 30 mg/ml, 40 mg/ml,

and 50 mg/ml. In some embodiments,the carrier protein is present in an amountthat

avoids use of surfactants (such as Cremophor), so that the compositionis free or

substantially free of surfactant (such as Cremophor).

[0171] In some embodiments, the composition, in liquid form, comprises from

about 0.1% to about 50% (w/v)(e.g. about 0.5% (w/v), about 5% (w/v), about 10% (w/v),

about 15% (w/v), about 20% (w/v), about 30% (w/v), about 40% (w/v), or about 50%

(w/v)) of carrier protein. In some embodiments, the composition, in liquid form, comprises
about 0.5% to about 5% (w/v) of carrier protein.

60

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1419



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1420

WO2006/089290 PCT/US2006/006167

[0172] In some embodiments, the weight ratio of carrierprotein,e.g., albumin, to

the taxane in the nanoparticle composition is suchthat a sufficient amount of taxane binds

to, or is transported by, the cell. While the weight ratio of carrier protein to taxane will

have to be optimized for different carrier protein and taxane combinations, generally the

weightratio of carrier protein, ¢.g., aloumin, to taxane (w/w) is about 0.01:1 to about 100:1,

about 0.02:1 to about 50:1, about 0.05:1 to about 20:1, about 0.1:1 to about 20:1, about I:1

to about 18:1, about 2:1 to about 15:1, about 3:1 to about 12:1, about 4:1 to about 10:1,

about 5:1 to about 9:1, or about 9:1. In some embodiments, the carrier protein to taxane

weight ratio is about any of 18:1 or less, 15:1 or less, 14:1 or less, 13:1 or less, 12:1 orless,

11:1 or less, 10:1 or less, 9:1 or less, 8:1 or less, 7:1 or less, 6:1 or less, 5:1 or less, 4:1 or

less, and 3:1 orless.

[0173] In some embodiments, the carrier protein allows the composition to be

administered to an individual (such as human) without significant side effects. In some

embodiments, the carrier protein (such as albumin) is in an amountthat is effective to

reduce one or more side effects of administration of the taxane to a human. The term

“reducing one or more side effects of administration ofthe taxane”refers to reduction,

alleviation, elimination, or avoidance of one or more undesirable effects caused by the

taxane, as well as side effects caused by delivery vehicles (such as solvents that renderthe
taxanes suitable for injection) used to deliver the taxane. Such side effects include, for

example, myelosuppression, neurotoxicity, hypersensitivity, inflammation, venous

irritation, phlebitis, pain, skin irritation, peripheral neuropathy, neutropenic fever,

anaphylactic reaction, venous thrombosis, extravasation, and combinations thereof. These

side effects, however, are merely exemplary and otherside effects, or combination of side

effects, associated with taxanes can be reduced.

[0174] In some embodiments, the composition comprises Abraxane™, Abraxane™

is a formulation ofpaclitaxel stabilized by human albumin USP, which can be dispersed in

directly injectable physiological solution. When dispersed in a suitable aqueous medium

such as 0.9% sodium chloride injection or 5% dextrose injection, Abraxane™forms a

stable colloidal suspension of paclitaxel. The meanparticle size of the nanoparticles in the

colloidal suspension is about 130 nanometers. Since HSAis freely soluble in water,

Abraxane™ canbe reconstituted in a wide range of concentrations ranging fromdilute (0,1

mg/ml paclitaxel) to concentrated (20 mg/mlpaclitaxel), including for example about 2

mg/ml to about 8 mg/ml, about 5 mg/ml.
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[0175] Methods ofmaking nanoparticle compositions are knowninthe art. For

example, nanoparticles containing taxanes (such as paclitaxel) and carrier protein (such as

albumin) can be prepared under conditions of high shear forces (e.g., sonication, high

pressure homogenization, orthe like). These methods are disclosed in, for example, U.S.

Pat. Nos. 5,916,596; 6,506,405; and 6,537,579 and also in U.S. Pat. Pub. No.

2005/0004002A1.

[0176] Briefly, the taxane (such as docetaxel) is dissolved in an organic solvent,

and the solution can be added to a human serum albumin solution. The mixture is

subjected to high pressure homogenization. The organic solvent can then be removed by

evaporation. The dispersion obtained can be further lyophilized. Suitable organic solvent

include, for example, ketones, esters, ethers, chlorinated solvents, and other solvents known

in the art. For example, the organic solvent can be methylene chloride and

chloroform/ethanol (for example with a ratio of 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1,

3:1, 4:1, 5:1, 6:1, 7:1, 8:1, or 9:a).

Other components in the nanoparticle compositions

[0177] The nanoparticles described herein can be present in a compositionthat

include other agents, excipients, or stabilizers. For example, to increasestability by

increasing the negative zeta potential of nanoparticles, certain negatively charged

components may be added. Such negatively charged components include, but are not

limited to bile salts of bile acids consisting of glycocholic acid, cholic acid,

chenodeoxycholic acid, taurocholic acid, glycochenodeoxycholic acid,

taurochenodeoxycholic acid, litocholic acid, ursodeoxycholic acid, dehydrocholic acid and

others; phospholipids includinglecithin (egg yolk) based phospholipids which include the

following phosphatidylcholines: palmitoyloleoylphosphatidylcholine,

palmitoyllinoleoylphosphatidylcholine , stearoyllinoleoylphosphatidylcholine

stearoyloleoylphosphatidylcholine, stearoylarachidoylphosphatidylcholine, and

dipalmitoylphosphatidylcholine. Other phospholipids including L-a-

dimyristoylphosphatidylcholine (DMPC), dioleoylphosphatidylcholine (DOPC),

distearyolphosphatidylcholine (DSPC), hydrogenated soy phosphatidylcholine (HSPC), and

other related compounds. Negatively charged surfactants or emulsifiers are also suitable as

additives, e.g,, sodiumcholesteryl sulfate and the like.

[0178] In some embodiments, the composition is suitable for administration to a

human. In some embodiments, the compositionis suitable for administration to a mammal
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such as, in the veterinary context, domestic pets and agricultural animals. There are a wide

variety of suitable formulations of the nanoparticle composition (see, e.g., U.S. Pat. Nos.

5,916,596 and 6,096,331). The following formulations and methods are merely exemplary

and are in no way limiting. Formulations suitable for oral administration can consist of (a)

liquid solutions, such as an effective amount of the compound dissolved in diluents, such as

water, saline, or orange juice, (b) capsules, sachets or tablets, each containing a

predetermined amount of the active ingredient, as solids or granules, (c) suspensions in an

appropriate liquid, and (d) suitable emulsions. Tablet forms can include one or more of

lactose, mannitol, corn starch, potato starch, microcrystalline cellulose, acacia, gelatin,

colloidal silicon dioxide, croscarmellose sodium,talc, magnesium stearate, stearic acid, and

other excipients, colorants, diluents, buffering agents, moistening agents, preservatives,

flavoring agents, and pharmacologically compatible excipients. Lozenge forms can

comprise the active ingredient in a flavor, usually sucrose and acacia or tragacanth, as well

as pastilles comprising the active ingredient in an inert base, such as gelatin and glycerin,

or sucrose and acacia, emulsions, gels, and the like containing, in addition to the active

ingredient, such excipients as are known intheart.

[0179] Examples of suitable carriers, excipients, and diluents include, but are not

limited to, lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium

phosphate, alginates, tragacanth, gelatin, calcium silicate, microcrystalline cellulose,

polyvinylpyrrolidone, cellulose, water, saline solution, syrup, methylcellulose, methyl- and

propylhydroxybenzoates, talc, magnesium stearate, and mineral oil. The formulations can

additionally include lubricating agents, wetting agents, emulsifying and suspending agents,

preserving agents, sweetening agents or flavoring agents.

[0180] Formulations suitable for parenteral administration include aqueous and

non-aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers,

bacteriostats, and solutes that render the formulation compatible with the blood of the

intended recipient, and aqueous and non-aqueoussterile suspensions that can include

suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. The

formulations can be presented in unit-dose or multi-dose sealed containers, such as ampules

and vials, and can be stored in a freeze-dried (lyophilized) condition requiring only the

addition ofthesterile liquid excipient, for example, water, for injections, immediately prior

to use. Extemporaneousinjection solutions and suspensions can be prepared fromsterile

powders, granules, and tablets of the kind previously described. Injectable formulations are

preferred,
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[0181] In some embodiments, the composition is formulated to have a pH range of

about 4.5 to about 9.0, including for example pH ranges of any of about 5.0 to about8.0,

about 6.5 to about 7.5, and about 6.5 to about 7.0. In some embodiments, the pH of the

composition is formulated to no less than about 6, including for example no less than about

any of 6.5, 7, or 8 (such as about 8). The composition can also be made to be isotonic with

blood bythe addition of a suitable tonicity modifier, such as glycerol.

Kits

[0182] The invention also provides kits for use in the instant methods. Kits of the

invention include one or more containers comprising taxane-containing nanoparticle

compositions (or unit dosage forms and/orarticles of manufacture) and/or a

chemotherapeutic agent, and in some embodiments, further comprise instructions for use in

accordance with any of the methods described herein. The kit may further comprise a

description of selection an individual suitable or treatment. Instructions supplied in the kits

ofthe invention are typically written instructions ona label or packageinsert (e.g., a paper

sheet included in the kit), but machine-readable instructions (e.g., instructions carried on a

magnetic or optical storage disk) are also acceptable.

[0183] In some embodiments, the kit comprises a) a composition comprising

nanoparticles comprising a taxane and a carrier protein (such as albumin), b) an effective

ainountofat least one other chemotherapeutic agent, and c) instructions for administering

the nanoparticles and the chemotherapeutic agents simultaneously and/or sequentially, for

treatmentof a proliferative disease (such as cancer). In some embodiments, the taxane is

any of paclitaxel, docetaxel, and ortataxel. In some embodiments, the kit comprises

nanoparticles comprising a) a composition comprising nanoparticles comprising paclitaxel

and an albumin (suchas Abraxane™), b) an effective amountof at least one other

chemotherapeutic agent, and c) instructions for administering the nanoparticles and the

chemotherapeutic agents simultaneously and/or sequentially,for the effective treatment of

a proliferative disease (such as cancer).

[0184] In some embodiments, the kit comprises a) a composition comprising

nanoparticles comprising a taxane and a carrier protein (such as albumin), b) a composition

comprising nanoparticles comprising at least one other chemotherapeutic agent and a

catrier protein (such as albumin),and c) instructions for administering the nanoparticle

compositions simultaneously and/or sequentially, for treatment ofa proliferative disease

(such as cancer). In some embodiments,the kit comprises nanoparticles comprising a) a
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composition comprising nanoparticles comprising paclitaxel and an albumin(such as
Abraxane™), b) a composition comprising nanoparticles comprisingat least one other

chemotherapeutic agent and a carrier protein (such as albumin), and c) instructions for
administering the nanoparticle compositions simultaneously and/or sequentially, for the
effective treatment ofa proliferative disease (such as cancer).

[0185] The nanoparticles and the chemotherapeutic agents can be present in

separate containersor in a single container. It is understood that the kit may comprise one
distinct composition or two or more compositions wherein one composition comprises
nanoparticles and one composition comprises a chemotherapeutic agent.

[0186] The kits of the invention are in suitable packaging. Suitable packaging
include, but is not limited to, vials, bottles, jars, flexible packaging (e.g., seled Mylar or

plastic bags), and the like. Kits may optionally provide additional components such as
buffers and interpretative information.

[0187] The instructions relating to the use of the nanoparticle compositions
generally include information as to dosage, dosing schedule, and route of administration for
the intended treatment. The containers may be unit doses, bulk packages(e.g., multi-dose

packages) or sub-unit doses. For example, kits may be provided that contain sufficient
dosages of the taxane (such as taxane) as disclosed herein to provide effective treatment of
an individual for an extended period, such as any of a week, 2 weeks, 3 weeks, 4 weeks, 6

weeks, 8 weeks, 3 months, 4 months, 5 months, 7 months, 8 months, 9 months, or more.

Kits may also include multiple unit doses of the taxane and pharmaceutical compositions
and instructions for use and packaged in quantities sufficient for storage and use in

pharmacies, for example, hospital pharmacies and compounding pharmacies.
[0188] Those skilled in the art will recognize that several variations are possible
within the scope andspirit of this invention. The invention will now be described in

greater detail by reference to the following non-limiting examples. The following
examples further illustrate the invention but, of course, should not be construed as in any

way limiting its scope.

EXAMPLES

Example 1. Improved response and reducedtoxicities for Abraxane™ compared to
Taxol® in a Phase II study of Abraxane™given every three weeks.
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[0189] Significantly reduced incidence ofneutropenia and hypersensitivity, absence

of requirementof steroid premedication, shorter duration of neuropathy, shorter infusion

time and higher dose.

[0190] ABI-007 (Abraxane™),the first biologically interactive albumin-bound

paclitaxel in a nanoparticle form, free of any solvent, was compared with

Cremophor®-based paclitaxel (Taxol”) in individuals with metastatic breast cancer (MBC).

This phase JII study was performed to confirmthe preclinical studies demonstrating

superior efficacy and reduced toxicity of ABI-007 when compared with Taxol®.

Individuals were randomly assigned to 3-week cycles of either ABI-007 260 mg/m’(iv)

over 30 minutes without premedication (n = 229) or Taxol® 175 mg/m? IV over 3 hours

with premedication (n = 225). ABI-007 demonstrated significantly higher response rates

compared with Taxol® (33% vs. 19%; p = 0.001) and significantly longer time to tumor

progression (23.0 vs. 16.9 weeks; HR = 0.75; p = 0.006). There was a trend for longer

overall survival in individuals who received ABI-007 (65.0 vs. 55.7 weeks; p = 0.374). In

an unplanned analysis, ABi-007 improved survival in individuals receiving treatment as

second- or greater-line therapy (56.4 vs. 46.7 weeks; HR = 0.73; p = 0.024). The incidence

of grade 4 neutropenia wassignificantly lower in the ABI-007 group (9% vs. 22%;

p < 0.001) despite a 49% higher paclitaxel dose. Grade 3 sensory neuropathy was more

commonin the ABI-007 group thanin the Taxol® group (10% vs. 2%; p < 0.001) but was

easily managed and improved more rapidly (median, 22 days) than for Taxol® (median 73

days). No severe (grade 3 or 4) treatment-related hypersensitivity reactions occurred in any

of the individuals in the ABI-007 group despite the absence of premedication and shorter

adininistration time. In contrast, grade 3 hypersensitivity reactions occurred in the Taxol®

group despite standard premedication (chest pain: 2 individuals; allergic reaction: 3

individuals). Per protocol, corticosteroids and antihistamines were not administered

routinely to individuals in the ABI-007 group; however, premedication was administered.

for emesis, myalgia/arthralgia, or anorexia in 18 individuals (8%) in the ABI-007 group in

2% of the treatment cycles, whereas 224 individuals (>99%) in the Taxol® group received

premedication at 95% of the cycles. The only clinical chemistry value that was notably

different between the 2 treatment arms was higher serum glucose levels in the Taxol®-

treated individuals, who also had a higher incidence ofhyperglycemia reported as an AE

(adverse effects) (15 [7%] vs. 3 [1%]; p = 0.003). Overall, ABI-007 demonstrated greater

efficacy and a favorable safety profile compared with Taxol® in this individual population.

The improved therapeutic index and elimination of the steroid premedication required for
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solvent-based taxanes make this nanoparticle albumin-boundpaclitaxel an important

advance in the treatment of MBC.

Example 2. Weekly Abraxane™in Taxan e-Refractory Metastatic Breast Cancer

Individuals

[0191] A recent PhaseII clinical study showed that weekly administration of

Abraxane™ (nanoparticle albumin-boundpaclitaxel) at a dose of 125 mg/m? resulted in
long-term disease control in individuals with metastatic breast cancer whose disease had

progressed while being treated with Taxol” or Taxotere® (that is, individuals who are
taxane-refractory).

[0192] Abraxane™ is believed to representthe first biologically interactive

composition that exploits the receptor-mediated (gp60) pathway found to be integral to

achieving high intracellular tumor concentrationsof the active ingredient - paclitaxel. The

Phase II study included 75 individuals with taxane-refractory metastatic breast cancer.

Abraxane™ was administered weekly via a 30-minute infusion at 125 mg/m” without

steroid/antihistamine premedication or G-CSF prophylaxis. Individuals received three

weekly doses followed by one week ofrest, repeated every 28 days. Unlike Taxol® or
Taxotere®, which contain detergents that may inhibit tumor uptake, the mechanism of

action of the albumin-bound nanoparticle paclitaxel may result in improved outcomes,

especially in this difficult-to-treat individual population.

{0193] Specifically, the data showedthat despite this high weekly dose of 125

mg/m’ in this highly pre-treated and prior taxane-exposed individual population, only 3 of

75 individuals (4%) had to discontinue Abraxane™ due to peripheral neuropathy.

Furthermore, of those who experienced Grade 3 peripheral neuropathy, 80% were typically

able to resume treatment after a delay of only 1 or 2 weeks and continued to receive

Abraxane™at a reduced dose for an average of 4 additional months. This rapid

improvement was consistent with our observation from the Phase II trial - that the

peripheral neuropathy induced by paclitaxel alone(i.¢., without Cremophor®) improves
rapidly as compared to that induced by Taxol”. These Abraxane™clinicaltrial

experiences provide thefirst clinical opportunity to evaluate the effects of the

chemotherapeutic agent itself, paclitaxel, from the effects from those of solvents. Based

upon both the Phase IT and III experience, the data now suggest that the peripheral

neuropathy from Abraxane™ is not comparable to the peripheral neuropathy from Taxol”
or Taxotere” with respect to duration and impacton the individual.

67

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1426



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1427

WO2006/089290 PCT/US2006/006167

[0194] With regard to the clinical experience of peripheral neuropathy following

Taxol”or Taxotere®, Abraxis Oncology recently completed a survey of 200 oncologists
who were asked how long they thought the peripheral neuropathy induced by Taxol® took

to improve and/or resolve: 25% reported "7-12 months" and another 23% reported "never

resolved"; for Taxotere®, the respective percentages were 29% and 7%. These data are

consistent with the statements in the Taxotere® and Taxol® package inserts.

[0195] Analysis of the Phase [J data demonstrates Abraxane™to be active in this

poor-prognosis individual population (87% visceral (lung and liver) disease, 69% >3

metastatic sites, 88% tumor growth while on taxanes), of taxane-refractory individuals with

metastatic breast cancer. Observations included a 44% disease control in Taxotere®-

refractory individuals and 39% disease control in Taxol®-refractory individuals. Of those

individuals whose disease progressed while on Taxotere™alone in the metastatic setting

(n=27) a 19% response rate was noted after receiving weekly Abraxane™. Of those

individuals whose disease progressed while on Taxol® alonein the metastatic setting

(n=23) a 13% response rate was noted after receiving weekly Abraxane™.,

[0196] Abraxane™ was found to be well tolerated when administered weekly over

30 minutes without steroids or G-CSF prophylaxis: Grade 4 neutropenia = 3% (without

G-CSF); Grade 4 anemia = 1%; no severe hypersensitivity reactions (despite absence of

premedication). In this heavily pretreated individual population, 75% of individuals were

treated at the full high dose of 125 mg/m? weekly Abraxane™, with no dose reductions due

to toxicities/adverse events. Of the individuals who developed grade 3 sensory neuropathy,

77% were able to restart Abraxane™at a reduced dose (75-100 mg/m’) and received a

mean of 12.2 (range, 1-28) additional doses ofAbraxane™. It was remarkable to note that

of these individuals who resumed Abraxane™, 80% (8 of 10) were ableto restart the drug

within 14 days after improvement of neuropathy to Grade 1 or 2. These results support the

observations in the pivotal Phase III trial of 260 mg/m? Abraxane™administered every 3

weeks, in which rapid improvement ofneuropathy (median of 22 days) wasalso noted.

Taken together these two clinical trials suggest when paclitaxel is given alone, the

neuropathy which occurs appears to be short-lived andis easily managed.

[0197] Abraxane™utilizes the gp60 receptor based pathway onthe microvessel

endothelial cells to transport the albumin-paclitaxel complex out of the blood vessel and

into the tumorinterstitium, and it has been shownthat Taxol"was nottransported by this

mechanism. Furthermore, an albumin-binding protein, SPARC, was over-expressed in

breast tumors and mayplay a role in the increased intra-tumoral accumulation of
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Abraxane™., The proposed mechanism suggested that once in the tumor interstitium, the
albumin-paclitaxel complex would bind to SPARC that was present on the tumorcell

surface and be rapidly internalized into the tumorcell by a non-lysosomal mechanism.

[01498] In addition, the surfactants/solvents commonly used in current taxane

formulations such as Cremophor®, Tween® 80 and TPGS, strongly inhibit the binding of
paclitaxel to albumin, thereby limiting transendothelial transport. Additional data

presented showeda statistically improved efficacy of Abraxane™over Taxotere®in the

MX-1 mammarybreast carcinoma xenograft at equal dose.

[0199] In conclusion, 75% of individuals weretreated at full high dose with no dose

reductions. Data indicate rapid improvementofperipheral neuropathy when nanoparticle
albumin-boundpaclitaxel is administered alone, without the solvent Cremophor®.
Additional data provide increased evidence that mechanism of action may play important
role in enhancing individual outcomes.

Example 3. Abraxane™(ABI-007) acts synergistically with targeted antiangiogenic
pro-apoptotic peptides (KP) in MDA-MB-435 human tumor xenografts.

[0200] The antiangiogenic activity of small synthetic pro-apoptotic peptides

composed of two functional domains, one targeting the CD13 receptors (aminopeptidase N)
on tumor microvessels and the other disrupting the mitochondrial membrane following
internalization have previously been reported. See Nat Med. 1999 Sep; 5(9):1032-8. A

second generation dimeric peptide, CNGRC-GG-d(KLAKLAK)2, named HKP (Hunter

Killer Peptide) was found to have improved antitumoractivity. Since anti-angiogenic
agents such as Avastin® exhibit synergism in combination with cytotoxic agents such as 5-
fluorouracil, we evaluated the combination of the antiangiogenic HKP with Abraxane™

(ABI-007), an albumin nanoparticle paclitaxel that is transported by the gp60 receptorin
vascular endothelium (Desai, SABCS 2003), in MDA-MB-435 human breast tumor

xenografts.

[0201] Methods: MDA-MB-435 human tumor xenografts were established at an

average tumor volume of 100 mm*, mice were randomizedinto groups of 12-13 animals
and treated with HKP, Abraxane™, or HKP and Abraxane™, HKP was delivered iv.

(250 ug), once a week, for 16 weeks. Abraxane™ was administered i.v., daily for 5 days at
10 mg/kg/day only for thefirst week of treatment. The Abraxane™dose used was

substantially below its MTD (30 mg/kg/day, qd x 5) to prevent the tumor from complete
regression so effect of HKP could be noted.
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[0202] Results: At nineteen weeks of treatment, tumor volumewassignificantly

decreased between control group (10,298 mm? + 2,570) and HKP (4,372 mm? + 2,470: p<
0.05 vs control) or ABI-007 (3,909 mm? + 506; p < 0.01 vs control). The combination of

ABI-007 and HKP significantly reduced the tumor volume over either monotherapy (411

nom? + 386; p < 0.01 vs. Abraxane™ monotherapy or HKP monotherapy). The treatments
were well tolerated.

[0203] Conclusion: The combination ofAbraxane™ (ABI-007), a nanoparticle

albumin-boundpaclitaxel, with the vascular targeting anti-angiogenic dimeric peptide HKP

(CNGRC-GG-d(KLAKLAK),) against the MDA-MB-435 xenograft breast tumor showed a

significant reduction in tumor volume compared to monotherapyofeither agent alone. Our

results suggest that the combination of Abraxane™with antiangiogenic agents such as
HKPsor perhaps Avastin® may be beneficial.

Example 4. Metronomic ABI-007 Therapy: Antiangiogenic and Antitumor Activity of
a Nanoparticle Albumin-bound Paclitaxel

Example 4a

[0204] Methods: The antiangiogenic activity of ABI-007 wasassessed bythe rat

aortic ring, human umbilical vein endothelial cell (HUVEC)proliferation and tube

formation assays. Optimal dose ofABI-007 for metronomic therapy was determined by

measuring the levels of circulating endothelial progenitors (CEPs) in peripheral blood of

Balb/c non-tumor bearing mice (n=5/group; dosing: 1-30 mg/kg, i-p, qd x 7) with flow

cytometry (Shakedet al., Cancer Cell, 7:101-111 (2005)). Subsequently, the antitumor

effects of metronomic (qd; i-p.) and MTD (qd x 5, 1 cycle; i-v.) ABI-007 and Taxol® were

evaluated and compared in SCID mice bearing human MDA-MD-231 breast and PC3

prostate cancer xenografts.

[0205] Results: ABI-007 at 5 nM significantly (p < 0.05) inhibited rat aortic
microvessel outgrowth, human endothelial cell proliferation and tube formation by 53%,

24%, and 75%, respectively. The optimal dose ofABI-007 for metronomic therapy was

observed to be 6-10 mg/kg based on CEP measurements. Metronomic ABI-007 (6 me/kg)

but not Taxol® (1.3 mg/kg) significantly (p < 0.05) suppressed tumor growthin both
xenograft models. Neither ABI-007 nor Taxol® administered metronomically induced any
weight loss. Although MTD ABI-007 (30 mg/kg) inhibited tumor growth more effectively
than MTD Taxol” (13 mg/kg), significant weight loss was noted with the former.
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Interestingly, the antitumor effect of metronomic ABI-007 approximated that of MTD
Taxol®.

{0206} Conclusion: ABI-007 exhibits potent antiangiogenic and antitumoractivity

when used in a metronomic regime.

Example4b

[0207] Rat Aortic Ring Assay. Twelve-well tissue culture plates were coated with

Matrigel (Collaborative Biomedical Products, Bedford, MA) and allowed to gel for 30 min
at 37°C and 5% COz. Thoracic aortas were excised from 8- to 10-week-old male Sprague-
Dawleyrats, cut into 1-mm-long cross-sections, placed on Matrigel-coated wells and

covered with an additional Matrigel. After the second layer ofMatrigel had set, the rings

were covered with EGM-II and incubated overnight at 37°C and 5% CQ2. EGM-II consists

of endothelial cell basal medium (EBM-II; Cambrex, Walkersville, MD) plus endothelial

cell growth factors provided as the EGM-IT Bulletkit (Cambrex). The culture medium was

subsequently changed to EBM-II supplemented with 2% FBS, 0.25 pg/ml amphotericin B

and 10 pg/ml gentamycin. Aortic rings were treated with EBM-II containing the vehicle

(0.9% saline/albumin), carboxyamidotriazole (CAI, 12 ug/ml), or ABI-007 (0.05-10 nM

paclitaxel) for 4 days and photographed onthe fifth day. CAI, a known anti-angiogenic

agent, was used at a higherthanclinically achievable concentration as a positive control.

Experiments were repeated four times using aortas from four different rats. The area of

angiogenic sprouting, reported in square pixels, was quantified using Adobe Photoshop 6.0.

[0208] As shown in Figure 1A, ABI-007significantly inhibited rat aortic

microvessel outgrowth in a concentration-dependent manner relative to the vehicle control,

reaching statistical significance (p < 0.05) at 5 nM (53% inhibition) and 10 nM (68%

inhibition). The amount of albumin presentat each concentration of ABI-007 alone did not

inhibit angiogenesis.

[0209] Endothelial Cell Proliferation Assay. Human umbilical vein endothelial

cells (HUVEC; Cambrex) were maintained in EGM-II at 37°C and 5% CO2. HUVECs

were seeded onto 12-well plates at a density of 30,000 cells/well and allowedto attach

overnight. The culture mediumwas thenaspirated, and fresh culture medium containing

either the vehicle (0.9% saline/albumin), or ABI-007 (0.05-10 nM paclitaxel) was addedto

each well. After 48 h, cells were trypsinized and counted with a Coulter Z1 counter

(Coulter Corp., Hialeah, FL). All experiments were repeated three times.
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[0210] As shown in Figure 1B, human endothelial cell proliferation was

significantly inhibited by ABI-007 at 5 nM and 10 nM by 36% and 41%,respectively.

{0211} Endothelial Cell Tube Formation Assay. Eight-well slide chambers were

coated with Matrigel and allowed to gel at 37°C and 5% CO) for 30 min. HUVECs were

then seeded at 30,000 cells/well in EGM-II containing either the vehicle (0.9%

saline/albumin) or ABI-007 (0.05-10 nM paclitaxel) and incubated at 37°C and 5% CO, for

16h. After incubation, slides were washed in PBS,fixed in 100% methanol for 10 s, and

stained with DiffQuick solution Il (Dade Behring Inc., Newark, DE) for 2 min. To analyze

tube formation, each well was digitally photographed using a 2.5x objective. A threshold

level was set to mask the stained tubes. The corresponding area was measured as the

number ofpixels using MetaMorph software (Universal Imaging, Downingtown, PA).

Experiments were repeated three times.

[0212] As shown in Figure 1C, ABI-007 blocked tube formation by 75% at both 5
nM and 10 nM,

[0213] Determination of the In Vivo Optimal Biologic Dose ofABI-007 by

Measuring Circulating Endothelial Cells (CECs) and Circulating Endothelial Progenitors

(CEPs). Six- to eight-week-old female Balb/cJ mice were randomizedinto the following

eight groups (n=5 each): untreated, treated with i-p. bolus injections of either the drug

vehicle (0.9% saline/ albumin), or ABI-007at 1, 3, 6, 10, 15 or 30 mg/kg paclitaxel daily

for 7 days. At the end of the treatment period, blood samples were drawn by cardiac

puncture and collected in EDTA-containing vacutainer tubes (Becton Dickinson, Franklin

Lakes, NJ). CECs and CEPs were enumerated using four-color flow cytometry.

Monoclonalantibodies specific for CD45 were used to exclude CD45+ hematopoietic cells.

CECs and their CEP subset were depicted using the murine endothelial markers fetal liver

Kinase 1/VEGF receptor 2 (flk-1/VEGFR2), CD13, and CD117 (BD Pharmingen, San

Diego, CA). Nuclear staining (Procount; BD Biosciences, San Jose, CA) was performed to

exclude the possibility ofplatelets or cellular debris interfering with the accuracy of CEC

and CEP enumeration. After red cell lysis, cell suspensions were evaluated by a

FACSCalibur (BD Biosciences) using analysis gates designed to exclude deadcells,

platelets, and debris. At least 100,000 events/sample were obtained in order to analyze the

percentage of CECs and CEPs. The absolute number of CECs and CEPs was then

calculated as the percentage of the events collected in the CEC and CEP enumeration gates

multiplied by the total white cell count. Percentages of stained cells were determined and

compared to the appropriate negative controls. Positive staining was defined as being
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greater than non-specific background staining. 7-aminoactinomycin D (7AAD) was used
to enumerate viable versus apoptotic and deadcells.

[0214] Figure 2 shows that ABI-007 administeredi-p. daily for 7 days at 3, 10-30

meg/keg significantly decreased CEP levels in non-tumorbearing Balb/c] mice. However,
ABI-007 at 10-30 mg/kg was associated with a significant reduction of white blood cell

countindicative of toxicity. Although the reduction of CEP levels by ABI-007 at 6 mg/kg

did not reachstatistical significance, decrease in white blood cell count was notevident.

Therefore it was concluded that the in vivo optimal biologic dose for metronomic ABI-007

was between 3-10 mg/kg. In one study, metronomic Taxol® at 1.3, 3, 6, or 13 mg/kg given

ip. daily for 7 days did notsignificantly reduce viable CEP levels, whereas metronomic
Taxol® at 30 mg/kg or higher resulted in severe toxicity and eventually mortality in mice.

It was previously reportedthat the i.p. administration of Taxol® at doses commonly used in
the clinic resulted in entrapmentofpaclitaxel in Cremophor® EL micelles in the peritoneal

cavity and consequently, insignificant plasma paclitaxel concentration (Gelderblom et al.,
Clin. Cancer Res. 8:1237-41 (2002)). This would explain why doses of metronomic

Taxol® (1.3, 3, 6, and 13 mg/kg) that did not cause death failed to change viable CEP

levels. In this case, the ip. administration of metronomic Taxol” at 1.3 mg/kg would not

be anydifferent from that at 13 mg/kg. Therefore the lower dose, 1.3 mg/kg, was selected
to minimize the amount of Cremophor® EL perpaclitaxel administration for subsequent

experiments.

[0215] Antitumor effects of metronomic and MTD ABI-007 compared with
metronomic and MTD Taxol®. Humanprostate cancercell line PC3 and human breast

cancercell line MDA-MD-231 were obtained from the American Type Culture Collection

(Manassas, VA). PC3 cells (5 x 10°) were injected s.c. into 6- to 8-week-old male SCID
mice, whereas MDA-MB-231 cells (2 x 10°) were implanted orthotopically into the

mammuaryfal pad of female SCID mice. Whenthe primary tumor volume reached

approximately 150-200 mm?, animals were randomized into eight groups (n=5~10/group).
Each group wastreated with either 0.9% saline/albumin vehicle control, Cremophor® EL
vehicle control, metronomic Taxol® (1.3 mg/kg,i-p., qd), metronomic ABI-007 (3, 6, or 10

mg/kg paclitaxel, i-p., gd), MTD Taxol® (13 mg/kg,i-p., qd x 5, 1 cycle), or MTD ABI-
007 (30 mg/kg paclitaxel, iv., qd x 5, 1 cycle). Perpendicular tumor diameters were

measured with a caliper once a week and their volumes were calculated. At the end of the

treatment period, blood samples were drawn by cardiac puncture from mice in all groups.
CECs and CEPs were enumerated as described herein.
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[0216] Metronomic ABJ-007 (3, 6 and 10 mg/kg) but not Taxol® (1.3 mg/kg)

administered i.p. daily for 4 weeks significantly (p < 0.05) inhibited growth of both MDA-

MB-231 and PC3 tumors (Fig. 3A and Fig. 3B). Neither ABI-007 nor Taxol” administered

metronomically induced any weight loss (Fig. 3C and Fig. 3D). Although MTD ABI-007

(30 mg/kg) inhibited tumor growth more effectively than MTD Taxol” (13 mg/kg),
significant weight loss was noted with the former, indicating toxicity. In addition, two out

of five mice treated with MTD ABI-007 displayed signs of paralysis in one limb 6 days

after the last dose of drug. The paralysis was transient and resolved within 24-48 hours.

Interestingly, the antitumor effect of metronomic ABI-007 at 6 mg/kg approximated that of

MTD Taxol® in the MDA-MB-231 xenograft model (Fig. 3A). Increasing the dose of

metronomic ABJ-007 to 10 mg/kg did not seem to confer more pronounced tumor growth

inhibition. In contrast, metronomic ABI-007elicited greater antitumor response at 10

mg/kg than at 3 and 6 mg/kg in the PC3 xenografts (Fig. 3B).

[0217} Metronomic ABI-007 significantly decreased the levels of viable CEPs in a

dose-dependent manner in MDA-MB-231 tumor-bearing mice (Fig. 4A). Viable CEP

levels also exhibited a dose-dependent reduction in response to metronomic ABI-007 in

PC3 tumor-bearing mice, but reachedstatistical significance only at 10 mg/kg (Fig. 4B).

The levels of CEPs were not altered by metronomic Taxol® in both xenograft models (Fig.

44 and 4B).

[02138} Effects ofmetronomic and MTD ABI-007 and metronomiic and MTD

Taxol® on intratumoral microvessel density were studied. Five-wm thick sections obtained

from frozen MDA-MB-231 and PC3 tumors werestained with H&Efor histological

examination by standard methods knownto one skilled in the art. For detection of

microvessels, sections were stained with a rat anti-mouse CD31/PECAM-1 antibody

(1:1000, BD Pharmingen) followed by a Texas Red-conjugated goat anti-rat secondary

antibody (1:200, Jackson ImmunoResearch Laboratories, Inc., West Grove, PA). A single

microvessel was defined as a discrete cluster or single cell stained positive for

CD31/PECAM-1d, and the presence of a lumen was not required for scoring as a

microvessel. The MVDfor each tumorwasexpressedas the average count of the three

most densely stained fields identified with a 20x objective on a Zciss AxioVision 3.0

fluorescence microscopic imaging system. Fourto five different tumors per cachvehicle

control or treatment group were analyzed.

{0219} In MDA-MB-231 tumors, metronomic ABI-007 at 6 and 10 mg/kg as well
as MTD ABI-007 seemed to reduce microvessel density (MVD) slightly althoughstatistical
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significance was not reached (Fig. 5A). In PC3 tumors, metronomic ABI-007 at 3 and 10

mg/kg appeared to decrease MVD but without reachingstatistical significance (Fig. 5A).

Interestingly, a significant correlation existed between MVD andthe level of viable CEPs

in the MDA-MB-231 (Fig. 5B; r=0.76, P-0.04) but not in the PC3 (Fig. 5C; r=-0.071, P-

0.88) model.

[0220] In vivo angiogenesis evaluation were carried out. A Matrigel plug perfusion

assay was performed with minor modifications to methods known by oneskilled inthe art.

Briefly, 0.5 ml Matrigel supplemented with 500 ng/mlofbasic fibroblast growth factor

(bFGF; R&D Systems Inc., Minneapolis, MN) was injected s.c. on day 0 into the flanks of

10-week-old female Balb/cJ mice. On day 3, animals were randomly assigned to eight

groups (n= 5 each). Each group was treated with either 0.9% saline/albumin vehicle

control, Cremophor® EL vehicle control, metronomic Taxol® (1.3 mg/kg, i.p., qd),

metronomic ABI-007 G,6, or 10 mg/lg paclitaxel, i-p., qd), MTD Taxol® (13 mg/kg, 1.v.,

qd x 5), or MTD ABI-007 (30 mg/kg paclitaxel, i.v, qd x 5). As a negative control, five

additional female Balb/cJ mice of similar age were injected with Matrigel alone. On day

10, all animals were injected i.v. with 0.2 ml of 25 mg/ml FITC-dextran (Sigma, St. Louis,

MO). Plasma samples were subsequently collected. Matrigel plugs were removed,

incubated with Dispase (Collaborative Biomedical Products, Bedford, MA) overnight at

37°C, and then homogenized. Fluorescence readings were obtained using a FL600

fluorescence plate reader (Biotech Instruments, Winooski, VT). Angiogenic response was

expressed as the ratio ofMatrigel plug fluorescence to plasma fluorescence.

[0221] Metronomic ABI-007 at 6 and 10 mg/kg appeared to decrease angiogenesis

although the inhibition did not reach statistical significance (Fig. 6). Angiogenesis seemed

to be unaltered by metronomic ABI-007 at 3 mg/kg, MTD ABI-007, MTD and metronomic

Taxol® relative to the respective vehicle controls (Fig. 6). These observations were similar

to the intratumoral MVD results described herein.

Example 5. Nab-5109, A Nanoparticle albumin-bound IDN5109 (nab-5109) Shows

Improved Efficacy and Lower Toxicity over the Tween® formulation (Tween®-5109,

Ortataxel)

[0222] Methods: Nanoparticle nab-5109 was prepared using nab technology and

characterized by laser light scattering. Nab-5109 and Tween-5109 were tested against

Pgp+ DLD-1 (knownto be resistant against paclitaxel and docetaxel - Vredenburgetal,

JNCI 93: 1234-1245, 2001) human colon carcinoma xenograft in nude mice (n=5/group) at
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doses of 50 mg/kg (Tween®-5109, previously shown as MTD) and 75 mg/kg (nab-5109)
given q3d x 4,i.v. Control groups of PBS and human serum albumin (HSA) were also

used.

[0223] Results: Nab-5109 yielded nanoparticles with mean size, Zaye=119 nm and
Zeta potential = -32.7 mV. Nab-5109 waslyophilized to a dry powderthat easily dispersed

in saline. In vivo, there was significantly more weight loss (ANOVA, p<0.001) in the

tumor bearing animals with Tween®-5109 (50me/kg, 8.8% wt loss) than with nab-5109

(75mg/kg, 3.4% wt loss) indicating substantially lower toxicity of nab-5109 despite the

50% higher dose. There was significant tumor suppression by nab-5109 and Tween®-5109
(ANOVA,p<0.0001 vs. controls) with tumor growth delays of 36 and 28 days respectively

for nab-5109 (75 mg/kg) and Tween®-5109 (50 mg/kg). Nab-5109 was more effective than

Tween®-5109 (ANOVA,p=0.0001) in suppressing tumor growth. There were no

differences between the PBS and HSA control group in term of toxicity and efficacy.

[6224] Conclusion: Nanoparticle albumin-bound, nab-5109 was successfully

prepared and could be given at 50% higher dose than Tween®-5109 with lowertoxicity
despite higher dose. At this higher dose, 75 mg/kg (q3d x 4), nab-5109 showed

significantly improved efficacy in the Pgp+ DLD-1 human colon xenograft compared with

Tween®-5109.

Example 6. Nanoparticle Albumin Bound (xab) Dimeric Thiocolchicines nab-5404,

nab-5800, and nab-5801: A Comparative Evaluation of Antitumor Activity vs

Abraxane™and Irinotecan

[0225] Methods: Nanoparticle colchicines were prepared using nab technology.

Cytotoxicity was evaluated in vitro using human MX-1 breast carcinomacultures. In vivo

anti-tumoractivity (auman HT29 colon tumor xenograft) in nude mice was compared

against Irinotecan and Abraxane™. Doselevels for the nab-colchicines and Irinotecan

were 20 mg/kg, 30 mg/kg, and 40 mg/kg, given q3d x 4, iv. Abraxane™ was dosed atits

MTD, 30 mg/kg, given qd x 5.

[0226] Results: The hydrophobic thiocolchicine dimers yielded nanoparticles with

average size Zave (nm) of 119, 93, and 84 for nab-5404, nab-5800, and nab-5801,

respectively. The nanoparticle suspensions weresterilized through 0.22 umfilters and

lyophilized. In vitro, nab-5404 was the most potentof the three analogs against MX-1 (p<

0.0005, ANOVA), (IC50 (ug/ml): 18, 36 and 77 for nab-5404, nab-5800 and nab-5801

respectively) as well as against the HT29 xenograft in vivo (p < 0.0001, ANOVA). Tumor
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volume was suppressed by 93%, 79%, and 48% with nab-5404 at doses 40 mg/kg, 30

mg/kg, and 20 mg/kg, respectively. In contrast, tumor volume was only suppressed by

31%, 16%, and 21% with nab-5800; and 17%, 30%, and 23% with nab-5801 at 40 mg/kg,

30 mg/kg, and 20 mg/kg, respectively. Nab-5404 was more effective than Irinotecan at all

dose levels (p < 0.008, ANOVA) with tumor volumesfor Irinotecan suppressed by only

48%, 34%, and 29% at dose levels of 40 mg/kg, 30 mg/kg, and 20 mg/kg,respectively. In

comparison to Abraxane™, nab-5404 was moreactive at equitoxic dose (ETD) based on

equal weight loss (p < 0.0001, ANOVA). Tumor volume was suppressed 93% by

nab-5404 (40 mg/kg, q4d x 3) and 80% by Abraxane™ (30 mg/kg, qd x 5)at their

respective ETDs.

[0227] Conclusions: Nab technology was utilized to convert 3 hydrophobic dimeric

thiocolchicines (IDN5404, IDN5800, IDN5801) to nanoparticles suitable for LV.

administration. Nab-5404 had superior antitumoractivity in vitro and in vivo compared to

nab-5800 and nab-5801. Nab-5404 was more potent than Innotecan at equal dose. At

equitoxic dose, defined by weight loss, nab-5404 was more potent than Abraxane™. These

data warrant further investigation of nab-5404.

Example 7. Abraxane™ vs Taxotere®: A Preclinical Comparison of Toxicity and

Efficacy

[0228] Methods: Toxicity of Abraxane™ and Taxotere® was compared in a dose-

ranging study in nude mice given the drugs on a q4d x 3 schedule. The dose levels were

Taxotere” 7, 15, 22, 33, and 50 me/kg and ABX 15, 30, 60, 120, and 240 mg/kg.

Antitumoractivity of Abraxane™ and Taxotere® was compared in nude mice with human

MX-1 mammary xenografts at a dose of 15 mg/kg weekly for 3 weeks.

[0229] Results: In the dose-escalation study in mice, the Taxotere® maximum

tolerated dose (MTD) was 15 mg/kg and lethal dose (LDj99) was 50 mg/kg. In contrast, the

Abraxane™ MTD was between 120 and 240 mg/kg and LDj99 was 240 mg/kg. In the

tumor study Abraxane™ was more effective than equal doses of Taxotere® in tumor growth

inhibition (79.8% vs 29.1%, p < 0.0001, ANOVA).

[0230] Conclusion: Nanoparticle abumin-boundpaclitaxel (Abraxane™) was

superior to Taxotere® in the MX-1 tumor model whentested at equal doses. Furthermore,

the toxicity of Abraxane™was significantly lower than that of Taxotere”, which would

allow dosing of Abraxane™at substantially higher levels. These results are similar to the
enhanced therapeutic index seen with Abraxane™ compared to Taxol” and suggest that thep Pp
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presence of surfactants may impairthe transport, antitumor activity and increase the

toxicity of taxanes. Studies in additional tumor models comparing Abraxane™ and

Taxotere™ are ongoing.

Example 8. A Nanoparticle Albumin Bound Thiocolchicine dimer (nab-5404) with

Dual Mechanismsof Action on Tubulin and Topoisomerase-1: Evaluation of In vitro

and In vivo Activity

[0231] Methods: IDN5404 wastested for cytotoxic activity using the MCF7-S

breast carcinoma and its multidrug resistant variant, MCF7-R (pgpt). Its cytotoxicity was

also assessed against the NCI-60 human tumorcell line panel. The nanoparticle albumin

bound nab-5404 was administered IV using various schedules, to SCID mice implanteds.c.

with a human A121 ovarian tumor xenograft.

[0232} Results: Against MCF7cell lines, the parent compound, colchicine,

demonstrated tumor growth inhibition with the IC50 value (50% growth inhibitory

concentration) for MCF7-S cells at 3.9+0.2nM. The resistant variant MCF7-R

demonstrated an 1C50 of 66 + 8.6 nM, approximately a 17-fold increase due to drug

resistance. IDN5404, demonstrated increased activity against both cell lines, displaying

IC50 values of 1.7 +0.1 and 40 + 3.8 nM,respectively. These results were confirmed

within the NCI 60 human tumorcell line panel with IDN5404 having a mean IC50 of <10°

8M and >10 fold resistance between the MCF7-S and the MCF7-Rcell lines. The

COMPARE algorithm identified IDN5404 as a tubulin binder similar to vinca alkaloids,

confirming the previous results. Jn vivo against the A121 ovarian tumorxenograft, efficacy

and toxicity of nab-5404 was dose and schedule dependent. Nanoparticle nab-5404 was

well tolerated and capable of inducing complete regressions and cures: at 24 mg/kg

administered IV qd x 5, 5 of S mice were long-term survivors (LTS) with no evidence of

tumor. However, increasing the dosage to 30 mg/kg resulted in 5 of 5 toxic deaths. Ona

q3d x 4 schedule, 30 mg/kg resulted in 4 of 5 mice LTS and at 50 mg/kg, 5 of 5 toxic

deaths. Using a q7d x 3 schedule, 40 mg/kg resulted in 3 of 5 mice LTS and at 50 mg/kg, 4
of 4 LTS were noted.

[0233] Conclusions: IDN5404, a new thiocolchicine dimer with dual mechanism of

action showed activity in pgp-expressing, cisplatin and topotecanresistant cell lines. Jn

vivo, nanoparticle albumin bound nab-5404 was active against A121 ovarian xenografts.

Example 9. Combination Studies of Abraxane™ and Other Agents
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Due to the advantageousproperties of Abraxane™ (ABX,the nanoparticle

albumin-boundpaclitaxel) noted above, it was used and being used in a numberofstudies

with different modes of administration and schedules and in combination with other

oncology drugs as well as radiation treatment. These are listed below:

[0235] 

Randomized Phase II Trial of

Weekly Abraxane™ in Combination
with Gemcitabine in Individuals

with HER2 Negative Metastatic
Breast Cancer

ABX 125, Gem 1000 mg/m?,
D1,8; q 3wk

 

A phaseII study of weekly
dose-dense nanoparticle paclitaxel
(ABI-007) carboplatin, with
Herceptin® as first or second-line
therapy of advanced HER? positive
breast cancer

ABX 100 mg/m’, Carbo AUC
2, both D1,8,15; Her 2 mg/kg
(4 mg/kg on wk a) q4wk x 6

In metastatic breast cancer, these studies include:

To evaluate the combination of ABX
and Gemcitabine in Ist-line MBC. 
Data will be important for using
ABX in combination with carbo

and/or Herceptin®. Also helpful for
other combinations.

  

Weekly Vinorelbine and
Abraxane™, with or without G-CSF,
in stage IV breast cancer: a phase
T-IT study

 
L1: ABX 80, Nav 15; L2:

 
ABX 90, Nav 20; L3: ABX
100, Nav 22.5; L4: ABX 110,
INav 25; L5: ABX 125, Nav 25
qwk

 

Multi-center study of ABX in
combination with Navelbine®in
1st-line MBC.

  

PhaseII trial of weekly Abraxane™
monotherapy for Ist-line MBC (plus
Herceptin® in Her2+ pts)

ABX 125 mg/m’ Q3/4wk

 

 
 
A relatively large phase II of ven
ABX monotherapy at 125 mg/m?in
ist-line MBC.

 

 
 

Phase I/II trial Abraxane™plus
[Doxil® for MBC plus limited PK ABX + Anthracycline  

3-arm phase II trial in Ist-line MBC
ABX weekly (130 mg/m’) vs.
q2wk (260 mg/m’) vs. q3wk
(260 mg/m’)

 
 

   To optimize ABX monotherapy
regime for MBC

 
  
  

3-arm phaseItrial in Ist-line and
2nd-line MBC,with biological
correlates analyses

ABX weekly vs. ABX q3wk
vs. Taxol® weekly
 

Phase I/II Abraxane™+ GW572016 TBD

 

A phase I dose escalation study ofa

 
2 day oral gefitinib
chemosensitization pulse given prior
to weekly Abraxane™in individuals
with advanced solid tumors

Abraxane™ 100 mg/m*
weekly, 3 out of 4 weeks:

 
x 2 days

randomized ABX MBCtrial to

obtain important data: weekly ABX
vs. weekly Taxol®; weekly ABX vs.
3-weekly ABX; plus biomarker
study (caveolin-1 and SPARC).
combination of ABX and

GW572016 (a dual EGFR inhibitor
and one of the most promising new
biological agents for BC).

 

 

This phaseItrial is to determine the
safety and tolerability of a 2 day

 
Gefitinib starting at 1000 mg/d gefitinib pulse given prior to

Abraxane™administration.
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weekly ABX (125 mg/m?, 2 To evaluatethe combination of ABX
. . jfand Xeloda® in 1st-line MBC, usinPhase II 1"line MBCtrial wk on and 1 wk off) + Xeloda®2™ 2 NSIne

825 mg/m? d 1-14 q3wk 2 weekly on and 1 weekly off ABX
regime.

 
  

  Phase II pilot adjuvanttrial of Dose dense AC + G CSF -->
Abraxane™in breast cancer weekly ABX --> Avastin®

  A pilot adjuvant study of a "super
dose dense"

 

 

 
 

 

Abraxane™jn dose-dense adjuvant
chemotherapy for early stage breast

A pilot adjuvant study of dose dense
ABX regime -- an alternate ofa  AC q2wx4+G CSF -—> ABX

  
 

 

  

  
cancer qewk x 4 standard adjuvant regime

Phase II pilot adjuvant trial of AC Q2wk --> ABX q2wk+—|A pilot adjuvant study in preparation
Abraxane™in breast cancer G-CSF for phase IIE adjuvanttrial

[0236] In Breast cancer neoadjuvantsetting studies include: 

‘Neoadjuvant: Gem 2000,
PhaseII Trial of Dose Dense Epi 60, ABX 175 mg/m’, /This neoadjuvant study is based on the
Neoadjuvant Gemcitabine, Epirubicin, |Neul 6 mg SC, all D1 q2_ |GET data from Europe which showed
ABI-007 (GEA) in Locally Advanced |wk x 6 Adjuvant:Gem {high activity. In the currentregime,
or Inflammatory Breast Cancer 2000, ABX 220, Neul6 J/ABX will replace T, or Taxol®.

mg D1 q2wk x4

  

Phase II preoperative trial of ABX 220 mg/mq2wk x
Abraxane™ followed by FEC (+ 6 followed by FEC x 4
Herceptin® as appropriate) in breast (+Herceptin® for Her2+
cancer pts) 

Pre-clinical study ofdiug-drug
: : ABX + other agentsinteraction  

 
 

(ABX + Herceptin®)
Phase II neoadjuvant followed by (Navelbine®

4 Herceptin®) 
 

  To evaluate AC followed by
Randomized phaseII trial of aeaefollowed ABX/carbo or ABX/carbo/Herceptin®
neoadjuvant chemotherapy in , combinations vs TAC (a FDA
individuals with breast cancer approved adjuvant BC regime) in

neoadjuvantsetting.

followed

ABX+carbotHerceptin®

  
 

 
 
 

 
 
 

 
 

 

 
 
 

 
 
 

 

Phase I neoadjuvanttrial of
Abraxane™and capecitabine in
locally advanced breast cancer

ABX: 200 mg/m? D1;
el: 1000 mg/m? D1-14;
q3wk x 4

Phase I] trial of neoadjuvant
chemotherapy (NCT) with
nanoparticle paclitaxel (ABI-007,
Abraxane™) in women withclinical
stage ITA, IIB, ITA,IIIB, and IV (with
intact primary) breast cancers

 

  ABX: 300 mg/m? q3wk
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{0237} In lung cancer the studies melude:  

 
 

 
 

 
  

   
 

Phase VI study of Abraxane™
monotherapy in Ist-line advanced
INSCLC

 
 

The first phase II trial of ABX
ABX weekly combo with carbo in NSCLC.  

ABX: 125mg/m?*
11,8,15; Carbo: AUC
6 D1; q4 wk

 Phase II Trial of weekly Abraxane™
plus carboplatin in 1st-line NSCLC   
 
 

 

 
||

 
  
  
  

  
 

  
  

 
 

 
  
  
  
 
 
 
 

 
 
 

 

Arm 1: ABX 100, 125, 1... . .
150 mg/m? Di,8,15 ‘This 2-arm phase I study will

: : generate important data on
awh Arm 2: ABX| ABX/carbo combination for
220, 260, 300 me/m" iprther studies of this comb
D1 q3wk. Carbo net $ OF thts combo
AUC6in both arms in multiple diseases.

A. Phase I Trial of Carboplatin and
Abraxane™ ona weekly and every
three week schedule in individuals
with Advanced Solid Tumor

Malignancies  

 

 ABX Level(a): 225
mg/m2; Level(b): 260
img/m2; Level(3):300
meg/m2;q3wk Carbo
fixed at AUC6 q3wk

This phase II NSCLC study
will generate data for a future
phase III registration trial in
lung cancer

Phase IJ study of ABI 007
(Abraxane™)and carboplatin in
advanced non-small cell lung cancer.

 
 

 
L

Phase I study of ABI 007
(Abraxane™) and carboplatin

Phase [/IT study of Abraxane™+
Alimta® for 2nd-line NSCLC

 

IABX and Alimta® can be a

TBD promising combination due ta
the non-overlapping toxicity
profiles. 

Phase III tial of Abraxane™plus
cisplatin in advanced NSCLC
 

Phase WII study of Abraxane™,
WNavelbine®, and Cisplatin for
treatment of advanced NSCLC

 
 

 

  
 Phase1] ABX mono in1:st-line
INSCLC   ABX 260 mg/m’ q3wk (The lst ABX trial in NSCLC.
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Cohort 1: ABX q3wk;
Cohort 2: ABX

weekly. Doses TBD

Phase Ik study of Abraxane™
monotherapy in Znd-line NSCLC

  

Phase J/H trial of weekly Abraxane™
and carboplatin in advanced NSCLC 1st line   
[02338] Studies in Prostate include:

 
 

 
 

  Randomized phase Il ABX 100 mg/m?
weekly vs Q3W in frontline weekly vs 260
ERP mg/m? q3wk 
 

 
 
 
 

 

 

  
Phase I] ABX in Ist-line

prostate cancer

Phase Il study of weekly ABX in Ist-line
weekly ABX RPC 
  

A multi-center neoadjuvanitrial ofABX
in prostate cancer plus biomarker study.

 
  
 
   

  
 

 
  
  
  
  
 

 
 Phase II neoadjuvant study TBD 

Phase I] ABX 100 mg weekly
mo break 

[0239] Studies in ovarian cancer include:
 

 Phase I study of Abraxane™
for treatment of advanced
ovarian cancer (3rd-line)
Phase I study of Abraxane™
plus carbo for treatment of
advanced ovarian cancer

 

 
 

awoo td
 

 ‘A. phase II trial of
Abraxane™/Carboplatin in
ecurrent ovarian cancer
 

{0240} Studies in Chemoradiation include:
  

  
 
  

Phase I/II trial of Abraxane™
combined with radiation in
NSCLC
 

 Abraxane™ Combined With
Radiation

HI&N (Head and Neck Cancer}

[0241] Otherstudies include:

 animal model
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Phase II study of ABX in treatment of
persistent or recurrent carcinomaofthe
cervix

125 mg/m’ d1,8,15
q28 days

PI in preciously treated (100 ABX)
and untreated (150 ABX) metastatic
melanoma
  

Ph TI single treatment use of ABI-007
for the treatment of non-hematologic
malignancies 
Abraxane™Combined With

antiangiogenic agents, e.g., Avastin®.

  

Abraxane™ Combined With

proteasomeinhibitors e.g., Velcade®.,

  

Abraxane™ Combined With EGFR

inhibitors e.g., Tarceva®.

 

A randomized phaseII trial of weekly
gemcitabine, Abraxane™, and external
irradiation for locally advanced
pancreatic cancer
   
Example 10. Combination of nanoparticle invention drugs with other agents and

modesof therapy.

[0242] Lowertoxicity of nanoparticle invention drugs described herein allow

combination with other oncology drugs and other modesof treatment with more

advantageous outcome. These include nanoparticle forms of paclitaxel, docetaxel, other

taxanes and analogs, geldanamycins, colchicines and analogs, combretastatins and analogs,

hydrophobic pyrimidine compounds, lomaiviticins and analogs including compounds with

the lomaiviticin core structures, epothilones and analogs, discodermolide and analogs and

the ike. The invention drugs may be combined with paclitaxel, docetaxel, carboplatin,

cisplatin, other platins, doxorubicin, epirubicin, cyclophosphamide, iphosphamide,

gemcitabine, capecitabine, vinorelbine, topotecan,irinotecan, tamoxifen, camptothecins,

5-FU, EMP,etoposide, methotraxate and thelike.
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Example 11. Combination of Abraxane™ with Carboplatin and Herceptin®

[0243] The combination of Taxol® and carboplatin has shown significant efficacy

against metastatic breast cancer. On a weekly schedule, in this combination, Taxol® can

only be dosed at up to 80mg/m’*. Higher doses cannotbe tolerated due to toxicity. In

addition, HER-2-positive individuals derive greater benefit when Herceptin®is includedin

their therapeutic regime. This open-label Phase II study was conducted to determine the

synergistic therapeutic effect of ABJ-007 (Abraxane™) with these agents. The current

study was initiated to evaluate the safety and antitumoractivity of ABI-007/carboplatin

with Herceptin® for individuals with HER-2 positive disease. ABI-007 was given in

combination with carboplatin and Herceptin® administered intravenously weekly to

individuals with HER-2 positive advanced breast cancer. A cohort of 3 individuals

received ABI-007 at a dose of 75 mg/m’ IV followed by carboplatin at target AUC = 2

weekly and Herceptin® infusion (4 mg/kg at week 1, and 2 mg/kg on all subsequent wecks)

for 1 cycle. These individuals tolerated the drug very well so for all subsequent cycles and

individuals the dose of ABI-007 was escalated to 100 mg/m?. Six individuals were treated

to date. Of the 4 individuals that were evaluated for response, all 4 (100%) showed a

responseto the therapy. It should be noted that due to lower toxicity of Abraxane™,a

highertotal paclitaxel dose could be given compared to Taxol® withresulting benefits to

the individuals.

Example 12. Combination of Abraxane™ with Carboplatin

[0244] The combination of Taxol® and carboplatin has shown significant efficacy

in lung cancer. Another study with Abraxane™in combination with carboplatin on a 3

weekly schedule in individuals with lung cancer is ongoing.

Example 13. Use of Abraxane™ in Combination With Radiation

Example 13a

[0245] Abraxane™, combined with clinical radiotherapy, enhances therapeutic

efficacy and reduces normaltissue toxicity. Abraxane™is used to increase the therapeutic

gain of radiotherapy for tumors; to enhance tumorresponseto single and fractionated

itradiation; to enhance normal tissue responseto radiation and to increase therapeutic ratio

of radiotherapy.
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[0246] A murine ovarian carcinoma, designated OCa-I, which has been investigated

extensively is used, First, optimal timing of Abraxane™ administration relative to local

tumorradiation is timed to produce maximum antitumorefficacy. Tumors are generated in

the right hind leg of mice by i.m. injection of tumorcells and treatmentis initiated when

the tumors reach 8mm in size. Mice are treated with 10 Gy single dose irradiation, a single

dose of Abraxane™or with combination therapy of Abraxane™ given at different times 5

days before to 1 day after irradiation. A dose of Abraxane™ equal to about 1% times more

than the maximum tolerated dose ofpaclitaxel is used, a dose of 90 mg/kg. The endpoint

of efficacy is tumor growth delay. The groups consist of 8 mice each. Tumors are

generated and treated as described in Aim 1. The endpoint of efficacy is tumor growth

delay. Tumorsare irradiated with 5, 7.5 or 10 Gy delivered either in a single dose or in

fractionated doses of 1, 1.5 or 2 Gy radiation daily for five consecutive days. Since

Abraxane™is retained in the tumor for several days and exerts its enhancing effect on each

of the five daily fractions, Abraxane™is given onceat the beginning ofthe radiation

regime. Since the ultimate goal in clinical radiotherapy is to achieve tumorcure, the

potential for Abraxane™to enhance tumorradiocurability is determined. The same

scheme as described for the fractionated tumor growth delay study is used, except that a

range of doses from 2 to 16 Gy is given daily for five consecutive days (total radiation dose

10 to 80 Gy). Tumorsare followed for regression and regrowth for up to 120 days after

irradiation, when TCD50 (the dose ofradiation needed to yield local tumor cure in 50

percent of animals) is determined. There are two TCDS50 assays: radiation only and

Abraxane™plus radiation, and each assay consists of 10 radiation dose groups containing

15 mice each. To provide therapeutic gain, any radioenhancing agent, including

Abraxane™, must increase tumor radioresponse more than increase normal tissue damage

byradiation. Damage to jejunal mucosa, a highly proliferative tissue affected by taxanesis

assessed. The jeyunal microcolonyassay is used to determine the survival of crypt

epithelial cells in the jejunum ofmice exposed to radiation. Mice are exposed to whole

body irradiation (WBD with daily doses of X-rays ranging from 3 to 7 Gyforfive

consecutive days. The mice are treated with Abraxane™,at an equivalent paclitaxel dose

of 80 mg/kg, administered i.v. 24 h before the first dose of WBI and killed 3.5 days after

the last dose of WBI. The jejunumis prepared forhistological examination, and the

number of regenerating crypts in the jejunal cross-section is counted. To construct

radiation survival curves, the number ofregenerating crypts is converted to the numberof

surviving cells.
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Example 13b

[0247] The objective of this study was to assess whether ABI-007 (a) as a single

agent has antitumoractivity against the syngeneic murine ovarian carcinoma OCa-1 and(b)

enhancesthe radiation response of OCa-1 tumors in a combined treatment regime as

described in the previous example with the following modifications.

[0248] OCa-1 tumor cells were injected i.m. into the hind leg of C3H mice. When

tumors grew to a mean diameter of 7 mm,single treatment with local radiation (10 Gy) to

the tumor-bearing leg, ABJ-007 90 mg/kg i.v., or both, was initiated. To determine the

optimal treatment scheduling, ABI-007 was given from 5 days to 9 hours before radiation

as well as 24 hours after radiation. Treatment endpoint was absolute tumor growth delay

(AGD), defined as the difference in days to grow from 7-12 mm in diameter between

treated and untreated tumors. For groups treated with the combination of ABI-007 and

radiation, an enhancement factor (EF) was calculated as the ratio of the difference in days

to grow from 7 to 12 mm betweenthe tumors treated with the combination and those

treated with ABI-007 alone to the AGD oftumorstreated with radiation only. To assess

the radiation-enhancing effect of ABI-007 for a fractionated radiation regime on the

endpoint tumor cure, a TCD50 assay was performed and analyzed 140 days post treatment.

Total doses of 5 to 80 Gy in 5 daily fractions were adminisiered either alone or combined

with ABJ-007 24 hours before thefirst radiation dose.

[0249] As a single agent, ABJ-007 significantly prolonged the growth delay of the

OCa-1 tumor (37 days) compared to 16 days for untreated tumors. ABJ-007 as a single

agent was more effective than a single dose of 10 Gy, which resulted in a delay of 29 days.

For combined treatment regimes, ABI-007 given at any time up to 5 days before radiation,

produced a supra-additive antitumor effect. EF was 1.3, 1.4, 2.4, 2.3, 1.9, and 1.6 at

intertreatmentintervals of 9h, 24 h and2, 3, 4, and 5 days, respeclively. When ABI-007

was givenafterradiation, the combined antitumor treatment effect was less than additive.

Combined treatment with ABJ-007 and radiation also had a significant effect on tumor cure

by shifting the TCD50 of 55.3 Gy for tumors treated with radiation only to 43.9 Gy for

those treated with the combination (EF 1.3).

[0250] This experiment demonstrated that ABI-007 possesses single-agent

antitumoractivity against OCa-1 and enhancesthe effect of radiotherapy when given

several days prior. As previously demonstrated for paclitaxel and docetaxel, the radiation
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enhancementis likely a result of multiple mechanisms, with a cell cycle arrest in G2/M

being dominantat short treatment intervals and tumor reoxygenation at longer intervals.

Example 14. Combination of Abraxane™and Tyrosine Kinase Inhibitors

[0251] Pulse-dosing of gefitinib in combination with the use of Abraxane™is

useful to inhibit the proliferation of EGFr expressing tumors. 120 nude mice are inoculated

with BT474 tumorcells to obtain at least 90 mice bearing BT474 xenograft tumors and

split into 18 experimental arms (5 mice each). Arm 1 mice receive controli.v. injections.

All other mice receive weekly i.v. injections ofAbraxane™at 50 mg/kg for 3 weeks. Arm

2 receive Abraxane™ alone. Arms 3, 4, 5, 6, 7, 8 receive weekly Abraxane™ preceded by

2 days of a gefitinib pulse at increasing doses. Arms 9, 10, 11, 12, 13 recerve weekly

Abraxane™preceded by one day of a gefitinib pulse at increasing doses. Arms 14, 15, 16,

17, 18 receive weekly Abraxane™along with everyday administration of gefitinib at

increasing doses. The maximumtolerated dose of gefitinib that can be given ina 1 or 2

day pulse preceding weekly Abraxane™or in continuous administration with Abraxane™

is established. In addition, measurement of anti-tumor responses will determine whether a

dose-response relationship exists and whether 2 day pulsing or 1 day pulsing is superior.

These data are used to select the optimal dose ofpulse gefitinib and that of continuousdaily

gefitinib given with Abraxane™.

[0252] 120 nude mice are inoculated with BT474 tumorcells to obtain 90 mice

bearing tumors. These mice are split into 6 groups (15 each). Arm 1 receive control i.v.

injections. Arm 2 receive Abraxane™ 50 mg/kg i.v. weekly for 3 weeks. Arm 3 receive

oral gefitinib at 150 mg/kg/day. Arm 4 receive Abraxane™50 mg/kg along with daily

gefitinib at the previously established dose. Arm 5 receive Abraxane™ 50 mg/kg preceded

by a gefitinib pulse at the previously established dose and duration. Arm6 receive only a

weekly gefitinib pulse at the previously established dose. After three weeks of therapy,

mice are followed until controls reach maximum allowed tumorsizes.

Example 15. Phase II Study of Weekly, Dose-dense nab “-Paclitaxel (Abraxane™),

Carboplatin With Trastuzumab® AsFirst-line Therapy Of Advanced HER-2 Positive
Breast Cancer

[0253] This study aimed to evaluate (1) the safety and tolerability and (2) the

objective response rate of weekly dose-dense trastuzumab/Abraxane™/carboplatin as first-

line cytotoxic therapy for patients with advanced/metastatic (Stage TV adenocarcinoma)
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HER-2-overexpressing breast cancer. Trastuzumab is a monoclonal antibody, also known

as Herceptin®, which bindsto the extracellular segment of the erbB2 receptor.
[0254] Briefly, patients without recent cytotoxic or radiotherapy were included.

Doses of Abraxane™were escalated from 75 mg/m” as 30-min i.v. infusions on days 1, 8,

15 up to 100 mg/m’for subsequent cycles accordingto the standard 3 + 3 rule. Carboplatin
AUC = 2 was given as 30-60 mini.v. infusions on days 1, 8, 15 and for an initial 29 day

cycle. Trastuzumab was given as i.v. 30-90 min infusion on days 1, 8, 15, 22 at a dose of 4

mg/kg at week 1 and 2 mg/kg onall subsequent weeks.

[0255] Of 8 out of 9 patients evaluable for response the response rate (confirmed

plus unconfirmed) was 63% with 38% stable disease. The most common toxicities were

neutropenia (grade 3: 44%; grade 4: 11%) and leukocytopenia (33%).

[0256] These results suggest that trastuzumab plus Abraxane™plus carboplatin

demonstrated a high degree of antitumoractivity with acceptable tolerability as a first-line

therapy for MBC.

Example 16. Phase II Trial of Capecitabine Plus nab”-Paclitaxel (Abraxane!™) in the
First Line Treatment of Metastatic Breast Cancer

[0257] The purpose of this phase II study wasto evaluate thesafety, efficacy (time

to progression and overall survival), and quality oflife ofpatients with MBC whoreceived

capecitabine in combination with Abraxane™, Capecitabineis a fluoropyrimidine

carbamate also knownas Xeloda® which has been shown to have substantial efficacy alone
and in combination with taxanes in the treatment of MBC.

[0258] In this open-label, single-arm study, Abraxane™125 mg/m? was given by

i.v. infusion on day 1 and day 8 every 3 weeks plus capecitabine 825 mg/m’given orally

twice daily on days 1 to 14 every 3 weeks. Patients were HER-2/neu negative with a life

expectancy of greater than 3 months. Patients had no prior chemotherapy for metastatic

disease, no prior capecitabine therapy, and no prior fluoropyrimidine therapy and paclitaxel

chemotherapy given in an adjuvantsetting.

[0259] 12 patients have been enrolled with safety analysis completed onthe first 6

patients and the response rate evaluable after 2 cycles inthe first 8 patients. There were no

unique or unexpected toxicities with no grade 4 toxicities or neuropathy greater than grade

1, Response data were confirmed ononlythe first 2 cycles of therapy(first evaluation

point) in 6 patients. Two patients have completed 6 cycles with 1 partial response and 1
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stable disease. Of the first 8 patients after 2 cycles, there were 2 partial responses and 4
with stable disease.

[0260] These results show that combination of capecitabine and weekly
Abraxane™at effective doses is feasible with no noveltoxicities to date. Abraxane™

related toxicity was mainly neutropenia withoutclinical consequences, and hand foot
syndrome was the major toxicity of capecitabine.

Example 17. Pilot Study of Dose-Dense Doxorubicin Plus Cyclophosphamide Followed

by nab-paclitaxel (Abraxane™) in Patients with Early-Stage Breast Cancer

[0261] The objective of this study was to evaluate the toxicity of doxorubicin

(adriamycin) plus cyclophosphamide followed by Abraxane™in early stage breast cancer.
[0262] Patients had operable, histologically confirmed breast adenocarcinomaof an

early stage. The patients received doxorubicin (adriamycin) 60 mg/m” plus

cyclophosphamide 600 mg/m? (AC) every 2 weeks for 4 cycles followed by Abraxane™
260 mg/m? every two weeksfor 4 cycles.

[0263] 30 patients received 4 cycles of AC, and 27 of 29 patients received 4 cycles
of Abraxane™; 33% ofpatients received pegfilgrastim (Neulasta®) for lack of recovery of
ANC(absolute neutrophil count) during Abraxane™, Nine patients (31%) had Abraxane™

dose reductions due to non-hematologic toxicity. A total of 9 patients had grade 2 and 4
patients had grade 3 peripheral neuropathy (PN); PN improved by =1 grade within a
median of 28 days.

[0264] These results indicate that dose-dense therapy with doxorubicin (60 mg/m”)
plus cyclophosphamide (600 mg/m’) every 2 weeks for 4 cycles followed by dose-dense
Abraxane™(260 mg/m’) every 2 weeks for 4 cycles was well tolerated in patients with
early-stage breast cancer.

Example 18. Weekly nab-Paclitaxel (Abraxane™) as First Line Treatment of

Metastatic Breast Cancer with Trastuzumab Add On for HER-2/neu-Positive Patients

[0265] The purposeof the current study was to move weekly Abraxaneto a front-

line setting and add trastuzumab for HER2/neu-positive patients.

[0266] This phaseII, open-label study included 20 HER2-postivive and 50 HER2-

negative patients with locally advanced or metastatic breast cancer. Abraxane™ was given
at 125 mg/m? by 30 minute i.v. infusion on days 1, 8, and 15 followed by a weekofrest.
Trastuzumab was given concurrently with study treatment for patients who were HER2-
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positive. The primary endpoint was responserate and the secondary endpoints were time
to progression (TTP), overall survival (OS), and toxicity.

[0267] In the safety population, 23 patients received a median of 3 cycles of

Abraxane™to date. The most common treatment-related adverse event was grade 3

neutropenia (8.7%) with no grade 4 adverse events. One outof4 evaluable patients
responded to therapy.

Example 19. Phase I Trial of nab-Paclitaxel (Abraxane™) and Carboplatin
[0268] The aim of the current study was to determine the maximum tolerated dose

of Abraxane™ (both weekly and every 3 weeks) with carboplatin AUC =6and to compare
the effects of sequence of administration on pharmacokinetics (PK).

[0269] Patients with histologically or cytologically documented malignancy that

progressed after “standard therapy” were included. Arm 1 received Abraxane™ every 3

weeksin a dose escalation format based on cycle 1 toxicities (220, 260, 300, 340 mg/m”)

every 3 weeks followed by carboplatin AUC = 6. Arm 2 received weekly (days 1, 8, 15

followed by 1 week off) Abraxane™ (100, 125, 150 mg/m”) followed by carboplatin AUC

= 6. For the PK portion of the study, Abraxane™was followed by carboplatin in cycle 1

and the order of administration reversed in cycle 2 with PK levels determinedatinitial 6,
24, 48 and 72 hours.

[0270] On the every 3 weeks schedule, neutropenia, thrombocytopenia and

neuropathy were the most common grade 3/4 toxicities (3/17 each). On the weekly

schedule, neutropenia 5/13 was the most commongrade 3/4 toxicity. The best responses to

weekly administration at the highest dose of 125 mg/m* (n= 6) were 2 partial responses
(pancreatic cancer, melanoma) and 2 stable disease (NSCLC). The best responses to the

every three week administration at the highest dose of 340 mg/m? (n = 5) were 1 stable

disease (NSCLC)and 2 partial responses (SCLC, esophageal).

[0271] These data indicate activity of combination of Abraxane™ and carboplatin.

The MTD for the weekly administration was 300 mg/m’, andfor the once every 3 week
administration was 100 mg/m’.

Example 20. Phase II Trial of Dose-Dense Gemcitabine, Epirubicin, and nab-

Paclitaxel (Abraxane™) (GEA) in Locally Advanced/Inflammatory Breast Cancer

[0272} In an open-label, phase II study an induction/neoadjuvant therapy regime

wasinstituted priorto local intervention. The therapy regime was gemcitabine 2000 mg/m?
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iv. every 2 weeks for 6 cycles, epirubicin 50 mg/m? every 2 weeksfor 6 cycles,

Abraxane™175 mg/m? every 2 weeksfor 6 cycles, with pegfilgrastim 6 mg s.c. on day 2
every 2 weeks. The postoperative/adjuvant therapy regime after local intervention was

gemcitabine 2000 mg/m” every 2 weeks for 4 cycles, Abraxane™ 220 mg/m? every 2
weeks for 4 cycles and pegfilgrastim 6 mg s.c. day every 2 weeks. Patients included

females with histologically confirmed locally advanced/inflammatory adenocarcinoma of
the breast.

Example 21. Cytotoxic activity of zab-rapamycin in combination with Abraxane™on

vascular smooth muscle cells

[0273] Vascular smooth muscle cells (VSMC) were seeded onto 96 wells plates in

the presence of increasing concentrations ofnab-rapamycin and 0 uM, 1 uM, 10 uM,or

100 uM of Abraxane™ (ABI-007). To evaluate the cytotoxic effect ofnab-rapamycin and

Abraxane™, treated VSMCswerestained with ethidium homodimer-1 (Invitrogen,

Carlsbad CA) and analyzed for red fluorescence. Ethidium homodimer-1 is a high-affinity,

fluorescent nucleic acid stain that is only able to pass through compromised membranes of

deadcells to stain nucleic acids. As shown in Fig. 7A, nab-rapamycin, byitself, exhibited

dose-dependentcell killing as demonstrated by increasing fluorescence. Cell killing by
nab-rapamycin was not enhanced by Abraxane™at 1 1M or 10 uM; however, it was

greatly enhanced by Abraxane™ at 100 uM (ANOVA, p < 0.0001). Cells stained with

ethidium homodimer-1 as shown in Fig. 7A were also exposed to calcein. Calcein AM

(Invitrogen) is a non-fluorescent molecule that is hydrolyzed into fluorescent calcein by

nonspecific cytosolic esterases. Live cells exposed to calcein AM exhibit bright green

fluorescenceas they are able to generate the fluorescent product andretain it. As shown in

Fig. 7B, nab-rapamycin exhibited dose dependent cytotoxic activity as shown by a reduced

amountof fluorescent staining by calcein. This reduction in fluorescence was enhanced by

coincubation with Abraxane™ jin a dose dependent manner. ANOVAstatistic gave p <

0.0001 at all drug concentrations of Abraxane™,

Example 22. Cytotoxic activity of nab-rapamycin in combination with Abraxane™

against HT29 (humancolon carcinoma) tumor xenograft.
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[0274] Nude mice were implanted with 10° HT29 cells ontheir right flanks.

Treatment wasinitiated once the tumorwere palpable and were greater than 100-200 mm’.

The mice were randomly sorted into 4 groups (n= 8 per group). Group 1 received saline 3

times weekly for 4 weeks, 1.v.; Group 2 recerved Abraxane™ at 10 mg/kg, daily for 5 days,

i.p.; Group 3 received nab-rapamycin at 40 mg/kg, 3 times weekly for 4 weeks, i.v.; and

Group 4 received both nab-rapamycin (40 mg/kg, 3 times weekly for 4 weeks, i1.v.) and

Abraxane™ (10 mg/kg, daily for 5 days, i.p.). As shown in Fig. 8, the tumorsuppression

was greater for the Abraxane™ plus nab-rapamycin combination therapy than for either

single therapy group.

Example 23. Cytotoxic activity of nab-17-AAG in combination with Abraxane™

against H358 (human lung carcinoma) tumor xenograft.

[0275] Nude mice were implanted with 10’ H358 cells on theirright flanks.

Treatment wasinitiated once the tumors were palpable and were greater than 100-200 mm’.

The mice were randomly sorted into 4 groups (n= 8 per group). Group 1 received saline 3

times weekly for 4 weeks, i.v.; Group 2 received Abraxane™ at 10 mg/kg, daily for 5 days,

i.p.; Group 3 received nab-17-AAGat 80 mg/kg, 3 times weekly for 4 weeks, i.v.; and

Group 4 received both nab-17-AAG (80 mg/kg, 3 times weekly for 4 weeks, i.v.) and

Abraxane™(10 mg/kg, daily for 5 days, i.p.). As shown in Fig. 9, the tumor suppression

wasgreater for the nab-17-AAG plus Abraxane™ combinationtherapy thanfor either

single therapy group.

[0276] Althoughthe foregoing invention has been described in some detail by way

of illustration and example for purposes of clarity of understanding,it is apparent to those

skilled in the art that certain minor changes and modifications will be practiced. Therefore,

the description and examples should not be construed as limiting the scope of the invention.

[0277] All references, including publications, patent applications, and patents, cited

herein are hereby incorporated by reference to the same extent as if each reference were

individually and specifically indicated to be incorporated by reference and wereset forth in

its entirety herein.

[0278] Preferred embodiments of this invention are described herein, including the

best mode knownto the inventors for carrying out the invention. Variations of those

preferred embodiments may become apparentto those of ordinary skill in the art upon

reading the foregoing description. The inventors expect skilled artisans to employ such
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variations as appropriate, and the inventors intend for the invention to be practiced

otherwise than as specifically described herein. Accordingly, this invention includesall

modifications and equivalents of the subject matter recited in the claims appended hereto as

permitted by applicable law. Moreover, any combination of the above-described elements

in all possible variations thereof is encompassed by the invention unless otherwise

indicated herein or otherwise clearly contradicted by context.

93

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1452



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1453

WO2006/089290 PCT/US2006/006167

CLAIMS

Whatis claimed is:

1. A methodoftreating a proliferative disease in an individual comprising administering to
the individual:

a) an effective amount of a composition comprising nanoparticles comprising a taxane and

an albumin, and

b) an effective amountof at least one other chemotherapeutic agent, wherein said

chemotherapeutic agent is selected from the group consisting of antimetabolites, platinum-

based agents, alkylating agents, tyrosine kinase inhibitors, anthracycline antibiotics, vinca

alkloids, proteasome inhibitors, macrolides, and topoisomerase inhibitors.

2. The method according to claim |, wherein said chemotherapeutic agent is an

antimetabolite agent.

3. The method according to claim 2, wherein said antimetabolite agent is gemcitabine,

capecitabine, or fluorouracil.

4. The method according to claim 1, wherein said chemotherapeutic agent is a platinum-

based agent.

5. The method according to claim 4, wherein said platinum-based agent is cisplatin or

carboplatin.

6. The method according to claim 1, wherein said chemotherapeutic agent is a tyrosine

kinase inhibitor.

7. The method according to claim 6, wherein said tyrosine kinase inhibitoris lapatinib.

8. The method according to claim 1, wherein the proliferative disease is cancer.

9. The method according to claim 8, wherein the cancer is breast cancer.
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10. The method according to claim 8, wherein the canceris lung cancer.

11. The method according to claim J, wherein the composition comprising nanoparticles

comprising taxane and albumin and the chemotherapeutic agent are administered

simultaneously.

12. The method according to claim 1, wherein the composition comprising nanoparticles of

taxane comprising albumin and the chemotherapeutic agent are administered sequentially.

13. The method according to claim 1, wherein the taxaneis paclitaxel.

14. The method according to claim 13, wherein the average diameter of the nanoparticles in

the composition is no greater than about 200 nm.

15. The method according to claim 14, wherein the weight ratio of the albumin and the

paclitaxel in the nanoparticle composition is less than about 9:1.

16. The method according to claim 14, wherein the nanoparticle composition is

substantially free of Cremophor.

17. The method according to claim 1, wherein the average diameter of the nanoparticles in

the composition is no greater than about 200 nm.

18. The method according to claim 17, wherein the weight ratio of the albumin and the

taxane in the nanoparticle composition is less than about 9:1.

19. The methodaccording to claim 17, wherein the nanoparticle compositionis

substantially free of Cremophor.

20. The method according to claim 1, wherein the individual is a human.

21. A methodoftreating a tumorin an individual comprising:

a) a first therapy comprising administering to the individual an effective amount ofa

composition comprising nanoparticles comprising a taxane and an albumin, and
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b) a second therapy comprising radiation therapy, surgery, or combinations thereof.

22. The method of claim 21, wherein the second therapyis radiation therapy.

23. The method of claim 22, wherein the radiation therapy occurs before the first therapy.

24. The method of claim 21, wherein the second therapy is surgery.

25. The method according to claim 21, wherein the taxaneis paclitaxel.

26. The method according to claim 25, wherein the average diameterof the nanoparticles in

the composition is no greater than about 200 nm.

27. The method according to claim 26, wherein the weight ratio of the albuminand the

paclitaxel in the nanoparticle composition is less than about 9:1.

28. The method according to claim 26, wherein the nanoparticle compositionis

substantially free of Cremophor.

29. The method according to claim 21, wherein the average diameter of the nanoparticles in

the composition is no greater than about 200 nm.

30. The method according to claim 29, wherein the weight ratio of the albumin and the

taxane in the nanoparticle composition is less than about 9:1.

31. The method according to claim 29, wherein the nanoparticle composition is

substantially free of Cremophor.

32. The method according to claim 21, wherein the individual is a human.

33. A method of administering a composition comprising nanoparticles comprising a

taxane and an albumin to an individual,

wherein the nanoparticle composition is administered overa period of at least one month,

wherein the interval between each administration is no more than about a week, and
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wherein the dose of taxane in the composition at each administration is about 0.25%to

about 25% of its maximumtolerated dose followinga traditional dosing regime.

34. The method according to claim 33, wherein the dose of taxane is about 0.25% to about

8% of its maximum tolerated dose following a traditional dosing regime.

35. The method according to claim 33, wherein the composition is administered at least

three times a week.

36. The method according to claim 33, wherein said taxane is paclitaxel.

37. The method according to claim 36, wherein the average diameterof the nanoparticles in

the composition is no greater than about 200 nm.

38. The method according to claim 37, wherein the weight ratio of the albumin and the

paclitaxel in the nanoparticle composition is less than about 9:1.

39. The method according to claim 37, wherein the nanoparticle compositionis

substantially free of Cremophor.

40. The method according to claim 33, wherein the average diameter of the nanoparticles in

the composition is no greater than about 200 nm.

41. The method according to claim 40, wherein the weight ratio of the albumin and the

taxane in the nanoparticle composition is less than about 9:1.

42. The method according to claim 40, wherein the nanoparticle composition is

substantially free of Cremophor.

43. The method according to claim 33, wherein the individual is a human.

44. A method oftreating a proliferative disease in an individual, comprising administering

to the individual: a) an effective amount of a composition comprising nanoparticles

comprising a taxane and an albumin; and b) an effective amount of a composition
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comprising nanoparticles comprising at least one other chemotherapeutic agent and an
albumin.

45. The method of claim 44, wherein the taxaneis paclitaxel.

46. The method of claim 44, wherein the chemotherapeutic agent is rapamycin.

47. The method of claim 44, wherein the chemotherapeutic agent is 17AAG.

48. The method of claim 44, wherein the individual is human.

49. The method of claim 44, wherein the proliferative disease is cancer.
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Fig. 6: Saline/Albumin control
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FIG. 7
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FIG. 8
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FIG. 9
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ORAL FORMULATIONSOF CYTIDINE ANALOGS

AND METHODS OF USE THEREOF 

I. CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claimspriority to U.S. Provisional Patent Application Nos.

61/053,609, filed May 15, 2008; 61/201,145, filed December 5, 2008; and 61/157,875, filed

March 5, 2009, the contents of each of which are incorporated by reference herein in their

entireties.

i. FIELD

[0002] Provided herein are pharmaceutical formulations comprising cytidine analogs, or

their salts, solvates, hydrates, precursors, and/or derivatives thereof, for oral administration in

subjects. Also provided are methods for making the formulations and methods for using the

formulations to treat diseases and disorders including cancer, disorders related to abnormal

cell proliferation, hematologic disorders, and immunedisorders, amongothers.

il. BACKGROUND

[0003} Canceris a major worldwide public health problem; in the United States alone,

approximately 570,000 cancer-related deaths were expected in 2005. See, e.g., Jemal et al.,
CA Cancer J. Clin. §5(1):10-30 (2005). Many types of cancer have been described in the

medicalliterature. Examples include cancer of the blood, bone, lung (e.g. , non-small-cell

lung cancer and small-cell lung cancer), colon, breast, prostate, ovary, brain, and intestine.

The incidence of cancer continues to climb as the general population ages and as new forms

of cancer develop. A continuing need exists for effective therapies to treat subjects with
cancer.

(0004) Myelodysplastic syndromes (MDS)refers to a diverse group of hematopoietic

stem cell disorders. MDS affects approximately 40,000-50,000 people in the U.S. and

75,000-85,000 subjects in Europe. MDS maybe characterized by a cellular marrow with

impaired morphology and maturation (dysmyelopoiesis), peripheral blood cytopenias, and a

variable risk of progression to acute leukemia, resulting from ineffective blood cell

Apotex v. Cellgene - IPR2023-00512
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production. See, e.g., The Merck Manual 953 (17th ed. 1999); List et al., J. Clin. Oncol.

8:1424 (1990).

[0005} MDSare groupedtogether because of the presence of dysplastic changes in one or

more of the hematopoietic lineages including dysplastic changes in the myeloid, erythroid,

and megakaryocytic series. These changesresult in cytopenias in one or moreofthe three

lineages. Patients afflicted with MDS may develop complications related to anemia,

neutropenia (infections), and/or thrombocytopenia (bleeding). From about 10% to about 70%

of patients with MDS may develop acute leukemia. In the early stages of MDS, the main

cause of cytopenias is increased programmedcell death (apoptosis). As the disease

progresses and converts into leukemia, a proliferation of leukemic cells overwhelms the

healthy marrow. The disease course differs, with some cases behaving as an indolent disease

and others behaving aggressively with a very short clinical course that converts into an acute

form of leukemia. The majority of people with higher risk MDS eventually experience bone

marrow failure. Up to 50% of MDSpatients succumb to complications, such as infection or

bleeding, before progressing to AML.

[0006] Primary and secondary MDSare defined by taking into account patients’ prior

history: previous treatments with chemotherapy, radiotherapy or professional exposure to

toxic substances are factors delineating secondary MDS (sMDS)from primary MDS.

Cytogenetically, one difference between the two groups is the complexity of abnormal

karyotypes; single chromosomeaberrationsare typical for primary MDS, while multiple

changes are more frequently seen in secondary disorders. Some drugs may havespecific

targets such as hydroxurea for 17p and topoisomerasesinhibitors for 11q23 and 21q22. The

genetic changesin the malignantcells of MDSresult mainly in the loss of genetic material,

including probable tumor suppressor genes.

[0007] Aninternational group of hematologists, the French-American-British (FAB)

Cooperative Group, classified MDSinto five subgroups, differentiating them from acute

myeloid leukemia. See, e.g., The Merck Manual 954 (17th ed. 1999); Bennett J. M.,e¢ al.,

Ann. Intern. Med, 103(4): 620-5 (1985); and Besa E. C., Med. Clin. North Am. 76(3): 599-

617 (1992). An underlyingtrilineage dysplastic change in the bone marrowcells of the

patients is found in all subtypes. Information is available regarding the pathobiology of

MDS,certain MDSclassification systems, and particular methodsof treating and managing

MDS. See, e.g., U.S. Patent No. 7,189,740 (issued March 13, 2007), which is incorporated by

reference herein inits entirety.
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[0008] Nucleoside analogs have been usedclinically for the treatment of viral infections

and cancer. Most nucleoside analogsare classified as anti-metabolites. After they enter the

cell, nucleoside analogs are successively phosphorylated to nucleoside 5'-mono-phosphates,

di-phosphates, and tri-phosphates.

[0009] 5-Azacytidine (National Service Center designation NSC-102816; CAS Registry

Number 320-67-2), also known as azacitidine, AZA, or 4-amino-l-B-D-ribofuranosy]-1,3,5-

triazin-2(1H)-one, is currently marketed as the drug product VIDAZA®. 5-Azacytidine is a

nucleoside analog, more specifically a cytidine analog. 5-Azacytidine is an antagonistofits

related natural nucleoside, cytidine. 5-Azacytidine and 5-aza-2'-deoxycytidine (also known

as decitabine, an analog of deoxycytidine) are also antagonists of deoxycytidine. A structural

difference between these cytidine analogs andtheir related natural nucleoside is the presence

of a nitrogen at position 5 of the cytosine ring in place of a carbon. 5-Azacytidine may be

defined as having the molecular formula CgH12N4Os, a molecular weight of 244.21 grams per

mole, and the following structure:

HO

OH OH

5-Azacytidine.

[0010] Other membersof the class of cytidine analogs include, for example: 1-B-D-

arabinofuranosylcytosine (Cytarabine or ara-C); 5-aza-2'-deoxycytidine (Decitabine or 5-aza-

CdR); pseudoisocytidine (psi ICR); 5-fluoro-2'-deoxycytidine (FCdR),; 2'-deoxy-2',2'-

difluorocytidine (Gemcitabine); 5-aza-2'-deoxy-2',2'-difluorocytidine; 5-aza-2'-deoxy-2'-

fluorocytidine; |-B-D-ribofuranosyl-2(1 H)-pyrimidinone (Zebularine); 2',3'-dideoxy-5-fluoro-

3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); 1-B-D-arabinofuranosyl-5-

azacytosine (Fazarabine or ara-AC); 6-azacytidine (6-aza-CR); 5,6-dihydro-5-azacytidine

(dH-aza-CR); N*-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine (Capecitabine); N*-octadecyl-

cytarabine; and elaidic acid cytarabine.
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[0011] After its incorporation into replicating DNA, 5-azacytidine or 5-aza-2'-

deoxycytidine forms a covalent complex with DNA methyltransferases. DNA

methyltransferases are responsible for de novo DNA methylation and for reproducing

established methylation patterns in daughter DNAstrands of replicating DNA. Inhibition of

DNAmethyltransferases by 5-azacytidine or 5-aza-2'-deoxycytidine leads to DNA

hypomethylation, thereby restoring normal functions to morphologically dysplastic, immature

hematopoietic cells and cancer cells by re-expression of genes involved in normalcell cycle

regulation, differentiation and death. The cytotoxic effects of these cytidine analogs cause

the death of rapidly dividing cells, including cancer cells, that are no longer responsive to

normal cell growth control mechanisms. 5-azacytidine, unlike 5-aza-2'-deoxycytidine, also

incorporates into RNA. The cytotoxic effects of azacitidine may result from multiple

mechanisms, including inhibition of DNA, RNAandprotein synthesis, incorporation into

RNAand DNA,and activation of DNA damage pathways.

{0012} 5-Azacytidine and 5-aza-2'-deoxycytidine have been tested in clinical trials and

showedsignificant anti-tumoractivity, such as, for example, in the treatment of

myelodysplastic syndromes (MDS), acute myelogenous leukemia (AML), chronic

myelogenous leukemia (CML), acute lymphocytic leukemia (ALL), and non Hodgkin’s

lymphoma (NHL). See, e.g., Aparicio et al., Curr. Opin. Invest. Drugs 3(4): 627-33 (2002).

5-Azacytidine has undergone NCI-sponsoredtrials for the treatment of MDS and has been

approved for treating all FAB subtypes of MDS. See, e.g., Kormnblith et al., J. Clin. Oncol.

20(10): 2441-2452 (2002); Silverman et al., J. Clin. Oncol. 20(10): 2429-2440 (2002). 5-

Azacytidine mayalter the natural course of MDSby diminishing the transformation to AML

throughits cytotoxic activity and its inhibition of DNA methyltransferase. In a Phase ITI]

study, 5-azacytidine administered subcutaneously significantly prolonged survival and time

to AMLtransformation or death in subjects with higher-risk MDS. See, e.g., P. Fenaux et al.,

Lancet Oncol., 2009, 10(3):223-32; Silverman et al., Blood 106(11): Abstract 2526 (2005).

[0013] 5-Azacytidine and other cytidine analogs are approved for subcutaneous (SC) or

intravenous (IV) administration to treat various proliferative disorders. Oral dosing of

cytidine analogs would be more desirable and convenient for patients and doctors, e.g., by

eliminating injection-site reactions that may occur with SC administration and/or by

permitting improved patient compliance. However, oral delivery of cytidine analogs has

proven difficult due to combinations of chemical instability, enzymatic instability, and/or

poor permeability. For example, cytidine analogs have been considered acid labile and
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unstable in the acidic gastric environment. Previous attempts to develop oral dosage forms of

cytidine analogs have required enteric coating of the drug core to protect the active

pharmaceutical ingredient (API) from what was understood and accepted to be

therapeutically unacceptable hydrolysis in the stomach, such that the drug is preferably

absorbedin specific regions of the lower gastrointestinal tract, such as the jejunum in the

small intestine. See, e.g., Sands, et al., U.S. Patent Publication No. 2004/0162263 (App. No.

10/698,983). In addition, a generally accepted belief in the art has been that water leads to

detrimental hydrolytic degradation of cytidine analogs during formulation, subsequently

affecting the stability of the API in the dosage form. As a result, coatings applied to the drug

core for prospective oral delivery of cytidine analogs have previously been limited to organic

solvent-based systems to minimize exposure of the API to water.

[0014] A great need remains for oral formulations and dosage formsof cytidine analogs,

such as, ¢.g., 5-azacytidine, to potentially permit, inter alia, more advantageous dosing

amounts or dosing periods; improved pharmacokinetic profiles, pharmacodynamicprofiles,

or safety profiles; evaluation of the benefits of long-term or maintenance therapies;

development of improved treatment regimens that maximize biologic activity; use of cytidine

analogs for treating new diseases or disorders; and/or other potential advantageous benefits.

IV. SUMMARY

[0015] Provided herein are pharmaceutical compositions comprising cytidine analogs,

wherein the compositions release the API substantially in the stomach uponoral

administration. Also provided are methods for making the compositions, and methods for

using the compositionsto treat diseases and disorders including cancer, disorders related to

abnormal cell proliferation, and hematologic disorders, among others.

[0016] In certain embodiments, the cytidine analog is 5-azacytidine. In other

embodiments,the cytidine analog is 5-aza-2'-deoxycytidine (decitabine or 5-aza-CdR). In yet

other embodiments, the cytidine analog is, for example: |-B-D-arabinofuranosylcytosine

(Cytarabine or ara-C); pseudoisocytidine (psi ICR); 5-fluoro-2'-deoxycytidine (FCdR); 2'-

deoxy-2',2'-difluorocytidine (Gemcitabine); 5-aza-2'-deoxy-2',2'-difluorocytidine; 5-aza-2'-

deoxy-2'-fluorocytidine; |-B-D-ribofuranosy]-2(1 H)-pyrimidinone (Zebularine); 2',3'-dideoxy-

5-fluoro-3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); 1-B-D-arabinofuranosy]-5-

azacytosine (Fazarabine or ara-AC); 6-azacytidine (6-aza-CR); 5,6-dihydro-5-azacytidine
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(dH-aza-CR); N*-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine (Capecitabine); N*-octadecyl-

cytarabine; elaidic acid cytarabine; or their derivatives or related analogs.

[0017] Certain embodiments herein provide compositions that are single unit dosage

forms comprising a cytidine analog. Certain embodiments herein provide compositions that

are non-enteric-coated. Certain embodiments herein provide compositions that are tablets

comprising a cytidine analog. Certain embodiments herein provide compositions that are

capsules comprising a cytidine analog. The capsules may be, e.g., a hard gelatin capsule or a

soft gelatin capsule; particular embodiments provide hydroxypropyl methylcellulose (HPMC)

capsules. In certain embodiments, the single unit dosage forms optionally further contain one

or more excipients. In certain embodiments, the tablets optionally further contain one or

more excipients. In other embodiments, the capsules optionally further contain one or more

excipients. In certain embodiments, the compositionis a tablet that effects an immediate

release of the API upon oral administration. In other embodiments, the composition is a

tablet that effects a controlled release of the API substantially in the stomach. In certain

embodiments, the composition is a capsule that effects an immediate release of the API upon

oral administration. In other embodiments, the composition is a capsule that effects a

controlled release of the API substantially in the stomach. In particular embodiments, the

tablet contains a drug core that comprises a cytidine analog, and optionally further contains a

coating of the drug core, wherein the coating is applied to the drug core using an aqueous

solvent, such as, for example, water, or non-aqueous solvent, such as, for example ethanol.

[0018] Certain embodiments herein provide methods of making formulations of cytidine

analogs intended for oral delivery. Further provided are articles of manufacture containing

packaging material, an oral formulation of a cytidine analog, and a label that indicates that

the formulation is for the treatment of certain diseases or disorders including, e.g., a cancer, a

disorder related to abnormalcell proliferation, a hematologic disorder, or an immune

disorder.

[0019] Certain embodiments herein provide methods of using the formulations provided

herein to treat diseases or disorders including, e.g., cancer, disorders related to abnormalcell

proliferation, hematologic disorders, or immune disorders, among others. In certain

embodiments, the formulations of cytidine analogs are orally administered to subjects in need

thereof to treat a cancer or a hematological disorder, such as, for example, MDS, AML, ALL,

CML, NHL,leukemia, or lymphoma;or a solid tumor, such as, for example, sarcoma,

melanoma, carcinoma, or cancer of the colon, breast, ovary, gastrointestinal system, kidney,
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lung(e.g., non-small-cell lung cancer and small-cell lung cancer), testicle, prostate, pancreas

or bone. In certain embodiments, the formulations of cytidine analogsare orally

administered to subjects in need thereofto treat an immunedisorder. In certain

embodiments, the oral formulations provided herein are co-administered with one or more

therapeutic agents to provide a synergistic therapeutic effect in subjects in need thereof. In

certain embodiments, the oral formulations provided herein are co-administered with one or

more therapeutic agents to provide a resensitization effect in subjects in need thereof. The

co-administered agents may be a cancer therapeutic agent, as described herein. In certain

embodiments, the co-administered agent(s) may be dosed, e.g., orally or by injection.

[0020] In particular embodiments, provided herein are tablets containing 5-azacytidine

and methods for making and using thetablets to treat cancer, disorders related to abnormal

cell proliferation, or hematologic disorders. In certain embodiments, the tablets optionally

further contain one or more excipients such as, for example, glidants, diluents, lubricants,

colorants, disintegrants, granulating agents, binding agents, polymers, and/or coating agents.

Examples of ingredients useful in preparing certain formulations provided herein are

described in, e.g., Etter et al., U.S. Patent Application Publication No. 2008/0057086 (App.

No. 11/849,958), which is incorporated herein by referencein its entirety.

[0021] Specific embodiments herein provide, inter alia, pharmaceutical compositions

comprising a therapeutically effective amount of 5-azacytidine, wherein the composition

releases the 5-azacytidine substantially in the stomach following oral administration to a

subject. Further embodiments provide the aforementioned compositions, which: are

immediate release compositions; do not have an enteric coating (i.e., are non-enteric-coated);

are tablets; are capsules; further comprise an excipient selected from any excipient disclosed

herein; further comprise a permeation enhancer; further comprise d-alpha-tocophery]

polyethylene glycol 1000 succinate; further comprise a permeation enhancer in the

formulation at about 2% by weightrelative to the total weight of the formulation; are

essentially free of a cytidine deaminase inhibitor; are essentially free of tetrahydrouridine;

have an amount of 5-azacytidine of at least about 40 mg; have an amountof 5-azacytidine of

at least about 400 mg; have an amount of 5-azacytidine of at least about 1000 mg; achieve an

area-under-the-curve value of at least about 200 ng-hr/mL following oral administration to a

subject; achieve an area-under-the-curve value ofat least about 400 ng-hr/mL following oral

administration to a subject; achieve a maximum plasma concentration of at least about 100

ng/mL following oral administration to a subject; achieve a maximum plasmaconcentration
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of at least about 200 ng/mL following oral administration to a subject; achieve a time to

maximum plasma concentration of less than about 90 minutes following oral administration

to a subject; and/or achieve a time to maximum plasmaconcentration of less than about 60

minutes following oral administration to a subject.

[0022] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves an area-under-the-curve value of

at least about 200 ng-hr/mL following oral administration.

[0023] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves an area-under-the-curve value of

at least about 400 ng-hr/mL following oral administration.

[0024] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves a maximum plasma concentration

of at least about 100 ng/mL following oral administration.

[0025] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amountof 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves a maximum plasma concentration

of at least about 200 ng/mL following oral administration.

[0026] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves a time to maximum plasma

concentration of, e.g., less than about 6 hr, less than about 5 hr, less than about 4 hr, less than

about 3 hr, less than about 2.5 hr, less than about 2 hr, less than about 1.5 hr, less than about1

hr, less than about 45 min, or less than about 30 min following oral administration. In

specific embodiments, the presence of food may affect (e.g., extend) the total exposure and/or

time to maximum plasma concentration.

[0027] Specific embodiments herein provide a pharmaceutical composition for oral

administration comprising a therapeutically effective amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves a time to maximum plasma

concentration of less than about 60 minutes following oral administration.
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[0028] Specific embodiments herein provide any of the aforementioned compositions, as

single unit dosage forms,tablets, or capsules.

[0029] Specific embodiments herein provide, inter alia, methodsfor treating a subject

having a disease associated with abnormalcell proliferation, comprising orally administering

to the subject a pharmaceutical composition comprising a therapeutically effective amount of

5-azacytidine, wherein the composition releases the 5-azacytidine substantially in the

stomach following oral administration to the subject. Further embodiments herein provide

the aforementioned methods, in which: the disease is myelodysplastic syndrome; the disease

is acute myelogenous leukemia; the method further comprises co-administering to the subject

in need thereof an additional therapeutic agent selected from any additional therapeutic agent

disclosed herein; the composition is an immediate release composition; the composition does

not have an enteric coating; the composition further comprises a permeation enhancer; the

composition further comprises the permeation enhancer d-alpha-tocopheryl polyethylene

glycol 1000 succinate; the composition further comprises d-alpha-tocopheryl polyethylene

glycol 1000 succinate in the formulation at about 2% by weightrelative to the total weight of

the formulation; the method further comprises not co-administering a cytidine deaminase

inhibitor with the cytidine analog; the composition is a single unit dosage form; the

composition is a tablet; the composition is a capsule; the composition further comprises an

excipient selected from any excipient disclosed herein; the amount of 5-azacytidine is at least

about 40 mg; the amountof 5-azacytidine is at least about 400 mg; the amountof 5-

azacytidine is at least about 1000 mg; the method achieves an area-under-the-curve value of

at least about 200 ng-hr/mL following oral administration to the subject; the method achieves

an area-under-the-curve value of at least about 400 ng-hr/mL following oral administration to

the subject; the method achieves a maximum plasmaconcentration ofat least about 100

ng/mL following oral administration to the subject; the method achieves a maximum plasma

concentration of at least about 200 ng/mL following oral administration to the subject; the

methodachieves a time to maximum plasmaconcentration of less than about 90 minutes

following oral administration to the subject; and/or the method achieves a time to maximum

plasma concentration of less than about 60 minutes following oral administration to the

subject

[0030] Specific embodiments herein provide, inter alia, pharmaceutical compositions

comprising a therapeutically effective amount of 5-azacytidine, wherein the compositions are

for treating a disease or disorder associated with abnormalcell proliferation, wherein the

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1480



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1481

WO2009/139888 PCT/US2009/002999
10

compositions are prepared for oral administration, and wherein the compositions are prepared

for release of the 5-azacytidine substantially in the stomach. Further embodiments herein

provide the aforementioned compositions, which: have an amountof 5-azacytidine of about

40 mg, about 400 mg, or about 1000 mg; are prepared to achieve an area-under-the-curve

value of at least about 200 ng-hr/mL or 400 ng-hr/mL following oral administration; are

prepared to achieve a maximum plasmaconcentration ofat least about 100 ng/mL or 200

ng/mL following oral administration; are prepared to achieve a time to maximum plasma

concentration of less than about 60 minutes or 90 minutes after being administered; are

prepared in the form of an immediate release composition; are prepared for oral

administration in combination with an additional therapeutic agent selected from any

additional therapeutic agent disclosed herein; are for treating myelodysplastic syndrome or

acute myelogenous leukemia; further comprise a permeation enhancer; which further

comprise the permeation enhancer d-alpha-tocopheryl polyethylene glycol 1000 succinate;

are single unit dosage forms;are tablets or capsules; and/or further comprise an excipient

selected from any excipient disclosed herein.

[0031] Specific embodiments herein provide, inter alia, uses of 5-azacytidine for the

preparation of a pharmaceutical composition for treating a disease associated with abnormal

cell proliferation, wherein the composition is prepared for oral administration, and wherein

the composition is prepared for release of the 5-azacytidine substantially in the stomach.

Further embodiments herein provide the aforementioned uses, in which: the disease is

myelodysplastic syndrome or acute myelogenous leukemia; the amount of 5-azacytidineis

selected from any amount disclosed herein; and/or the composition is prepared for immediate

release. Further embodimentsprovide,inter alia, methods for treating a subject having a

disease or disorder provided herein by administering a pharmaceutical compositions provided

herein, wherein the treatment results in improved survival of the subject.

V. BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Figure 1 represents processes and steps that may be used to make particular tablets

comprising azacitidine for oral dosing; in specific embodiments, one or more steps may be

optionally omitted.

[0033] Figure 2 represents human PK profiles following 75 mg/m? SC dosing of

azacitidine on Days 1 and 7 in a multiple dose escalation study (n = 18). The X-axis

represents time; the Y-axis represents azacitidine plasma concentrations (mean + SD).
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[0034] Figure 3 represents human PK profiles following SC (75 mg/m?) and PO (240 mg,

300 mg, and 360 mg) dosing of azacitidine in a multiple dose escalation study. The

azacitidine plasma PK profiles are compared among various doses. The X-axis represents

time; the Y-axis represents azacitidine plasma concentrations (mean + SD).

[0035] Figure 4 represents PD data from an individual patient (Subject 02008, 80 year old

male, RAEB-1) collected during a multiple dose escalation study. The patient was dosed

with azacitidine Formulation #3, 240 mg. Platelets (K/uL), Hgb (g/dL), ANC (K/pL), and
Relative BM Blast (%) are plotted versus sampling dates over the course of the study.

[0036] Figure 5 represents PD data from an individual patient (Subject 02007, 76 year old

male, CMML) collected during a multiple dose escalation study. The patient was dosed with

azacitidine Formulation #3, 240 mg. Platelets (K/uL), Hgb (g/dL), ANC (K/pL), and

Relative BM Blast (%) are plotted versus sampling dates over the course of the study.

[0037] Figure 6 represents PD data from an individual patient (Subject 02004, 61 year old

male, MDS, MDACC)collected during a multiple dose escalation study. The patient was

dosed with azacitidine Formulation 1, 120 mg. Platelets (K/pL), Hgb (g/dL), ANC (K/pL),

and Relative BM Blast (%) are plotted versus sampling dates over the course ofthe study.

[00338] Figure 7 represents a study design of a Rapid Aza Clinical Evaluation (RACE)

study CL008. Doses given on various days within a treatment cycle are depicted. Dose may

be administered + 1 day, as long as there is at least 48 hours between doses.

[0039] Figure 8 represents azacitidine human PK profiles from an individual patient

(Subject 106003, N = 1) following SC (124 mg, 75 mg/m”) and PO (180 mg, 360 mg, 1,200

mg, Formulation 4) dosing of azacitidine from a RACEclinical study. AUC(0-t) values for

the SC and PO dosesare depicted.

[0040] Figure 9 represents azacitidine human PKprofiles from an individual patient

(Subject 106004, N = 1) following SC (120 mg, 75 mg/m?) and PO (180 mg, 360 mg,1,200

mg, Formulation 6) dosing of azacitidine from a RACEclinical study. AUC(0-00) values for
the SC and PO dosesare depicted.

[0041] Figure 10 represents human PK profiles (linear scale) following SC and oral

administration of azacitidine in clinical studies.

[0042] Figure 11 represents human PKprofiles (semi-log scale) following SC andoral

administration of azacitidine in clinical studies.

[0043] Figure 12 represents human AUCvalues following SC dosing of azacitidine and

oral dosing of azacitidine with Formulations #3, #4, and #6 at various dosagelevels in
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clinical studies (CL005 and CL008).

[0044] Figure 13 represents human Cmax valuesin patients following SC dosing of

azacitidine and oral dosing of azacitidine with Formulations #3, #4, and #6 at various dosage

levels in clinical studies.

[0045] Figure 14 represents relative oral bioavailability in humans following oral dosing

of azacitidine with Formulations #3, #4, and #6 at various dosagelevels.

[0046] Figure 15 represents percent exposure in humansrelative to SC administration

following oral dosing of azacitidine with Formulations #3, #4, and #6 at various dosage

levels.

[0047] Figure 16 represents profiles of human plasma concentration versus time(linear

scale) following oral dosing of azacitidine with Formulations #3 and #6 and 180 mg (n=6).

[0048] Figure 17 represents linear scale profiles of human plasma concentration (ng/ml)

versus time (hr) following oral dosing of azacitidine with Formulations #3 and #6 and 360

mg (n=6).

[0049] Figure 18 represents a plot of values for individual (“ind”) and mean azacitidine

ACU(0-inf) (ng*hr/ml) versus azacitidine dose (mg), with calculated linear regression lines

for Formulations #3 and #6.

[0050] Figure 19 represents a comparison of azacitidine relative oral bioavailability (“%)

(mean + SD)versus azacitidine dose (mg) following dosing with Formulation #3 or #6.

[0051] Figure 20 represents a comparison of azacitidine exposure as compared to SC

dose (mean + SD) versus azacitidine dose (mg) following oral administration of Formulation

#3 or #6.

VI. DETAILED DESCRIPTION

[0052] Unless defined otherwise,all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art. All publications

and patents referred to herein are incorporated by reference herein in their entireties.

A. Definitions

[0053] Asused in the specification and the accompanying claims, the indefinite articles

“a” and “an” and the definite article “the” include plural as well as singular referents, unless

the context clearly dictates otherwise.

[0054] The term “about” or “approximately” means an acceptable error for a particular

value as determined by one ofordinary skill in the art, which depends in part on how the
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value is measured or determined. In certain embodiments, the term “about”or

“approximately” means within 1, 2, 3, or 4 standard deviations. In certain embodiments, the

term “about”or “approximately” means within 30%, 25%, 20%, 15%, 10%, 9%, 8%, 7%,

6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, or 0.05% of a given value orrange.

[0055] As used herein, and unless otherwise specified, the terms“treat,” “treating” and

“treatment” refer to the eradication or amelioration of a disease or disorder, or of one or more

symptomsassociated with the disease or disorder. In certain embodiments, the terms refer to

minimizing the spread or worseningof the disease or disorder resulting from the

administration of one or more prophylactic or therapeutic agents to a subject with such a

disease or disorder. In some embodiments, the termsrefer to the administration of a

compoundor dosage form provided herein, with or without one or more additional active

agent(s), after the onset of symptomsof the particular disease.
33 66

[0056] As used herein, and unless otherwise specified, the terms “prevent,” “preventing”

and “prevention”refer to the prevention of the onset, recurrence or spread of a disease or

disorder, or of one or more symptomsthereof. In certain embodiments, the terms refer to the

treatment with or administration of a compound or dosage form provided herein, with or

without one or more other additional active agent(s), prior to the onset of symptoms,

particularly to subjects at risk of disease or disorders provided herein. The terms encompass

the inhibition or reduction of a symptom ofthe particular disease. Subjects with familial

history of a disease in particular are candidates for preventive regimensin certain

embodiments. In addition, subjects who have a history of recurring symptomsare also

potential candidates for prevention. In this regard, the term “prevention” may be

interchangeably used with the term “prophylactic treatment.”
39 £6.

[0057] As used herein, and unless otherwise specified, the terms “manage,” “managing”

and “management”refer to preventing or slowing the progression, spread or worsening of a

disease or disorder, or of one or more symptomsthereof. Often, the beneficial effects that a

subject derives from a prophylactic and/or therapeutic agent do not result in a cure of the

disease or disorder. In this regard, the term “managing” encompassestreating a subject who

had suffered from the particular disease in an attempt to prevent or minimize the recurrence

of the disease.

[0058] As used herein, amelioration of the symptomsof a particular disorder by

administration of a particular pharmaceutical composition refers to any lessening, whether
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permanent or temporary, lasting or transient, that can be attributed to or associated with

administration of the composition.

[0059] As used herein, and unless otherwise specified, the terms “therapeutically

effective amount” and “effective amount” of a compound mean an amount sufficient to

provide a therapeutic benefit in the treatment or managementof a disease or disorder, or to

delay or minimize one or more symptomsassociated with the disease or disorder. A

“therapeutically effective amount” and “effective amount” of a compound mean an amountof

therapeutic agent, alone or in combination with one or more other agent(s), which provides a

therapeutic benefit in the treatment or managementof the disease or disorder. The terms

“therapeutically effective amount” and “effective amount” can encompass an amount that

improves overall therapy, reduces or avoids symptomsorcauses of disease or disorder, or

enhancesthe therapeutic efficacy of another therapeutic agent.

[0060] As used herein, and unless otherwise specified, a “prophylactically effective

amount” of a compoundis an amount sufficient to prevent a disease or disorder, or preventits

recurrence. A prophylactically effective amount of a compound means an amount of

therapeutic agent, alone or in combination with one or more other agent(s), which provides a

prophylactic benefit in the prevention of the disease. The term “prophylactically effective

amount” can encompass an amountthat improves overall prophylaxis or enhances the

prophylactic efficacy of another prophylactic agent.

[0061] “Tumor,” as used herein, refers to all neoplastic cell growth and proliferation,

whether malignant or benign, and all pre-cancerous and cancerouscells and tissues.

“Neoplastic,” as used herein, refers to any form of dysregulated or unregulated cell growth,

whether malignant or benign, resulting in abnormal tissue growth. Thus, “neoplastic cells”

include malignant and benign cells having dysregulated or unregulated cell growth.

[0062] The terms “cancer” and “cancerous”refer to or describe the physiological

condition in mammalsthat is typically characterized by unregulated cell growth. Examples

of cancer include, but are not limited to blood borne (e.g., lymphoma, leukemia) and solid

tumors.

[0063] The terms “composition,” “formulation,” and “dosage form,” as used herein are

intended to encompass compositions comprising the specified ingredient(s) (in the specified

amounts,if indicated), as well as any product(s) which result, directly or indirectly, from

combination of the specified ingredient(s) in the specified amount(s). By “pharmaceutical”

or “pharmaceutically acceptable”it is meant that any diluent(s), excipient(s) or carrier(s) in
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the composition, formulation, or dosage form are compatible with the other ingredient(s) and

not deleterious to the recipient thereof. Unless indicated otherwise, the terms “composition,”

“formulation,” and “dosage form” are used herein interchangeably.

[0064] The term “immediate release,” when used herein in reference to a composition,

formulation, or dosage form provided herein, means that the composition, formulation, or

dosage form does not comprise a component(e.g., a coating) that serves to delay the spatial

and/or temporal release of someorall of the API from the composition, formulation, or

dosage form beyond the stomach following oral administration. In certain embodiments, an

immediate release composition, formulation, or dosage form is one that releases the API

substantially in the stomach following oral administration. In specific embodiments, an

immediate release composition, formulation, or dosage form is one that is not delayed-

release. In specific embodiments, an immediate release composition, formulation, or dosage

form is one that does not comprise an enteric coating.

[0065] The term “non-enteric-coated,” when used herein, refers to a pharmaceutical

composition, formulation, or dosage form that does not comprise a coating intended to

release the active ingredient(s) beyond the stomach (e.g., in the intestine). In certain

embodiments, a non-enteric-coated composition, formulation, or dosage form is designed to

release the active ingredient(s) substantially in the stomach.

[0066] The term “substantially in the stomach,” when used herein in reference to a

composition, formulation, or dosage form provided herein, meansthat at least about 99%, at

least about 95%, at least about 90%,at least about 85%,at least about 80%, at least about

75%, at least about 70%,at least about 65%, at least about 60%, at least about 55%,at least
about 50%,at least about 45%,at least about 40%, at least about 35%, at least about 30%,at

least about 25%, at least about 20%, at least about 15%, or at.least about 10% of the cytidine

analog is released in the stomach. The term “released in the stomach” and related terms as

used herein refer to the process wherebythe cytidine analog is made available for uptake by

or transport acrosscells lining the stomach and then made available to the body.

[0067] The term “subject” is defined herein to include animals such as mammals,

including, but not limited to, primates (e.g., humans), cows, sheep, goats, horses, dogs, cats,

rabbits, rats, mice and the like. In specific embodiments, the subject is a human.

[0068] The terms “co-administration” and “in combination with” include the

administration of two or more therapeutic agents either simultaneously, concurrently or

sequentially within no specific time limits. In one embodiment, the agents are present in the
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cell or in the subject’s body at the same timeor exert their biological or therapeutic effect at

the same time. In one embodiment, the therapeutic agents are in the same composition or

unit dosage form. In other embodiments, the therapeutic agents are in separate compositions

or unit dosage forms. In certain embodiments,a first agent can be administeredpriorto (e.¢.,

5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,

24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6

weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequentto (e.g., 5 minutes,

15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48

hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or

12 weeks after) the administration of a second therapeutic agent.

[0069] The term “isotopic composition”refers to the amount of each isotope present in a

given atomic position, and “natural isotopic composition”refers to the naturally occurring

isotopic composition or abundance for a given atomic position. Atomic positions containing

their natural isotopic composition may also be referred to herein as “non-enriched.” Unless

otherwise designated, the atomic positions of the compoundsrecited herein are meant to

represent any stable isotope of that atom. For example, unless otherwise stated, when a

position is designated specifically as “H”or “hydrogen,” the position is understood to have

hydrogenat its natural isotopic composition.

[0070] The term “isotopically enriched” refers to an atomic position having an isotopic

composition other than the natural isotopic composition of that atom. “Isotopically enriched”

mayalso refer to a compoundcontaining at least one atomic position having an isotopic

composition other than the natural isotopic composition of that atom. As used herein, an

“isotopologue”is an isotopically enriched compound.

[0071] The term “isotopic enrichment”refers to the percentage of incorporation of an

amountof a specific isotope at a given atomic position in a molecule in the place of that

atom’s natural isotopic composition. For example, deuterium enrichmentof 1% at a given

position meansthat 1%ofthe molecules in a given sample contain deuterium at the specified

position. Because the naturally occurring distribution of deuterium is about 0.0156%,

deuterium enrichmentat any position in a compound synthesized using non-enriched starting

materials is about 0.0156%.

[0072] The term “isotopic enrichment factor”refers to the ratio between the isotopic

composition andthe natural isotopic composition of a specified isotope.
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[0073] With regard to the compoundsprovided herein, when a particular atomic position

is designated as having deuterium or “D,”it is understood that the abundance of deuterium at

that position is substantially greater than the natural abundance of deuterium, which is about

0.015%. A position designated as having deuterium typically has a minimum isotopic

enrichmentfactor of, in particular embodiments, at least 1000 (15% deuterium

incorporation), at least 2000 (30% deuterium incorporation), at least 3000 (45% deuterium

incorporation), at least 3500 (52.5% deuterium incorporation), at least 4000 (60% deuterium

incorporation), at least 4500 (67.5% deuterium incorporation), at least 5000 (75% deuterium

incorporation), at least 5500 (82.5% deuterium incorporation), at least 6000 (90% deuterium

incorporation), at least 6333.3 (95% deuterium incorporation), at least 6466.7 (97%

deuterium incorporation), at least 6600 (99% deuterium incorporation), or at least 6633.3

(99.5% deuterium incorporation) at each designated deuterium position.

[0074] The isotopic enrichment and isotopic enrichment factor of the compounds

provided herein can be determined using conventional analytical methods known to one of

ordinary skill in the art, including, e.g., mass spectrometry, nuclear magnetic resonance

spectroscopy, and crystallography.

B. Cytidine Analogs

1. Overview

[0075] Provided herein are dosage forms, pharmaceutical formulations and compositions

comprising cytidine analogs that release the API substantially in the stomach upon oral

administration. In certain embodiments, the cytidine analog is 5-azacytidine. In certain

embodiments, the cytidine analog is 5-aza-2'-deoxycytidine (decitabine or S-aza-CdR). In

certain embodiments, the cytidine analog is, for example: 1-B-D-arabinofuranosylcytosine

(Cytarabine or ara-C); pseudoiso-cytidine (psi ICR); 5-fluoro-2'-deoxycytidine (FCdR); 2’-

deoxy-2',2'-difluorocytidine (Gemcitabine); 5-aza-2'-deoxy-2',2'-difluorocytidine; 5-aza-2'-

deoxy-2'-fluorocytidine; 1-B-D-ribofuranosyl-2(1 #)-pyrimidinone (Zebularine); 2',3'-dideoxy-

5-fluoro-3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); 1-B-D-arabinofuranosyl-5-

azacytosine (Fazarabine or ara-AC); 6-azacytidine (6-aza-CR); 5,6-dihydro-5-azacytidine

(dH-aza-CR); N*-pentyloxy-carbonyl-5'-deoxy-5-fluorocytidine (Capecitabine);

N*-octadecyl-cytarabine; elaidic acid cytarabine; or a conjugated compound comprising a

cytidine analog anda fatty acid (e.g., an azacitidine—fatty acid conjugate, including, but not

limited to, CP-4200 (Clavis Pharma ASA) or a compounddisclosed in WO 2009/042767,

such as aza-C-5'-petroselinic acid ester or aza-C-5'-petroselaidic acid ester).
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[0076] In certain embodiments, cytidine analogs provided herein includeesterified

derivatives of cytidine analogs, such as, e.g., esterified derivatives of 5-azacytidine. In

particular embodiments, esterified derivatives are cytidine analogs that contain an ester

moiety (e.g., an acety] group) at one or morepositions on the cytidine analog molecule.

Esterified derivatives may be prepared by any method known inthe art. In certain

embodiments, esterified derivatives of a cytidine analog serve as prodrugsof the cytidine

analog, such that, e.g., following administration of an esterified derivative, the derivative is

deacetylated in vivo to yield the cytidine analog. A particular embodiment herein provides

2',3',5'-triacetyl-5-azacytidine (TAC), which possesses favorable physical-chemical and

therapeutic properties. See, e.g., International Publication No. WO 2008/092127

(International Application No. PCT/US2008/052124); Ziemba, A.J., et ai., “Development of

Oral Demethylating Agents for the Treatment of Myelodysplastic Syndrome”(Abstract No.

3369), In: Proceedings ofthe 100th Annual Meeting ofthe American Association for Cancer

Research; 2009 Apr. 18-22; Denver, Co. Philadelphia (PA): AACR; 2009 (both of which are

incorporated by reference herein in their entireties).

[0077] In certain embodiments, the cytidine analogs provided herein include any

compound whichis structurally related to cytidine or deoxycytidine and functionally mimics

and/or antagonizesthe action of cytidine or deoxycytidine. Certain embodiments herein

provide salts, cocrystals, solvates (e.g., hydrates), complexes, prodrugs, precursors,

metabolites, and/or other derivatives of the cytidine analogs provided herein. For example,

particular embodiments provide salts, cocrystals, solvates (e.g., hydrates), complexes,

precursors, metabolites, and/or other derivatives of 5-azacytidine. Certain embodiments

provide cytidine analogsthat are notsalts, cocrystals, solvates (e.g., hydrates), or complexes

of the cytidine analogs provided herein. For example, particular embodiments provide 5-

azacytidine in a non-ionized, non-solvated (e.g., anhydrous), non-complexed form. Certain

embodiments herein provide mixtures of two or more cytidine analogs provided herein.

[0078] Cytidine analogs provided herein may be prepared using synthetic methods and

procedures referenced herein or otherwise available in the literature. For example, particular

methods for synthesizing 5-azacytidine are taughtin, e.g., U.S. Patent No. 7,038,038 and

references discussed therein, each of which is incorporated herein by reference. 5-

Azacytidine is also available from Celgene Corporation, Warren, NJ. Other cytidine analogs

provided herein may be prepared using previously disclosed synthetic procedures available to

a person of ordinary skill in the art.
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[0079] In certain embodiments, exemplary cytidine analogs have the structures provided

below:

NH> NH> NH> NH»

or a cy ouLo nSo Ss
HO

oO

H HOH OH "OH He ae ou
Azacitidine Decitabine Cytarabine (Ara-C) Pseudoisocytidine (psi ICR)

NH> NH2

CY eo Cy : NH2~
N

HO “N Oo
ov Oo O HO

H H H H H H ke
OH F OH OH OH HS)

Gemcitabine Zebularine FCdR Emtriva

“SN HN* “SNCh Lk
Nw N Oo N Oo

HO HO

Oo Oo

‘4H H H H
OH OH OH OH

6-Azacytidine 5-6-Dihydro-5-azacytidine

2, Isotopically Enriched Cytidine Analogs

[0080] Particular embodiments herein provide isotopically enriched cytidine analogs,

prodrugsthereof, synthetic intermediates thereof, and metabolites thereof. For example,

specific embodiments herein provide isotopically enriched 5-azacytidine.

[0081] Isotopic enrichment(e¢.g., deuteration) of pharmaceuticals to improve

pharmacokinetics (“PK”), pharmacodynamics (“PD”), and toxicity profiles, has been

demonstrated previously with someclasses of drugs. See, e.g., Lijinsky er. al., Food Cosmet.

Toxicol., 20: 393 (1982); Lijinsky et. al., J. Nat. CancerInst., 69: 1127 (1982); Mangold et.

al., Mutation Res. 308: 33 (1994); Gordonet. al., Drug Metab. Dispos., 15: 589 (1987); Zello
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et. al., Metabolism, 43: 487 (1994); Gately ez. al., J. Nucl. Med., 27: 388 (1986); Wade, D.,

Chem.Biol. Interact. 117: 191 (1999).

[0082] Without being limited by any particular theory, isotopic enrichmentofa drug can

be used, for example, to: (1) reduce or eliminate unwanted metabolites; (2) increase the half-

life of the parent drug; (3) decrease the numberofdoses needed to achieve a desired effect;

(4) decrease the amountof a dose necessary to achieve a desired effect; (5) increase the

formation of active metabolites, if any are formed; and/or (6) decrease the production of

deleterious metabolites in specific tissues and/or create a more effective drug and/or a safer

drug for combination therapy, whether the combination therapyis intentional or not.

[0083] Replacementof an atom foroneof its isotopes may often result in a changein the

reaction rate of a chemical reaction. This phenomenonis known as the Kinetic Isotope Effect

(“KIE”). For example, if a C-H bondis broken during a rate-determining step in a chemical

reaction (i.e. the step with the highest transition state energy), substitution of a deuterium for

that hydrogen will cause a decrease in the reaction rate and the process will slow down. This

phenomenonis known as the Deuterium Kinetic Isotope Effect (“DKIE”). See, e.g, Foster et

al., Adv. Drug Res., vol. 14, pp. 1-36 (1985); Kushneret al., Can. J. Physiol. Pharmacol., vol.

77, pp. 79-88 (1999).

[0084] The magnitude of the DKIE can be expressed as the ratio between the rates of a

given reaction in which a C-H bondis broken, and the same reaction where deuterium is

substituted for hydrogen. The DKIE can range from about | (no isotope effect) to very large

numbers, such as 50 or more, meaning that the reaction can be fifty, or more, times slower

whendeuterium is substituted for hydrogen. Without being limited by a particular theory,

high DKIE values maybe duein part to a phenomenon known as tunneling, which is a

consequenceofthe uncertainty principle. Tunneling is ascribed to the small mass of a

hydrogen atom, and occurs becausetransition states involving a proton can sometimes form

in the absence of the required activation energy. Because deuterium has more mass than

hydrogen,it statistically has a much lowerprobability of undergoing this phenomenon.

[0085] Tritium (“T”) is a radioactive isotope ofhydrogen, used in research, fusion

reactors, neutron generators and radiopharmaceuticals. Tritium is a hydrogen atom that has 2

neutrons in the nucleus and has an atomic weight close to 3. It occurs naturally in the

environmentin very low concentrations, most commonly found as T20. Tritium decays

slowly (half-life = 12.3 years) and emits a low energy beta particle that cannot penetrate the

outer layer of human skin. Internal exposure is the main hazard associated with this isotope,
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yet it must be ingested in large amountsto posea significant health risk. As compared with

deuterium, a lesser amount oftritium must be consumedbefore it reaches a hazardouslevel.

Substitution oftritium (“T’’) for hydrogen results in yet a stronger bond than deuterium and

gives numerically larger isotope effects.

[0086] Similarly, substitution of isotopes for other elements, including, but not limited to,

30 or 4C for carbon, 77S, 34S, or °°S for sulfur, '°N for nitrogen, and 70 or !80 for oxygen,

maylead to an analogous kinetic isotope effect.

[0087] The animal body expresses a variety of enzymesfor the purpose of eliminating

foreign substances, such as therapeutic agents, from its circulation system. Examples of such

enzymesinclude the cytochrome P450 enzymes (“CYPs”), esterases, proteases, reductases,

dehydrogenases, and monoamine oxidases, to react with and convert these foreign substances

to more polar intermediates or metabolites for renal excretion. Some of the most common

metabolic reactions ofpharmaceutical compoundsinvolve the oxidation of a carbon-

hydrogen (C-H)bondto either a carbon-oxygen (C—O)or carbon-carbon (C—C)pi-bond.

The resultant metabolites may be stable or unstable under physiological conditions, and can

have substantially different pharmacokinetic, pharmacodynamic, and acute and long-term

toxicity profiles relative to the parent compounds. For many drugs, such oxidations are rapid.

As a result, these drugs often require the administration of multiple or high daily doses.

[0088] Isotopic enrichment at certain positions of a compoundprovided herein may

producea detectable KIE that affects the pharmacokinetic, pharmacologic, and/or

toxicological profiles of a compound provided herein in comparison with a similar compound

having a natural isotopic composition. In one embodiment, the deuterium enrichmentis

performed onthe site of C-H bond cleavage during metabolism.

[0089] Certain embodiments herein provide deuterium enriched 5-azacytidine analogs,

wherein one or more hydrogen(s) in the 5-azacytidine molecule is/are isotopically enriched

with deuterium. In certain embodiments, provided herein are compoundsof formula(1):

pe
A.|yy? ON

HO y?
oO

¥* ¥

y3 ys
OH OH

(1),
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wherein one or more Y atom(s) (ie., Y', Y7, Y°, Y*, Y°, Y°, and Y’)is/are hydrogen(s)

isotopically enriched with deuterium, and any remaining: Y atom(s) is/are non-enriched

hydrogen atom(s). In particular embodiments, one, two, three, four, five, six, or seven of the

indicated Y atom(s) is/are isotopically enriched with deuterium, and any remaining Y atom(s)

is/are non-enriched hydrogen(s).

[0090] In certain embodiments, one or more Y atoms on the ribose moiety of Compound

(I) are deuterium-enriched. Particular examplesinclude, but are not limited to, the following

compounds,in which the label “D”indicates a deuterium-enriched atomic position, ie., a

sample comprising the given compound has a deuterium enrichmentat the indicated

position(s) above the natural abundance of deuterium:
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[0091] In certain embodiments, the Y atom on the 5-azacytosine moiety of Compound(1)

is deuterium-enriched. Particular example includes the following compound, in which the

label “D” indicates a deuteri'um-enriched atomic position,7.¢., a sample comprising the given

compound has a deuterium enrichmentat the indicated position(s) above the natural

abundance of deuterium:

 
H H

OH OH

1-8

[0092] In certain embodiments, one or more Y atoms on the ribose moiety and the Y

atom on the 5-azacytosine moiety of Compound(I) are deuterium-enriched. Particular

examples include, but are not limited to, the following compounds, in which the label “D”

indicates a deuterium-enriched atomic position, i.e., a sample comprising the given

compound has a deuterium enrichmentat the indicated position(s) above the natural

abundanceofdeuterium:

NH,
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and Pon OOH

I-15

[0093] It is understood that one or more deuterium(s) may exchange with hydrogen under

physiological conditions.

[0094] Certain embodiments herein provide carbon-13 enriched analogs of 5-azacytidine,

wherein one or more carbon(s) in the 5-azacytidine molecule is/are isotopically enriched with

carbon-13. In certain embodiments, provided herein are compounds of formula(II):

 

we\

io
3 2
Ny So

HO.
| --O

I% S|
OH OH

dD,

wherein one or moreof 1, 2, 3, 4, 5, 6, 7, or 8 is/are carbon atom(s) isotopically enriched with

carbon-13, and any remaining atom(s)of 1, 2, 3, 4, 5, 6, 7, or 8 is/are non-enriched carbon

atom(s). In particular embodiments, one, two, three, four, five, six, seven, or eight carbon

atom(s) (i.e., atoms 1, 2, 3, 4, 5, 6, 7, and8)is/are isotopically enriched with carbon-13, and

any remaining carbon atom(s) is/are non-enriched.

[0095] In certain embodiments, one or more carbon atom(s) of the ribose moiety of

Compound(IDare enriched with carbon-13. Particular examples include, but are not limited

to, the following compounds, in which the asterisk (“*”) indicates a carbon-13 enriched

atomic position, i.e., a sample comprising the given compound hasa carbon-13 enrichmentat

the indicated position(s) above the natural abundance of carbon-13:
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II-10 II-11

[0096] In certain embodiments, one or more carbon atom(s) of the 5-azacytosine moiety

of Compound(II) are enriched with carbon-13. Particular examples include, but are not

limited to, the following compounds, in which the asterisk “*” indicates a carbon-13 enriched
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atomicposition, i.e., a sample comprising the given compound has a carbon-13 enrichmentat

the indicated position(s) above the natural abundance of carbon-13:

 
NH NH

A aR
N~ SN N~ SN

N QO N Oo
HO: HO:

H

OH OH ,

TI-12 IT-13 I-14

[0097] In certain embodiments, one or more carbon atoms onthe ribose moiety and one

or more carbon atoms onthe 5-azacytosine moiety of Compound(II) are enriched with

carbon-13, i¢., any combination of carbon-13 enrichmentfor the ribose moiety and carbon-

13 enrichment for the azacitosine moiety is encompassed herein.

[00938] In certain embodiments, one or more hydrogen(s) is/are enriched with

deuterium(s) and one or more carbon(s) is/are enriched with carbon-13, i.e., any combination

of deuterium enrichment and carbon-13 enrichment of 5-azacytidine is encompassed herein.

3. Synthesis of Isotopically Enriched Cytidine Analogs

[0099] The compoundsdescribed herein may be synthesized using any method known to

one of ordinary skill in the art. For example, particular compoundsdescribed herein are

synthesized using standard synthetic organic chemistry techniques known to those of

ordinary skill in the art. In some embodiments, known procedures for the synthesis of 5-

azacytidine are employed, wherein one or more ofthe reagents, starting materials, precursors,

or intermediates are replaced by one or more isotopically-enriched reagents, starting

materials, precursors, or intermediates, including but not limited to one or more deuterium-

enriched reagents, starting materials, precursors, or intermediates, and/or one or more carbon-

13-enriched reagents, starting materials, precursors, or intermediates. Isotopically enriched

reagents, starting materials, precursors, or intermediates are commercially available or may

be prepared by routine chemical reactions known to one ofskill in the art. In some

embodiments, the routes are based on those disclosed in U.S. Patent No. 7,038,038, which is

incorporated herein by reference in its entirety. _

[00100] Incertain embodiments, a suitable isotopically enriched starting material, such as

a deuterium-enriched ribose, a deuterium-enriched 5-azacytosine, a carbon-13-enriched
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ribose, and/or a carbon-13-enriched 5-azacytosine, may be employed as the starting material

in the following general schemeto prepare the corresponding deuterium and/or carbon-13

enriched 5-azacytidine (See Scheme 1). Following the procedures in U.S. Patent No.

7,038,038, 5-azacytosine is treated with hexamethyldisilazane (HMDS)to rendera silylated

5-azacytosine. Tetraacetyl-D-ribose is prepared by reacting D-ribose with sodium acetate in

acetic anhydride, following the procedures in Brown ef al., Biochemical Preparations, 1955,

4, 70-76. The silylated 5-azacytosine is coupled to tetraacetyl-D-ribose in the presence of

TMS-triflate, and the resulting protected 5-azacytidine is treated with sodium methoxide in

methanolto yield 5-azacytidine. See U.S. Patent No. 7,038,038.

  
Scheme 1

HO AsO
0 NaOAc O

a 7 OH Acetic Anhydride fa i OAc
H H

OH OH OAc

AcO.

oO

NH» NHSiMe, H H OAc

N Sy HMDS _~ OAc OAc
ll A (NH4)2S04 l aN \ 9N N OSiMe, ond

Y~cr\ 6 3
DCM

NaOMe
MeOH

NH»

LA,
HO

Oo
H H

H

[00101] In some embodiments, one or more hydrogen positions in the ribose portion of 5-

azacytidine are enriched with deuterium. Such 5-azacytidine analogs may be prepared

following Scheme 1 from a suitable deuterium-enriched ribose, purchased from a commercial
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source or prepared following literature procedures. Specific examples of deuterium-enriched

ribose starting material include, but are not limited to, the following compoundslisted in

Table 1, which may be converted to the corresponding deuterium-enriched 5-azacytidine

analogs.

TABLE1

: _ as
Starting Structure Source/Reference S-Azacytidine
Material ——— ————_—"x Product
ee HO

oO OH

D-Ribose-1-D fi Wr Cambridge Isotope Lab. I-1
4 OH OH

HO

° OH .
D-Ribose-2-D a 5 Cambridge Isotope Lab. I-2

H OH OH
HO

Oo OH

D-Ribose-3-D 5 H Omicron Biochemicals,Inc. 1-3

H OH OH
HO

oO OH . .
D-Ribose-4-D H H Omicron Biochemicals, Inc. ]-4

OOH OOH

HO D.
D-Ribose-5,5'- oO OH . . .

A Hi Omicron Biochemicals,Inc. I-5
D2 H OH OH

HO. D ;
D-Ribose- oF on Prepared following the

"a 7 procedures in L-6
3,4,5,5'-D4 bd J. Am. Chem.Soc. 1996,

on OH 118, 7929-7940.

[00102] In other embodiments, the hydrogen position on the 5-azacytosine ring of 5-

azacytidine is enriched with deuterium. Such 5-azacytidine analog may be prepared, e.g.,

from deuterated 5-azacytosine following Scheme 1. The deuterated 5-azacytosine may be

prepared, e.g., from suitable deuterated reagents as shown in Scheme 2. See e.g., Grundmann

etal., Chem. Ber. 1954, 87, 19-24; Piskala et al., in Zorbach and Tipson (eds.) Synthetic

Procedures in Nucleic Acid Chemistry, Vol. 1, Wiley Interscience, New York, 1968, 107-

108; Piskala, Collect. Czech, Chem, Comm.1967, 32, 3966-3976.
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Scheme2
NH2
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LeD NH2
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[00103] In other embodiments,both the hydrogen position on the 5-azacytosine ring and

one or more hydrogenpositionsin the ribose portion of 5-azacytidine are enriched with

deuterium. Such 5-azacytidine analogs may be prepared,e.g., following Scheme1, coupling

a suitable deuterated ribose starting materials with deuterated 5-azacytosine, For example,

compoundsI-9, I-10, I-11, I-12, I-13, and I-14 may be prepared from the corresponding

deuterated ribose starting material listed in Table 1, and deuterated 5-azacytosine prepared

according to Scheme2.

[00104] In some embodiments, one or more carbon atomsin the ribose portion of 5-

azacytidine are enriched with carbon-13. Such 5-azacytidine analogs may be prepared

following Scheme 1 from a suitable carbon-13-enriched ribose, purchased from a commercial

source or prepared following literature procedures. Specific examples of carbon-13-enriched

ribose starting material include, but are not limited to, the following compoundslisted in

Table 2, which may be converted to the corresponding carbon-13-enriched 5-azacytidine

analogs. (The asterisk “*” indicates a carbon-13 enriched atomic position)
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TABLE 2

Starting
Material

D-Ribose-1-2C

D-Ribose-2-3C

D-Ribose-3-7C

D-Ribose-4-3C

D-Ribose-5-3C

D-Ribose-

1,2-2C,

D-Ribose-

1,3-7C,

D-Ribose-

1,5-3C,

D-Ribose-

2,5-3C2

Structure
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OH OH

HO.
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*KH H OH
H

OH OH

HO. .
°

H H OH
ih

OH OH

HO:
O°

H Snr OH
H. *

OH OH

HO.
°

A OH
H -

OH OH

HO. .
oO: *

H H OH
H

OH OH

HO. .
°

H H OH
KH *

OH OH
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Source/Reference

Sigma Aldrich

Sigma Aldrich

Omicron Biochemicals, Inc.

Omicron Biochemicals, Inc.

Cambridge Isotope Lab.

Sigma Aldrich

Omicron Biochemicals, Inc.

Omicron Biochemicals, Inc.

Omicron Biochemicals, Inc.
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HO

D-Ribose- oO

4 “N_yerok Sigma Aldrich | II-10
2,3,4,5- "C4 HO

HO

D-Ribose- On

3 a Cambridge Isotope Lab. I-11
1,2,3,4,5-3Cs ae :

[00105] In other embodiments, one or more carbon atomsin the 5-azacytosine ring are

enriched with carbon-13. Such 5-azacytidine analogs may be prepared from a carbon-13-

enriched 5-azacytosine following Scheme 1. The carbon-13 enriched 5-azacytosine

intermediates may be prepared from suitable carbon-13 enriched reagents as shown in

Scheme 3. See e.g., Grundmann etal., Chem. Ber. 1954, 87, 19-24; Piskalaer al., in Zorbach

and Tipson (eds.) Synthetic Procedures in Nucleic Acid Chemistry, Vol. 1, Wiley

Interscience, New York, 1968, 107-108; Piskala, Collect. Czech. Chem. Comm. 1967, 32,

3966-3976.

Scheme 3

HCl H HC(OCH2CH3)3 on
con MeOH NNet{fromSigmaAldrich)SigmaAldrich) Ane I-12dry DMFoONH2 NH2

H
HN N

{from Signa Aldrich)

NH2

N 4 HCL H HC(OCH2CH3)3 a
1367 \ SCN MeOH HN Nw 4 —NHa2(from SigmaAldrich) : 1 —-s II-13

* dry DMF %
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[00106] In other embodiments, one or more carbon positions on the 5-azacytosine ring and

one or more carbon positionsin the ribose portion of 5-azacytidine are enriched with carbon-
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13. Such 5-azacytidine analogs may be prepared following Scheme1, coupling a suitable

carbon-13-enriched ribose starting materials with a suitable carbon-13-enriched 5-

azacytosine. For example, compounds maybe prepared from a carbon-13-enriched ribose

starting material listed in Table 2, and carbon-13-enriched 5-azacytosine prepared according

to Scheme 3.

[00107] The routes and methods described above may be modified to provide an

isotopolougue of 5-azacytidine having both deuterium enrichmentand carbon-13 enrichment.

Cc. Pharmaceutical Formulations

1. Overview

[00108]|Embodiments herein encompass pharmaceutical formulations and compositions

comprising one or more cytidine analogs, e.g., 5-azacytidine, and optionally a permeation

enhancer, wherein the formulations and compositions are prepared for oral administration. In

a particular embodiment, the formulations and compositions are prepared for release of the

cytidine analog substantially in the stomach. In specific embodiments, the cytidine analogs,

e.g., 5-azacytidine, and the pharmaceutical formulations and compositions are used for

treating diseases and disorders associated with abnormalcell proliferation, wherein the

cytidine analogs, the formulations and compositions are prepared for oral administration,

preferably for release of the cytidine analogs substantially in the stomach. Particular

embodimentsrelate to the use of one or more cytidine analogs,e.g., 5-azacytidine, for the

preparation of pharmaceutical formulations and compositionsfor treating particular medical

indications, as provided herein. The pharmaceutical formulations and compositions

comprising cytidine analogs provided herein are intended for oral delivery of the cytidine

analog in subjects in need thereof. Oral delivery formats include, but are not limitedto,

tablets, capsules, caplets, solutions, suspensions, and syrups, and may also comprise a

plurality of granules, beads, powdersor pellets that may or may not be encapsulated. Such

formats mayalso be referred to herein as the “drug core” which contains the cytidine analog.

[00109]=Particular embodiments herein provide solid oral dosage formsthat are tablets or

capsules. In certain embodiments, the formulation is a tablet comprising a cytidine analog.

In certain embodiments, the formulation is a capsule comprising a cytidine analog. In certain

embodiments, the tablets or capsules provided herein optionally comprise one or more

excipients, such as, for example, glidants, diluents, lubricants, colorants, disintegrants,

granulating agents, binding agents, polymers, and coating agents. Incertain embodiments,

the formulation is an immediate release tablet. In certain embodiments, the formulation is a
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controlled release tablet releasing the API, e.g., substantially in the stomach. In certain

embodiments, the formulation is a hard gelatin capsule. In certain embodiments, the

formulation is a soft gelatin capsule. In certain embodiments, the capsule is a hydroxypropyl

methylcellulose (HPMC)capsule. In certain embodiments, the formulation is an immediate

release capsule. In certain embodiments, the formulation is animmediate or controlled

release capsule releasing the API, e.g., substantially in the stomach. In certain embodiments,

the formulation is a rapidly disintegrating tablet that dissolves substantially in the mouth

following administration. In certain embodiments, embodiments herein encompassthe use of

cytidine analogs,e.g., 5-azacytidine, for the preparation of a pharmaceutical composition for

treating a disease associated with abnormalcell proliferation, wherein the composition is

prepared for oral administration.

2. Performance of Certain Dosage Forms Provided Herein
 

[00110] In certain embodiments, the formulations comprising the cytidine analogs, such

as, for example, 5-azacytidine, effect an immediate release of the API upon oral

administration. In particular embodiments, the formulations comprising the cytidine analogs,

such as, for example, 5-azacytidine, comprise a therapeutically or prophylactically effective

amountof the cytidine analog (and, optionally, one or more excipients) and effect an

immediate release of the API upon oral administration.

(00111] Incertain embodiments, the formulations comprising the cytidine analogs, such

as, for example, 5-azacytidine, effect a controlled release of the API substantially in the

stomach upon oral administration. In certain embodiments, the formulations comprising the

cytidine analogs, such as, for example, 5-azacytidine, comprise a therapeutically or

prophylactically effective amountof the cytidine analog and a drugrelease controlling

component whichis capable of releasing the cytidine analog substantially in the stomach. In

certain embodiments, matrices (e.g., polymer matrices) may be employed in the formulation

to control the release of the cytidine analog. In certain embodiments, coatings and/or shells

may be employed in the formulation to control the release of the cytidine analog in the

substantially in the stomach.

[00112] In certain embodiments, the formulations comprising the cytidine analogs, such

as, for example, 5-azacytidine, release the API substantially in the stomach upon oral

administration. In certain embodiments, the formulations effect an immediate release of the

cytidine analog uponoral administration. In certain embodiments, the formulations

optionally further comprises a drug release controlling component, wherein the drug release
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controlling componentis adjusted such that the release of the cytidine analog occurs
substantially in the stomach. In particular embodiments, the drug release controlling

componentis adjusted such that the release of the cytidine analog is immediate and occurs

substantially in the stomach. In particular embodiments, the drug release controlling

componentis adjusted such that the release of the cytidine analog is sustained and occurs

substantially in the stomach. In certain embodiments, the formulation of the cytidine analog,

such as, for example, 5-azacytidine, releases the API substantially in the stomach, and,

subsequently, releases the remainder of the APIin the intestine upon oral administration.

[00113] Methods by which skilled practitioners can assess where a drugis released in the

gastrointestinal tract of a subject are known in the art, and include, for example, scintigraphic

studies, testing in a bio-relevant medium whichsimulates the fluid in relevant portions of the

gastrointestinal tract, among other methods.

[00114] Particular embodiments herein provide pharmaceutical formulations(e.g.,

immediate release oral formulations and/or formulations that release the API substantially in

the stomach) comprising a cytidine analog (e.g., 5-azacytidine) that achieve a particular

exposure in the subject to which the formulation is orally administered, as compared to a SC

dose of the same cytidine analog. Particular embodiments provide oral formulations that

achieve an exposureofat least about 5%, at least about 10%, at least about 15%, at least

about 20%,at least about 25%, at least about 30%,at least about 35%,at least about 40%,at

least about 45%, at least about 50%, at least about 55%,at least about 60%, at least about

65%, at least about 70%,at least about 75%,at least about 80%, at least about 85%,at least

about 90%, at least about 95%, or about 100%, as compared to a SC dose.

[00115] Incertain embodiments, the formulation (e.g., immediate release oral formulation

and/or formulation that release the API substantially in the stomach) comprising the cytidine

analog, such as, for example, 5-azacytidine, renders a certain percentageof the cytidine
analog in the formulation systemically bioavailable upon oral administration. In certain

embodiments, after the subject is orally administered the formulation, the cytidine analog in

the formulation is absorbed substantially in the stomach, and becomesavailable to the body

through systemic exposure. In particular embodiments, the oral bioavailability of a

formulation comprising a cytidine analog provided hereinis, e.g., greater than about 1%,

greater than about 5%, greater than about 10%,greater than about 15%, greater than about

20%, greater than about 25%, greater than about 30%, greater than about 35%, greater than

about 40%, greater than about 45%, greater than about 50%, greater than about 55%, greater

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1505



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1506

WO2009/139888 PCT/US2009/002999
35

than about 60%, greater than about 65%, greater than about 70%,greater than about 75%,

greater than about 80%, greater than about 85%, greater than about 90%, greater than about

95%, or about 100%, of the total amountof the cytidine analog in the formulation.

[00116] Methods by which skilled practitioners can assess the oral bioavailability of a drug

formulation in a subject are known in the art. Such methods, include, for example,

comparing certain dosing-related parameters, such as, but not limited to, maximum plasma

concentration (“Cmax”), time to maximum plasma concentration (“Tmax”), or area-under-
the-curve (“AUC”) determinations.

[00117] Particular embodiments herein provide pharmaceutical formulations(e.g.,

immediate release oral formulations and/or formulations that release the API substantially in

the stomach) comprising a cytidine analog (e.g., 5-azacytidine) that achieve a particular AUC

value (e.g., AUC(0-t) or AUC(0-o)) in the subject (e.g., human) to which the formulation is

orally administered. Particular embodiments provide oral formulations that achieve an AUC

value of at least about 25 ng-hr/mL,at least about 50 ng-hr/mL,at least about 75 ng-hr/mL,at

least about 100 ng-hr/mL,at least about 150 ng-hr/mL,at least about 200 ng-hr/mL,at least

about 250 ng-hr/mL,at least about 300 ng-hr/mL,at least about 350 ng-hr/mL,at least about

400 ng-hr/mL,at least about 450 ng-hr/mL,at least about 500 ng-hr/mL,at least about 550

ng-hr/mL,at least about 600 ng-hr/mL,at least about 650 ng-hr/mL,at least about 700 ng-

hr/mL, at least about 750 ng-hr/mL,at least about 800 ng-hr/mL,at least about 850 ng-hr/mL,

at least about 900 ng-hr/mL,at least about 950 ng-hr/mL,at least about 1000 ng-hr/mL,at

least about 1100 ng-hr/mL,at least about 1200 ng-hr/mL,at least about 1300 ng-hr/mL,at

least about 1400 ng-hr/mL,at least about 1500 ng-hr/mL,at least about 1600 ng-hr/mL,at

least about 1700 ng-hr/mL,at least about 1800 ng-hr/mL,at least about 1900 ng-hr/mL,at

least about 2000 ng-hr/mL, at least about 2250 ng-hr/mL,or at least about 2500 ng-hr/mL. In

particular embodiments, the AUC determination is obtained from a time-concentration

pharmacokinetic profile obtained from the blood samples of animals or human volunteers

following dosing.

[00118] Particular embodiments herein provide pharmaceutical formulations(e.g.,

immediate release oral formulations and/or formulations that release the API substantially in

the stomach) comprising a cytidine analog (e.g., 5-azacytidine) that achieve a particular

maximum plasma concentration (“Cmax”) in the subject to which the formulationis orally

administered. Particular embodiments provide oral formulations that achieve a Cmax of the

cytidine analog ofat least about 25 ng/mL,at least about 50 ng/mL,at least about 75 ng/mL,
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at least about 100 ng/mL,at least about 150 ng/mL,at least about 200 ng/mL,at least about

250 ng/mL,atleast about 300 ng/mL,at least about 350 ng/mL,at least about 400 ng/mL,at

least about 450 ng/mL,at least about 500 ng/mL,at least about 550 ng/mL,at least about 600

ng/mL,at least about 650 ng/mL,at least about 700 ng/mL,at least about 750 ng/mL,at least

about 800 ng/mL,at least about 850 ng/mL,at least about 900 ng/mL,at least about 950

ng/mL,at least about 1000 ng/mL,at least about 1100 ng/mL,at least about 1200 ng/mL,at

least about 1300 ng/mL,at least about 1400 ng/mL,at least about 1500 ng/mL,at least about

1600 ng/mL,at least about 1700 ng/mL,at least about 1800 ng/mL,at least about 1900

ng/mL, at least about 2000 ng/mL,at least about 2250 ng/mL,or at least about 2500 ng/mL.

[00119] Particular embodiments herein provide pharmaceutical formulations(e.g.,

immediate release oral formulations and/or formulations that release the API substantially in

the stomach) comprising a cytidine analog (e.g., 5-azacytidine) that achieve a particular time

to maximum plasma concentration (“Tmax”) in the subject to which the formulationis orally

administered. Particular embodiments provide oral formulations that achieve a Tmax ofthe

cytidine analog of less than about 10 min., less than about 15 min., less than about 20 min.,

less than about 25 min., less than about 30 min., less than about 35 min., less than about 40

min., less than about 45 min., less than about 50 min., less than about.55 min., less than about

60 min., less than about 65 min., less than about 70 min., less than about 75 min., less than

about 80 min., less than about 85 min., less than about 90 min., less than about 95 min., less

than about 100 min., less than about 105 min., less than about 110 min., less than about 115

min., less than about 120 min., less than about 130 min., less than about 140 min., less than

about 150 min., less than about 160 min., less than about 170 min., less than about 180 min.,
less than about 190 min., less than about 200 min., less than about 210 min., less than about

220 min., less than about 230 min., or less than about 240 min. In particular embodiments,

the Tmax value is measured from the time at which the formulation is orally administered.

[00120] Particular embodiments herein provide oral dosage forms comprising a cytidine

analog, wherein the oral dosage forms havean enteric coating. Particular embodiments

provide a permeable or partly permeable(e.g., “leaky” enteric coating with pores. In

particular embodiments, the permeable orpartly permeable enteric-coated tablet releases the

5-azacytidine in an immediate release manner substantially in the stomach.

3. Design of Certain Dosage Forms Provided Herein

[00121] Provided herein are dosage forms designed to maximize the absorption and/or

efficacious delivery of certain cytidine analogs, e.g., 5-azacytidine, upon oral administration,
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e.g., for release substantially in the stomach. Accordingly, certain embodiments herein

provide a solid oral dosage form of a cytidine analog, such as, for example, 5-azacytidine,

using pharmaceutical excipients designed for immediate release of the API uponoral

administration, e.g., substantially in the stomach. Particular immediate release formulations

comprise a specific amount of a cytidine analog and optionally one or more excipients. In

certain embodiments, the formulation may be an immediate release tablet or an immediate

release capsule (suchas, e.g., an HPMCcapsule).
[00122] Provided herein are methods of making the formulations provided herein

comprising the cytidine analogs providedherein (e.g., immediate release oral formulations

and/or formulationsthat release the API substantially in the stomach). In particular

embodiments, the formulations provided herein may be prepared using conventional methods

known to those skilled in the field of pharmaceutical formulation, as described, e.g., in

pertinent textbooks. See, e.g., REMINGTON, THE SCIENCE AND PRACTICE OF PHARMACY,20th

Edition, Lippincott Williams & Wilkins, (2000); ANSEL et al., PHARMACEUTICAL DOSAGE

FORMS AND DRUG DELIVERY SYSTEMS,7th Edition, Lippincott Williams & Wilkins, (1999);

GIBSON, PHARMACEUTICAL PREFORMULATION AND FORMULATION, CRC Press (2001).
[00123] In particular embodiments, formulations provided herein (e.g. , immediate release

oral formulations, formulations that release the API substantially in the stomach,or rapidly

disintegrating formulations that dissolve substantially in the mouth) comprise a cytidine

analog, such as, for example, 5-azacytidine, in a specific amount. In particular embodiments,

the specific amount of the cytidine analog in the formulationis, e.g., about 10 mg, about 20
mg, about 40 mg, about 60 mg, about 80 mg, about 100 mg, about 120 mg,about 140 mg,

about 160 mg, about 180 mg, about 200 mg, about 220 mg,least about 240 mg, about 260

mg, about 280 mg,about 300 mg, about 320 mg, about 340 mg, about 360 mg,about 380 mg,

about 400 mg,about 420 mg, about 440 mg, about 460 mg, about 480 mg, about 500 mg,

about 600 mg,about 700 mg,about 800 mg, about 900 mg, about 1000 mg, about 1100 mg,

about 1200 mg, about 1300 mg, about 1400 mg, about 1500 mg, about 1600 mg,about 1700

mg, about 1800 mg, about 1900 mg, about 2000 mg, about 2100 mg, about 2200 mg, about

2300 mg, about 2400 mg, about 2500 mg, about 3000 mg, about 4000 mg, or about 5000 mg.

In particular embodiments, the specific amount of the cytidine analog in the formulationis,

e.g., at least about 10 mg,at least about 20 mg,at least about 40 mg,at least about 60 mg,at

least about 80 mg,at least about 100 mg,at least about 120 mg,at least about 140 mg,at least

about 160 mg,at least about 180 mg,at least about 200 mg,at least about 220 mg,at least
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about 240 mg,at least about 260 mg,at least about 280 mg,at least about 300 mg,at least

about 320 mg,at least about 340 mg,at least about 360 mg,at least about 380 mg,at least

about 400 mg,at least about 420 mg,at least about 440 mg,at least about 460 mg,at least

about 480 mg,at least about 500 mg,at least about 600 mg,at least about 700 mg,at least

about 800 mg,at least about 900 mg,at least about 1000 mg,at least about 1100 mg,at least

about 1200 mg,at least about 1300 mg,at least about 1400 mg,at least about 1500 mg,at

least about 1600 mg,at least about 1700 mg,at least about 1800 mg,at least about 1900 mg,

at least about 2000 mg,at least about 2100 mg,at least about 2200 mg,at least about 2300

mg,at least about 2400 mg,at least about 2500 mg,at least about 3000 mg,at least about

4000 mg,or at least about 5000 mg.

[00124] In certain embodiments, the formulation is a tablet, wherein the tablet is

manufactured using standard,art-recognized tablet processing procedures and equipment. In

certain embodiments, the method for forming the tablets is direct compression of a powdered,

crystalline and/or granular composition comprising the cytidine analog, alone or in

combination with one or more excipients, such as, for example, carriers, additives, polymers,

or the like. In certain embodiments, as an alternative to direct compression,the tablets may

be prepared using wet granulation or dry granulation processes. In certain embodiments,the

tablets are molded rather than compressed,starting with a moist or. otherwise tractable

material. In certain embodiments, compression and granulation techniques are used.

[00125] In certain embodiments, the formulation is a capsule, wherein the capsules may be

manufactured using standard, art-recognized capsule processing procedures and equipments.

In certain embodiments, soft gelatin capsules may be prepared in which the capsules contain

a mixture of the cytidine analog and vegetable oil or non-aqueous, water miscible materials

such as, for example, polyethylene glycol and the like. In certain embodiments, hard gelatin

capsules may be prepared containing granules of the cytidine analog in combination with a

solid pulverulent carrier, such as, for example, lactose, saccharose, sorbitol, mannitol, potato

starch, corn starch, amylopectin, cellulose derivatives, or gelatin. In certain embodiments, a

hard gelatin capsule shell may be prepared from a capsule composition comprising gelatin

and a small amountofplasticizer such as glycerol. In certain embodiments, as an alternative

to gelatin, the capsule shell may be made of a carbohydrate material. In certain

embodiments, the capsule composition may additionally include polymers, colorings,

flavorings and opacifiers as required. In certain embodiments, the capsule comprises HPMC.
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[00126] In certain embodiments, the formulation of the cytidine analog, such as, for

example, 5-azacytidine, is prepared using aqueous solvents without causing significant

hydrolytic degradation of the cytidine analog. In particular embodiments, the formulation of

the cytidine analog, such as, for example, 5-azacytidine, is a tablet which contains a coating

applied to the drug core using aqueous solvents without causing significant hydrolytic

degradation of the cytidine analog in the formulation. In certain embodiments, water is

employed as the solvent for coating the drug core. In certain embodiments,the oral dosage
form of the cytidine analog is a tablet containing a film coat applied to the drug core using

aqueous solvents. In particular embodiments, water is employed as the solvent for film-

coating. In particular embodiments, the tablet containing the cytidine analogis film-coated

using aqueoussolvents without effecting degradation of the pharmaceutical composition. In

particular embodiments, water is used as the film coating solvent without effecting

degradation of the pharmaceutical composition. In certain embodiments, an oral dosage form

comprising 5~azacytidine and an aqueousfilm coating effects immediate drug release upon

oral delivery. In certain embodiments, the oral dosage form comprising 5-azacytidine and an

aqueousfilm coating effects controlled drug release to the upper gastrointestinal tract, e.g.,

the stomach, uponoral administration. In particular embodiments, a tablet with an aqueous-

based film coating comprises 5-azacytidine as the API.

[00127] Incertain embodiments, provided herein is a controlled release pharmaceutical

formulation for oral administration of a cytidine analog that releases the cytidine analog

substantially in the stomach, comprising: a) a specific amountofa cytidine analog; b) a drug

release controlling component for controlling the release of the cytidine analog substantially

in the upper gastrointestinal tract, e.g, the stomach; and c) optionally one or more excipients.

In certain embodiments, the oral dosage form comprising the cytidine analog is prepared as a

controlled release tablet or capsule which includes a drug core comprising the pharmaceutical

composition and optional excipients. Optionally, a ‘seal coat” or “shell” is applied. In

certain embodiments, a formulation provided herein comprising a cytidine analog provided

herein is a controlled release tablet or capsule, which comprises a therapeutically effective

amountof the cytidine analog, a drug release controlling componentthat controls the release

of the cytidine analog substantially in the stomach upon oral administration, and optionally,

one or more excipients.

[00128] Particular embodiments provide a drug release controlling componentthat isa

polymer matrix, which swells upon exposure to gastric fluid to effect the gastric retention of
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the formulation and the sustained release of the cytidine analog from the polymer matrix

substantially in the stomach. In certain embodiments, such formulations may be prepared by

incorporating the cytidine analog into a suitable polymeric matrix during formulation.

Examples of such formulations are known in the art. See, e.g., Shell e¢ a/., U.S. Patent

Publication No. 2002/0051820 (Application No. 09/990,061); Shell e¢ a/., U.S. Patent

Publication No. 2003/0039688 (Application No. 10/045,823), Gusler et al., U.S. Patent

Publication No. 2003/0104053 (Application No. 10/029,134), each of which is incorporated

herein by reference in its entirety.

[00129] In certain embodiments, the drug release controlling component may comprise a

shell surrounding the drug-containing core, wherein the shell releases the cytidine analog

from the core by, e.g., permitting diffusion of the cytidine analog from the core and

promoting gastric retention of the formulation by swelling upon exposure to gastric fluids to a

size that is retained in the stomach. In certain embodiments, such formulations may be

prepared by first compressing a mixture of the cytidine analog and one or moreexcipients to

form a drug core, and compressing another powdered mixture over the drug core to form the

shell, or enclosing the drug core with a capsule shell made of suitable materials. Examples of

such formulations are known in the art. See, e.g., Berner e¢ af., U.S. Patent Publication No.

2003/0104062 Application No. 10/213,823), incorporated herein.by referencein its entirety.

[00130] Certain embodiments herein provide oral dosage forms comprising a cytidine

analog, wherein the dosage form contains pores in the conventional enteric coating. In

particular embodiments, the oral dosage form ofthe cytidine analogis a tablet that contains a

permeable or partly permeable (e.g., “leaky’’) enteric coating with pores. In particular

embodiments, the permeable or partly permeable enteric-coated tablet controls the release of

the cytidine analog from the tablet primarily to the upper gastrointestinaltract, e.g., the

stomach. In particular embodiments, the permeable or partly permeable enteric-coated tablet

comprises 5-azacytidine. In.particular embodiments, the remainderof the cytidine analog is

subsequently released beyond the stomach(e.g., in the intestine).

[00131] In certain embodiments, the pharmaceutical formulation provided herein is a

compressed tablet comprising a cytidine analog. ‘In addition to the cytidine analog, the tablet

optionally comprises one or more excipients, including (a) diluents or fillers, which may add

necessary bulk to a formulation to prepare tablets of the desired size; (b) binders or adhesives,

which may promote adhesionofthe particles of the formulation, enabling a granulation to be

prepared and maintainingthe integrity of the final tablet; (c) disintegrants or disintegrating
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agents, which, after administration, may promote breakupofthe tablets to smaller particles

for improved drug availability; (d) anti-adherents, glidants, lubricants or lubricating agents,

which may enhanceflow ofthe tableting material into the tablet dies, minimize wear of the

punchesanddies, prevent the sticking offill material to the punches and dies, and produce

tablets having a sheen; and (e) miscellaneous adjuncts such as colorants and flavorants. After

compression, tablets provided herein may be coated with various materials as described

herein.

[00132] In certain embodiments, the pharmaceutical formulation provided herein is a

multiple compressedtablet of a cytidine analog. Multiple compressed tablets are prepared by

subjecting the fill material to more than a single compression. The result may be a multiple-

layered tablet or a tablet-within-a-tablet, the inner tablet being the core comprising a cytidine

analog and optionally one or more excipients, and the outer portion being the shell, wherein

the shell comprises one or more excipients, and may or may not contain the cytidine analog.

Layered tablets may be prepared bythe initial compaction of a portion offill material in a die

followed by additional fill material and compression to form two-or three-layered tablets,

depending upon the numberof separate fills. Each layer may contain a different therapeutic

agent, separate from one another for reasons of chemical or physical incompatibility, or the

same therapeutic agent for staged drug release, or simply for the unique appearance of the

multiple-layered tablet. Each portionoffill may be colored differently to prepare a

distinctive looking tablet. In the preparation of tablets having a compressedtablet as the

inner core, special machines maybe usedto place the preformed tablet precisely within the

die for the subsequent compression of surroundingfill material.

[00133] Incertain embodiments, the compressed tablet of a cytidine analog may be coated

with a colored or an uncolored sugar layer. The coating may be water-soluble and quickly

dissolved after oral ingestion. The sugar coating may serve the purpose ofprotecting the

enclosed drug from the environment and providing a barrier to an objectionable taste or

smell. The sugar coating may also enhance the appearance of the compressed tablet and

permit the imprinting of identifying manufacturer’s information. In certain embodiments,

sugar-coated tablets may be 50% larger and heavier than the original uncoated tablets. The

sugar-coating of tablets may be divided into the following optional steps: (1) waterproofing

and sealing (if needed); (2) sub-coating; (3) smoothing and final rounding;(4) finishing and

coloring (if desired); (5) imprinting (if needed); and (6) polishing.
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[00134] Incertain embodiments, the compressedtablet of a cytidine analog may be film-

coated. Film-coated tablets may be compressed tablets coated with a thin layer of a polymer

capable of forming a skin-like film over the tablet. The film is usually colored and has the

advantage to be more durable, less bulky, and less time-consuming to apply. Byits

composition, the coating may be designed to rupture and exposethe core tablet at the desired

location within the gastrointestinal tract. The film-coating process, which places a thin skin-

tight coating of a plastic-like material over the compressed tablet, may produce coated tablets

having essentially the same weight, shape, and size as the originally compressed tablet. The

film-coating may be colored to makethe tablets attractive and distinctive. Film-coating

solutions may be non-aqueous or aqueous. In particular embodiments, the non-aqueous

solutions may optionally contain one or more of the following types of materials to provide

the desired coating to the tablets: (1) a film former capable of producing smooth,thin films

reproducible under conventional coating conditions and applicable to a variety of tablet

shapes, such as, for example, cellulose acetate phthalate; (2) an alloying substance providing

water solubility or permeability to the film to ensure penetration by body fluids and

therapeutic availability of the drug, such as, for example, polyethylene glycol; (3) a

plasticizer to produce flexibility and elasticity of the coating and thus provide durability, such

as, for example, castor oil; (4) a surfactant to enhance spreadability of the film during

application, such as, for example, polyoxyethylene sorbitan derivatives; (5) opaquants and

colorants to make the appearance ofthe coated tablets attractive and distinctive, such as, for

example, titanium dioxide as an opaquant, and FD&C or D&C dyes as a colorant; (6)

sweeteners, flavors, or aromas to enhance the acceptability of the tablet to the subject, such

as, for example, saccharin as sweeteners, and vanillin as flavors and aromas; (7) a glossant to

provide a luster to the tablets without a separate polishing operation, such as, for example,

beeswax; and (8) a volatile solvent.to allow the spread of the other components overthe

tablets while allowing rapid evaporation to permit an effective yet speedy operation, such as,

for example, alcohol-acetone mixture. In certain embodiments, an aqueousfilm-coating

formulation may contain one or more of the following: (1) film-forming polymer, suchas, for

example, cellulose ether polymers as hydroxypropyl methyl-cellulose, hydroxypropy]

cellulose, and methyl-cellulose; (2) plasticizer, such as, for example, glycerin, propylene

glycol, polyethylene glycol, diethyl phthalate, and dibutyl subacetate; (3) colorant and

opacifier, such as, for example, FD&C or D&C lakes and iron oxide pigments; or (4) vehicle,

such as, for example, water.
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[00135] In certain embodiments, the compressed tablet of a cytidine analog may be

compression-coated. The coating material, in the form of a granulation or powder, may be

compressed onto a tablet core of drug with a special tablet press.

[00136] In certain embodiments, the pharmaceutical formulation is a gelatin-coated tablet

ofacytidine analog. A gelatin-coated tablet is a capsule-shaped compressedtablet that

allows the coated product to be smaller than a capsule filled with an equivalent amount of

powder. The gelatin coating facilitates swallowing and compared to unsealed capsules,

gelatin-coated tablets may be more tamper-evident.

[00137] Incertain embodiments, the pharmaceutical formulation may be a sublingual

tablet of a cytidine analog. The sublingual tablet is intended to be dissolved beneath the

tongue for absorption through the oral mucosa. The sublingual tablet may dissolve promptly

and provide rapid release of the drug.

[00138] In certain embodiments, the pharmaceutical formulation is an immediate release

tablet of a cytidine analog. In certain embodiments, the immediaterelease tablet is designed,

e.g., to disintegrate and release the API absent of any special rate-controlling features, such as

special coatings and other techniques. In certain embodiments, the formulation is a rapidly

disintegrating tablet that, e.g., dissolves substantially in the mouth following administration.

In certain embodiments, the pharmaceutical formulation is an extended release tablet of a

cytidine analog. In certain embodiments, the extended release tablet is designed, e.g., to

release the API over an extended period of time and substantially in the stomach.

[00139] In certain embodiments, compressed tablets may be prepared by wet granulation.

Wetgranulation is a widely employed method for the production of compressed tablets, and,

in particular embodiments, requires one or morethe following steps: (1) weighing and

blending the ingredients; (2) preparing a damp mass; (3) screening the damp massinto pellets

or granules; (4) drying the granulation; (5) sizing the granulation by dry screening; (6) adding

lubricant and blending; and (7) tableting by compression.

[00140] In certain embodiments, compressed tablets may be prepared by dry granulation:

Bythe dry granulation method, the powder mixture is compacted in large pieces and

subsequently broken down orsized into granules. But this method, either the active

ingredient or the diluent has cohesive property. After weighing and mixing the ingredients,

the powder mixture may be slugged or compressedinto large flat tablets or pellets. The slugs

then are broken up by handor by a mill and passed through a screen of desired mesh for

sizing. Lubricant is added in the usual manner, and tablets are prepared by compression.
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Alternatively, instead of slugging, powder compactors may be used to increase the density of

a powderbypressing it between high-pressure rollers. The compressed material then is

broken up, sized, and lubricated, and tablets are prepared by compression in the usual
manner. The roller compaction methodis often preferred over slugging. Binding agents used
in roller compaction formulations include methylcellulose or hydroxyl-methylcellulose and

can produce goodtablet hardness andfriability.

[00141] Incertain embodiments, compressed tablets may be prepared by direct

compression. Somegranular chemicals possess free flowing and cohesive properties that

enable them to be compressed directly in a tablet machine without the need of wet or dry

granulation. For chemicals that do not possess this quality, special pharmaceutical excipients

may be used which impart the necessary qualities for the production of tablets by direct

compression. Particular tableting excipients include, e.g.: fillers, such as spray-dried lactose,

micro-crystals of alpha-monohydrate lactose, sucrose-invert sugar-corn starch mixtures,

micro-crystalline cellulose, crystalline maltose, and di-calcium phosphate; disintegrating

agents, such as direct-compression starch, sodium carboxymethylstarch, cross-linked

carboxymethylcellulose fibers, and cross-linked polyvinylpyrrolidone; lubricants, such as

magnesium searate and talc; and glidants, such as fumedsilicon dioxide.

[00142] Incertain embodiments, tablets provided hereinmay be prepared by molding.

The base for molded tablets is generally a mixture of finely powdered lactose with or without

a portion of powdered sucrose. In preparingthe fill, the drug is mixed uniformly with the

base by geometric dilution. The powder mixture may be wetted with a mixture of water and

alcohol sufficient only to dampen the powderso that it may be compacted. The solvent

action of the water on a portion of the lactose/sucrose base effects the biding of the powder

mixture upon drying. The alcohol portion hastens the drying process.

[00143] Incertain embodiments, the pharmaceutical formulations provided herein contain

the cytidine analog and, optionally, one or more excipients to form a “drug core.” Optional

excipients include, e.g., diluents (bulking agents), lubricants, disintegrants, fillers, stabilizers,

surfactants, preservatives, coloring agents, flavoring agents, binding agents, excipient

supports, glidants, permeation enhancement excipients, plasticizers and thelike, e.g., as

known in the art. It will be understood by those in the art that some substances serve more

than one purpose ina pharmaceutical composition. For instance, some substances are binders
that help hold a tablet together after compression,yet are also disintegrants that help break

the tablet apart once it reaches the target delivery site. Selection of excipients and amounts to
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use may be readily determined by the formulation scientist based upon experience and

consideration of standard procedures and reference worksavailable in the art.

[00144] Incertain embodiments, formulations provided herein comprise one or more

binders. Binders maybe used, e.g., to impart cohesive qualities to a tablet, and thus ensure

that the tablet remains intact after compression. Suitable binders include, but are not limited

to, starch (including corn starch and pregelatinized starch), gelatin, sugars (including sucrose,

glucose, dextrose and lactose), polyethylene glycol, propylene glycol, waxes, and natural and

synthetic gums,e.g., acacia sodium alginate, polyvinylpyrrolidone,cellulosic polymers

(including hydroxypropyl cellulose, hydroxypropylmethylcellulose, methyl cellulose, ethy]

cellulose, hydroxyethyl] cellulose, carboxymethyl cellulose and the like), veegum, carbomer

(e.g., carbopol), sodium, dextrin, guar gum, hydrogenated vegetable oil, magnesium

aluminumsilicate, maltodextrin, polymethacrylates, povidone (e.g., KOLLIDON,

PLASDONE), microcrystalline cellulose, among others. Binding agents also include,e.g.,

acacia, agar, alginic acid, cabomers, carrageenan,cellulose acetate phthalate, ceratonia,

chitosan, confectioner’s sugar, copovidone, dextrates, dextrin, dextrose, ethylcellulose,

gelatin, glyceryl behenate, guar gum, hydroxyethyl]cellulose, hydroxyethylmethy] cellulose,

hydroxypropyl cellulose, hydroxypropyl starch, hypromellose, inulin, lactose, magnesium

aluminum silicate, maltodextrin, maltose, methylcellulose, poloxamer, polycarbophil,

polydextrose, polyethylene oxide, polymethylacrylates, povidone, sodium alginate, sodium

carboxymethylcellulose, starch, pregelatinized starch, stearic acid, sucrose, and zein. The

binding agent can be,relative to the drug core, in the amount of about 2% w/w of the drug

core; about 4% w/w ofthe drug core, about 6%w/w of the drug core, about 8% w/w of the

drug core, about 10% w/w of the drug core, about 12% w/w of the drug core, about 14% w/w

of the drug core, about 16% w/w of the drug core, about 18% w/w of the drug core, about

20% w/w of the drug core, about 22%w/w of the drug core, about 24% w/w of the drug core,

about 26% w/w of the drug core, about 28% w/w ofthe drug core, about 30% w/w ofthe

drug core, about 32% w/w ofthe drug core, about 34% w/wofthe drug core, about 36% w/w

of the drug core, about 38% w/w of the drug core, about 40% w/w ofthe drug core, about

42% w/w of the drug core, about 44% w/w of the drug core, about 46% w/w of the drug core,

about 48% w/w ofthe drug core, about 50% w/w ofthe drug core, about 52% w/w ofthe

drug core, about 54% w/w of the drug core, about 56% w/w of the drug core, about 58% w/w

of the drug core, about 60% w/w of the drug core, about 62% w/w ofthe drug core, about

64% w/w ofthe drug core, about 66%w/w of the drug core; about 68% w/w.ofthe drug core,
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about 70% w/w of the drug core, about 72% w/w of the drug core, about 74% w/w ofthe

drug core, about 76% w/w of the drug core, about 78% w/w of the drug core, about 80% w/w

of the drug core, about 82% w/w ofthe drug core, about 84% w/w ofthe drug core, about

86% w/w ofthe drug core, about 88% w/w ofthe drug core, about 90% w/w ofthe drug core,

about 92% w/w ofthe drug core, about 94% w/w ofthe drug core, about 96% w/w ofthe

drug core, about 98% w/w of the drug core, or more,if determined to be appropriate. In
certain embodiments, a suitable amountofa particular binder is determined by one of

ordinary skill in theart. a ,
[00145] In certain embodiments, formulations provided herein comprise one or more
diluents. Diluents may be used,e.g., to increase bulk so that a practical size tablet is
ultimately provided. Suitable diluents include dicalcium phosphate, calcium sulfate, lactose,

cellulose, kaolin, mannitol, sodium chloride, dry starch, microcrystalline cellulose(e.g.,

AVICEL), microfine cellulose, pregelitinized starch, calcium carbonate, calcium sulfate,

sugar, dextrates, dextrin, dextrose, dibasic calcium phosphate dihydrate, tribasic calcium

phosphate, kaolin, magnesium carbonate, magnesium oxide, maltodextrin, mannitol,
polymethacrylates (e.g., EJDRAGIT), potassium chloride, sodium chloride, sorbitol andtalc,

among others. Diluents also include, e.g., ammonium alginate, calcium carbonate, calcium

phosphate, calcium sulfate, cellulose acetate, compressible sugar, confectioner’s sugar,

dextrates, dextrin, dextrose, erythritol, ethylcellulose, fructose, fumaric acid, glyceryl

palmitostearate, isomalt, kaolin, lacitol, lactose, mannitol, magnesium carbonate, magnesium

oxide, maltodextrin, maltose, medium-chain triglycerides, microcrystalline cellulose,

microcrystalline silicified cellulose, powered cellulose, polydextrose, polymethylacrylates,
simethicone, sodium alginate, sodium chloride, sorbitol, starch, pregelatinized starch,

sucrose, sulfobutylether-B-cyclodextrin,talc, tragacanth, trehalose, and xylitol. Diluents may

be used in amounts calculated to obtain a desired volumefor a tablet or capsule; in certain

embodiments, a diluent is used in an amountof about 5% or more, about 10% or more, about

15% or more, about 20% or more, about 22% or more, about 24% or more, about 26% or

more, about 28% or more, about 30% or more, about 32% or more, about 34% or more, about

36% or more, about 38% or more, about 40% or more, about 42%or more, about 44% or

more, about 46% or more, about 48% or more, about 50%or more, about 52% or more, about

54% or more, about 56% or more, about 58% or more, about.60% or more, about 62% or

more, about 64% or more, about 68% or more, about 70% ore more, about 72% or more,

about 74% or more, about 76% or more, about 78% or more, about 80% or more, about 85%
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or more, about 90% or more, or about 95% or more, weight/weight, of a drug core; between

about 10% and about 90% w/w of the drug core; between about 20% and about 80% w/w of

the drug core; between about 30% and about 70% w/w of the drug core; between about 40%

and about 60% w/w of the drug core. In certain embodiments, a suitable amount ofa

particular diluent is determined by oneof ordinary skill in the art.

[00146] Incertain embodiments, formulations provided herein comprise one or more

lubricants. Lubricants may be used, e.g., to facilitate tablet manufacture; examples of

suitable lubricants include, for example, vegetable oils such as peanut oil, cottonseedoil,

sesameoil, olive oil, corn oil, and oil of theobroma, glycerin, magnesium stearate, calcium

stearate, and stearic acid. In certain embodiments, stearates, if present, represent no more

than approximately 2 weight % of the drug-containing core. Further examples of lubricants

include, e.g., calcium stearate, glycerin monostearate, glyceryl behenate, glyceryl

palmitostearate, magnesium lauryl sulfate, magnesium stearate, myristic acid, palmitic acid,

poloxamer, polyethylene glycol, potassium benzoate, sodium benzoate, sodium chloride,

sodium lauryl sulfate, sodium stearyl fumarate, stearic acid, talc, and zine stearate. In

particular embodiments, the lubricant is magnesium stearate. In certain embodiments, the

lubricant is present, relative to the drug core, in an amountof about 0.2% w/w ofthe drug

core, about 0.4% w/w ofthe drug core, about 0.6% w/w of the drug core, about 0.8% w/w of

the drug core, about 1.0% w/w of the drug core, about 1.2% w/w ofthe drug core, about 1.4%

w/w ofthe drug core, about 1.6% w/w ofthe drug core, about 1.8% w/w of the drug core,

about 2.0% w/w of the drug core, about 2.2% w/w of the drug core, about 2.4% w/w of the

drug core, about 2.6% w/w of the drug core, about’ 2.8% w/w ofthe drug core, about 3.0%

w/w of the drug core, about 3.5% w/w ofthe drug core, about 4% w/w of thedrug core, about

4.5% w/w ofthe drug core, about 5% w/w of the drug core, about 6% w/w ofthe drug core,

about 7% w/w of the drug core, about 8%w/w ofthe drug core; about 10% w/w ofthe drug

core, about 12% w/w ofthe drug core, about 14% w/w ofthe drug core, about 16% w/w of

the drug core, about 18% w/w ofthe drug core, about 20% w/w of the drug core, about 25%

w/w of the drug core, about 30% w/w of the drug core, about 35% w/w of the drug core,

about 40% w/w ofthe drug core, between about 0.2% and about 10% w/w of the drug core,

between about 0.5% and about 5% w/w of the drug core, or between about 1% and about 3%

w/w of the drug core. In certain embodiments, a suitable amountofa particular lubricantis

determined by oneofordinary skil] in the art.
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[00147] Incertain embodiments, formulations provided herein comprise one or more

disintegrants. Disintegrants may be used,e.g., to facilitate disintegration of the tablet, and

maybe, ¢.g., starches, clays, celluloses, algins, gumsor crosslinked polymers. Disintegrants

also include,e.g., alginic acid, carboxymethylcellulose calcium, carboxymethylcellulose

sodium (e.g., AC-DI-SOL, PRIMELLOSE), colloidal silicon dioxide, croscarmellose sodium,

crospovidone (e.g., KOLLIDON, POLYPLASDONE), guar gum, magnesium aluminum

silicate, methyl cellulose, microcrystalline cellulose, polacrilin potassium, powdered

cellulose, pregelatinized starch, sodium alginate, sodium starch glycolate (e.g., EXPLOTAB)

and starch. Additional disintegrants include, e.g., calcium alginate, chitosan, sodium

docusate, hydroxypropyl cellulose, and povidone. In certain embodiments, the disintegrant

is, relative to the drug core, present in the amount of about 1% w/w of the drug core, about

2% w/w ofthe drug core, about 3% w/w of the drug core, about 4% w/w of the drug core,

about 5% w/w of the drug core, about 6% w/w ofthe drug core, about 7% w/w of the drug

core, about 8% w/w of the drug core, about 9% w/w of the drug core, about 10% w/w ofthe

drug core, about 12% w/w of the drug core, about 14% w/w of the drug core, about 16% w/w

of the drug core, about 18% w/w of the drug core, about 20% w/w ofthe drug core, about

22% w/w of the drug core, about 24% w/w ofthe drug core, about 26% w/w ofthe drug core,

about 28% w/w of the drug core, about 30% w/w of the drug core, about 32%w/w ofthe

drug core, greater than about 32%w/w of the drug core, between about 1% and about 10%

w/w ofthe drug core, between about 2% and about 8% w/w of the drug core, between about

3% and about 7% w/w of the drug core, or between about 4% and about 6% w/w ofthe drug

core. In certain embodiments, a suitable amountofa particular disintegrant is determined by

one of ordinary skill in the art.

[00148] In certain embodiments, formulations provided herein comprise one or more

stabilizers. Stabilizers (also called absorption enhancers) maybeused,e.g., to inhibit or

retard drug decomposition reactions that include, by way of example, oxidative reactions.

Stabilizing agents include, e.g., d-Alpha-tocophery!] polyethylene glycol 1000 succinate

(Vitamin E TPGS),acacia, albumin,alginic acid, aluminum stearate, ammonium alginate,

ascorbic acid, ascorbyl palmitate, bentonite, butylated hydroxytoluene, calcium alginate,

calcium stearate, calcium carboxymethylcellulose, carrageenan, ceratonia, colloidal silicon

dioxide, cyclodextrins, diethanolamine, edetates, ethylcellulose, ethyleneglycol

palmitostearate, glycerin monostearate, guar gum, hydroxypropy] cellulose, hypromellose,

invert sugar, lecithin, magnesium aluminum silicate, monoethanolamine, pectin, poloxamer,
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polyvinyl alcohol, potassium alginate, potassium polacrilin, povidone, propyl gallate,

propylene glycol, propylene glycol alginate, raffinose, sodium acetate, sodium alginate,

sodium borate, sodium carboxymethy] cellulose, sodium stearyl fumarate, sorbitol, stearyl

alcohol, sufobutyl-b-cyclodextrin, trehalose, white wax, xanthan gum,xylitol, yellow wax,

and zinc acetate. In certain embodiments,the stabilizer is, relative to the drug core, present in

the amount of about 1% w/w of the drug core, about 2% w/w of the drug core, about 3% w/w

of the drug core, about 4% w/w ofthe drug core, about 5% w/w of the drug core, about 6%

w/w ofthe drug core, about 7% w/w ofthe drug core, about 8% w/w of the drug core, about

9% w/w of the drug core, about 10% w/w ofthe drug core, about 12% w/w ofthe drugcore,

about 14% w/w ofthe drug core, about 16% w/w of the drug core, about 18% w/w of the

drug core, about 20% w/w ofthe drug core, about 22% w/w ofthe drug core, about 24% w/w

of the drug core, about 26% w/w of the drug core, about 28% w/w of the drug core, about

30% w/w ofthe drug core, about 32% w/w of the drug core, between about 1% and about

10% w/w of the drug core, between about 2% and about 8% w/w of the drug core, between

about 3% and about 7% w/w of the drug core, or between about 4% and about 6% w/w of the

drug core. In certain embodiments, a suitable amountofa particular stabilizer is determined

by one of ordinary skill in the art.

{00149] Incertain embodiments, formulations provided herein comprise one or more

glidants. Glidants may beused,e.g., to improve the flow properties of a powder composition

or granulate or to improve the accuracy of dosing. Excipients that may function as glidants

include, e.g., colloidal silicon dioxide, magnesiumtrisilicate, powdered cellulose, starch,

tribasic calcium phosphate, calcium silicate, powdered cellulose, colloidal silicon dioxide,

magnesium silicate, magnesium trisilicate, silicon dioxide, starch, tribasic calcium phosphate,

and talc. In certain embodiments, the glidantis, relative to the drug core, present in the

amountof less than about 1% w/w of the drug core, about 1% w/w of the drug core, about

2% w/w of the drug core, about 3% w/w ofthe drug core, about 4% w/w of the drug core,

about 5% w/w of the drug core, about 6% w/w ofthe drug core, about 7% w/w of the drug

core, about 8% w/w ofthe drug core, about 9% w/w ofthe drug core, about 10% w/w of the

drug core, about 12% w/w of the drug core, about 14% w/w ofthe drug core, about 16% w/w

of the drug core, about 18% w/w ofthe drug core, about 20% w/w of the drug core, about

22% w/w of the drug core, about 24% w/w of the drug core, about 26% w/w of the drug core,

about 28% w/w ofthe drug core, about 30% w/w of the drug core, about 32% w/w ofthe

drug core, between about 1% and about 10% w/w of the drug core, between about 2% and
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about 8% w/w of the drug core, between about 3% and about 7% w/w ofthe drug core, or

between about 4% and about 6% w/w of the drug core. In certain embodiments,a suitable

amountofa particular glidant is determined by one of ordinary skill in theart.

[00150] Incertain embodiments, formulations provided herein comprise one or more

permeation enhancers(also called, e.g., permeability enhancers). In certain embodiments, the

permeation enhancer enhancesthe uptake of a cytidine analog through the gastrointestinal

wall (e.g., the stomach). In certain embodiments, the permeation enhanceralters the rate

and/or amountof the cytidine analog that enters the bloodstream. In particular embodiments,

d-alpha-tocophery] polyethylene glycol-1000 succinate (Vitamin E TPGS) is used as a

permeation enhancer. In particular embodiments, one or more other suitable permeation

enhancers are used, including, e.g., any permeation enhancer known in the art. Specific

examples of suitable permeation enhancersinclude, e.g., those listed below:

Product name

Pluronic F 127

Lutrol F 68

Carbopol 934-P

Tween 80

Chitosan

Capric acid/Na cap
Lauric acid/Na laur

Disodium EDTA

Propylene glycol
CM Cellulose

Labrasol

N,N- Dimethylacetamide
Vitamin E TPGS

Solutol HS 15

Labrafil M 1944 CS (2)

Chemical Name

Poloxamer F 127

Poloxamer 188

Carbomer 934-P

Polysorbate 80
Chitosan Low Mol Wt

Sodium Decanoate

Sodium Dodecanoate

Ethylenediaminetetraacetic acid
disodium dihydrate
1, 2 Propanediol
Carboxymethy] Cellulose
Caprylocaproyl macrogol-8 glycerides
(minimum 99%)
d-Alpha-Tocophery] Polyethylene
Glycol-1000 Succinate
Polyethylene glycol 660 12-
hydroxystearate
Oley] Macrogolglyerides

Example of
Supplier
Sigma
BASF

Spectrum
Chemical

_ Sigma
Aldrich

Sigma
Sigma
Sigma

Sigma
Sigma
Gattefosse

Sigma
Eastman

BASF

Gattefosse

[00151] Other potential permeation enhancersinclude, e.g., alcohols, dimethyl sulfoxide,

glyceryl monooleate, glycofurol, isopropyl myristate, isopropyl palmitate, lanolin, linoleic

acid, myristic acid, oleic acid, oleyl alcohol, palmitic acid, polyoxyethylene alkyl ethers, 2-

pyrrolidone, sodium lauryl] sulfate, and thymol.

[00152] In certain embodiments, the permeation enhanceris present in the formulation in

an amount by weight, relative to the total weight of the formulation, of about 0.1%, about
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0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about

0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%,

about 1.7%, about 1.8%, about 1.9%, about 2%, about 2.1%, about 2.2%, about 2.3%, about

2.4%, about 2.5%, about 2.6%, about 2.7%, about 2.8%, about 2.9%, about 3%, about 3.1%,
about 3.2%, about 3.3%, about 3.4%, about 3.5%, about 3.6%, about 3.7%, about 3.8%, about

3.9%, about 4%, about 4.1% about 4.2%, about 4.3%, about 4.4%, about 4.5%, about 4.6%,

about 4.7%, about 4.8%, about 4.9%, about 5%, about 5.1% about 5.2%, about 5.3%, about

5.4%, about 5.5%, about 5.6%, about 5.7%, about 5.8%, about 5.9%, about 6%, about 6.1%

about 6.2%, about 6.3%, about 6.4%, about 6.5%, about 6.6%, about 6.7%, about 6.8%, about

6.9%, about 7%, about 7.1% about 7.2%, about 7.3%, about 7.4%, about 7.5%, about 7.6%,

about 7.7%, about 7.8%, about 7.9%, about 8%, about 8.1% about 8.2%, about 8.3%, about

8.4%, about 8.5%, about 8.6%, about 8.7%, about 8.8%, about 8.9%, about 9%, about 9.1%

about 9.2%, about 9.3%, about 9.4%, about 9.5%, about 9.6%, about 9.7%, about 9.8%, about

9.9%, about 10%, greater than about 10%, greater than about 12%, greater than about 14%,

greater than about 16%, greater than about 18%, greater than about 20%, greater than about

25%, greater than about 30%,greater than about 35%, greater than about 40%, greater than

about 45%, or greater than about 50%. In certain embodiments, the appropriate amountof a

suitable permeation enhancerprovided herein is determined by oneof skill in the art.

[00153] Without intending to be limited to any particular theory, the permeation enhancers

provided herein may function by, inter alia, facilitating (e.g., increasing the rate or extent of)

the transport of a cytidine analog through the gastrointestinal-wall. In general, movement

through the gastrointestinal wall may occurby, e.g.: passive diffusion, suchas the movement

of drug across a membrane in a mannerdriven solely by the concentration gradient; carrier-

mediated diffusion, such as the movementof drug across a cell membrane via a specialized

transport system embeddedin the cell membrane; paracellular diffusion, such as the

movementof a drug across a membrane by going between, rather than through, two cells; and

transcellular diffusion, such as the movementofa drug acrossthe cell. Additionally, there

are numerouscellular proteins capable of preventing intracellular accumulation of drugs by

pumpingout drug that enters the cell. These are sometimes called efflux pumps. One such

efflux pumpis that involving p-glycoprotein, which is present in many different tissues in the

body (e.g., intestine, placental membrane, blood-brain barrier). Permeation enhancers can

function by, inter alia, facilitating any of the processes mentioned above (such as by
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increasing fluidity of membranes, openingtight junctions between cells, and/or inhibiting

efflux, among others).

[00154] Incertain embodiments, the compositions providedherein comprising a cytidine

analog,e.g., 5-azacytidine, are essentially free of a cytidine deaminaseinhibitor (e.g., do not

comprise a cytidine deaminase inhibitor). In certain embodiments, the compositions

provided herein are essentially free of (e.g., do not comprise) the cytidine deaminase inhibitor

tetrahydrouridine (THU). Certain embodimentsherein provide pharmaceutical compositions
comprising a therapeutically effective amountof acytidine analog (e.g., 5-azacytidine),

wherein the compositions release the cytidine analog substantially in the stomach following

oral administration to a subject, and wherein the compositions are essentially free of (e.g., do

not comprise) a cytidine deaminase inhibitor (e.g., THU). Certain embodiments herein

provide pharmaceutical compositions comprising a therapeutically effective amountof a

cytidine analog (e.g., 5-azacytidine), wherein the compositions release the cytidine analog

substantially in the stomach following oral administration to a subject, wherein the

compositions are essentially free of (e.g., do not comprise) a cytidine deaminase inhibitor

(e.g., THU), and wherein the compositions achieve a particular biological parameter provided

herein (e.g., a particular Cmax value, Tmax value, and/or AUC value provided herein). In

particular embodiments, a composition provided herein that is essentially free of a cytidine

deaminase inhibitor(e.g., THU) comprises, e.g., less than 200 mg, less than 150 mg,less than

100 mg,less than 50 mg, less than 25 mg,less than 10 mg, less than 5 mg,less than | mg, or

less than 0.1 mg of the cytidine deaminaseinhibitor.

4. Additional Therapeutic Agents
 

[00155] In particular embodiments, the cytidine analog oral formulations provided herein

further comprise one, two, three, or more other pharmacologically active substances (also
a9 6c

termed herein “additional therapeutic agents,” “second active agents,”or the like). In .

particular embodiments, the oral formulations provided herein comprise the additional

therapeutic agent(s).in a therapeutically effective amount. In particular embodiments,the

cytidine analog (e.g., azacitidine) and the additional therapeutic agent(s) are co-formulated

together in the same dosage form using methodsof co-formulating active pharmaceutical

ingredients, including methods disclosed herein and methods known in the art. In other

embodiments, the cytidine analog and the additional! therapeutic agent(s) are co-administered

in separate dosage forms. It is believed that certain combinations worksynergistically in the

treatmentof particular diseases or disorders, including, e.g., types of cancer and certain
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diseases and conditions associated with, or characterized by, undesired angiogenesis or

abnormalcell proliferation. Cytidine analog oral dosage forms provided herein can also work

to alleviate adverse effects associated with certain second active agents, and some second

active agents can be used to alleviate adverse effects associated with cytidine analog oral

dosage forms provided herein. In certain embodiments, the oral formulations provided herein

are co-administered with one or more therapeutic agents to provide a resensitization effect in

subjects in need thereof. Additional therapeutic agents can be, e.g., large molecules(e.g.,

proteins) or small molecules (e.g., synthetic inorganic, organometallic, or organic molecules).

[00156] Examples ofparticular additional therapeutic agents useful in the compositions

and methods disclosed herein include, but are not limited to, e.g., cytotoxic agents, anti-

metabolites, antifolates, HDACinhibitors (e.g., entinostat, also known as SNDX-275 or MS-

275; or vorinostat, also known as suberoylanilide hydroxamic acid (SAHA)or N-hydroxy-N-

phenyl-octanediamide), DNA intercalating agents, DNA cross-linking agents, DNA

alkylating agents, DNA cleaving agents, topoisomerase inhibitors, CDK inhibitors, JAK

inhibitors, anti-angiogenic agents, Bcr-Abl inhibitors, HER2 inhibitors, EGFR inhibitors,

VEGERinhibitors, PDGFRinhibitors, HGFR inhibitors, IGFR inhibitors, c-Kit inhibitors,

Ras pathwayinhibitors, PI3K inhibitors, multi-targeted kinase inhibitors, mTOR inhibitors,

anti-estrogens, anti-androgens, aromatase inhibitors, somatostatin analogs, ER modulators,

anti-tubulin agents, vinca alkaloids, taxanes, HSP inhibitors, Smoothened antagonists,

telomerase inhibitors, COX-2 inhibitors, anti-metastatic agents, immunosuppressants,

biologics such as antibodies, and hormonal therapies. In particular embodiments, the co-

administered therapeutic agent.is an immunomodulatory compound,e.g., thalidomide,

lenalidomide, or pomalidomide. The co-administered agent may be dosed, e.g., orally or by

injection.

[00157] Other examples of additional therapeutic agents include, but are not limited to,

hematopoietic growth factor, a cytokine, an anti-cancer agent, granulocyte colony-stimulating

factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF),

erythropoietin (EPO), interleukin (IL), interferon (IFN), oblimersen, melphalan, topotecan,

pentoxifylline, taxotere, irinotecan, ciprofloxacin, doxorubicin, vincristine, dacarbazine, Ara-

C,vinorelbine, prednisone, cyclophosphamide, bortezomib, arsenic trioxide. Such additional

therapeutic agents are particularly useful in methods and compositions disclosed herein

including, but not limited to, those relating to treatment of multiple myeloma.
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[00158] Other examples of additional therapeutic agents include, but are not limited to, an

antibody (e.g., rituximab, anti-CD33), hematopoietic growth factor, cytokine, anti-cancer

agent, antibiotic, cox-2 inhibitor, immunomodulatory agent, immunosuppressive agent,

corticosteroid, or a pharmacologically active mutant or derivative thereof. See, e.g.,S. Nand

et al., Leukemia and Lymphoma, 2008, 49(11):2141-47 (describing a Phase II study involving
the administration of a combination of hydroxyurea; azacitidine and low dose gemtuzumab
ozogamicin to elderly patients with AML and high-risk MDS, and concludingthat this

combination appears to be a safe and effective regimen inthe treatment of AML and high risk
MDSinthis group of patients). Such additional therapeutic agents are particularly useful in

methods and compositions disclosed herein including, but not limited to, those relating to

treatment of the diseases and disorders disclosed herein.

[00159] Examples of large molecule active agents include, but are not limitedto,

hematopoietic growth factors, cytokines, and monoclonal and polyclonal antibodies. Typical

large molecule active agents are biological molecules, such as naturally occurring or

artificially made proteins. Proteins that are particularly useful include proteins that stimulate

the survival and/or proliferation of hematopoietic precursor cells and immunologically active

poietic cells in vitro or in vivo. Others stimulate the division and differentiation of committed

erythroid progenitors in cells in vitro or in vivo. Particular proteins include, but are not

limited to: interleukins, such as IL-2 (including recombinant IL-II (“rIL2”) and canarypox

IL-2), IL-10, IL-12, and IL-18; interferons, such as interferon alfa-2a, interferon alfa-2b,

interferon alfa-n1, interferon alfa-n3, interferon beta-I a, and interferon gamma-l b; GM-CF
and GM-CSF;and EPO.

[00160] Particular proteins that can be used in the methods and compositions provided

herein include, but are not limited to: filgrastim, which is sold in the United States under the

trade name Neupogen® (Amgen, Thousand Oaks, CA); sargramostim, whichis sold in the

United States under the trade name Leukine® (Immunex,Seattle, WA); and recombinant

EPO,which is sold in the United States underthe trade name Epogen® (Amgen; Thousand

Oaks, CA).

[00161] Recombinant and mutated forms of GM-CSFcan be prepared as described in U.S.

patent nos. 5,391,485; 5,393,870; and 5,229,496;all of which are incorporated herein. by

reference. Recombinant and mutated forms of G-CSF can be prepared as described in U.S.

patent nos. 4,810,643; 4,999,291; 5,528,823; and 5,580,755; all of which are incorporated

herein by reference.
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[00162] Embodiments herein encompassthe useofnative, naturally occurring, and

recombinantproteins. Particular embodiments encompass mutants and derivatives(e.g.,

modified forms) of naturally occurring proteins that exhibit, in vivo, at least some of the

pharmacological activity of the proteins upon which they are based. Examples of mutants

include, but are not limited to, proteins that have one or more amino acid residues that differ
from the corresponding residuesin the naturally occurring forms of the proteins. Also
encompassed by the term “mutants” are proteins that lack carbohydrate moieties normally

present in their naturally occurring forms(e.g., nonglycosylated forms). Examples of

derivatives include, but are not limited to, pegylated derivatives and fusion proteins, such as

proteins formedby fusing IgG1 or IgG3 to the protein or active portion of the protein of

interest. See, e.g., Penichet, M.L. and Morrison, 8.L., J. Immunol. Methods 248:91-101

(2001).

[00163] Antibodies that can be used in combination with oral formulations disclosed

herein include monoclonal and polyclonal antibodies. Examples of antibodies include, but

are not limited to, trastuzumab (Herceptin®), rituximab (Rituxan®),bevacizumab (Avastin™),

pertuzumab (Omnitarg™), tositumomab (Bexxar®), edrecolomab (Panorex®), and G250.
Oral formulations disclosed herein can also comprise, be combined with, or used in

combination with anti-TNF-o antibodies.

[00164] Large molecule active agents may be administered in the form ofanti-cancer

vaccines. For example, vaccinesthat secrete, or cause the secretion of, cytokines such as IL-

2, G-CSF, and GM-CSFcan be used in the methods, pharmaceutical compositions, and kits

provided herein. See, e.g., Emens, L.A., et al., Curr. Opinion Mol. Ther. 3(1):77-84 (2001).

[00165] In one embodiment, the additional therapeutic agent (e.g., large-molecule

compound or small-molecule compound) reduces, eliminates, or prevents an adverse effect

associated with the administration (e.g., oral administration) of a cytidine analog provided

herein. Depending on the particular cytidine analog and the disease or disorder begin treated,

adverse effects can include, but are not limited to, anemia, neutropenia, febrile neutropenia,

thrombocytopenia, hepatotoxicity (e.g., including, but not limited to, hepatoxicity in patients

with preexisting hepatic impairment), elevated serum creatinine, renal failure, renal tubular

acidosis, hypokalemia, hepatic coma, nausea, vomiting, dyspepsia, abdomiaalpain,pyrexia,

leukopenia, diarrhea, constipation, ecchymosis, petechiae, rigors, weakness, pneumonia,

anxiety, insomnia, lethargy, and decrease in weight, among others known in the art to be

associated with particular cytidine analogs.
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[00166] Like some large molecules, many small-molecule compoundsare believed to be

capable ofproviding a synergistic effect whenadministered with (e.g., before, after or

simultaneously) a cytidine analog oral formulation disclosed herein. Examples of small

molecule second active agents include, but are not limited to, anti-cancer agents, antibiotics,

immunosuppressive agents, and.steroids.

[00167] | Examples of anti-cancer agents include, but are not limited to: acivicin;
aclarubicin; acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretamine;

ambomycin; ametantrone acetate; amsacrine; anastrozole; anthramycin; asparaginase;

asperlin; azacitidine; azetepa; azotomycin; batimastat; benzodepa; bicalutamide; bisantrene

hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium;

bropirimine; busulfan; cactinomycin; calusterone; caracemide; carbetimer; carboplatin;

carmustine; carubicin hydrochloride; carzelesin; cedefingol; celecoxib (COX-2 inhibitor);

chlorambucil; cirolemycin; cisplatin; cladribine; crisnatol mesylate; cyclophosphamide;

cytarabine; dacarbazine; dactinomycin; daunorubicin hydrochloride; decitabine;

dexormaplatin; dezaguanine; dezaguanine mesylate; diaziquone; docetaxel; doxorubicin;

doxorubicin hydrochloride; droloxifene; droloxifene citrate; dromostanolone propionate;

duazomycin; cdatrexate; eflornithine hydrochloride; elsamitrucin; enloplatin; enpromate;

epipropidine; epirubicin hydrochloride; erbulozole; esorubicin hydrochloride; estramustine;

estramustine phosphate sodium; etanidazole; etoposide; etoposide phosphate; etoprine;

fadrozole hydrochloride; fazarabine; fenretinide; floxuridine; fludarabine phosphate;

fluorouracil; flurocitabine; fosquidone; fostriecin sodium; gemcitabine; gemcitabine

hydrochloride; hydroxyurea; idarubicin hydrochloride; ifosfamide; ilmofosine; iproplatin;

irinotecan; irinotecan hydrochloride; lanreotide acetate; letrozole; leuprolide acetate; liarozole

hydrochloride; lometrexol sodium; lomustine; losoxantrone hydrochloride; masoprocol;

maytansine; mechlorethamine hydrochloride; megestrol acetate; melengestrol acetate;

melphalan; menogaril;mercaptopurine; methotrexate; methotrexate sodium; metoprine;

meturedepa; mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin; mitomycin;

mitosper; mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazole;

nogalamycin; ormaplatin; oxisuran; paclitaxel; pegaspargase; peliomycin; pentamustine;

peplomycin sulfate; perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride;

plicamycin; plomestane; porfimer sodium;porfiromycin; prednimustine; procarbazine

hydrochloride; puromycin; puromycin hydrochloride; pyrazofurin; riboprine; safingol;

safingol hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin;
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spirogermanium hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin;

sulofenur; talisomycin; tecogalan sodium; taxotere; tegafur; teloxantrone hydrochloride;

temoporfin; teniposide; teroxirone; testolactone; thiamiprine; thioguanine; thiotepa;

tiazofurin; tirapazamine; toremifenecitrate; trestolone acetate; triciribine phosphate;

trimetrexate; trimetrexate glucuronate; triptorelin; tubulozole hydrochloride; uracil mustard;

uredepa; vapreotide; verteporfin; vinblastine sulfate; vincristine sulfate; vindesine; vindesine
sulfate; vinepidine sulfate; vinglycinate sulfate; vinleurosine sulfate; vinorelbine tartrate;
vinrosidine sulfate; vinzolidine sulfate; vorozole; zeniplatin; zinostatin; and zorubicin

hydrochloride.

[00168] Otheranti-cancerdrugsinclude, but are notlimited to: 20-epi-1,25
dihydroxyvitamin D3; 5-ethynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol;

adozelesin; aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox;

amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole;

andrographolide; angiogenesis inhibitors; antagonist D; antagonist G; antarelix;

anti-dorsalizing morphogenetic protein-1; antiandrogen, prostatic carcinoma; antiestrogen;

antineoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis gene modulators;
apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA;arginine deaminase; asulacrine;

atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3; azasetron; azatoxin;

azatyrosine; baccatin III derivatives; balanol; batimastat; BCR/ABL antagonists;

benzochlorins; benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B;

betulinic acid; bFGFinhibitor; bicalutamide; bisantrene; bisaziridinylspermine; bisnafide;

bistratene A; bizelesin; breflate; bropirimine; budotitane; buthionine sulfoximine;

calcipotriol; calphostin C; camptothecin derivatives; capecitabine;

carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3; CARN 700; cartilage

derived inhibitor; carzelesin; casein kinase inhibitors (ICOS); castanospermine; cecropin B;

cetrorelix; chlorlns; chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin; cladribine;

clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin A4;

combretastatin analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8;

cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;

cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin B;

deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;

didemnin B; didox; diethylnorspermine;, dihydro-5-azacytidine; dihydrotaxol, 9-;

dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridine;
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doxorubicin; droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine;

edrecolomab; eflornithine; elemene; emitefur; epirubicin; epristeride; estramustine analogue;
estrogen agonists; estrogen antagonists; etanidazole; etoposide phosphate; exemestane;
fadrozole; fazarabine: fenretinide; filgrastim;finasteride; flavopiridol; flezelastine;

fluasterone; fludarabine; fluorodaunorunicin hydrochloride; forfenimex; formestane;

fostriecin; fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine; ganirelix;

gelatinase inhibitors; gemcitabine; glutathione inhibitors; hepsulfam; heregulin;

hexamethylene bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; idramantone;
ilmofosine; ilomastat; imatinib (e.g., Gleevec®), imiquimod; immunostimulant peptides;

insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons; interleukins;

iobenguane; iododoxorubicin; ipomeanol,4-; iroplact; irsogladine; isobengazole;

isohomohalicondrin B; itasetron; jasplakinolide; kahalalide F; lamellarin-N triacetate;

lanreotide; leinamycin; lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia

inhibiting factor; leukocyte alpha interferon; leuprolide+estrogen+progesterone; leuprorelin;

levamisole; liarozole; linear polyamine analogue; lipophilic disaccharide peptide; lipophilic

platinum compounds; lissoclinamide 7; lobaplatin; lombricine; lometrexol: lonidamine;
losoxantrone; loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic peptides;

maitansine; mannostatin A; marimastat; masoprocol; maspin; matrilysin inhibitors; matrix
metalloproteinase inhibitors; menogaril; merbarone; meterelin; methioninase;
metoclopramide; MIF. inhibitor; mifepristone; miltefosine; mirimostim; mitoguazone;

mitolactol; mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-saporin;

mitoxantrone; mofarotene; molgramostim;Erbitux, human chorionic gonadotrophin;

monophosphory] lipid A+myobacterium cell wall sk; mopidamol; mustard anticancer agent;

mycaperoxide B; mycobacterial cell wall extract; myriaporone; N-acetyldinaline;

N-substituted benzamides; nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin;

nartograstim; nedaplatin; nemorubicin; neridronic acid; nilutamide; nisamycin; nitric oxide

modulators; nitroxide antioxidant; nitrullyn; oblimersen (Genasense®); O°-benzylguanine;

octreotide; okicenone; oligonucleotides; onapristone;ondansetron; ondansetron; oracin; oral

cytokine inducer; ormaplatin; osaterone; oxaliplatin; oxaunomycin; paclitaxel; paclitaxel

analogues; ‘paclitaxel derivatives; palauamine; palmitoylrhizoxin; pamidronic acid;

panaxytriol; panomifene; parabactin; pazelliptine; pegaspargase; peldesine; pentosan

polysulfate sodium; pentostatin; pentrozole; perflubron; perfosfamide; perilly] alcohol;

phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride;
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pirarubicin;piritrexim; placetin A; placetin B; plasminogen activator inhibitor; platinum

complex; platinum compounds;platinum-triamine complex; porfimer sodium; porfiromycin;

prednisone; propylbis-acridone; prostaglandin J2; proteasomeinhibitors; protein A-based

immune modulator; protein kinase C inhibitor; protein kinase C inhibitors, microalgal;

protein tyrosine phosphatase inhibitors; purine nucleoside phosphorylase inhibitors;

purpurins; pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene conjugate;raf

antagonists; raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors; ras inhibitors,

ras-GAP inhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin;

ribozymes; RII retinamide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxy!;

safingol; saintopin; SarCNU; sarcophytol A; sargramostim,; Sdi 1 mimetics, semustine;

senescence derived inhibitor 1; sense oligonucleotides; signal transduction inhibitors;

sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate; solverol; somatomedin

binding protein; sonermin; sparfosic acid; spicamycin D; spiromustine; splenopentin;

spongistatin 1; squalamine; stipiamide; stromelysin inhibitors; sulfinosine, superactive

vasoactive intestinal peptide antagonist; suradista; suramin; swainsonine; tallimustine;

tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium,

telomerase inhibitors; temoporfin; teniposide; tetrachlorodecaoxide; tetrazomine;

thaliblastine; thiocoraline; thrombopoietin; thrombopoietin mimetic; thymalfasin;

thymopoietin receptor agonist; thymotrinan; thyroid stimulating hormone; tin ethyl

etiopurpurin; tirapazamine; titanocene bichloride; topsentin; toremifene; translation

inhibitors; tretinoin; triacetyluridine; triciribine; trimetrexate;triptorelin; tropisetron;

turosteride; tyrosine kinase inhibitors; tyrphostins; UBC inhibitors; ubenimex; urogenital

sinus-derived growth inhibitory factor; urokinase receptor antagonists; vapreotide; variolin B;

velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; vitaxin; vorozole;

zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer.

[00169] Specific additional therapeutic agents include, but are not limited to, oblimersen

(Genasense®), remicade, docetaxel, celecoxib, melphalan, dexamethasone (Decadron®),

steroids, gemcitabine, cisplatinum, temozolomide, etoposide, cyclophosphamide, temodar,

carboplatin, procarbazine, gliadel, tamoxifen, topotecan, methotrexate, Arisa®, taxol,.
taxotere, fluorouracil, leucovorin, irinotecan, xeloda, CPT-11, interferon.alpha, pegylated

interferon alpha (e.g., PEG INTRON-A), capecitabine, cisplatin, thiotepa, fludarabine,

carboplatin, liposomal daunorubicin, cytarabine, doxetaxol, pacilitaxel, vinblastine, IL-2,

GM-CSF,dacarbazine, vinorelbine, zoledronic acid, palmitronate, biaxin, busulphan,
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prednisone, bisphosphonate, arsenic trioxide, vincristine, doxorubicin (Doxil®), paclitaxel,
ganciclovir, adriamycin, estramustine sodium phosphate (Emcyt®), sulindac, and etoposide.

D. Methods of Use .

[00170] As described herein, certain embodiments herein provide oral formulations of

cytidine analogs useful in methodsrelating to, e.g., permitting different dosing amounts

and/or dosing periods; providing alternative pharmacokinetic profiles, pharmacodynamic

profiles, and/or safety profiles; permitting the evaluation of long-term and/or maintenance
therapies; providing treatment regimens that maximize demethylation and/or gene re-
expression; providing treatment regimensthat prolong continuous demethylation; providing
new indications for cytidine analogs; and/or providing other potential advantageous benefits.

[00171] Provided herein are methodsoftreating patho-physiological conditions manifested

by abnormalcell proliferation, such as, for example, cancer, including hematological

disorders and solid tumors, by orally administering a pharmaceutical formulation comprising

a cytidine analog, such as, for example, 5-azacytidine, wherein the formulation releases the

cytidine analog substantially in the stomach. Other embodiments herein provide methods of

treating immunedisorders. Inparticular embodiments, the methods provided herein involve

oral administering a formulation that effects an immediate release of the cytidine analog. In

certain embodiments, the cytidine analog and one or more therapeutic agents are co-
administered to subjects to yield a synergistic therapeutic effect. The co-administered agent

may be a cancer therapeutic agent dosed orally or by injection.

[00172] In certain embodiments, methods provided herein for treating disorders related to

abnormalcell proliferation compriseorally administering a formulation comprising a -

therapeutically effective amount of a cytidine analog. Particulartherapeutic indications

relating to the methods provided herein are disclosed herein. In certain embodiments, the

therapeutically effective amountof the cytidine analog in the pharmaceutical formulation is

an amount as disclosed herein. In certain embodiments, the precise therapeutically effective

amountof the cytidine analog in the pharmaceutical formulation will vary depending on, e.g.,

the age, weight, disease and/or condition of the subject.

[00173] In particular embodiments, the disorders related to abnormal cell proliferation

include, but are not limited to, MDS, AML, ALL, CML,leukemia, chronic lymphocytic

leukemia (CLL), lymphoma(including non-Hodgkin’s lymphoma (NHL) and Hodgkin’s

lymphoma), multiple myeloma (MM), sarcoma, melanoma, carcinoma, adenocarcinoma,

chordoma, breast cancer, colorectal cancer, ovarian cancer, lung cancer(e.g., non-small-cell
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lung cancer and small-cell lung cancer), testicular cancer, renal cancer, pancreatic cancer,

bone cancer, gastric cancer, head and neck cancer, and prostate cancer. In particular

embodiment, the disorder related to abnormalcell proliferation is MDS. In particular
embodiments, the disorderrelated to abnormalcellproliferation is AML.

[00174] In certain embodiments, methods provided herein for treating disorders of

abnormalcell proliferation comprise administering a cytidine analog using at least two of IV,

SC andoral administration methods. For example, particular embodiments herein provide
administering an initial treatment cycle of a cytidine analog, such as, for example, S-

azacytidine, administered either SC or IV, followed by subsequent orally administered
treatment cycles of the cytidine analog. In certain embodiments, treatment cycles comprise
multiple doses administered to a subject in need thereof over multiple days(e.g., 1, 2, 3, 4, 5,

6, 7, 8, 9, 10, 11, 12, 13, 14, or greater than 14 days), optionally followed by treatment dosing

holidays(e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or greater than 14 days). Particular

embodiments herein provide a treatment schedule comprising SC and/or IV administration

for one, two, three, four, five, or more initial cycles, followed by oral administration for

subsequent cycles. For example, particularembodiments herein provide a treatment schedule
comprising SC administration for cycle 1, followed by oral administration for subsequent
cycles. Suitable dosage ranges and amounts for the methods provided herein are provided

throughout the specification. For example, in certain embodiments, the SC dose is about 75.

mg/m’. In certain embodiments, the oral dose is about 60 mg, about 80 mg, about 120 mg,

about 180 mg, about 240 mg, about 300 mg, about 360 mg, about 480 mg,or greater than

about 480 mg. In certain embodiments, oral doses are calculated to achieve 80%, 100%, or
120% of SC AUC.

[00175] In certain embodiments, methodsoftreating disorders of abnormalcell

proliferation comprises orally administering a formulation comprising a cytidine analog(e.g.,

5-azacytidine) as single or multiple daily doses. In particular embodiments, the

formulation(s) comprising the cytidine analogis/are orally administered once per day, twice

per day, three times per day, four times per day, or more than four times per day. For

example, in certain embodiments, the formulation comprising the cytidine analog is

administered using a treatment cycle comprising administration of about 200 mg, about 300

mg, about 400 mg, about 500 mg,about 600 mg,about 700 mg, about 800 mg, about 900 mg,

or about 1,000 mgofthe cytidine analog once, twice, three, or four times per day for 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 days. In
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certain embodiments,the methodoftreating comprises continuous low-dose administration.

In certain embodiments, the formulation comprising the cytidine analog is administered using

a treatment cycle comprising administration of about 300 meg of the cytidine analog twice per
day for 7 days. In certain embodiments, the formulation comprising the cytidine analog is
administered using a treatment cycle comprising administration of about 300 mgofthe

cytidine analog twice per day for 14 days. In certain embodiments, the formulation
comprising the cytidine analog is administered using a treatment cycle comprising

administration of about 300 mgofthe cytidine analog three times per day for 7 days. In

certain embodiments, the formulation comprising the cytidineanalog is administered using a

treatment cycle comprising administration of about 300 mg ofthe cytidine analog three times

per day for 14 days. In certain embodiments, methods provided herein comprise

administering a formulation comprising a cytidine analog using one or more of the cycles

provided herein, and repeating one or more of the cycles for a periodof, e.g., 1, 2, 3, 4, 5, 6,

7,8, 9, 10, 11, 12, or greater than 12 months.

[00176] In certain embodiments, methods herein comprise administering particular oral

formulations provided herein to, e.g., overcome limitations associated with IV or SC
administration of cytidine analogs. For example, IV or SC administration maylimit the

ability to deliver a cytidine analog for longer periods of time on a regular basis, thereby

potentially limiting the maximal efficacy of the cytidine analog. Dueto the difficulties of
complying with the rigors of.a prolonged IV or SC dosing schedule, prolonged SC or IV

exposure to a cytidine analog may cause subjects (e.g., subjects with multiple cytopenias)to

discontinue from the regimen. See, e.g., Lyons, R.M., et al., Hematologic Response to Three

Alternative Dosing Schedules of Azacitidine in Patients With Myelodysplastic Syndromes, J.

Clin. Oncol. (2009) (DOI:10.1200/ JCO.2008.17.1058), which is incorporated by reference

herein in its entirety. Accordingly, in certain embodiments, methods provided herein

comprise administering an oral formulation provided herein to overcomethese or other

limitations associated with SC or IV cytidine analog administration. For example, in certain

embodiments, methods provided herein comprise administering daily to a subject an oral

formulation provided herein for 7 or more, 8 or more, 9 or more, 10 or more, 11 or more, 12

or more, 13 or more, 14 or more, 15 or more, 16 or more, 17 or more, 18 or more,19 or more,

20 or more, or 21 or more days.

[00177] Certain embodiments herein provide methods comprising administering oral

formulations of cytidine analogs provided herein comprising delivering the cytidine analog
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(e.g., azacitidine) at a lower dose over a more prolonged period of time, as compared to IV or

SC administration. In particular embodiments, such methods.comprise managing dose-

related cytopenias (including, e.g., dose-related cytopenias associated with azacitidine) by

administering an oral formulation provided herein. In certain embodiments, methods

provided herein comprise administering an oral formulation provided herein to achieve an

improved safety profile as compared to an IV or SC dose comprising the same cytidine

analog.

[00178] As described herein, certain embodiments provide methods for improved

treatment ofparticular diseases or disorders (e.g., treatment of solid tumors) by administering

an oral formulation provided herein, as compared to IV or SC administration of the cytidine

analog. In particular embodiments, certain methods herein provide administering oral

formulations provided herein at lower doses for more prolongedperiods of time, leading to

improved demethylation. For example, certain methods provided herein comprise

administering an oral formulation provided herein to treat a solid tumor while avoiding

certain dose-limiting-toxicity-related side effects associated with dosing the cytidine analog

via SC or IV administration. An example of certain toxicity-related drawbacks associated

with administration of a cytidine analog are described, e.g., in K. Appleton et al., J. Clin.

Oncol., Vol. 25(29):4603-4609 (2007), which is incorporated by reference herein in its

entirety.

[00179] Particular embodiments herein provide methodsfor treating a subject having a

disease or disorder provided herein by orally administering a pharmaceutical composition

provided herein, wherein the treatment results in improved survival of the subject. In certain

embodiments, the improved survival is measured as compared to one or more conventional

care regimens. Particular embodiments herein provide methodsfor treating a subject having

a disease or disorder provided herein by orally administering a pharmaceutical composition

provided herein, wherein the treatment provides improved effectiveness. In particular

embodiments, the improved effectiveness is measured using one or more endpoints for cancer

clinical trials, as recommended by the U.S. Food and Drug Administration (FDA). For

example, FDA provides Gudiancefor Industry on Clinical Trial Endpoints for the Approval

of Cancer Drugs and Biologics (http://(www.fda.gov/CbER/gdlns/clintrialend.htm). The FDA

endpoints include, but are not limited to, Overall Survival, Endpoints Based on Tumor

Assessments such as (i) Disease-Free Survival (ii) Objective Response Rate,(iii) Time to

Progression and Progression-Free Survival and (iv) Time-to-TreatmentFailure. Endpoints
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Involving Symptom Endpoints may include Specific Symptom Endpoints such as (i) Time to

progression of cancer symptomsand(ii) A composite symptom endpoint. Biomarkers

assayed from blood or body fluids mayalso be useful to determine the managementofthe

disease.

[00180] Incertain embodiments, the methodsof treating disorders of abnormalcell

proliferation comprise orally administering a formulation of a cytidine analog with food. In

certain embodiments, the methods of treating disorders of abnormalcell proliferation
comprise orally administering a formulation of a cytidine analog without food. In certain

embodiments, pharmacological parameters (e.g., Cmax, Tmax) depend on the fed state of the

subject. In certain embodiments, the formulation of the cytidine analog is administered
sublingually.

[00181] Incertain embodiments, the cytidine analog, e.g., 5-azacytidine, is not co-

administered with a cytidine deaminase inhibitor. In certain embodiments, the oral

formulation comprising a cytidine analog as provided herein is not co-administered with

THU. Certain embodiments herein provide methodsof treating a disease or disorder

provided herein (e.g., a disease associated with abnormalcell proliferation) comprising orally

administering a cytidine analog provided herein (e.g., 5-azacytidine) for release substantially

in the stomach, wherein the methodsachieve a particularbiological parameter provided

herein(e.g.,a particular Cmax value, Tmax value, and/or AUC value provided herein), and
wherein the methods comprise not co-administering a cytidine. deaminase inhibitor with the

cytidine analog. Certain embodiments herein provide methods of treating a disease or

disorder provided herein (e.g., a disease associated with abnormalcell proliferation)

comprising orally administering a cytidine analog provided herein (e.g., 5-azacytidine) for

release substantially in the stomach, wherein the methods avoid adverse effects associated

with administering a cytidine deaminase inhibitor (¢.g., THU) by not co-administering the

cytidine deaminase inhibitor with the cytidine analog. In particular embodiments, a cytidine

deaminaseinhibitor (e.g., THU) is co-administered with the cytidine analog in an amountof,

e.g., less than about 500 mg/d, less than about 200 mg/d, less than about 150 mg/d, less than

about 100 mg/d, less than about 50 mg/d, less than about 25 mg/d, less than about 10 mg/d,

less than about 5 mg/d, less than about 1 mg/d, or less than about 0.1 mg/d.

[00182] Incertain embodiments, methods provided herein comprise treating a disorder

provided herein, including a hematologic disorder, by administering an oral dosage form

comprising a cytidine analog to a subject in need thereof... In particular embodiments, oral
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dosage forms provided herein comprising 5-azacytidine are used to treat subjects having

hematologic disorders. Hematologic disorders include, e.g.,abnormal growth of blood cells

which can lead to dysplastic changes in blood cells and hematologic malignancies such as
various leukemias. Examples of hematologic disorders include, but are not limited to, acute

myeloid leukemia (AML), acute promyelocytic leukemia (APML), acute lymphoblastic

leukemia (ALL), chronic myelogenous leukemia (CML), chronic lymphocytic leukemia

(CLL), myelodysplastic syndromies (MDS), and sickle cell anemia, among others. Other

disorders that can be treated using the methods provided herein include, e.g., multiple

myeloma (MM)and non-Hodgkin’s lymphoma (NHL).

[00183] In certain embodiments, methods provided herein comprise treating AML by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

AMLis the most commontype of acute leukemia that occurs in adults. Several inherited

genetic disorders and immunodeficiency states are associated with an increased risk of AML.

These include disorders with defects in DNAstability, leading to random chromosomal

breakage, such as Bloom's syndrome, Fanconi's anemia, Li-Fraumeni kindreds, ataxia-

telangiectasia, and X-linked agammaglobulinemia. .

[00184] Incertain embodiments, methods provided herein comprise treating APML by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

APMLrepresents a distinct subgroup.of AML. This subtype is.characterized by

promyelocytic blasts containing the 15;17 chromosomaltranslocation. This translocation

leads to the generation of the fusion transcript comprised of the retinoic acid receptor and a
sequence PML.

[00185] Incertain embodiments, methods provided herein comprise treating ALL by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

ALLis a heterogenerous disease with distinct clinical features displayed by various subtypes.

Reoccurring cytogenetic abnormalities have been demonstrated in ALL. The most common

cytogenetic abnormality is the 9;22translocation. The resultant Philadelphia chromosome

represents poor prognosis of the subject.

[00186] Incertain embodiments, methods provided herein comprise treating CML by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

CMLis aclonal myeloproliferative disorder of a pluripotent stem cell.. CMLis characterized

by a specific chromosomal abnormality involving the translocation of chromosomes 9 and
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22, creating the Philadelphia chromosome. Ionizing radiation is associated with the
development of CML.

[00187] In certain embodiments, methods provided herein comprise treating MDS by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

In certain embodiments, MDSincludes one or more ofthe following myelodysplastic

syndrome subtypes: refractory anemia, refractory anemia with ringed sideroblasts (if

accompanied by neutropenia or thrombocytopeniaor requiring transfusions), refractory
anemia with excess blasts, refractory anemia with excess blasts in transformation, and

chronic myelomonocytic leukemia. In certain embodiments, the MDSis higher-risk MDS.

In certain embodiments, the methods provided herein comprise administering an oral dosage

form comprising a cytidine analog to a subject in need thereof to increase the survival(e.g.,

prolongthe life) of a subject with MDS.

[00188] In certain embodiments, methods provided herein comprise treating NHL by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

Non-Hodgkin’s Lymphomas (NHL) represent a heterogeneous group ofmalignancies of the

lymphoid system. According to the WHOclassification of hematological and lymphoid
tumors, these diseases are classified as B-cell and T-cell neoplasms. B-cell lymphomas

accountfor about 90% of all lymphomas, and the two most commonhistological disease

entities are follicular lymphomaanddiffuse large B-cell lymphoma. Approximately 55,000

to 60,000 new cases ofNHL are diagnosed annually in the U.S. See, e.g., Ansell; S.M., et al.,

Mayo Clin. Proc., 2005, 80(8): 1087-97.

[00189] In certain embodiments, methods provided herein comprise treating MM by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

Multiple myelomais one of the most commonly diagnosed hematologic malignancies. In

2007, in the U.S. alone, there were roughly 20,000 new MM cases and 10,000 deaths due to

MM.Thedisease is characterized by, inter alia, an accumulation of malignant plasmacells

in the bone marrow, which can lead to the overproduction of an immunoglobulin, e.g., a

monoclonal immunoglobulin G or A. These immunoglobulins, also known as paraproteins,

can be detected in the urine and blood ofpatients with MM. Consequences of MM include

anemia, the developmentof destructive bony lesions, and renal insufficiency. See, e.g., Rao,

K.V., American Journal ofHealth-System Pharmacy, 2007, 64(17):1799-1807.

[00190] In certain embodiments, methods provided herein comprise treating CLL by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.
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Chronic lymphocytic lymphoma (CLL) is a malignancy of mature B lymphocytesandis the

most prevalent lymphoid malignancy in the U.S. The WHOclassification of B lymphocytic

neoplasnis groups B cell malignancies according to the presumed normal counterpart of the

malignant cells. CLL is diagnosed by immunophenotypeanalysis of lymphocytes from the

blood, bone marrow, or lymph nodes.See, e.g., Zent, C.S., et al., Current Oncology Reports,

2007, 9:345-52.

[00191] Certain embodiments herein provide methods for delivering a cytidine analog to a

subject comprising administering to the subject in need thereof an oral formulation

comprising a cytidine analog. In particular embodiments, oral formulations comprise (1) a

therapeutically effective amount of a cytidine analog; and (2) an optional drug release

controlling componentcapable of releasing the cytidine analog substantially in the stomach

after a subject ingests the oral formulation comprising the cytidine analog. Certain

embodiments herein provide a method for enhancing the oral bioavailability of a cytidine

analog in a subject. Certain embodiments herein provide a method of increasing the oral

bioavailability of a cytidine analog comprising orally administering a pharmaceutical

composition provided herein. In certain methods provided herein, a pharmaceutical

composition provided herein is orally administered to a subject, contacts the biological fluids

of the subject’s body, and is absorbedin the upper gastrointestinal tract, such as, for example,
substantially in the stomach.

[00192] Certain embodiments herein provide a methodof achieving a particular exposure

value provided herein by administering an oral formulation comprising a cytidine analog

(é.g., 5-azacytidine). provided herein, Certain embodiments herein provide a method of

achievinga particular oral bioavailability value provided herein by administering an oral

formulation comprising a cytidine analog(e.g., 5-azacytidine) provided herein. Certain

embodiments herein provide a method of achieving a particular AUC value provided herein

by administering an oral formulation comprising a cytidine analog (e.g., 5-azacytidine)

provided herein. Certain embodiments herein provide a method of achieving a particular

Cmaxvalue provided herein by administering an oral formulation comprising a cytidine

analog (e.g., 5-azacytidine) provided herein. Certain embodiments herein provide a method

of achieving a particular Tmax value provided herein by administering an oral formulation

comprising a cytidine analog (e.g., 5-azacytidine) provided herein.

[00193] Certain embodiments herein provide methods oftreating a condition involving

undesirable or uncontrolled cell proliferation by administering an oral formulation
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comprising a cytidine analog (e.g., 5-azacytidine) as provided herein. Such conditions

include, e.g., benign tumors, various types of cancers such as primary tumors andtumor

metastasis, hematological disorders (e.g. leukemia, myelodysplastic syndromeandsickle cell

anemia), restenosis (e.g. coronary, carotid, and cerebral lesions), abnormal stimulation of

endothelial cells (arteriosclerosis), insults to body tissue due to surgery, abnormal wound

healing, abnormal angiogenesis, diseasesthat produce fibrosis oftissue, repetitive motion

disorders, disordersoftissues that are not highly vascularized, andproliferative responses
associated with organ transplants. .

[00194] In certain embodiments, cells in a benign tumorretain their differentiated features

and do not divide in a completely uncontrolled manner. A benign tumor may be localized

and/or nonmetastatic. Specific types of benign tumorsthat can be treated using the methods,

compositions, and formulations provided herein include,e.g., hemangiomas, hepatocellular

adenoma, cavernous hemangioma, focal nodular hyperplasia, acoustic neuromas,
neurofibroma, bile duct adenoma,bile duct cystanoma,fibroma, lipomas, leiomyomas,

mesotheliomas, teratomas, myxomas, nodular regenerative hyperplasia, trachomas and

pyogenic granulomas.

[00195]=In certain embodiments, cells in a malignant tumor become undifferentiated, do

not respond to the body’s growth control signals, and/or multiply in an uncontrolled manner.

The malignant tumor may be invasive and capable of spreading to distant sites

(metastasizing). Malignant tumors may be divided into two categories: primary and .

secondary. Primary tumorsarise directly from the tissue in which they are found. A

secondary tumor, or metastasis, is a tumor whichis originated elsewhere in the body but has

nowspread to a distant organ. The commonroutes for metastasis are direct growth into
adjacent structures, spread through the vascular or lymphatic systems, and tracking along

tissue planes and body spaces(peritoneal fluid, cerebrospinal fluid, etc.).

[00196] Methylation can lead to the silencing of genescritical to cellular control (Ze.,

epigenetic gene silencing), and can be an early event in the development of malignant tumors

including, e.g., colorectal cancer or lung cancer. See, e.g., M.V. Brock ef al., N. Engl. J.

Med., 2008, 358(11):1118-28; P.M. Das et al., Mol. Cancer, 2006, 5(28); G. Gifford et al.,

Clin. Cancer Res., 2004, 10:4420-26; J.G. Herman et al., N. Engl. J. Med., 2003, 349:2042-

54; A.M.Jubb et al., J. Pathology, 2001, 195:111-34. Accordingly, in certain embodiments,

methods herein provide using oral formulations provided herein to prevent or reverse

epigenetic gene silencing, e.g., by reversing abnormal DNA methylation. In specific
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embodiments, oral formulations provided herein are used for early intervention to prevent the

development of cancerin patients at risk of developing cancer, e.g., familial polyposis or lung

cancer, wherein a cause of the canceris epigenetic gene silencing. In particular

embodiments, such early intervention would be impractical by means other than oral

administration (e.g., IV or SC administration). In specific embodiments, oral formulations

provided herein are used for early intervention to prevent the recurrence of cancerin patients

at risk for early relapse, e.g., colorectal cancer or non-small-cell lung cancer. In certain

embodiments, the early intervention is achieved via prolonged oral dosing schedules, using

formulations and/or methodsas described herein. Certain embodiments provide methods for

administering oral formulations provided herein to reverse theeffect of genesilencing,e.g.,
in patients at risk of gene silencing due to epigenetic changes. In particular embodiments,

methods provided herein further comprise administering an HDACinhibitor compound(e.g.,

to restore chromatin to a transcriptionally active configuration after reversing abnormal DNA

methylation). In particular embodiments, the HDAC inhibitor compoundis entinostat
(SNDX-275; formerly MS-275), an oral HDACinhibitor that acts synergistically with

targeted therapies andis selective for cancer-relevant HDACisoforms 1, 2, and 3. In

particular embodiments, a synergistic effect is achieved by co-administering 5-azacytidine

and an HDACinhibitor (e.g., etinostat) for the treatment of solid tumors(e.g., NSCLC) or

hematological malignancies (¢e.g., MDS, CMMoL, or AML).

[00197] Incertain embodiments, specific types of cancers or malignant tumors, either

primary or secondary, that can be treated using the methods, compositions, and formulations

provided herein include,e.g., leukemia, breast cancer, skin cancer, bone cancer, prostate

cancer, liver cancer, lung cancer (e.g.,.non-small-cell lung cancer and small-cell lung cancer),

brain cancer, cancer of the larynx, gall bladder, pancreas, rectum, parathyroid, thyroid,

adrenal, neural tissue, head and neck, colon, stomach, bronchi,kidneys, basal cell carcinoma,

squamouscell carcinoma of both ulcerating and papillary type, metastatic skin carcinoma,

osteo sarcoma, Ewing's sarcoma,veticulum cell sarcoma, myeloma, giant cell tumor,

gallstones, islet cell tumor, primary brain tumor, acute.and chronic lymphocytic and

granulocytic tumors, hairy-cell tumor, adenoma, hyperplasia, medullary carcinoma,

pheochromocytoma, mucosal neuronmas,intestinal ganglioneuromas, hyperplastic comeal

nerve tumor, marfanoid habitus tumor, Wilm's tumor, seminoma, ovarian tumor, leiomyoma

tumor, cervical dysplasia and in situ carcinoma, neuroblastoma,retinoblastoma,

medulloblastoma,soft tissue sarcoma, malignant carcinoid, topical skin lesion, mycosis
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fungoides, rhabdomyosarcoma, Kaposi's sarcoma, osteogenic and other sarcoma, malignant

hypercalcemia, renal cell tumor, polycythermia vera, adenocarcinoma, glioblastoma

multiforma, leukemias, lymphomas, malignant melanomas, epidermoid carcinomas, and

other carcinomas and sarcomas. .

[00198] Particular embodiments herein provide using the methods, compositions, and

formulations provided herein to treat abnormal cell proliferation dueto, e.g., insults to body

tissue during surgery for a variety of surgical procedures, including,e.g., joint surgery, bowel

surgery, and cheloid scarring. Proliferative responses associated with organ transplantation

that may be treated using the methods, compositions, and formulations provided herein

include those proliferative responses contributing to potential organ rejections or associated

complications. Specifically, these proliferative responses may occur during transplantation of

the heart, lung (e.g., non-small-cell lung cancer and small-cell lung cancer), liver, kidney, and

other body organs or organ systems.

[00199] In certain embodiments, the amountofthe cytidine analog in the formulations

provided herein, the methods of administration thereof, or the methodsoftreatmentas set

forth herein, is a specific dosage amountas provided herein. In certain embodiments,oral

azacitidine dosages, methods of administration thereof, or methods of treatmentofat least

one condition, including but not limited to MDS and AML,mayrange,e.g., between about

50 mg/m?/day and about 2,000 mg/m?/day, between about 100 mg/m?/day and about 1,000
mg/m?/day, between about 100 mg/m’/day and about 500 mg/m’*/day, or between about 120
mg/m*/day and about 250 mg/m’/day. In certain embodiments, particular dosagesare,e.g.,

about 120 mg/m?/day, about 140 mg/m?/day, about 150 mg/m’/day, about 180 mg/m*/day,
about 200 mg/m?/day, about 220 mg/m?/day,about 240 mg/m?/day, about 250 mg/m//day,
about 260 mg/m’/day, about 280 mg/m?/day, about 300 mg/ m’/day, about 320 mg/m?’/day,
about 350 mg/m’/day, about 380 mg/m*/day, about 400 mg/m?/day, about 450 mg/m*/day, or
about 500 mg/m?/day.

[00200] Incertain embodiments, appropriate biomarkers may be used to determine or

predict the effect of the pharmaceutical compositions comprising cytidine analogs on the

disease state and to provide guidanceto the dosing schedule. For example, particular

embodiments herein provide a method of determining whether a patient diagnosed with MDS

has an increased probability of obtaining a greater benefit from treatment with a

pharmaceutical composition comprising a cytidine analog by assessing the patient’s nucleic

acid methylation status. In particular embodiments, the cytidine analog is azacitidine. In
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particular embodiments, the nucleic acid is DNA or RNA. In particular embodiments, the
greater benefit is an overall survival benefit. In particular embodiments, the methylation

status is examined in one or more genes, ¢.g., genes associated with MDSor AML. Specific

embodiments involve methods for determining whether baseline DNA methylation levels

influence overall survival in patients with MDS(e.g., higher risk MDS) treated with
azacitidine. Specific embodiments provide methods for determining whether gene promoter

methylation levels influence overall survival in patients with MDS(e.g., higher risk MDS).

[00201] For example, specific embodiments herein provide methods for evaluating the

influence of gene methylation on prolonged survival in patients with MDS(e.g., higher risk

MDS). In particular embodiments, such evaluation is used to predict overall survival in

patients with MDS(e.g., higher risk MDS), e.g., upon treatment with a pharmaceutical

composition comprising a cytidine analog, as provided herein. In particular embodiments,

such evaluation is used for therapeutic decision-making. In specific embodiments, such
therapeutic decision-making includes planning or adjusting a patient’s treatment, e.g., the

dosing regimen, amount, and/or duration of administration of the cytidine analogue.

[00202] Certain embodiments provide methodsof identifying individual patients

diagnosed with MDShavingan increased probability of obtaining an overall survival benefit

from cytidine analog treatment, using analysis of methylation levels, ¢.g., in particular genes.

In specific embodiments, lower levels of nucleic acid methylation are associated with an

increased probability of obtaining improved overall survival following azacitidine treatment.

In particular embodiments, the increased probability of obtaining improved overall survival

following treatmentis at least a 5% greaterprobability, at least a 10% greater probability, at

least a 20%greater probability, at least a 30%greater probability, at least a 40% greater

probability, at least a 50%greater probability, at least a 60% greater probability, at least a

70% greater probability, at least an 80% greater probability, at least a 90% greater

probability, at least at least a 100% greater probability, at least a 125% greater probability, at

least a 150% greater probability, at least a 175% greater probability, at least a 200% greater

probability, at least a 250% greater probability, at least a 300% greater probability, at least a

400% greater probability, or at least a 500% greater probability of obtaining improved overall

survival following treatment, e.g., ‘using a pharmaceutical composition comprising a cytidine

analog as provided herein. In particular embodiments, the greater probability of obtaining

improvedoverall survival following treatmentis a greater probability as compared to the

average probability of a particular comparison population of patients diagnosed with MDS.
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In specific embodiments, the comparison population is a group of patients classified with a

particular myelodysplastic subtype, as described herein. In one embodiment, the comparison

population consists of patients having higher risk MDS. In particular embodiments, the

comparison population consists of a particular IPSS cytogenetic subgroup. |
[00203] In particular embodiments,nucleic acid (e.g., DNA or RNA) hypermethylation
status may be determined by any method known‘in the art. In certain embodiments, DNA

hypermethylation status may be determined using the bone marrowaspirates of patients
diagnosed with MDS,e.g., by using quantitative real-time methylation specific PCR °

(“qMSP”), In certain embodiments,the methylation analysis may involve bisulfite
conversion of genomic DNA. For example, in certain embodiments, bisulfite treatment of

DNAis used to convert non-methylated CpG sites to UpG, leaving methylated CpG sites

intact. See, e.g., Frommer, M., ef al., Proc. Nat’l Acad. Sci, USA 1992, 89:1827-31.

Commercially available kits may be used for such bisulfite treatment. In certain

embodiments, to facilitate methylation PCR, primers are designed as known intheart, e.g.,

outer primers which amplify DNA regardless of methylation status, and nested primers which

bind to methylated or non-methylated sequences within the region amplified by the first PCR.

See, e.g., Li et al., Bioinformatics 2002, 18:1427-31. In certain embodiments, probes are

designed, e.g., probes which bind to the bisulfite-treated DNA regardless of methylation

status. In certain embodiments, CpG methylation is detected, e.g., following PCR

amplification of bisulfite-treatedDNA using outer primers. In certain embodiments,

amplified product from the initial PCR reaction serves as atemplate for the nested PCR

reaction using methylation-specific primers or non-methylation-specific primers. In certain

embodiments, a standard curveis established to determine the percentage of methylated .

molecules in a particular sample. Methods for detecting nucleic acid methylation (e.g., RNA

or DNA methylation) are known in art. See, e.g., Laird, P.W., Nature Rev. Cancer 2003,

3:253-66; Belinsky, S.A., Nature Rev. Cancer 2004, 4:1-11.

[00204] In certain embodiments,statistical analyses are performedto assessthe influence

of particular methylation levels with the potential benefit of treatment with a particular

pharmaceutical composition comprising a cytidine analog. In certain embodiments, the

influence of methylation on overall survivalis assessed, e.g., using Cox proportional hazards

models and Kaplan-Meier (KM) methodology.

[00205] In certain embodiments, any gene associated with MDS and/or AML maybe

examined for its methylation status in a patient. Particular genes include, but are not limited
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to, CKDN2B (p15), SOCS1, CDHI(E-cadherin), TP73, and CTNNA1| (alpha-catenin).

Particular genes associated with MDS and/or AML, which would be suitable for use in the

methodsdisclosed here, are known in theart.

1. Methods Comprising Co-Administering One or More Additional

‘Therapeutic Agents with the Oral Formulations Disclosed Herein

[00206] Certain embodiments herein provide methodsoftreating diseases or disorders

disclosed herein (e.g., diseases or disordersinvolving abnormalcell proliferation), wherein
the methods comprise co-administering an oral formulation disclosed herein (such as, for

example, an oral formulation comprising 5-azacytidine) with one or more additional |
therapeutic agents (such as, for example, a cancer therapeutic agent) to yield a synergistic

therapeutic effect. Particular co-administered therapeutic agents useful in the methods

disclosed herein are disclosed throughoutthe specification. In particular embodiments, the

additional therapeutic agent is co-administered in an amountthat is a therapeutically effective

amount. In particular embodiments, the additional therapeutic agent is co-administered in a

separate dosage form from the cytidine analog dosage form with whichit is co-administered.

In particular embodiments, the additional therapeutic agent is co-administered in a dosage

form (e.g., a single unit dosage form) together with the cytidine analog with whichit is co-

administered. In such cases, the cytidine analog (e.g., azacitidine) andthe additional
therapeutic agent may be co-formulated together in the same dosage form using methods of

co-formulating active pharmaceutical ingredients, including methods disclosed herein and

methods known in theart...

[00207] Incorporation By Reference: All disclosures (e.g., patents, publications, and web

pages) referenced throughoutthis specification are. incorporated by reference in their

entireties. In addition, the following disclosures are also incorporated by reference herein in

their entireties: (1) 2008 ASCOposterabstract by B. S. Skikne, M. R. Ward, A. Nasser, L.

Aukerman, G. Garcia-Manero; and (2) G. Garcia-Manero, M.L. Stoltz, M. R. Ward, H.

Kantarjian, and S. Sharma, Leukemia, 2008, 22, 1680-84.
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VII. EXAMPLES

A. Example 1

[00208] 5-Azacytidine tablets were manufactured using direct tablet compression followed

by optional seal film-coating and/or enteric film-coating, as described below. Table3 lists

the excipients used in each of the tablet formulations. Table 4 describes the formula

composition of the tablets using weights. Table 5 describes the formula composition ofthe

tablets using percentages.

[00209] Formulation 1 was manufactured withoutthe seal-coating step, which may have

resulted in an enteric coat that contained a “leaky” enteric coating. Talc was only used in the

enteric coating suspension for Formulation 1.

[00210] Except for Formulation 1, a common blend with 20% drug load of 5-azacytidine

was used to manufacture all tablets. Vitamin E TPGS (d-alpha-tocopheryl polyethylene

glycol 1000 succinate) was addedto certain of the formulations to enhance absorption of 5-

azacytidine. Vitamin E TPGS wasnotused in Formulation 6.

[00211] Tablets were manufactured using the process described Figure 1, except for

Formulation | (which did not undergo the seal-coating step). Formulations 3 and 6 did not

undergo the enteric film-coating step, and Formulation 6 did not contain Vitamin E TPGS.

The process is generally described as follows:

[00212] Mannitol, silicified microcrystalline cellulose, crospovidone, magnesium stearate

and azacitidine were individually screened to ensure de-aggregation of any agglomerates.

Vitamin E TPGS was melted inastainless steel vessel to which was then added a portion of

the silicified microcrystalline cellulose (not done in Formulation 6). The Vitamin E TPGS-

silicified microcrystalline cellulose mixture was allowed to cool and then screened.

Azacitidine, Vitamin E TPGS- silicified microcrystalline cellulose mix, remaining silicified
microcrystalline cellulose, mannitol and crospovidone were mixed in a V-blender.

Magnesium stearate was added to the V-blender followed by additional mixing. The

resulting blend was compressedinto tablets using standard concavetooling.

[00213] Hydroxypropyl cellulose was dispersed into ethanol. The hydroxypropyl cellulose

preparation was used to spray coat the tablet cores to prepare seal coated tablets.

[00214] EUDRAGITandtriethyl! citrate were dispersed into an isopropanol - acetone

mixed solvent system. EUDRAGIT- triethyl citrate preparation was used to spray coat the

seal coated tablet.
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TABLE3: Components of Azacitidine Tablets

Component Function Quality Standard

Azacitidine API

Mannitol _ Bulking Agent 

Silicified Microcrystalline Cellulose Binding Agent

d-alpha-tocophery! polyethylene glycol Permeation Enhancer

1000 succinate (Vitamin E TPGS)

Polyvinyl Polypyrrolidone (Crospovidone) Disintegrant

Magnesium Stearate Lubricant

Hydroxypropyl Cellulose Seal Film Coat 

Fthanol* Coating Solvent

Methacrylic Acid Copolymer (Eudragit Enteric Film Coat

S100, Eudragit LIDO-55 or Eudragit L100)

Triethyl Citrate Plasticizer

Tale Anti-Caking

 

Isopropanol a Coating Solvent

 
 

Acetone Coating Solvent

  
 

* Removed during processing (used as solventfor film-coating polymers).
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TABLE 4: Formula Composition of Azacitidine Tablets (Weight)

Quantity per Unit Tablet (mg)

Formu- Formu- Formu- Formu- Formu- Formu-

Component lation #1|lation #2 lation #3 lation #4|lation #5 lation #6
Leaky Enteric- Immediate Enteric- Enteric- Immediate
coating coated Release coated coated Release

(pH > 7.0)|(pH > 7.0)|w/ vitamin E|(pH > 5.0)|(pH > 5.5)|w/o vitamin
E

Mannitol, USP 43.2 129.6

Silicified 13.9 90.0

. . . 9.0

5.4

Microcrystalline
Cellulose, NF

9.0 9.0

ndaeNF

 

 
 

  
   
 
 
 
 

 

 

 
 

 
 

 
   

 
 
   

 
   

 

 
 

 

 

 

 
 

 

Crospovidone, NF

 
Core Tablet Total 100.0 300.0 300.0

Hydroxypropy! 12.0 12.0
Cellulose, NF  

 

   

 
312.0 312.0 312.0 312.0

OO

  
|N/A|N/A N/A 28.1—31.2 N/A

Te=aa[WA|30-60[30-60|NA
|)NA|NA |

ee

N/A

335.4 341.64

 

2.8

2.0

N/A

Ethanol ° N/A

Seal-Coated Tablet N/A
al

it S- —_ N/A

Eudragit L 100 N/A

Triethy! Citrate 0.3 -0.5 : N/A

Revo”Na
Total Theoretical 106.5 113.0 312.0

Weight

* Assuming 100%purity.
» Removed during processing..
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TABLE5: Formula Composition of Azacitidine Tablets (Percent) 

Formu-
lation #1

Leaky
coating

(pH > 7.0)

Component

Quantity per Unit Tablet (mg)

Formu-
lation #4
Enteric
coated

(pH > 5.0)

Formu-
lation #3

Immediate
Release

w/ vitamin
E

Formu-
lation #2
Enteric-
coated

(pH > 7.0)

Formu- Formu-
lation #5
Enteric

coated Release

(pH > 5.5)|w/o vitamin
E 

Azacitidine * 20.0 20.0 20.0 20.0

lation #6
Immediate

Mannitol, USP

Silicified

Microcrystalline
Cellulose, NF

Crospovidone, NF

 59.7

13.9

100.0

2. 3.0

1.6 1.8

2.0

N/A

N/A

N/

N/

Magnesium Stearate,

NF

Vitamin E TPGS,

NF

Core Tablet Total

Hydroxypropyl

Cellulose, NF

Ethanol°

Seal-Coated Tablet

Total

Eudragit S-100

Eudragit L 100-55

Eudragit L 100

 

 

  
 

104.0 104.0 104.0 104.0 104.0

/AN N/A

N/A

 

N/A 

8

3.7-5.9

A

A

0.3 —0.5

1.0 — 1.6

* Assuming 100% purity.
©Removed during processing

 

 
Triethy! Citrate 

Tale

Isopropanol
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B. Example 2

[00215] Studies were performedto evaluate the effect of aqueous film coating on

hydrolytic degradation of azacitidine. Azacitidine tablets were film-coated using aqueous-

based solvents without affecting levels of degradation. As demonstrated in Table 6,
significant levels of azacitidine degradation products were not observed after aqueous film

coating.

TABLE6. Effect of Aqueous Film Coating on Azacitidine

Uncoated Core Tablet Coated Tablet

Assay (“% Label Claim) Ave=103.1 Ave=99.6

Related Substances (% Area)

 

 

 

N-Formyl!guanylribosylurea 

Guanylribosylurea

Unspecified  

Total 

Moisture Content (% w/w)

  
ND = Not detected; NMT = No more than

Cc. Example 3

[00216] As described in Example 1, the following six formulations, described in Table 7

and elsewherein the present specification, were prepared and usedin clinical studies as

described in the Examples below:

‘TABLE 7. Formulations of Azacitidine used in clinical studies

Number Formulation

#1 20 mg

#3 60 mga
#5

6

 
 
  

Description  
 

 
“Leaky” enteric-coated tablet

 

 
 

Enteric-coated tablet, core sealed

  Seal-coated, immediate release tablet with vitamin E 

 
 

Enteric film-coated tablet, target dissolution at pH > 5.5 

Enteric film-coated tablet, target dissolution at pH > 6.0eam 
Seal-coated, immediate release tablet without vitamin E
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D. Example 4

[00217] Ina multiple dose escalation study (MTD study; CL005), patients with MDSor

AMLwereselected (Selection criteria: ECOG PS 0-2, adequate organ function, age >18

years). The patients were dosed with multiple 28-day cycles of azacitidine. The study had a

3+3 design. During Cycle 1, all patients were dosed subcutaneously with azacitidine at 75

mg/m? x 7 days.. During subsequent cycles (dosing on Day 1-7 for each cycle), the patients

were dosed orally with azacitidine at doses listed in Table 8. PK data were collected during
Cycles 1 and 2 on Day 1 and 7, and during Cycles 4, 5, and 7, on Day 7. PD data were

collected during each cycle, and hematological responses and/or improvement rates were

assessed for each treatment cycle to determine biologically active dose (BAD). To date,

seven cohorts of patients (3 subjects/cohort) have been studied and noneofthe patients have

shown dose limited toxicity (DLT). The oral dose and formulation used for each cohort are

listed in Table 8.

TABLE8. Oral Azacitidine Doses and Formulations

  

 

   
 
 

 

 
 
 

 
 

  

 
 

 
 
 
 
 

 

 
 

  
 
 
 
 
 
 
 
 
  

Cohort # Oral Subject Demographics # Subjects # Subjects
Dosage Formulation|(Patient No. — gender, age, dx)|Treated/Evaluable|with DLT

. for DLT

Formulation 02001 — M,.78, MDS 3/3 0

 
 
 
 
 
 
 
 
 

 

 
120 mg #2 (20 mg 02002 — M, 66, MDS RAEB-2

tablets) 04001 —M, 56, MDS RAEB-1
Formulation 02003 — M, 73, AML

#1 (20 mg 02004 — M, 61, MDS

 04002 — M, 73, MDS RAEB-1
02005 — M, 66, MDS RAEB-1

tablets)  

 
 
 
 

 

Formulation 04004 — F, 70, AML
#1 (20 mg 02006 — M, 61, AML

tablets 03001 — F, 70, MDS RAEB-2
 

02007 — M, 76, CMML
02008 — M, 80, MDS RAEB-1
02009 — M, 83, MDS RAEB-2

04005 — M, 68, MDS RCMD

#3 (60mg|02011—M, 92, MDS RAEB-1

4/3

3/3

- oo
3/3

tablets) 02012 — M, 62, MDS RCMD
Formulation|02013 — F, 66, MDS RAEB-1 3/3
#3 (60 mg 03002 — M, 65, MDS RAEB-1

tablets 01001 — F,63, MDS RCMD
Formulation 01002 — M, 70, MDS RARS . 2/0*

#3 (60 mg 01003 — F; 75, MDS RCMD ;
tablets)

* Cycle 2 ongoing .

Formulation

#3 (60 mg
tablets)

Formulation
 
 

 
 
 

  480 mg
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[00218] PK profiles for Cycle 1, following 75 mg/m? SC dose of azacitidine, are presented
in Figure 2. Pharmacokinetic parameters calculated from azacitidine plasma concentrations
following SC doses at 75 mg/m’are presented in Table 9.

TABLE9. PK parameters from Cycle 1, following SC doses at 75 mg/m”

AUC(0-t) AUC(0-inf) Cmax Tmax Lambdaz={t/2 Cloral Vdoral
 

 

ng*hr/mL) (ng*hr/mL) (ng/mL hr 1h hr Lihr L

Mean (n=18) 1135 1170 744 0.49 0.58 1.53 143 318
$D 514 533 293 0.27 0.29 0.80 53 223

Day1 Minimum 505 538 224 0.23 0.22 0.61 45 90
Median 991 1030 674 0.50 0.56 1.24 156 265

Maximum 2821 2950 1310 1.08 1.14 3.15 253 788
CV% 45 46 39 54 49 52 37 70

Mean (n=18) 1135 1210 697 0.51 0.62 1.73 133 368
$D 477 463 252 0.17 0.39 1.28 43 376

Day7 Minimum 510 686 254 0.25 0.16 0.47 48 98
Median 1020 1116 716 0.50 0.55 1.26 148 162

Maximum 2718 2783 1050 1.00 1.49 4.30 223 1383

CV% 42 38 36 34 62 74 33 102 

[00219] Plasma PK profiles following SC (75 mg/m?) and various PO doses are compared
and presented in Figure 3. An increase in oral dose did. notresult in dose-proportional
increase in exposure of azacitidine. . .
[00220] Methylation PD data in cycles 1. and 2, fromblood (PBL) and bone marrow (BM)
samples, were obtained. The PD data collected from individual patients from Cohort 4

(Formulation #3, oral dose 240 mg) are presented in Figure 4 and Figure 5.

[00221] Subject number 02004 of cohort 2 (61-year-old male with MDS, MDACC)was

treated with a SC cycle of azacitidine, followed byinitial oral doses of 120 mg azacitidine

(Formulation #1). The patient received oral doses of 120 mg x 7d azacitidine as in

Formulation #1 during Cycles 2-6, followed by oral doses of 180 mg x 7d azacitidine during

Cycles 7-12. In this patient, following a 75 mg/m? SC doseof azacitidine, the AUC value
was 1000 ng*hr/mL. Following a 180 mgoral dose of azacitidine, the AUC value was 330
ng*hr/mL, approximately 33% of the exposure observed for the SC dose (oral bioavailability

= 30%).

[00222] The PD response data from patient 02004 is presented in Figure 6. Platelets

(K/uL), Hgb (g/dL), ANC (K/uL), and Relative BMBlast (%) are plotted vs. sampling dates
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over the course of the study. The patient demonstrated a morphologic complete response

(CR).

[00223] For patient 02004, Hgb (10.8 g/dL at ascreening, 11.1 g/dL at Day1), Platelets

(140 K/uLat both screening and Day 1), ANC (1.46 K/uL at screening and 1.12 K/uL at Day

1), and BM Blast (2%) values at baseline and Day 1 were above normal or close to normal.

This patient had no transfusion (RBC or PLT) prior to enrollment into the study and to day

required no transfusions (RBC or PLC) during the study. Per IWG 2006criteria, the patient

achieved complete response (CR) (from Days 45 — 74 satisfying all CR criteria for 28

consecutive days). The patient achieved morphologic complete response per the IWG AML

criteria. However, with regard to the ANC condition for the |WG 2000 CRcriteria, the

patient did not meet the criteria for a complete response (3 days short of the duration

requirement of 56 consecutive days).

[00224] For patient 02007, as shown in Figure 5, Grade 4 thrombocytopenia and

neutropenia developed during the first cycle of treatment with subcutaneous azacitidine when

given at 75 mg/m’ for 7 days. The onset of the cytopenias occurred between days 14 and 21

at time points consistent with the existing safety profile of azacitidine when administered 75

mg/m?for 7 days as a SCinjection. In contrast, the administration of oral azacitidinestarting

with cycle 2 did not result in grade 3 or 4 cytopenias yet still produced an increase in platelets

abovethe baseline levels. This data supports, e.g., the conclusion that certain oral dosage

forms provided herein permit the delivery of azacitidine at lower doses over a more

prolonged period of time, and that certain oral dosage forms provided herein alter the safety

profile of the cytidine analog.

[00225] Assessment of [WGcriteria for certain patients in the MTD study is presented

below in Table 10. The data demonstrate, inter alia, patient improvement following

administration of azacitidine formulated for release substantially in the stomach.
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Table 10. MTD Study; Assessment of IWGCriteria

Patient No.|IWG Assessment

02004 e Fairly healthy at baseline: hgb (11.1 g/dL Cycle 1, Day 1); PLT (140
K/pL Cycle 1, Day 1); ANC (1.12 K/pL at Cycle 1, Day 1); BM
blasts (2%) values at baseline above normalor close to normal
CR per [WG 2006 (Days 45-98)
Morphologic CR per the IWG AMLcriteria (Diagnosis is MDS)
HI-P major improvement per IWG 2000 (Days 35-202)
Morphologic CR per the revised [WG AMLcriteria on Days 43-188
and on some other days (ANC=1.89 K/uL, but normal at BL=2.99
and 1.68; PLT=314 K/pL; BM=2, but normal at BL=3) (Diagnosis is
CMML)
HI-P major improvement per IWG 2000 (Days 34-110)

Marrow CR (Days 7-111+) per TWG 2006

e Marrow CR (Days 7-177+) per WG 2006
¢ Morphologic CR per the revised [WG AMLcriteria on Day 21

(ANC=1.18 K/pL; PLT=119 K/pL,but normal at BL=162 & 194;
BM=3) (Diagnosis is MDS)

 

 

 
 

 

   
 

[00226] Immediate release oral formulations comprising azacitidine demonstrated

bioavailability in patients. Observations thus far suggest positive clinical activity in patients

treated with oral azacitidine formulations. No safety issues have thus far been observed with

the doses and schedules described above.

E. Example 5

[00227] | Aroral azacitidineclinical study, referred to as the Rapid Aza Clinical Evaluation

(RACE)study (CL008), was performed; a summary of the study design is depicted in Figure
7. Several oral formulations were evaluated in this study. A “3 + 7” cohort of patients was
enrolled in the study, 7. e., three patients were initially tested per formulation, and the cohorts
could increase in size up to ten patients. Cohorts were enrolled in parallel. PK data was
collected periodically, as indicated in Table 11.
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TABLE 11. RACE Study — PK Study Design; PK Cycle 1, Days 1, 3, 5, 15, 17 & 19, and

Cycle 2, Day 7 

reatment Day [Dose

PRPhase (Cycle1).
Day 1 5 mg/m” SC

180 mg Oral

60 mg Oral

Day 15+1* 5 mg/m” SC

Oral dose calculated to achieve approximately 80% exposurerelative
o the 75 mg/m’ SC dose up to a maximum dose of 1,200 mg.

IDay 19+1* Oral dose calculated to achieve approximately 120% exposure relative
o the 75 mg/m’ SC dose up to a maximum dose of 1,200 mg.

reatment Phase (Cycles 2 — 7)

Oral dose calculated to achieve approximately 100% exposure relative
o the 75 mg/m? SC dose up to a maximum doseof1,200 mg.

CGCOTO 2©/o“<Sd[sd 3tnta reyEy —|* *

0 &<wv — ~

 
* Dose administered + 1 day, as long at least 48 hours between doses

[00228] Results for Formulation #4: The plasma PKprofile for one subject who received

Formulation 4 (i.e., enteric film-coated tablets for release in upper gastrointestinal region) is

depicted in Figure 8. Values for AUC (0-t) (ng*hr/mL) were as follows: SC administration

of 75 mg/m? (124 mg) = 2390 (day 1) and 2440 (day 15); Oral administration of 180 mg =

234; Oral administration of 360 mg = 197; and Oral administrationof 1200 mg = 66.5 (day
17) and 297 (day 19). Tmax for oral administration was reached between 2.5 hr and 3.0 hr.

A linear increase of exposure (AUCO-inf) was not observed following 180, 360, and 1200 mg

oral doses. Relative oral bioavailability ranged between 0.8 to 6.7%.

{00229} Results for Formulation #6: The plasma PKprofile for one subject who received

Formulation 6 (i.e., seal-coated immediate release tablets without vitamin E) is depicted in

Figure 9. Values for AUC(0-00).(ng*hr/mL) were as follows: SC administration of 75 mg/m?

(120 mg) = 1720 (day 1) and 1640 (day 15); Oral administration of 180 mg = 231; Oral

administration of 360 mg = 280; and Oral administration of 1200 mg = 543 (day 17) and 467

(day 19). Tmax for oral administration was reached between 0.5.hr and 1.0 hr. A linear

increase of exposure (AUC 0-co) was observed following 180,360, and 1200 mgoral doses,

although the increase was not proportional with dose. Following the 1200 mg ora! doses,

AUCwas approximately 30% of AUC following SC dosing (Z.e., about 500 and about 1,700,

respectively).
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[00230] Data from this study indicated that azacitidine was absorbed following oral

administration of immediate release formulations comprising azacitidine. As compared to SC

administration of azacitidine, the immediate release azacitidine formulations provided a

superior percent exposure(¢.g., about 30%) than enteric-coated azacitidine formulations.

Data supports single or multiple daily dosing of oral azacitidine...

F, Example 6 ,

[00231] Based on data from clinical studies involving different azacitidine formulations

and dosage amounts, plots were prepared comparing different formulations with respectto,

e.g., their resulting PK profiles, AUC values, Cmax values, relative oral bioavailability

values, and exposure values. Oral formulations involved in the comparisons include

Formulation #3 (““F3”); Formulation #4 (“F4’); and Formulation #6 (“F6”); these oral

formulations are described elsewhere herein (¢.g., in Examples 1 and 3).

[00232] Comparisons of Formulation Nos. 3, 4, and 6

[00233] Figure 10 compares PKprofiles (usinga linear scale) following administration of

azacitidine via SC (75 mg/m’; n=18)and oral administration. For Formulation #3, a total of

360 mg azacitidine was orally administered (n=6); for Formulation #4, a total of 360 mg
azacitidine was orally administered (n=3); for Formulation #6, a total of 360 mg azacitidine

wasorally administered (n=5). The plotillustrates immediate release characteristics of

Formulations #3 and #6, as compared to Formulation #4, which wasenteric coated. Figure

11 provides the samedata, plotted on a semi-logscale.

[00234] Patients were dosed with azacitidine SC (75 mg/m’) and orally with Formulations

#3, #4, or #6 (“F3”; “F4’; and “F6”; described elsewhere herein) with a total of 180 mg, 240

mg, 300 mg, 360 mg, 540 mg, 600 mg; 720 mg, 900 mg, 1080 mg, or 1200 mgazacitidine

administered per patient. Results showed that azacitidine is absorbed following oral

administration. As described below,particular values. were measured and compared,

including AUC values, Cmax values, relative oral bioavailability values, and exposure values

(oral) compared to SC.

[00235] Figure 12 displays AUC values (ng*hr/mL; mean + SD) following azacitidine

administration. Figure.13 displays Cmax values (ng/mL; mean + SD) following azacitidine

administration. For Formulation #4 (enteric coated), over the dose range of 180 mg to 1200

mg, an increase in dose did not translate into an increase in exposure, and absorption was

poor. For Formulation #3 (immediate release tablets with vitamin E), over the dose range of

180 mg to 1200 mg,an increase in dosetranslated into an increase in exposure. For
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Formulation #6 (immediate release tablets without vitamin E), over the dose range of 180 mg

to 1200 mg,an increase in dose translated into an increase in exposure. Tmax for immediate-

release Formulations #3 and #6 were similar: For Formulation #3, median Tmax was 1.1 hr

(range 0.5, 2.5 hr); For Formulation #6, median Tmax was 1.0 hr (range 0.5, 3.0 hr).

[00236] Figure 14 displays relative oral bioavailability (%; mean + SD) following oral

dosing with Formulations #3, #4, and #6, at various azacitidine dosage levels. At dosage

levels less than or equal to 360 mg azacitidine, Formulation #4 (enteric coated) had a mean

relative oral bioavailability of less than 4%. At dosage levels less than or equal to 360 mg

azacitidine, Formulation #3 (immediate release with vitamin E) had a mean relative oral

bioavailability ranging from 11% to 21%. At dosage levels less than or equal to 360 mg

azacitidine, Formulation #6 (immediate release without vitamin E) had a meanrelativeoral

bioavailability ranging from 11% to 14%.

[00237] Figure.15 displays exposure (% as compared to SC; mean + SD) followingoral

dosing with Formulations #3, #4, and #6, at various azacitidine dosage levels. At dosage

levels less thanor equal to 360 mg azacitidine, Formulation #4 (enteric coated) had a mean

exposure of less than 8%. At dosage levels less than or equal to 360 mg azacitidine,

Formulation #3 (immediate release with vitamin E) had a mean exposure.ranging from 18%

to 37%. At dosage levels less than or equal to 360 mg azacitidine, Formulation #6

(immediate release without vitamin E) had a mean exposure ranging from 20% to 31%. As

compared to enteric-coated Formulation #4, the immediate-release Formulations #3 and #6

provided superior exposure compared to SC (about 30%at total dosage amount of 360 mg).

[00238] Comparisons of Formulation Nos. 3 and 6—

[00239} Figure 16 displays a linear scale profiles of azacitidine plasma concentration

(ng/ml) versus time (hr) for Formulation #3 and #6 at a dosage level of 180 mg (n=6). Figure

17 displays linear scale profiles of azacitidine plasma concentration (ng/ml) versus time (hr)

for Formulation #3 and #6 at a dosage level of 360 mg (n=6).

[00240] Figure 18 displays a plot of individual (“ind”) and mean azacitidine AUC(0-inf)

(ng*hr/ml) versus azacitidine dose (mg) for Formulation #3 and #6, with linear regression

analysis. Linear regression equations for. F3 and F6 are also indicated on the plot. Using

those equations, fora selected dose, the expected AUC(0-inf) (ng*hr/ml) were calculated.

Calculated values are provided in Table12.
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TABLE12. Expected AUC(0-inf) Calculated for Formulation #3 and #6

AUC(0-inf) (ng*hr/ml)

   

 

Azacitidine Dose (mg) Formulation #6 _ Formulation #3

TB
360 296 ; 363
480 328 _ 388

600 361 413

720 393 438.

1200 $23 538

F6 linear regression equation: y = 0.2706 x + 198.19

F3 linear regression equation: y = 0.2079 x + 288.07 

[00241] Figure 19 displays a comparisonofazacitidine percent relative oral bioavailability

(mean + SD) versus azacitidine dose (mg), following dosing with Formulation #3 or #6, for

azacitidine oral dosage amounts including 180 mg, 240 mg, 300 mg, 360 mg, 480 mg, 600

mg, 720 mg, 900 mg, 1020 mg, 1080 mg, 1140 mg, and 1200 mg. At doses greater than or

equal to 1020 mg, the mean relative oral bioavailability for Formulation #6 ranged from 9%

to 14%, and the mean relative oral bioavailability for Formulation #3 ranged from 10% to

21%. ; oo,

[00242] Figure 20 displays a comparisonofazacitidine percent oral exposure as compared
to SC azacitidine dosing (mean + SD) versus azacitidine dose (mg), following oral

administration of Formation #3 or #6. Azacitidine oral dosage amounts included 1 80 mg,
240 mg, 300 mg, 360 mg, 480 mg, 600 mg, 720 mg, 900 mg, 1020 mg, 1080 mg, 1140 mg,

and 1200 mg. At doses with n>1, the mean exposures of Formulation #6 and #3, as

compared to SC, were similar.

G. Example7

[00243] DNA methylationwas employedas a biomarker to monitor responses in patients

treated with azacitidine in the clinical studies described herein. Analysis was performed with

an Infinium Assay (commercially available fromI|lumina, Inc:, San Diego, California). The

Infinium Assay combined with BeadChipsallows large-scale interrogation of variations in

the human genome. For example, the Infinium HumanMethylation27 BeadChip enables

interrogation of 27,578 CpG loci, covering over 14,000 genes. The DNA Methylation Assay
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protocol included the following steps: (1) bisulfite conversion; (2) DNA amplification; (3)

DNAfragmentation; (4) DNAprecipitation; (5) DNA hybridization to BeadChip;(6)

extension and staining on BeadChip; and (7) imaging of BeadChip.

[00244] The assay for methylation was used to detect methylation status at individual CpG

loci by typing bisulfite-converted DNA. Methylation protected C from conversion, whereas

unmethylated C was converted to T. A pair of bead-bound probes wasusedto detect the

presence of T or'C by hybridization followed by single-basée extension with a labeled

nucleotide. Up to twelve samples wereprofiled in parallel. Blood and bone marrow samples

were collected and DNA methylation was analyzedin parallel.

H. Example 8

[00245] A study is performed to examine whether baseline DNA and/or RNA methylation

levels influence overall survival (OS) as well as the interaction between gene promotor

methylation levels and treatment(e.g., azacitidine or conventional care regimens (“CCR”)).

Methylation is determined for 5 genes previously evaluated in MDS or AML: CDKN2B

(p15), SOCS1, CDH1 (E-cadherin), TP73, and CTNNA1 (alpha-catenin), in pre-treatment

bone marrowaspirates of patients enrolled in a clinical study using quantitative real-time

methylation specific PCR (qMSP). The influence of methylation on OSis assessed using Cox

proportional hazards models and Kaplan-Meier (KM) methodology.

[00246] The numberofpatients (e.g., for azacitidine and CCR) having nucleic acid

sufficient for analysis of these 5 genes is determined. Methylation is detected in a specific

percentage of patients for CDKN2B, SOCS!], CDH1,. TP73, and CTNNA1. Differences in

methylation levels between the treatment arms are determined. The OS benefit for cytidine

analog(e.g., azacitidine) treatment is determined for patients who are positive and negative
for methylation at these 5. genes. It is determined whether the presence of methylation is

associated with improvementin OSin the CCR group (prognostic indicator of good

outcome). The existence and magnitude of any effect is compared to the cytidine analog

group, which may suggest an interaction between DNA and/or RNA methylation and

treatment.

[00247) OS improvementis assessed with cytidine analog (e.g., azacitidine) treatment in

patients with methylation at any of these 5 genes, and HR of death for methylationis

determined. The frequency of. methylation ofparticular genes allows for examination of the

influence of methylation level on OS and treatment.effect..For example, for particular genes,

lower levels of methylation may be associated with the longest OS and the greatest OS
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benefit from cytidine analog treatment, compared with the absence ofmethylation. Influence

of methylation level on OS maybe assessed in each IPSS cytogenetic subgroup (good,

intermediate, and poor). For example, the influence of methylation on OS maybestrongest

in the “poor” risk group, where risk of death is greatest.

[00248] Such data and analysis mayindicate, e.g., that patients with lowerlevels of

methylation may derive greater benefit from treatment with pharmaceutical compositions
comprising a cytidine analog (e.g., azacitidine). Molecular biomarkers may be important in
MDS,e.g., as indicators of disease prognosis and predictors of response to epigenetic
therapy. . .

I. Example 9
[00249] Clinical studies are conducted to assess the ability of an oral formulation

comprising a cytidine analog, such as 5-azacytidine,to treat patients having lung cancer,e.g.,

non-small-cell lung cancer (NSCLC). Such studies may include, e.g., an assessmentof the

ability to stop or reverse the growth of particular NSCLCcell types in patients having

NSCLC). In certain clinical studies, patients are tested for particular NSCLCcell types, e.g.,

A549, H1975, H522, H23, H460, and H1299,prior to administration of the oral formulation.

In certain clinical studies, patients with cell types known or believed to benefit preferentially

from cytidine analog (¢.g., 5-azacytidine) administration may be enrolled. In certain clinical
studies, patients having NSCLCare enrolled without analysis of particular NSCLCcell type.

In certain clinical studies, patients having any type of NSCLCcells are candidatesfor

treatment with an oral formulation provided herein.

[00250] In certain clinical studies, patients from any of the three main NSCLC groups may
be enrolled, i.2., (1) patients with tumors that are surgically resectable; (2) patients with either
locally or regionally advanced lung cancer; or (3) patients with distant metastases at the time

of diagnosis. In certain clinical studies, patients may be currently undergoing additional

treatment for NSCLC, including, e.g., surgery, chemotherapy, or radiation therapy.

[00251] Incertain clinical studies, patients who are administered an oral formulation

comprising a cytidine analog (e.g., 5-azacytidine) may also be administered one or more

additional therapeutic agents, examples of which are disclosed herein. The additional

therapeutic agent(s) may be administered in the same oral formulation as the cytidine analog,

or. may be co-administered (e.g., via PO, SC or IV administration) in combination with an

oral formulation comprising the cytidine analog. The appropriate amount and dosing .
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schedule for an additional therapeutic agent is determined for a particular patient using

methods known in theart.

[00252] Anassociation between gene methylation and recurrence ofNSCLC tumorsis

known in the art. See, e.g., M.V. Brock et al., N. Engl. J. Med., 2008, 358(11):1118-28.

Accordingly, in certain clinical studies provided herein, patients are screened prior to

enrollment and/or monitored during the trial for DNA or RNA. methylation levels, which

indicate a potential response to treatment with an oral formulation comprising a cytidine
analog (e.g., 5-azacytidine). In certain clinical studies, patients with high levels of DNA

methylation (e.g., CpG island methylation) and/or an increased potential for transcriptional

silencing of tumor-suppressor genes may be administered a cytidine analog (e.g., 5-

azacytidine) known or believed to prevent or reverse hypermethylation (e.g., by reducing the

activity of one or more DNA methyltransferase enzymes). In such studies, patients may also

be co-administered one or more additional therapeutic agents known or believed to reduce

epigenetic silencing, such as, e.g., compoundsthat inihibit histone deacetylase enzymes

(HDACs), which regulate the acetylation and deacetylation of histone residues that increase

or decrease gene expression. See, e.g., J.G. Herman & S.B. Baylin, NV. Engl. J. Med., 2003,

349:2042-54; P.A. Jones & S.B. Baylin, Nature Rev. Gen., 2002, 3:415-28. Suitable HDAC

inhibitors for co-administration in the clinical studies disclosed herein are known in the art

and/or described herein (e.g., entinostat or vorinostat).

[00253] The amountof cytidine analog (e.g., 5-azacytidine) inthe oral formulations

administered during the clinical studies depends, e.g., on the individual characteristics of the

patient, including, inter alia, the stage and progression of the patient’s NSCLC,the patient’s

age and weight, the patient’s prior treatment regimens, and other variables, as known in the

art. In certain clinical studies, potential starting doses maybe, e.g., about 60 mg, about 120

mg, about 180 mg, about 240 mg, about 300 mg, about 360 mg, about 420 mg, about 480 mg,

about 540 mg, about 600 mg, about 660 mg, about 720 mg, about 780 mg, about 840 mg,

about 900 mg, about 960 mg, about 1020 mg,or greater than about 1020 mgofthe cytidine

analog(e.g., 5-azacytidine) daily for a specified time period, e.g., about 1 week, about 1.5

weeks, about 2 weeks, about 2.5 weeks, about 3 weeks, about 3.5 weeks, about 1 month,

about 1.5 months, about 2 months, or a longer time period. Other potential starting doses and

time periods are disclosed herein. Cycles may be repeated as desired, e.g., over a period of

one or more months,as disclosed herein.. After a certain numberof cycles, the dosage may

be increased to increase the beneficial effect, provided such an increase will not cause
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undesirable toxicity effects. Patients may be treated for a minimum numberofcycles, as

disclosed herein. Complete or partial response may require additional treatment cycles.

Treatment may be continuedas long as the patient continues to benefit.

J. Example 10

[00254] Clinical studies are conductedto assess the ability of an oral formulation

comprising a cytidine analog, such as 5-azacytidine, to treat patients having an ovarian cancer

(including, e.g., the ability to stop or reverse the growth of cancercells in patients having an

ovarian cancer). Particular ovarian cancers include, but are not limited to, ovarian epithelial

cancer, ovarian germ cell tumors, and ovarian low malignant potential tumors. In certain

clinical studies, patients are screened for the presenceofa particular type of ovarian cancer
prior to administration of the oral formulation. In certain clinical studies, patients with a type

of ovarian cancer known orbelieved to benefit preferentially from cytidine analog (e.g., 5-

azacytidine) administration may be enrolled. In certain clinical studies, patients having
ovarian cancerare enrolled without screening for particular ovarian cancer types. In certain

clinical studies, patients having any type of ovarian cancer are candidates for treatment with

an oral formulation provided herein. In certain clinical studies, patients may be currently

undergoing additional treatmentfor ovarian cancer, including, e.g., surgery, chemotherapy, or

radiation therapy.

[00255] In certain clinical studies, patients who are administered an oral formulation

comprising a cytidine analog (e.g., 5-azacytidine) may also be administered one or more .

additional therapeutic agents, examples of which are disclosed herein (e.g., carboplatin). The

additional therapeutic agent(s) may be administered in the sameoral formulation as the

cytidine analog, or may-be co-administered (e.g., via PO, SC or IV administration) in

combination with an oral formulation comprising a cytidine analog. The appropriate amount

and dosing schedule for an additional therapeutic agent is determined for a particular patient

using methods known in theart.

[00256] An association between gene methylation.and ovarian cancer is known in theart.

See, e.g., G. Gifford et al., Clin. Cancer Res., 2004, 10:4420-26. Accordingly, in certain

clinical studies provided herein, patients are screened prior to enrollment and/or monitored

during the trial for DNA or RNA methylation levels, which indicate a potential response to .

treatment with an oral formulation comprising a cytidine analog (e.g., 5-azacytidine). In

certain clinical studies, patients with high levels of DNA methylation (e.g., CpG island

methylation) and/or an increased potential for transcriptional silencing of tumor-suppressor
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genes may be administered a cytidine analog(e.g., 5-azacytidine) known or believed to

prevent or reverse hypermethylation (e.g., by reducing the activity of one or more DNA

methyltransferase enzymes). In such studies, patients may also be co-administered one or

more additional therapeutic agents known orbelieved to reduce epigenetic silencing, such as,

e.g., compoundsthat inihibit histone deacetylase enzymes (HDACs), which regulate the

acetylation and deacetylation of histone residues that increase or decrease gene expression.

See, e.g., J.G. Herman & S.B. Baylin, N. Engl. J..Med., 2003, 349:2042-54; P.A. Jones &

S.B. Baylin, Nature Rev. Gen., 2002, 3:415-28. Suitable HDACinhibitors for co-

administration in the clinical studies disclosed herein are known in the art and/or described

herein (e.g., entinostat or vorinostat).

[00257] The amountof cytidine analog (e.g. , 5-azacytidine) in the oral formulations

administered during the clinical studies depends, e.g., on the individual characteristics of the

patient, including,inter alia, the type, stage, and progression of the patient’s ovarian cancer,

the patient’s age and weight, the patient’s prior treatment regimens, and other variables, as

known in the art. n certain clinical studies, potential starting doses may be, e.g., about 60 mg,

about 120 mg, about 180 mg, about 240 mg, about 300 mg, about 360 mg, about 420 mg,

about 480 mg, about 540 mg, about 600 mg, about 660 mg, about 720 mg, about 780 mg,

about 840 mg, about 900 mg, about 960 mg, about 1020 mg, or greater than about 1020 mg

of the cytidine analog (e.g., 5-azacytidine) daily for a specified time period, e.g., about 1

week, about 1.5 weeks, about 2 weeks, about 2.5 weeks, about 3 weeks, about 3.5. weeks,

about | month, about 1.5 months, about 2 months, or a longer time period. Other potential

starting doses and time periodsare disclosed herein. Cycles.may be repeated as desired,e.g.,

over a period of one or more months,as disclosed herein. After a certain numberofcycles,

the dosage maybeincreased to increase the beneficial effect, provided such an increasewill

not cause undesirable toxicity effects. Patients may be treated for a minimum numberof -

cycles, as disclosed herein. Complete or partial response may require additional treatment

cycles. Treatment may be continued as long as the patient continues to benefit.

K. Example 11

[00258] Clinical studies are conducted to assess the ability of an oral formulation

comprising a cytidine analog, such as 5-azacytidine, to treat patients having a pancreatic

cancer(including, e.g., the ability to stop or reverse the growth of cancercells in patients

having pancreatic cancer). In certain clinical studies, patients are screened prior to

enrollment for a particular type of pancreatic cancer prior to administration of the oral
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formulation. Cellular classifications of pancreatic cancers are known in theart and include,

e.g., duct cell carcinoma;acinar cell carcinoma;papillary mucinous carcinoma; signet ring
carcinoma; adenosquamouscarcinoma; undifferentiated carcinoma; mucinous carcinoma;

giant cell carcinoma; mixed type (ductal-endocrine or acinar-endocrine); small cell
carcinoma; cystadenocarcinoma (serous and mucinoustypes); unclassified;

pancreatoblastoma; papillary-cystic neoplasm (Frantz tumor); invasive adenocarcinoma

associated with cystic mucinous neoplasm orintraductal papillary mucinous neoplasm;

mucinous cystic tumor with dysplasia; intraductal papillary mucinous tumor with dysplasia;

and pseudopapillary solid tumor. In certain clinical studies, patients are screened prior to

enrollment for a particular stage of pancreatic cancer(e.g., the size of the tumorin the

pancreas, whether the cancer has spread, and if so, to what parts of the body) prior to

administration of the oral formulation. In certain clinical studies, pancreatic cancer patients

believed to benefit preferentially from cytidine analog (e.g., 5-azacytidine) administration

may beenrolled. In certain clinical studies, patients having pancreatic cancer are enrolled

without screening for particular pancreatic cancer types. In certain clinical studies, patients ©

having any type of pancreatic cancer are candidates for treatment with an oral formulation

provided herein. In certain clinical studies, patients may be currently undergoing additional

treatment for pancreatic cancer, including, e.g., surgery, chemotherapy, or radiation therapy.

[00259] In certain clinical studies, patients who are administered an oral formulation

comprising a cytidine analog (e.g., 5-azacytidine) may also be administered one or more

additional therapeutic agents, examples of which are disclosed herein (e.g., gemcitabine).

The additional therapeutic agent(s) may be administered in the same oral formulation as the

cytidine analog, or may be co-administered (e.g., via PO, SC or IV administration) in

combination with an oral formulation comprising a cytidine analog. The appropriate amount

and dosing schedule for an additional therapeutic agent is determined for a particular patient

using methods known intheart.

[90260] In certain clinical studies provided herein, patients.are screened prior to

enrollment and/or monitored during the trial for DNA or RNA methylation levels, which

indicate a potential response to treatment with an oral formulation comprising a cytidine

analog (e.g., 5-azacytidine). Incertain clinical studies, patients with high levels of DNA

methylation (e.g., CpG island methylation) and/or an increased potential for transcriptional

silencing of tumor-suppressor genes may be administered a cytidine analog (e.g., 5-

azacytidine) known orbelieved to prevent or reverse hypermethylation (e.g., by reducing the
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activity of one or more DNA methyltransferase enzymes). In such studies, patients may also

be co-administered one or more additional therapeutic agents known or believed to reduce

epigenetic silencing, such as, e.g., compoundsthat inihibit histone deacetylase enzymes

(HDACs), which regulate the acetylation and deacetylation of histone residues that increase

or decrease gene-expression. See, e.g., J.G. Herman & S.B. Baylin, NV. Engl. J. Med, 2003,

349:2042-54; P.A. Jones & S.B. Baylin, Nature Rev. Gen., 2002, 3:415-28. Suitable HDAC
inhibitors for co-administration in the clinical studies disclosed herein are known in theart

and/or described herein (e.g., entinostat or vorinostat).

[00261] The amountof cytidine analog (e.g., 5-azacytidine) in the oral formulations

administered during the-clinical studies depends, e.g., on the individual characteristics of the
patient, including, inter alia, the type, stage, and progression ofthe patient’s pancreatic

cancer, the patient’s age and weight, the patient’s prior treatment regimens, and other
variables, as known in the art. In certain clinical studies, potential starting doses maybe,e.g.,

about 60 mg, about 120 mg, about 180 mg, about 240 mg, about 300 mg, about 360 mg,

about 420 mg, about 480 mg, about 540 mg, about 600 mg, about 660 mg, about 720 mg,

about 780 mg, about 840 mg, about 900 mg, about 960 mg, about 1020 mg, or greater than .

about 1020 mg of the cytidine analog (e.g., 5-azacytidine) daily for a specified time period,

e.g., about 1 week, about 1.5 weeks, about 2 weeks, about 2.5 weeks, about 3 weeks, about

3.5 weeks, about 1 month, about 1.5 months, about 2 months, or a longer time period. Other
potential starting doses and time periods are disclosed herein. Cycles may be repeated as:

desired, ¢.g., over a period of one or more months,as disclosed herein. After a certain

numberofcycles, the dosage may be increased to increase the beneficial effect, provided

such an increase will not cause undesirable toxicity effects. Patients may be treated for a

minimum numberofcycles, as disclosed herein. Complete or partial response may require

additional treatment cycles. Treatment may be continued as long as the patient continues to

benefit.

L. Example 12

[00262] Clinical studies are conducted to assess the ability of.an oral formulation.

comprising a cytidine analog, such as 5-azacytidine,to treat patients having a colorectal

cancer(including, e.g., the ability to stop or reverse the growth of cancercells in patients _

having a colorectal cancer). In certain clinical studies, patients are screened prior to

enrollmentfor a particular type of colorectal cancer prior to administration of the oral

formulation. Histologic types of colon cancers are known in the art and include,e.g.,
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adenocarcinoma; mucinous(colloid) adenocarcinoma; signet ring adenocarcinoma;scirrhous

tumors; and neuroendocrine tumors. The World Health Organization classification of tumors

of the colon and rectum include (1) Epithelial Tumors, which include: Adenoma(e.g.,

tubular, villous, tubulovillous, and serrated); Intraepithelial neoplasia (dysplasia) associated
with chronic inflammatory diseases (e.g., low-grade glandular intraepithelial neoplasia and
high-grade glandular intraepithelial neoplasia); Carcinoma(¢.g., adenocarcinoma, mucinous
adenocarcinoma, signet-ring cell carcinoma, small cell carcinoma, adenosquamous

carcinoma, medullary carcinoma, and undifferentiated carcinoma); Carcinoid (well-
differentiated neuroendocrine neoplasm) (e.g., enterochromaffin (EC)-cell, serotonin-

producing neoplasm, L-cell, glucagon-like peptide and pancreatic polypeptide/peptide YY

(PYY)-producing tumor, and others); and Mixed carcinoma-adenocarcinoma;and(2)

Nonepithelial Tumors, which include: Lipoma; Leiomyoma; Gastrointestinal stromal tumor;

Leiomyosarcoma; Angiosarcoma; Kaposi sarcoma; Melanoma;andothers; as well as -

Malignant lymphomas(e.g., marginal zone B-cell lymphoma of mucosa-associated lymphoid

tissue type, mantle cell lymphoma, diffuse large B-cell lymphoma, Burkitt lymphoma, and

Burkitt-like/atypical Burkitt lymphoma. In certain clinical studies, patients are screened prior

to enrollmentfor a particular stage of colorectal cancer(e.g., the size of the tumor in the
colon or rectum, whether the cancer has spread, andif so, to what parts of the body) prior to

administration ofthe oral formulation, In certain clinical studies, colorectal cancer patients
believed to. benefit preferentially from cytidine analog (e.g., 5-azacytidine) administration

may be enrolled. In certain clinical studies, patients having a colorectal cancer are enrolled

without screening for particular colorectal cancer types. In certain clinical studies, patients

having any type of colorectal cancer are candidates for treatment with an oral formulation

provided herein. In certain clinical studies, patients may be currently undergoing. additional

treatment for colorectal cancer, including, e.g., surgery, chemotherapy, or radiation therapy.

[00263] Incertain clinical studies, patients who are administered an oral formulation

comprising a cytidine analog(e.g., 5-azacytidine) may also be administered one or more

additional therapeutic agents, examples of which are disclosed herein. The additional

therapeutic agent(s) may be administered in the same oral formulation as the cytidine analog,

or may be co-administered (e.g., via PO, SC or IV administration) in combination with an

oral formulation comprising a cytidine analog. The appropriate amount and dosing schedule

for an additional therapeutic agent is determinedfor a particular patient using methods known

in the art.
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[00264] An association between gene methylation and colorectal cancer is known in the

art. See, e.g., A.M. Jubb ef al., J. Pathol., 2001, 195:111-134. Accordingly, in certain

clinical studies provided herein, patients are screened prior to enrollment and/or monitored

during the trial for DNA or RNA methylation levels, which indicate a potential response to

treatment with an oral formulation comprising a cytidine analog (e.g., 5-azacytidine). In

certain clinical studies, patients with high levels of DNA. methylation (e.g., CpG island

methylation) and/oran increased potential for transcriptional silencing of tumor-suppressor

genes may be administered a cytidine analog (e.g., 5-azacytidine) known orbelieved to

prevent or reverse hypermethylation (e.g., by reducing the activity of one or more DNA

methyltransferase enzymes). In such studies, patients may also be co-administered one or

more additional therapeutic agents known or believed to reduce epigenetic silencing, such as,

e.g., compoundsthat inihibit histone deacetylase enzymes (HDACs), which regulate the

acetylation and deacetylation of histone residues that increase or decrease gene expression.

See, e.g., J.G. Herman & S.B. Baylin, N. Engl. J. Med., 2003, 349:2042-54; P.A. Jones &
S.B. Baylin, Nature Rev. Gen., 2002, 3:415-28. Suitable HDAC inhibitors for co-

administration in the clinical studies disclosed herein are known in the art and/or described

herein (é.g., entinostat or vorinostat).

[00265] The amountof cytidine analog (e.g., 5-azacytidine) in the oral formulations

administered during the clinical studies depends, e.g., on the individual characteristicsof the

patient, including, inter alia, the type, stage, and progression of the patient’s colorectal

cancer, the patient’s age and weight, the patient’s prior treatment regimens, and other

variables, as known in the art. In-certain clinical studies,potential starting doses may be,e.g.,

about 60 mg, about 120 mg, about 180 mg, about 240 mg, about 300 mg, about 360 mg,

about 420 mg, about 480 mg, about 540 mg,about 600 mg, about 660 mg, about 720 mg,

about.780 mg, about 840 mg, about 900 mg, about 960 mg, about 1020 mg,or greater than

about 1020 mg ofthe cytidine analog (e.g., 5-azacytidine) daily for a specified time period,

e.g., about 1 week, about 1.5 weeks, about 2 weeks, about 2.5 weeks, about 3 weeks, about

3.5 weeks, about 1 month, about 1.5 months, about 2 months, or a longer time period. Other

potential starting doses and time periods are disclosed herein. After.a certain number of

cycles, the dosage may be increased to increase the beneficial effect, provided such an

increase will not cause undesirable toxicity effects. Patients may be treated for a minimum

numberofcycles, as disclosed herein. Complete or partial response may require additional

treatment cycles. Treatment may be continued as longas the patient continuesto benefit.
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[00266] The present disclosure has been described in connection with certain embodiments
and examples; however, unless otherwise indicated, the claimed invention should not be

unduly limited to such specific embodiments and examples.
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WHATIS CLAIMEDIS:

1. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, wherein the composition releases the 5-

azacytidine substantially in the stomach following oral administration to a subject.

6.

The composition of claim 1, which is an immediate release composition.

The composition of claim 1, which is non-enteric-coated.

The composition of claim 1, whichisatablet.

The composition of claim 1, which is a capsule.

The composition of claim 1, which further comprises an excipient selected

from mannitol, microcrystalline cellulose, crospovidone, and magnesium stearate.

8.

The composition of claim 1, which further comprises a permeation enhancer.

The composition of claim 7, wherein the permeation enhancer is d-alpha-

tocopheryl polyethylene glycol 1000 succinate.

9. The composition of claim 8, wherein the d-alpha-tocopheryl polyethylene

glycol 1000 succinate is present in the formulation at about 2% by weight relative to the total

weight of the formulation.

10.

inhibitor.

The composition of claim 1, which is essentially free of a cytidine deaminase

The composition of claim 1, which is essentially free of tetrahydrouridine.

The composition of claim 1, which further comprises an additional therapeutic

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1568



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1569

WO 2009/139888 PCT/US2009/002999
98

13. The composition of claim 1, wherein the amount of 5-azacytidineis at least

about 40 mg.

14. The composition of claim 1, wherein the amountof 5-azacytidineis at least

about 400 mg.

15. The composition of claim 1, wherein the amountof 5-azacytidine is at least
about 1000 mg.

16, The composition of claim |, which achieves an area-under-the-curve value of

at least about 200 ng-hr/mL following oral administration to a subject.

17, The composition of claim 1, which achieves an area-under-the-curve value of

at least about 400 ng-hr/mL following oral administration to a subject.

18. The composition of claim 1, which achieves a maximum plasma concentration

of at least about 100 ng/mL following oral administration to a subject.

19. The composition of claim 1, which achieves a maximum plasma concentration

of at least about 200 ng/mL following oral administration to a subject.

20. The composition of claim 1, which achieves a time to maximum plasma

concentration of less than about 180 minutes following oral administration to a subject.

21, The composition of claim 1, which achieves a time to maximum plasma

concentration of less than about 90 minutes following oral administration to a subject.

22. The composition of claim 1, which achieves a time to maximum plasma

concentration of less than about 60 minutes following oral administration to a subject.

23. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achieves an area-under-the-curve value of at least about 200

ng-hr/mL following oral administration.
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24, A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achieves an area-undcr-the-curve value of at least about 400

ng-hr/mL following oral administration.

25. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achieves a maximum plasmaconcentration of at least about

100 ng/mL following oral administration.

26. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achieves a maximum plasma concentration of at least about

200 ng/mL following oral administration.

27. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achievesa time to maximum plasmaconcentration ofless

than about 180 minutes following oral administration.

28. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of 5-azacytidine, which releases the 5-azacytidine

substantially in the stomach and achieves a time to maximum plasmaconcentration of less

than about 90 minutes following oral administration.

29. The composition of any one of claims 23-28, whichis a single unit dosage
form.

30. The composition of claim 29, which is non-enteric-coated.

31. The composition of claim 29, whichis a tablet.

32. The composition of claim 29, which is a capsule.
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33. A methodfor treating a subject having a disease associated with abnormal cell

proliferation, comprising orally administering to the subject a pharmaceutical composition

comprising a therapeutically effective amount of 5-azacytidine, wherein the composition

releases the 5-azacytidine substantially in the stomach following oral administration to the

subject.

34. The method of claim 33, wherein the disease is myelodysplastic syndrome.

35. The method of claim 33, wherein the disease is acute myelogenous leukemia,

36. The method of claim 33, wherein the disease is non-small-cell lung cancer.

37. The method of claim 33, wherein the disease is ovarian cancer.

38. The method of claim 33, wherein the disease is pancreatic cancer.

39, The method of claim 33, wherein the disease is colorectal cancer.

40. The method of claim 33, wherein the method further comprises co-

administering to the subject in need thereof an additional therapeutic agent.

41. The method of claim 33, wherein the composition is an immediate release

composition.

42. The methodof claim 33, wherein the composition further comprises a

permeation enhancer.

43. The methodof claim 42, wherein the permeation enhanceris d-alpha-

tocophery! polyethylene glycol 1000 succinate.

44, The method of claim 43, wherein the d-alpha-tocopheryl polyethylene glycol
1000 succinate is present in the formulation at about 2% by weight relative to the total weight

of the formulation.
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45. The method of claim 33, wherein the method further comprises not co-

administering a cytidine deaminase inhibitor with the cytidine analog.

46, The method of claim 33, wherein the composition is a single unit dosage form.

47, The method of claim 33, wherein the composition is non-enteric-coated.

48. The method of claim 33, wherein the composition is a tablet.

49. The method of claim 33, wherein the composition is a capsule.

50. The methodofclaim 33, wherein the composition further comprises an

excipient selected from mannitol, microcrystalline cellulose, crospovidone, and magnesium

stearate.

51. The method of claim 33, wherein the amountof 5-azacytidine is at least about

40 mg.

52. The methodof claim 33, wherein the amount of 5-azacytidine is at least about

400 mg.

53. The method of claim 33, wherein the amountof 5-azacytidine is at least about

1000 mg.

54. The method of claim 33, which achieves an area-under-the-curve value of at

least about 200 ng-hr/mL following oral administration to the subject.

55. The method of claim 33, which achieves an area-under-the-curve value ofat

least about 400 ng-hr/mL following oral administration to the subject.

56. The method of claim 33, which achieves a maximum plasmaconcentration of

at least about 100 ng/mL following oral administration to the subject.
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57. The method of claim 33, which achieves a maximum plasma concentration of

at least about 200 ng/mL following oral administration to the subject.

58. ‘The method of claim 33, which achieves a time to maximum plasma

concentration of less than about 180 minutes following oral administration to the subject.

59, The method of claim 33, which achieves a time to maximum plasma
concentration of less than about 90 minutes following oral administration to the subject.

60. A pharmaceutical composition comprising a therapeutically effective amount

of 5-azacytidine, wherein the composition is for treating a disease or disorder associated with

abnormalcell proliferation, wherein the composition is prepared for oral administration, and

wherein the composition is prepared for release of the 5-azacytidine substantially in the

stomach.

61. The pharmaceutical composition of claim 60, wherein the amountof 5-

azacytidine is about 40 mg, about 400 mg, or about 1000 mg.

62. The pharmaceutical composition of claim 60, wherein the compositionis

prepared to achieve an area-under-the-curve value ofat least about 200 ng-hr/mLor 400 ng-

hr/mL following oral administration.

63. The pharmaceutical composition of claim 60, wherein the composition is

prepared to achieve a maximum plasma concentration ofat least about 100 ng/mL or 200
ng/mL following oral administration.

64. The pharmaceutical composition of claim 60, wherein the composition is

prepared to achieve a time to maximum plasma concentration of less than about 60 minutes

or 90 minutes after being administered.

65.|The pharmaceutical composition of any one of claims 60 to 64, wherein the

composition is prepared in the form of an immediate release composition.
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66. The pharmaceutical composition of any one of claims 60 to 64, wherein the

composition is prepared for oral administration in combination with an additional therapeutic

agent.

67. The pharmaceutical composition of any one of claims 60 to 64, wherein the

disease or disorder is myelodysplastic syndrome or acute myelogenousleukemia.

68. The pharmaceutical composition of any one of claims 60 to 64, wherein the

composition is a single unit dosage form.

69. The pharmaceutical composition of any one of claims 60 to 64, wherein the

composition is a tablet or a capsule.

70. The pharmaceutical composition of any one of claims 60 to 64, wherein the

composition further comprises an excipient selected from mannitol, microcrystalline

cellulose, crospovidone, and magnesium stearate.

71. Use of 5-azacytidine for the preparation of a pharmaceutical composition for

treating a disease associated with abnormalcell proliferation, wherein the compositionis

prepared for oral administration, and wherein the composition is prepared for release of the 5-

azacytidine substantially in the stomach.

72. The use of claim 71, wherein the disease is myelodysplastic syndrome or acute

myelogenous leukemia.

73. The use of claim 71 or 72, wherein the amountof 5-azacytidine is about 40

mg, about 400 mg, or about 1000 mg.

74. The use of any one of claims 71 to 73, wherein the composition is prepared for

immediate release.
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ANTI-ANGIOGENESIS THERAPY FOR THE TREATMENT OF BREAST

CANCER

RELATED APPLICATIONS

This application claims priority to and the benefit of United States Provisional

Application Serial No. 61/179,307, filed May 18, 2009, United States Provisional Application

Serial No. 61/178,009, filed May 13, 2009, and United States Provisional Application Serial

No. 61/117,102, filed November22, 2008, the specifications of which are incorporated herein

in their entirety.

FIELD OF THE INVENTION

This invention relates in general to treatment ofhuman diseases and pathological

conditions. More specifically, the invention relates to anti-angiogenesis therapy,either alone

or in combination with other anti-cancer therapies, for the treatment ofbreast cancer.

BACKGROUND

Cancer remains to be one of the most deadly threats to human health. In the U.S., cancer

affects nearly 1.3 million new paticnts cach year, and is the sccond Icading cause of death

after heart disease, accounting for approximately 1 in 4 deaths. Breast canceris the second

most common form of cancer and the second leading cancer killer among American women.

It is also predicted that cancer may surpass cardiovascular diseases as the number one cause of

death within 5 ycars. Solid tumors are responsible for most of those deaths. Although there

have been significant advances in the medical treatment of certain cancers, the overall 5-year

survival rate for all cancers has improved only by about 10% in the past 20 years. Cancers, or

malignant tumors, metastasize and grow rapidly in an uncontrolled manner, making timely

detection and treatment extremely difficult.

Breast canceris a disease that kills many women each yearin the United States.

According to the American Cancer Society, approximately 40,000 will die from the disease in

2008. Over 180,000 new cases of breast cancer are diagnosed annually, and it is estimated

that one in eight women will develop breast cancer. These numbers indicate that breast cancer

is one of the most dangerous discascs facing women today.

Metastatic breast cancer is generally incurable with only a few patients achieving long-

term survival after standard chemotherapy. Greenberget al.,.7. Clin. Oncol. 14:2197-2205

(1996).
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Knowledgeofthe basic biology ofbreast cancer has expanded exponentially over the

last three decades with some having an impact on therapy. A multinational, opcn-labcl phasc

Il trial of 222 women with HER2 overexpressing metastatic breast cancer found a response

rate of 15% with six confirmed complete responses using a recombinant humanized

monoclonal antibody (trastuzumab, also knownas Herceptin®, Genentech, South San

Francisco) directed against HER2 (Cobleigh ct al., Proc. Am. Soc. Clin. Oncol. 17:97 (1998)).

A randomized phaseIII trial evaluated the safety and efficacy of adding Herceptin to first-line

chemotherapy with either paclitaxel or the combination of doxorubicin plus

cyclophosphamide. Ovcrall responserate and time to progression significantly improved with

the addition of Herceptin to chemotherapy compared to chemotherapy alone (Slamonetal.,

Proc. Am. Soc. Clin. Oncol. 17:98 (1998)). More importantly, the addition of Herceptin

prolonged overall survival (Norton et al., Proc. Am. Soc. Clin. Oncol. 18:127a (1999)).

Thoughtrastuzumabis the first novel, biologically-based therapeutic agent approved for

the treatment of a subpopulation ofbreast cancer patients having HER2 overexpressing

canccrs, several other approaches have shown promise and have entered the clinic. There arc

estimates that 75 percent of womenwill newly diagnosed metastatic breast cancer are HER2-

negative. Compounds which inhibit angiogenesis have generated particular interest for

reaching additional breast cancer populations and have beenandare the subject ofclinical

trials both in the US and abroad.

Angiogenesis 18 an important cellular event in which vascular endothclial cells

proliferate, prune and reorganize to form new vessels from preexisting vascular network.

There is compelling evidence that the development of a vascular supply is essential for normal

and pathological proliferative processes (Folkman and Klagsbrun Science 235:442-

447(1987)). Delivery of oxygen and nutrients, as well as the removal of catabolic products,

represent rate-limiting steps in the majority of growth processes occurring in multicellular

organisms.

While induction ofnew blood vessels is considered to be the predominant mode of

tumor angiogenesis, recent data have indicated that some tumors may grow by co-opting

existing host blood vesscls. The co-opted vasculature then regresses, leading to tumor

regression that is eventually reversed by hypoxia-induced angiogenesis at the tumor margin.

Holashet al. Science 284:1994-1998 (1999),

One of the key positive regulators of both normal and abnormal angiogenesis is vascular

endothelial growth factor (VEGF)-A. VEGF-Ais part of a gene family including VEGF-B,
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VEGF-C, VEGF-D, VEGF-E, VEGEF-F, and PIGF. VEGF-A primarily binds to two high

affinity receptor tyrosine kinases, VEGFR-1 (Flt-1) and VEGFR-2 (FlIk-1/KDR), the latter

being the major transmitter of vascular endothelial cell mitogenic signals of VEGF-A.

Additionally, neuropilin-1 has been identified as a receptor for heparin-binding VEGF-A

isoforms, and may play a role in vascular development.

In addition to being an angiogenic factor in angiogenesis and vasculogenesis, VEGF, as

a plciotropic growth factor, exhibits multiple biological effects in other physiological

processes, such as endothelial cell survival, vessel permeability and vasodilation, monocyte

chemotaxis and calcium influx. Ferrara and Davis-Smyth (1997), supra. Moreover, studies

have reported mitogenic effects of VEGF on a few non-endothelial cell types, such as retinal

pigment epithelial cells, pancreatic duct cells and Schwann cells. Guerrin et al. J. Cell

Physiol. 164:385-394 (1995); Oberg-Welshet al. Mo/. Cell. Endocrinol. 126:125-132 (1997);

Sondell et al. J. Neurosci. 19:5731-5740 (1999).

The recognition of VEGF as a primary regulator of angiogenesis in pathological

conditions has led to numerous attempts to block VEGFactivities in conditions that involve

pathological angiogenesis. VEGF expression 1s upregulated in a majority of malignancies and

the overexpression ofVEGF correlates with a more advanced stage or with a poorer prognosis

in manysolid tumors. Therefore, molecules that inhibit VEGF signaling pathways have been

used for the treatment of relatively advanced solid tumors in which pathological angiogenesis

is noted.

Since canceris still one of the most deadly threats, additional cancer treatments for

patients are needed. Specifically, treatments for patients with MBC are needed to improve

control of disease to prevent symptoms, while minimizing toxicity. The invention addresses

these and other needs, as will be apparent upon review ofthe following disclosure.

SUMMARY

The invention concerns uses of anti-VEGFantibody for effectively treating breast cancer

patients for previously untreated metastic breast cancer. In particular, the invention provides

data from a randomized phase HI clinical trial of bevacizumab (AVASTIN®) in combination

with chemotherapy regimes in subjects with previously untreated metastic breast cancer in

human subjects. Such chemotherapy regimes include taxane therapy (e.g., docetaxel or

paclitaxel protein-boundparticles (e.g.,Abraxane®)), anthracycline therapy (e.g.,

doxorubicin, epirubicin or combinations thereof) or capecitabine therapy. In some

embodiments, the treatment is used as first line therapy for locally recurrent or previously
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untreated metastatic breast cancer. The success ofthe trial showsthat adding anti-VEGF

antibody to a standard chemotherapyprovidesstatistically significant and clinically

meaningful benefits to breast cancer patients. In addition, safety was consistent with results of

prior bevacizumabtrials.

Theresults obtained in clinical studies of the use of bevacizumab in human subjects with

metastatic breast cancer showthat the efficacy, as evaluated by progression free survival

(PFS) was positive cspecially when compared to PFS data for chemothcrapcutic agents alonc.

Subjects in the clinical trials who received. bevacizumab in combination with taxane therapy

(e.g., docetaxel or paclitaxel protein-bound particles (e.g., Abraxane®))/anthracycline therapy

(e.g., doxorubicin, epirubicin or combinations thereof) had an increase in progressionfree

survival compared to subjects treated with the taxane therapy (c.g., docctaxcl or paclitaxcl

protein-bound particles (e.g.,Abraxane®))/anthracycline therapy (e.g., doxorubicin,

epirubicin or combinations thereof) alone. Subjects in the clinical trials who received

bevacizumab in combination with capecitabine therapy as described below, had an increase in

progression free survival compared to subjects treated. with capecitabine therapy alone. The

difference was significantly significant.

Accordingly, provided herein are methodsoftreating a subject diagnosed with

previously untreated metastatic breast cancer, comprising administering to the subject a

treatment regimen comprising an effective amount of at least one chemotherapy and an anti-

VEGFantibody, wherein said subject has not received any chemotherapy for locally recurrent

or metastatic breast cancer. Optionally, the subject is HER2-negative. In some embodiments,

the subject is HER2 positive. Optionally, the subject has not received prior adjuvant

chemotherapy in recurrence less than or equal to 12 monthssince last dose. The treatment

regimen combining the chemotherapy and the administration of the anti-VEGFeffectively

extends the progression free survival (PFS) of the subject. In certain embodiments, the

treatment regimen combining the chemotherapy and the anti-VEGF antibodyhasa safety

profile that is consistent with results ofprior bevacizumabtrials.

Further provided hcrcin are uses of an anti-VEGFantibody with at Icast onc

chemotherapeutic agent in the manufacturer of a medicamentfor treating previously untreated

metastatic breast cancer in a subject, wherein said subject has not received any chemotherapy

for locally recurrent or metastatic breast cancer. Optionally, the subject is HER2-ncgative. In

some embodiments, the subject is HER2 positive. Optionally, the subject has not received

prior adjuvant chemotherapyin recurrenceless than or equal to 12 months since last dose.
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The use of the anti-VEGF and the chemotherapeutic agent effectively extends the progression

free survival (PFS) of the subject. In certain embodiments, the use of the chemotherapy and

the anti-VEGF antibody has a safety profile that is consistent with results of prior

bevacizumabtrials.

Provided also herein are anti-VEGF antibodies for use in a method oftreating locally

recurrent or metastatic breast cancer in a subject, the method comprising administering to the

subject a treatment regimen comprising an effective amount of a chemotherapyand an anti-

VEGFantibody, wherein said subject has not received any chemotherapy for locally recurrent

or metastatic breast cancer. Optionally, the subject is HER2-negative. In some embodiments,

the subject is HER2 positive. Optionally, the subject has not received prior adjuvant

chemotherapy in recurrence less than or equal to 12 months since last dose. The treatment

regimen combining the chemothcrapy and the administration of the anti-VEGF cffectively

extends the progression free survival (PFS) of the subject. In certain embodiments, the

treatment regimen combining the chemotherapy and the anti-VEGF antibody has a safety

profile that is consistent with results ofprior bevacizumabtrials.

In certain embodiments of any of the methods, uses and compositions provided herein,

the PFSis extended about 1 month, 1.2 months, 2 months, 2.4 months, 2.9 months, 3 months,

3.5 months, 4, months, 6 months, 7 months, 8 months, 9 months, 1 year, about 2 years, about

3 years, etc. In one embodiment, the PFS is extended about 2.9 months to 3.5 months(e.g.,

with capccitabinc). In one embodiment, the PFS is extended about 1.2 months to about 2.4

months(e.g., with taxane/anthracycline).

Any chemotherapeutic agent exhibiting anticancer activity can be used according to any

of the methods, uses and compositions provided herein. In certain embodiments, the

chemotherapeutic agent is selected from the group consisting of alkylating agents,

antimetabolites, folic acid analogs, pyrimidine analogs, purine analogs andrelated inhibitors,

vinca alkaloids, epipodopyyllotoxins, antibiotics, L-Asparaginase, topoisomerase inhibitor,

interferons, platinum cooridnation complexes, anthracenedione substituted urea, methyl

hydrazine derivatives, adrenocortical suppressant, adrenocorticosteroides, progestins,

estrogens, anticstrogen, androgens, antiandrogen, and gonadotropin-relcasing hormone

analog. In certain embodiments, the chemotherapeutic agent is for example, capecitabine,

taxane, anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles(e.g.,

Abraxane®), doxorubicin, epirubicin, 5-fluorouracil, cyclophosphamide or combinations
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thereof. Two or more chemotherapeutic agents can be used (e.g., in a cocktail) to be

administered in combination with administration of the anti-VEGF antibody.

Clinical benefits of the any of the methods, uses and compositions provided herein

according to the invention can be measured by, for example, duration of progression free

survival (PFS), time to treatment failure, objective response rate and duration of response.

Accordingly, the invention features a method of instructing a human subject with,e.g.,

breast, cancer by providing instructions to receive treatment with an anti-VEGF antibody so as

to increase progression free survival of the subject, to decrease the subject’s risk of cancer

recurrence or to increase the subject’s likelihood of survival. In some embodiments the

method further comprises providing instructions to receive treatment with at least one

chemotherapeutic agent. The treatment with the anti-VEGF antibody may be concurrent with

or sequential to the treatment with the chemotherapeutic agent. In certain embodiments the

subject is treated as instructed by the methodofinstructing.

The invention also provides a promotional mcthod, comprising promoting the

administration of an anti-VEGF antibody for treatment of, e.g., breast, cancer in a human

subject. In some embodiments the method further comprises promoting the administration of

at least one chemotherapeutic agent. Administration of the anti-VEGF antibody may be

concurrent with or sequential to administration of the chemothcrapcutic agent. Promotion

may be conducted by any meansavailable. In some embodiments the promotion is by a

package insert accompanying a commercial formulation of the anti-VEGF antibody. The

promotion mayalso be by a package insert accompanying a commercial formulation of the

chemotherapeutic agent. Promotion may be by written or oral communication to a physician

or health care provider. In some embodiments the promotion is by a package insert where the

packageinset provides instructions to receive therapy with anti-VEGFantibody. In some

embodiments the promotion is followed by the treatment of the subject with the anti-VEGF

antibody with or without the chemotherapeutic agent.

The invention provides a business method, comprising marketing an anti-VEGF

antibody for treatment of, e.g., breast, cancer in a human subject so as to increase progression

free survival, or decrease the subjcct’s likclihood of cancer recurrence or increase the

subject’s likelihood of survival. In some embodiments the method further comprises

marketing a chemotherapeutic agent for use in combination with the anti-VEGF antibody. In

some embodiments the marketing is followed by treatment of the subject with the anti-VEGF

antibody with or without the chcemothcrapcutic agent.
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Also provided is a business method, comprising marketing a chemotherapeutic agent

in combination with an anti-VEGFantibody for treatmentof, e.g., breast, cancer in a human

subject so as to increase progression free survival, or decrease the subject’s likelihood of

cancer recurrence or increase the subject’s likelihood of survival. In some embodiments, the

marketing is followed by treatment of the subject with the combination of the

chemotherapeutic agent and the anti-VEGFantibody.

In any of the mcthods, uscs and compositions provided hercin, the anti-VEGF antibody

may be substituted with a VEGFspecific antagonist, ¢.g., a WEGF receptor molecule or

chimeric VEGF receptor molecule as described herein. In certain embodimentsofthe

methods, uses and compositions provided herein, the anti-VEGF antibody is bevacizumab.

The anti-VEGFantibody, or antigen-binding fragment thercof, can be a monoclonal antibody,

a chimeric antibody, a fully human antibody, or a humanized antibody. Exemplary antibodies

useful in the methods of the invention include bevacizumab (AVASTIN®), a G6 antibody,a

B20 antibody, and fragments thereof. In certain embodiments, the anti-VEGF antibody has a

heavy chain variable region comprising the following amino acid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW

INTYTGEPTY AADFKRRFTF SLDTSKSTAY LQOMNSLRAED TAVYYCAKYP

HYYGSSHWYF DVWGQGTLVTVSS(SEQ ID No. 1)

and a light chain variable region comprising the following amino acid sequence:

DIQMTOSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF

TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ

GTKVEIKR(SEQ ID No.2).

The antibody, or antigen-binding fragment thereof, can also be an antibodythat lacks

an Fe portion, an F(ab’)s, an Fab, or an Fv structure.

In one embodiment of the methods, uses and compositions provided herein, the

treatment is a combination of a VEGF-specific antagonist, ¢.g., anti-VEGFantibody,and at

least one chemotherapeutic agent. In other embodiments of the methods, uses and

compositions provided herein, the VEGF-specific antagonist is a monotherapy.

Eachof any of the methods, uses and compositions provided herein may be practiced

in relation to the treatment of cancers including, but not limited to, carcinoma, lymphoma,

blastoma, sarcoma, and leukemia. More particular examples of such cancers include breast
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cancer, squamouscell cancer, small-cell lung cancer, non-small cell lung cancer,

adenocarcinoma of the lung, squamous carcinomaof the lung, cancer of the peritoneum,

hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,

ovarian cancer,liver cancer, bladder cancer, hepatoma, colon cancer, colorectal cancer,

endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,

prostate cancer, renal cancer, vulval cancer, thyroid cancer, hepatic carcinoma, gastric cancer,

melanoma, and various types of head and neck cancer. In some embodiments of the methods

of the invention the subject has metastatic breast cancer. In some embodiments ofthe

methods, uses and compositions provided herein the subject has previously untreated

metastatic breast cancer. In some embodiments the subject has HER2-negative metastic

breast cancer.

Each of the above aspects can further include monitoring the subject for recurrence of

the cancer. Monitoring can be accomplished, for example, by evaluating progression free

survival (PFS) or overall survival (OS) or objective response rate (ORR). In one embodiment,

the PFS or the OS or the ORRis evaluated after initiation of treatment.

Depending on the type and severity of the disease, preferred dosages for the anti-VEGF

antibody, c.g., bevacizumab,are described hercin and can range from about |pp/kg to about 50

mg/kg, most preferably from about 5 mg/kg to about 15 mg/kg, including but not limited to 5

mg/kg, 7.5 mg/kg, 10 mg/kg or 15 mg/kg. The frequency ofadministration will vary

depending on the type and severity of the disease. For repeated administrations over several

days or longer, depending on the condition, the treatmentis sustained until the canceris

treated or the desired therapeutic effect is achieved, as measured by the methods described

herein or knownin the art. In one example, the anti-VEGF antibody is administered once

every weck, every two wecks, or every three wecks, at a dose range from about 5 mg/kg to

about 15 mg/kg, including but not limited to 5 mg/kg, 7.5 mg/kg, 10 mg/kg or 15 mg/kg.

However, other dosage regimens may be useful. The progress of the therapy of the invention

is casily monitored by conventional tcchniqucs and assays.

In additional embodiments of each of the above aspects, the VEGF-specific antagonist,

e.g., anti-VEGFantibody is administered locally or systemically (e.g., orally or

intravenously). In other embodiments, one aspect of the treatment is with the VEGF-specific

antagonist in a monotherapy or a monothcrapy for the duration of the VEGF-specific

antagonist treatment period, e.g., in extended treatment phase or maintenance therapy, as

assessed bythe clinician or described herein.
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In other embodiments of the methods, uses and compositions provided herein,

treatment, use or composition with the VEGF-specific antagonist is in combination with an

additional anti-cancer therapy, including but not limited to, surgery, radiation therapy,

chemotherapy,differentiating therapy, biotherapy, immunetherapy, an angiogenesis inhibitor,

a cytotoxic agent and/or an anti-proliferative compound. Treatment, use and composition

with the VEGF-specific antagonist can also include any combination of the above types of

therapeutic regimens. In some embodiments, the chemotherapeutic agent and the VEGF-

specific antagonist are administered concurrently.

In the embodiments of the methods, uses and compositions provided herein which

include an additional anti-cancer therapy, the subject can be further treated with the additional

anti-cancer therapy before, during (¢.g., simultaneously), or after administration of the VEGF-

specific antagonist. In one embodiment, the VEGF-specific antagonist, administered either

alone or with an anti-cancer therapy, can be administered as maintenance therapy.

Other features and advantages of the invention will be apparent from the following

Detailed Description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the study design for the metastatic breast cancertrial using

bevacizumab (BV) or placebo (PL) with various chemotherapies.

Figure 2 depicts progression free survival (PFS) curves for capecitabine arm of the

trial. INV (investigator) is PFS assessed by investigator and IRC is PFS assessed by

independent review committee (IRC), where placebo is PL and bevacizumabis BV.

Figure 3 depicts PFS curves for taxanc/anthracycline arm of the trial. INV is PFS

assessed by investigator and IRC is PFS assessed by independent review committee (IRC),

where placebo is PL and bevacizumabis BV.

Figure 4 depicts a subgroup analyses of PFS in the capecitabine and

taxanc/anthracycline groupsofthe trial.

Figure 5 depicts the objective response rate for capecitabine (Cape) and

taxane/anthracycline (T/Antra) groups.

Figure 6 depicts a subgroup analysis of PFS for taxane/anthracycline (T/Anthra)

cohorts.
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DETAILED DESCRIPTION

I. DEFINITIONS

The term “VEGF”or “VEGF-A”is used to refer to the 165-amino acid human vascular

endothelial cell growth factor and related 121-, 145-, 189-, and 206- amino acid human

vascular endothelial cell growth factors, as described by, e.g., Leunget al. Science, 246:1306

(1989), and Houcket al. Mol. Endocrin., 5:1806 (1991), together with the naturally occurring

allclic and processed forms thereof. VEGF-Ais part of a gene family including VEGF-B,

VEGF-C, VEGF-D, VEGF-E, VEGF-F, and PIGF. VEGF-A primarily binds to two high

affinity receptor tyrosine kinases, VEGFR-1 (FIt-1) and VEGFR-2 (Flk-1/KDR),the latter

being the major transmitter of vascular endothelial cell mitogenic signals of VEGF-A.

Additionally, neuropilin-1 has been identified as a receptor for heparin-binding VEGF-A

isoforms, and mayplay a role in vascular development. The term “VEGF”or “WEGF-A”also

refers to VEGFs from non-humanspecies such as mouse,rat, or primate. Sometimes the

VEGFfrom a specific specics is indicated by terms such as hVEGF for human VEGFor

mVEGFfor murine VEGF. Typically, VEGF refers to human VEGF. The term “VEGF”is

also used to refer to truncated forms or fragments of the polypeptide comprising aminoacids 8

to 109 or 1 to 109 of the 165-amino acid human vascular endothelial cell growth factor.

Reference to any such forms of VEGF maybe identificd in the application, ¢.g., by “WEGF

(8-109),” “VEGF (1-109)or “VEGF165.” The aminoacid positions for a “truncated” native

VEGFare numbered as indicated in the native VEGF sequence. For example, amino acid

position 17 (methionine) in truncated native VEGFis also position 17 (methionine) in native

VEGF. The truncated native VEGF has binding affinity for the KDR and FIt-1 receptors

comparable to native VEGF.

An “anti-VEGF antibody”is an antibody that binds to VEGF with sufficient affinity and

specificity. The antibody sclected will normally have a binding affinity for VEGF, for

example, the antibody may bind hVEGF with a Kd value of between 100 nM-1 pM. Antibody

affinities may be determined by a surface plasmon resonance based assay (such as the

BlAcore assay as described in PCT Application Publication No. WO2005/012359); enzyme-

linked immunoabsorbent assay (ELISA); and competition assays (e.g. RIA’s), for example. In

certain embodiments, the anti-VEGF antibody of the invention can be used as a therapeutic

agent in targeting and interfering with diseases or conditions wherein the VEGFactivity is

involved. Also, the antibody may be subjected to other biological activity assays, ¢.g., in

order to evaluate its effectiveness as a therapeutic. Such assays are known in the art and
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depend on the target antigen and intended use for the antibody. Examples include the

HUVECinhibition assay; tumor cell growth inhibition assays (as described in WO 89/06692,

for example); antibody-dependentcellular cytotoxicity (ADCC) and complement-mediated

cytotoxicity (CDC)assays (US Patent 5,500,362); and agonistic activity or hematopoiesis

assays (see WO 95/27062). An anti-VEGFantibody will usually not bind to other VEGF

homologues such as VEGF-B or VEGF-C,nor other growth factors such as PIGF, PDGF or

bFGE.

A “VEGFantagonist” refers to a molecule capable of neutralizing, blocking, inhibiting,

abrogating, reducing or interfering with VEGFactivities including its binding to one or more

VEGFreceptors. VEGF antagonists include anti-VEGFantibodies and antigen-binding

fragments thereof, receptor molecules and derivatives which bind specifically to VEGF

thereby sequestering its binding to one or more receptors, anti-VEGF receptor antibodies and

VEGFreceptor antagonists such as small molecule inhibitors of the VEGFR tyrosine kinases.

A “native sequence” polypeptide comprises a polypeptide having the same amino acid

sequenceas a polypeptide derived from nature. Thus, a native sequence polypeptide can have

the amino acid scquence of naturally-occurring polypeptide from any mammal. Such native

sequence polypeptide can be isolated from nature or can be produced by recombinant or

synthetic means. The term "native sequence” polypeptide specifically encompasses naturally-

occurring truncated or secreted forms of the polypeptide (e.g., an extraccllular domain

sequence), naturally-occurring variant forms(e.g., alternatively spliced forms) and naturally-

occurring allelic variants of the polypeptide.

A polypeptide “variant” means a biologically active polypeptide having at lcast about 80%

amino acid sequence identity with the native sequence polypeptide. Such variants include, for

instance, polypeptides wherein one or more aminoacid residues are added, or deleted, at the N-

or C-terminusofthe polypeptide. Ordinarily, a variant will have at least about 80% amino acid

sequence identity, more preferably at least about 90% amino acid sequence identity, and even

morepreferably at least about 95% amino acid sequence identity with the native sequence

polypeptide.

The term “antibody” is used in the broadest sense and includes monoclonalantibodies

(including full length or intact monoclonal antibodies), polyclonal antibodies, multivalent

antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments (see

below) so long as they exhibit the desired biologicalactivity.
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Throughoutthe present specification and claims, the numbering ofthe residues in an

immunoglobulin heavy chain is that of the EU index as in Kabat et al., Sequences of Proteins

of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,

Bethesda, Md. (1991), expressly incorporated herein by reference. The “EU index as in

Kabat”refers to the residue numbering of the human IgG1 EU antibody.

The “Kd”or “Kd value” according to this invention is in one embodiment measured

by a radiolabeled VEGF bindingassay (RIA) performed with the Fab version of the antibody

and a VEGF molecule as described by the following assay that measures solution binding

affinity of Fabs for VEGF by equilibrating Fab with a minimal concentration of('”*1)-labeled

VEGF(109)in the presence ofa titration series of unlabeled VEGF, then capturing bound

VEGFwith an anti-Fab antibody-coated plate (Chen,ct al., (1999) J. Mol Biol 293:865-881).

In one example, to establish conditions for the assay, microtiter plates (Dynex) are coated

overnight with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium

carbonate (pH 9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS

for two to five hours at room temperature (approximately 23°C). In a non-adsorbant plate

(Nunc #269620), 100 pM or 26 pM ['°I]VEGF(109) are mixed with serial dilutions of a Fab

of interest, e.g., Fab-12 (Presta et al., (1997) Cancer Res. 57:4593-4599). The Fab of interest

is then incubated overnight; however, the incubation may continue for 65 hours to insure that

equilibrium is reached. Thereafter, the mixtures are transferred to the capture plate for

incubation at room temperature for one hour. The solution is then removed andthe plate

washed eight times with 0.1% Tween-20 in PBS. When the plates had dried, 150 ul/well of

scintillant (MicroScint-20; Packard) is added, and the plates are counted on a Topcount

gamma counter (Packard) for ten minutes. Concentrations of each Fab that give less than or

equal to 20% of maximal binding are chosen for use in competitive binding assays.

According to another embodiment the Kd or Kd value is measured by using surface plasmon

resonance assays using a BIAcore’“-2000 or a BIAcore™-3000 (BlAcore,Inc., Piscataway,

NJ) at 25°C with immobilized hVEGF (8-109) CMS5chips at ~10 response units (RU).

Briefly, carboxymethylated dextran biosensor chips (CM5, BIAcore Inc.) are activated with

N-ethyl-N’- (3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-

hydroxysuccinimide (NHS) according to the supplicr’s instructions. Human VEGFis diluted

with 10mM sodium acetate, pH 4.8, into 5ug/ml (~0.2uM) before injection at a flow rate of

5ul/minute to achieve approximately 10 response units (RU) of coupled protein. Following the

injection of human VEGF, 1M ethanolamine is injected to block unreacted groups. For

kinetics measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected. in
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PBS with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25ul/min.

Association rates (k..) and dissociation rates (kor) are calculated using a simple one-to-one

Langmuir binding model (BlAcore Evaluation Software version 3.2) by simultaneousfitting

the association and dissociation sensorgram. The equilibrium dissociation constant (Kd) was

calculated as the ratio kog/kon, See, e.g., Chen, Y., et al., (1999) J. Mol Biol 293:865-881. If

the on-rate exceeds 10° M'! S"'by the surface plasmon resonance assay above, then the on-rate

is can be determined by using a fluorescent quenching technique that measures the increase or

decrease in fluorescence emission intensity (excitation = 295 nm; emission = 340 nm, 16 nm

band-pass) at 25°C of a 20nM anti-VEGFantibody (Fab form) in PBS, pH 7.2,in the presence

of increasing concentrations of human VEGFshort form (8-109) or mouse VEGF as measured

in a spectrometer, such as a stop-flow equipped spectrophometer (Aviv Instruments) or a

8000-series SLM-Aminco spectrophotometer (ThermoSpectronic) with a stirred cuvette.

A “blocking” antibody or an antibody “antagonist” is one which inhibits or reduces

biological activity of the antigen it binds. For example, a VEGF-specific antagonist antibody

binds VEGFandinhibits the ability of VEGF to induce angiogenesis, to induce vascular

endothelial cell proliferation or to induce vascular permeability. In certain embodiments,

blocking antibodics or antagonist antibodics complctcly inhibit the biological activity of the

antigen.

Unless indicated othcrwise, the expression “multivalent antibody” is used throughout

this specification to denote an antibody comprising three or more antigen binding sites. For

example, the multivalent antibody is engineered to have the three or more antigen binding

sites and is generally not a native sequence IgM or IgA antibody.

"Antibody fragments” comprise only a portion of an intact antibody, generally including

an antigen binding site of the intact antibody and thus retaining the ability to bind antigen.

Examples ofantibody fragments encompassed by the present definition include: (i) the Fab

fragment, having VI., CI., VH and CH1 domains; (ii) the Fab’ fragment, which is a Fab

fragment having one or more cysteine residues at the C-terminus of the CH! domain;(iit) the

Fd fragment having VH and CH1 domains;(iv) the Fd’ fragment having VH and CH1

domainsand one or more cysteine residues at the C-terminus of the CH1 domain; (v) the Fv

fragment having the VL and VH domainsof a single arm of an antibody; (vi) the dAb

fragment (Ward eft al., Nature 341, 544-546 (1989)) which consists of a VH domain;(vii)

isolated CDRregions; (viii) F(ab’): fragments, a bivalent fragment including two Fab’

fragments linked bya disulphide bridge at the hinge region; (1x) single chain antibody

molecules (¢.g. single chain Fv; scFv) (Bird et al., Science 242:423-426 (1988); and Huston er
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al., PNAS (USA) 85:5879-5883 (1988)); (x) “diabodies” with two antigen bindingsites,

comprising a heavy chain variable domain (VH) connected to a light chain variable domain

(VL) in the same polypeptide chain (see, e.g., EP 404,097; WO 93/11161; and Hollinger er

al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993)); (xi) “linear antibodies” comprising a

pair of tandem Fd segments (VH-CH1-VH-CH1) which, together with complementary light

chain polypeptides, form a pair of antigen binding regions (Zapata et al. Protein Eng.

8(10):1057-1062 (1995); and US Patent No. 5,641,870).

The term "monoclonalantibody" as used herein refers to an antibody obtained from a

population of substantially homogeneous antibodies,i.¢., the individual antibodies comprising

the population are identical except for possible naturally occurring mutations that may be

present in minor amounts. Monoclonalantibodies are highly specific, being directed against a

single antigen. Furthermore, in contrast to polyclonal antibody preparations that typically

include different antibodies directed against different determinants (epitopes), each

monoclonal antibody is directed against a single determinant on the antigen. The modifier

“monoclonal” is not to be construed as requiring production of the antibody by any particular

method. For example, the monoclonal antibodies to be used in accordance with the invention

may be made by the hybridoma methodfirst described by Kohler et al., Nature 256:495

(1975), or may be made by recombinant DNA methods(see, ¢.g., U.S. Patent No. 4,816,567).

The "monoclonal antibodies" mayalso be isolated from phage antibody libraries using the

techniques described in Clackson eft al., Nature 352:624-628 (1991) or Marksef al, J. Mol.

Biol, 222:581-597 (1991), for example.

An “Fv” fragment is an antibody fragment which contains a complete antigen

recognition and binding site. This region consists of a dimer of one heavy and onelight chain

variable domain in tight association, which can be covalent in nature, for example in scFv. It

is in this configuration that the three CDRs of each variable domain interact to define an

antigen binding site on the surface of the Vy-V_ dimer. Collectively, the six CDRsor a subset

thereof confer antigen binding specificity to the antibody. However, even a single variable

domain(or half of an Fv comprising only three CDRsspecific for an antigen) has the ability to

recognize and bind antigen, although usually at a lower affinity than the cntire bindingsite.

As used herein,“antibody variable domain”refers to the portions of the light and

heavy chains of antibody molecules that include amino acid sequences of Complementarity

Determining Regions (CDRs; ie., CDR1, CDR2, and CDR3), and Framework Regions (FRs).

Vu refers to the variable domain of the heavy chain. V_ refers to the variable domain ofthe

14

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1615



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1616

10

15

20

25

30

WO 2010/059969 PCT/US2009/065381

light chain. According to the methods used in this invention, the amino acid positions

assigned to CDRs and FRs maybedefined according to Kabat (Sequences of Proteins of

Immunological Interest (National Institutes of Health, Bethesda, Md., 1987 and 1991)).

Amino acid numbering of antibodies or antigen binding fragments is also according to that of

Kabat.

As used herein, the term “Complementarity Determining Regions” (CDRs; i.c., CDR1,

CDR2, and CDR3)refers to the amino acid residues of an antibody variable domain the

presence of which are necessary for antigen binding. Each variable domain typically has three

CDRregions identified as CDR1, CDR2 and CDR3. Each complementarity determining

region may comprise aminoacid residues from a “complementarity determining region”as

defined by Kabat (i.e. about residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light chain

variable domain and 31-35 (H1), 50-65 (H2) and 95-102 (H3) in the heavy chain variable

domain; Kabat ef al., Sequences ofProteins ofImmunological Interest, 5th Ed. Public Health

Service, National Institutes of Health, Bethesda, MD. (1991)) and/or those residues from a

“hypervariable loop”(.e. about residues 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light

chain variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain

variable domain; Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). In some instances, a

complementarity determining region can include amino acids from both a CDRregion defined

according to Kabat and a hypervariable loop. For cxample, the CDRH1 ofthe heavy chain of

antibody 4D5 includes aminoacids 26 to 35.

“Framework regions” (hereinafter FR) are those variable domain residues other than

the CDRresidues. Each variable domain typically has four FRs identified as FR1, FR2, FR3

and FR4. If the CDRs are defined according to Kabat, the light chain FR residues are

positioned at about residues 1-23 (LCFR1), 35-49 (LCFR2), 57-88 (LCFR3), and 98-107

(LCFR4) and the heavy chain FR residues are positioned about at residues 1-30 (HCFR1), 36-

49 (HCFR2), 66-94 (HCFR3), and 103-113 CHCFR4) in the heavy chain residues. If the CDRs

comprisc amino acid residucs from hypervariable loops, the light chain FR residucs are

positioned about at residues 1-25 (LCFR1), 33-49 (LCFR2), 53-90 (LCFR3), and 97-107

(LCFR4) in the light chain and the heavy chain FR residues are positioned about at residues 1-

25 (HCFR1), 33-52 (HCFR2), 56-95 (HCFR3), and 102-113 (HCFR4)in the heavy chain

residucs. In some instances, when the CDR comprises amino acids from both a CDR as

defined by Kabat and those of a hypervariable loop, the FR residues will be adjusted

accordingly. For example, when CDRH1 includes amino acids H26-H35, the heavy chain

FRIresidues are at positions 1-25 and the FR2 residuesare at positions 36-49.
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The “Fab” fragment contains a variable and constant domain of the light chain and a

variable domain andthe first constant domain (CH1) of the heavy chain. F(ab’), antibody

fragments comprise a pair of Fab fragments which are generally covalently linked near their

carboxy termini by hinge cysteines between them. Other chemical couplings of antibody

fragments are also knownin theart.

“Single-chain Fv”or “scFv” antibody fragments comprise the Vy and V, domains of

antibody, wherein these domainsare present in a single polypeptide chain. Generally the Fv

polypeptide further comprises a polypeptide linker between the Vy and Vi domains, which

enables the scFv to form the desired structure for antigen binding. For a review of scFv, see

Pluckthun in The Pharmacology ofMonoclonal Antibodies, Vol 113, Rosenburg and Moore

eds. Springer-Verlag, New York, pp. 269-315 (1994).

The term “diabodies”refers to small antibody fragments with two antigen-binding

sites, which fragments comprise a heavy chain variable domain (Vy) connected to a light

chain variable domain (V_) in the same polypeptide chain (Vy and V,). By using a linker that

is too short to allow pairing between the two domains on the same chain, the domainsare

forced to pair with the complementary domainsof another chain and create two antigen-

binding sitcs. Diabodics are described morefully in, for example, EP 404,097; WO 93/11161;

and Hollingeret al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

The expression “lincar antibodics’refers to the antibodics described in Zapatactal.,

Protein Eng., 8(10):1057-1062 (1995). Briefly, these antibodies comprise a pair of tandem Fd

segments (Vy-Cy1-Vy-Cy1) which, together with complementary light chain polypeptides,

form a pair of antigen binding regions. Linear antibodies can be bispecific or monospecific.

The monoclonal antibodies herein specifically include “chimeric” antibodies

Gmmunoglobulins) in which a portion of the hcavy and/or light chain is identical with or

homologousto corresponding sequences in antibodies derived from a particular species or

belonging to a particular antibody class or subclass, while the remainderofthe chain(s) is

identical with or homologous to corresponding scquencesin antibodics derived from another

species or belonging to another antibody class or subclass, as well as fragments of such

antibodies, so long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567;

and Morrisonet al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984)).

“Humanized” forms of non-human (c.g., murinc) antibodics are chimeric antibodies

which contain minimal sequence derived from non-human immunoglobulin. For the most

part, humanized antibodies are human immunoglobulins (recipient antibody) in which

residues from a hypervariable region of the recipient are replaced by residues from a
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hypervariable region of a non-human species (donor antibody) such as mouse,rat, rabbit or

nonhumanprimate having the desired specificity, affinity, and capacity. In some instances, Fv

framework region (FR) residues of the human immunoglobulin are replaced by corresponding

non-humanresidues. Furthermore, humanized antibodies may comprise residues which are

not found in the recipient antibody or in the donor antibody. These modifications are made to

further refine antibody performance. In general, the humanized. antibody will comprise

substantially all of at least one, and typically two, variable domains, in which all or

substantially all of the hypervariable loops correspond to those of a non-human

immunoglobulin and all or substantially all of the FR regions are those of a human

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a

portion of an immunoglobulin constant region (Fc), typically that of a human

immunoglobulin. For further details, see Jones ef al., Nature 321:522-525 (1986); Riechmann

et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

A “human antibody” is one which possesses an amino acid sequence which

correspondsto that of an antibody produced by a human and/or has been made using any of

the techniques for making human antibodies as disclosed herein. This definition of a human

antibody specifically excludes a humanized antibody comprising non-human antigen-binding

residues. Human antibodies can be produced using various techniques knownin the art. In

one embodiment, the human antibody is selected from a phage library, where that phage

library expresses human antibodies (Vaughanet al. Nature Biotechnology 14:309-314 (1996):

Sheets et al. Proc. Natl. Acad. Sci. 95:6157-6162 (1998)); Hoogenboom and Winter, J. Mol.

Biol., 227:381 (1991); Markset al., J. Mol. Biol., 222:581 (1991)). Human antibodies can

also be madebyintroducing human immunoglobulin loci into transgenic animals, e.g., mice in

which the endogenous immunoglobulin genes have been partially or completely inactivated.

Upon challenge, human antibody production is observed, which closely resembles that seen in

humansin all respects, including gene rearrangement, assembly, and antibody repertoire. This

approach is described, for example, in U.S. Pat. Nos. 5,545,807; 5,545,806; 5,569,825;

5,625,126; 5,633,425; 5,661,016, and in the following scientific publications: Markset al.,

Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison,

Nature 368:812-13 (1994); Fishwild et al., Nature Biotechnology 14: 845-51 (1996);

Neuberger, Nature Biotechnology14: 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol.

13:65-93 (1995). Alternatively, the human antibody may be prepared via immortalization of

human B lymphocytes producing an antibody directed against a target antigen (such B

lymphocytes may be recovered from an individual or may have been immunizedin vitro).
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See, e.g., Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R.Liss, p. 77 (1985);

Boerneret al., J. mmunol., 147 (1):86-95 (1991); and U.S. Pat. No. 5,750,373.

An “affinity matured” antibody is one with one or more alterations in one or more

CDRsthereofwhich result an improvementin the affinity of the antibody for antigen,

compared to a parent antibody which does not possess those alteration(s). Preferred affinity

matured antibodies will have nanomolar or even picomolaraffinities for the target antigen.

Affinity matured antibodies are produced by procedures known in the art. Markset al.

Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain

shuffling. Random mutagenesis of CDR and/or framework residues is described by: Barbas et

al. Proc Nat. Acad. Sci, USA 91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995);

Yelton et al. J. Jmmunol. 155:1994-2004 (1995); Jackson et al., J. Jmmunol. 154(7):3310-9

(1995); and Hawkinsetal., /. Mol. Biol. 226:889-896 (1992).

A “functional anligen binding sile” of an antibody is one which is capable of binding a

target antigen. The antigen binding affinity of the antigen binding site is not necessarily as

strong as the parent antibody from which the antigen bindingsite is derived, but the ability to

bind antigen must be measurable using any one of a variety of methods knownfor evaluating

antibody binding to an antigen. Morcover, the antigen binding affinity of cach of the antigen

binding sites of a multivalent antibody herein need not be quantitatively the same. For the

multimeric antibodics herein, the numberof functional antigen binding sitcs can be cvaluated

using ultracentrifugation analysis as described in Example 2 of U.S. Patent Application

Publication No. 20050186208. According to this method of analysis, different ratios of target

antigen to multimeric antibody are combined and the average molecular weight of the

complexes is calculated assuming differing numbers of functional binding sites. These

theoretical valucs arc compared to the actual experimental valucs obtained in order to evaluate

the numberof functional bindingsites.

An antibody having a “biological characteristic” of a designated antibody is one which

posscsscs onc or morc of the biological charactcristics of that antibody which distinguish it

from other antibodies that bind to the same antigen.

In order to screen for antibodies which bind to an epitope on an antigen bound by an

antibody ofinterest, a routine cross-blocking assay such as that described in Antibodies, A

Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lance (1988), can

be performed.

A “species-dependent antibody” is one which hasa stronger binding affinity for an

antigen from a first mammalian species than it has for a homologue ofthat antigen from a
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second mammalian species. Normally, the species-dependent antibody “binds specifically’ to

a humanantigen (i.e. has a binding affinity (Ky) value of no more than about 1 x 107 M,

preferably no more than about | x 10° M and most preferably no more than about | x 10° M)

but has a bindingaffinity for a homologue of the antigen from a second nonhuman

mammalian species whichis at least about 50 fold, or at least about 500 fold, or at least about

1000 fold, weaker than its binding affinity for the human antigen. The species-dependent

antibody can be anyof the various types of antibodies as defined above, but typically is a

humanized or human antibody.

Asused herein, “antibody mutant”or “antibody variant” refers to an amino acid

sequencevariant of the species-dependent antibody wherein one or moreof the aminoacid

residues of the species-dependent antibody have been modified. Such mutants necessarily

have less than 100%sequence identity or similarity with the species-dependent antibody. In

one embodiment, the antibody mutant will have an amino acid sequence having al least 75%

amino acid sequence identity or similarity with the amino acid sequence of either the heavy or

light chain variable domain ofthe species-dependent antibody, more preferably at least 80%,

more preferably at least 85%, more preferably at least 90%, and most preferably at least 95%.

Identity or similarity with respect to this sequence is defined hercin as the percentage of amino

acid residues in the candidate sequencethat are identical (i.e sameresidue) or similar(1.e.

amino acid rcsiduc from the same group based on commonside-chain propertics, sce bclow)

with the species-dependent antibody residues, after aligning the sequences and introducing

gaps, ifnecessary, to achieve the maximum percent sequence identity. None of N-terminal,

C-terminal, or internal extensions, deletions, or insertions into the antibody sequence outside

of the variable domain shall be construed as affecting sequence identity or similarity.

To inercasc the half-life of the antibodics or polypeptide containing the amino acid

sequencesofthis invention, one can attach a salvage receptor binding epitope to the antibody

(especially an antibody fragment), as described, e.g., in US Patent 5,739,277. For example, a

nucleic acid molecule cncoding the salvage reecptor binding cpitope can be linked in frame to

a nucleic acid encoding a polypeptide sequence ofthis invention so that the fusion protein

expressed by the engineered nucleic acid molecule comprises the salvage receptor binding

epitope and a polypeptide sequence of this invention. As used herein, the term “salvage

receptor binding cpitope”refers to an epitope of the Fe region of an IgG molecule (e.g., 1gGy,

IgGo, IgGs, or IgG,4) that is responsible for increasing the 7n vivo serum half-life of the IgG

molecule (e.g., Ghetie et al., dun. Rev. Immunol. 18:739-766 (2000), Table 1). Antibodies

with substitutions in an Fe region thereof and increased serum half-lives are also described in
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W000/42072, WO 02/060919; Shields et al., J. Biol. Chem. 276:6591-6604 (2001); Hinton,

J. Biol. Chem, 279:6213-6216 (2004)). In another embadiment, the serum half-life can also

be increased, for example, by attaching other polypeptide sequences. For example, antibodies

or other polypeptides useful in the methods of the invention can be attached to serum albumin

or a portion of serum albumin that binds to the FcRn receptor or a serum albumin binding

peptide so that serum albumin bindsto the antibody or polypeptide, e.g., such polypeptide

sequencesare disclosed in WO01/45746. In one embodiment, the serum albumin peptide to

be attached comprises an amino acid sequence of DICLPRWGCLW. In another embodiment,

the half-life of a Fab is increased by these methods. See a/so, Denniset al. .7. Biol. Chem.

277:35035-35043 (2002) for serum albumin binding peptide sequences.

A “chimeric VEGFreceptor protein” is a VEGF receptor molecule having aminoacid

sequences derived from at least two different proteins, at least one ofwhich is a VEGF

receptor protein. In certain embodiments, the chimeric VEGFreceptor protein is capable of

binding to and inhibiting the biological activity ofVEGF.

An“isolated” antibody is one that has been identified and separated and/or recovered

from a componentofits natural environment. Contaminant componentsofits natural

environment are matcrials that would interfere with diagnostic or thcrapcutic uses for the

antibody, and may include enzymes, hormones, and other proteinaceous or nonproteinaceous

solutes. In certain embodiments, the antibody will be purificd (1) to greater than 95%by

weight of antibody as determined by the Lowry method, and most preferably more than 99%

by weight, (2) to a degree sufficient to obtain at least 15 residues ofN-terminalor internal

amino acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-

PAGEunderreducing or nonreducing conditions using Coomassieblueor, silver stain.

Isolated antibody includes the antibody in situ within recombinantcells since at Icast onc

component of the antibody’s natural environment will not be present. Ordinarily, however,

isolated antibody will be prepared byat least one purification step.

By “fragment” is meant a portion of a polypeptide or nucleic acid molecule that

contains, preferably, at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or

more of the entire length of the reference nucleic acid molecule or polypeptide. A fragment

may contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 300, 400, 500, 600, or more

nucleotides or 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 190, 200 amino

acids or more.

An “anti-angiogenesis agent” or “angiogenesis inhibitor’ refers to a small molecular

weight substance, a polynucleotide, a polypeptide, an isolated protein, a recombinant protein,
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an antibody, or conjugates or fusion proteins thereof, that inhibits angiogenesis,

vasculogenesis, or undesirable vascular permeability, either directly or indirectly. It should be

understood that the anti-angiogenesis agent includes those agents that bind and block the

angiogenic activity of the angiogenic factor or its receptor. For example, an anti-angiogenesis

agent is an antibody or other antagonist to an angiogenic agent as defined throughout the

specification or knownin theart, e.g., but are not limited to, antibodies to VEGF-Aorto the

VEGE-Areceptor(e.g., KDR receptor or FIt-1 receptor), VWEGF-trap, anti-PDGFR inhibitors

™(Imatinib Mesylate). Anti-angiogensis agents also include nativesuch as Gleevec

angiogenesis inhibitors, e.g., angiostatin, endostatin, etc. See, e.g., Klagsbrun and D’Amore,

Annu. Rev. Physiol., 53:217-39 (1991); Streit and Detmar, Oncogene, 22:3172-3179 (2003)

(e.g., Table 3 listing anti-angiogenic therapy in malignant melanoma); Ferrara & Alitalo,

Nature Medicine 5:1359-1364 (1999); Toniniet al., Oncogene, 22:6549-6556 (2003) (e.g.,

Table 2 listing known antiangiogenic factors); and Sato. Zn. J. Clin. Oncol., 8:200-206 (2003)

(e.g., Table 1 lists anti-angiogenic agents used in clinicaltrials).

A “maintenance”dose herein refers to one or more doses of a therapeutic agent

administered to the subject over or after a treatment period. Usually, the maintenance doses

arc administered at spaced treatment intervals, such as approximately every weck,

approximately every 2 weeks, approximately every 3 weeks, or approximately every 4 weeks.

“Survival” refers to the subject remaining alive, and includes progression free survival

(PFS)and overall survival (OS). Survival can be estimated by the Kaplan-Meier method, and

any differences in survival are computed. using thestratified log-rank test.

“Progression free survival (PFS)” refers to the time from treatment (or randomization)

to first disease progression or death. For exampleit is the time that the subject remainsalive,

without return of the canccr, c.g., for a defined period of time such as about 1 month, 1.2

months, 2 months, 2.4 months, 2.9 months, 3 months, 3.5 months, 4, months, 6 months, 7

months, 8 months, 9 months, | year, about 2 years, about 3 years, etc., from initiation of

treatment or from initial diagnosis. In one embodiment, the PFS is extended about 2.9

months to 3.5 months (e.g., with capecitabine). In one embodiment, the PFS is extended

about 1.2 months to about 2.4 months (e.g., with taxane/anthracycline). In one aspect of the

invention, PFS can be assessed by Response Evaluation Criteria in Solid Tumors (RECIST).

“Overall survival” refers to the subject remaining alive for a defined period of time,

such as about | year, about 2 years, about 3 years, about 4 years, about 5 years, about 10

years, etc., from initiation of treatment or from initial diagnosis. In the studies underlying the

invention the event used for survival analysis was death from any cause.
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By “extending survival”or “increasing the likelihood of survival” is meant increasing

PFS and/or OSin a treated subject relative to an untreated subject(i.e. relative to a subject not

treated with a VEGF-specific antagonist, e.g.,a VEGF antibody), or relative to a control

treatment protocol, such as treatment only with the chemotherapeutic agent, such as those use

in the standard of care for breast cancer, e.g., capecitabine, taxane, anthracycline, paclitaxel,

docetaxel, paclitaxel protein-boundparticles (e.g., Abraxane®), doxorubicin, epirubicin, 5-

fluorouracil, cyclophosphamide or combinations thereof. Survival is monitored for at least

about one month, two months, four months, six months, nine months,or at least about 1 year,

or at least about 2 years, or at least about 3 years, or at least about 4 years, or at least about 5

years, or at least about 10 years, etc., following the initiation of treatment or following the

initial diagnosis.

Hazard ratio (HR)is a statistical definition for rates of events. For the purposeofthe

invention, hazard ratio is defined as representing the probability of an event in the

experimental arm divided by the probability of an event in the control arm at any specific

point intime. “Hazard ratio” in progression free survival analysis is a summary of the

difference between two progression free survival curves, representing the reduction in the risk

of death on treatment compared to control, over a pcriod of follow-up.

The term “concurrently” is used herein to refer to administration of two or more

therapeutic agents, where at lcast part of the administration ovcrlaps in time. Accordingly,

concurrent administration includes a dosing regimen when the administration of one or more

agent(s) continues after discontinuing the administration of one or more other agent(s).

By “monotherapy” is meant a therapeutic regimen that includes only a single

therapeutic agent for the treatment of the cancer or tumorduring the course of the treatment

period. Monothcrapy using a VEGF-spccific antagonist means that the VEGF-spcecific

antagonist is administered in the absence of an additional anti-cancer therapy during treatment

period.

By “maintcnance therapy” is mcant a therapcutic regimenthat is given to reduce the

likelihood of disease recurrence or progression. Maintenance therapy can be provided for any

length of time, including extended timeperiodsup to the life-span of the subject.

Maintenance therapy can be provided after initial therapy or in conjunction with initial or

additional therapics. Dosages used for maintenance therapy can vary and can include

diminished dosages as compared to dosages used for other types of therapy. See also

“maintenance” herein.
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The terms“cancer” and “‘cancerous”refer to or describe the physiological condition in

mammalsthat is typically characterized by unregulated cell growth. Includedin this

definition are benign and malignant cancers as well as dormant tumors or micrometastatses.

Examples of cancer include butare not limited to, carcinoma, lymphoma, blastoma, sarcoma,

and leukemia. More particular examples of such cancers include breast cancer, squamouscell

cancer, lung cancer (including small-cell lung cancer, non-small cell lung cancer,

adenocarcinoma of the lung, and squamous carcinomaofthe lung), cancer of the peritoneum,

hepatocellular cancer, gastric or stomach cancer (including gastrointestinal cancer), pancreatic

cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma,

colon cancer, colorectal cancer, endometrial or uterine carcinoma,salivary gland carcinoma,

kidneyor renal cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic

carcinoma and various types of head and neck cancer, as well as B-cell lymphoma(including

low grade/follicular non-Hodgkin's lymphoma (NHL); small lymphocytic (SL) NHL;

intermediate grade/follicular NHL; intermediate grade diffuse NHL; high grade

immunoblastic NHL; high grade lymphoblastic NHL; high grade small non-cleaved cell NHL;

bulky disease NHL; mantle cell lymphoma; AIDS-related lymphoma; and Waldenstrom's

Macroglobulincmia); chronic lymphocytic Icukemia (CLL); acute lymphoblastic Ilcukemia

(ALL); Hairy cell leukemia; chronic myeloblastic leukemia; and post-transplant

lymphoprolifcrative disorder (PTLD), as well as abnormal vascular proliferation associated

with phakomatoses, edema (such as that associated with brain tumors), and Meigs' syndrome.

By “metastasis” 1s meant the spread of cancer from its primary site to other places in

the body. Cancer cells can break away from a primary tumor, penctrate into lymphatic and

blood vessels, circulate through the bloodstream, and grow in a distant focus (metastasize) in

normal tissues elsewhere in the body. Metastasis can be local or distant. Metastasis is a

sequential process, contingent on tumorcells breaking off from the primary tumor,traveling

through the bloodstream, and stoppingat a distant site. At the new site, the cells establish a

blood supply and can growto formalife-threatening mass. Both stimulatory and inhibitory

molecular pathways within the tumor cell regulate this behavior, and interactions between the

tumorcell and hostcells in the distant site are also significant.

By “subject” is meant a mammal, including, but not limited to, a human or non-human

mammal, such as a bovine, equine, canine, ovine, or feline. Preferably, the subject is a

human. Patients are also subjects herein.

For the methods of the present invention, the term “instructing” a subject means

providing directions for applicable therapy, medication, treatment, treatment regimens, and
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the like, by any means, but preferably in writing, such as in the form of packageinserts or

other written promotional material.

For the methods of the present invention, the term “promoting” meansoffering,

advertising, selling, or describing a particular drug, combination of drugs, or treatment

modality, by any means, including writing, such as in the form of package inserts. Promoting

herein refers to promotion of a therapeutic agent, such as a VEGFantagonist, e.g., anti-VEGF

antibody or chemotherapeutic agent, for an indication, such as breast cancer treatment, where

such promoting is authorized by the Food and Drug Administration (FDA) as having been

demonstrated to be associated with statistically significant therapeutic efficacy and acceptable

safety in a population of subjects.

The term “marketing”is used herein to describe the promotion,selling or distribution

ofa product (e.g., drug). Marketing specifically includes packaging, advertising, and any

business activity with the purpose of commercializing a product.

A “population” of subjects refers to a group of subjects with cancer, such as in a

clinical trial, or as seen by oncologists following FDA approval for a particular indication,

such as breast cancer therapy. In one embodiment, the population comprisesat least about

1200 subjccts.

The term “anti-cancer therapy”refers to a therapy useful in treating cancer. Examples

of anti-cancer thcrapcutic agents include, but are limited to, c.g., surgery, chemotherapeutic

agents, growth inhibitory agents, cytotoxic agents, agents used in radiation therapy, anti-

angiogenesis agents, apoptotic agents, anti-tubulin agents, and other agents to treat cancer,

such as anti-HER-2 antibodies(e.g., Herceptin®), anti-CD20 antibodies, an epidermal growth

factor receptor (EGFR) antagonist (e.g., a tyrosine kinase inhibitor), HER1/EGFRinhibitor

(c.g., erlotinib (Tarceva”)), platelet derived growth factor inhibitors (c.g., Gleevec” (Imatinib

Mesylate)), a COX-2 inhibitor (e.g., celecoxib), interferons, cytokines, antagonists (e.¢.,

neutralizing antibodies) that bind to one or more of the following targets ErbB2, ErbB3,

ErbB4, PDGFR-bcta, BlyS, APRIL, BCMA or VEGFreceptor(s), TRAIL/Apo2, and other

bioactive and organic chemical agents, etc. Combinations thereof are also included in the

invention.

The term “cytotoxic agent” as used herein refers to a substance that inhibits or prevents

the function of cells and/or causes destruction of cells. The term is intended to include
: . 211 7131 7125 x790 186 188 153 y;212

radioactive isotopes (e.g. At”, I~, I. Y, Re’, Re”, Sm”, Bi
39 . .

, P’* and radioactive

isotopes of Lu), chcmothcrapcutic agents, and toxins such as small molecule toxins or
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enzymatically active toxins of bacterial, fungal, plant or animalorigin, including fragments

and/or variants thereof.

A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.

Examples of chemothcrapcutic agents include is a chemical compound uscful in the treatment

of cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa

and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and

piposulfan; aziridines such as benzodopa, carboquonc, meturedopa, and uredopa;

ethylenimines and methylamelamines including altretamine,triethylenemelamine,

trietylenephosphoramide,triethtylenethiophosphoramide and trimethylolomelamine;

acetogenins (especially bullatacin and bullatacinone); a camptothecin (including the synthetic

analoguc topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelcsin and

bizelesin synthetic analogues); cryptophycins (particularly cryptophycin | and cryptophycin

8); dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and CB1-TM1);

eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as

chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide,

mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,

phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,

chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the

enediyne antibiotics (c. g., calicheamicin, especially calicheamicin gammalI and

calicheamicin omegall (see, e.g., Agnew, ChemIntl. Ed. Engl., 33: 183-186 (1994));

dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as

well as neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic

chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,

cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,

daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN®doxorubicin

(including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin

and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such

as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,

puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,

zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic

acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs

such as fludarabine. 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as

ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, didcoxyuridine, doxifluridine,

enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
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epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane,

trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;

aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;

demecolcine; diaziquone; elfornithine; elliptintum acetate; an epothilone; etoglucid; gallium

nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and

ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;

pirarubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK®

polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran;

spirogermanium; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes

(especially T-2 toxin, verracurin A, roridin A and. anguidine); urethan; vindesine; dacarbazine;

mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”);

cyclophosphamide; thiotepa; taxoids, e.g., TAXOL® paclitaxel (Bristol- Myers Squibb

Oncology, Princeton, N.J.), ABRAXANE® Cremophor-free, albumin-engineered nanoparticle

formulation ofpaclitaxel (American Pharmaceutical Partners, Schaumberg,Illinois), and

TAXOTERE® doxetaxel (Rhéne- Poulenc Rorer, Antony, France); chloranbucil; GEMZAR®

gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as

cisplatin, oxaliplatin and carboplatin; vinblastine; platinum; ctoposide (VP-16); ifosfamide;

mitoxantrone; vincristine; NAVELBINE®vinorelbine; novantrone; teniposide; edatrexate;

daunomycin; aminoptcrin; xcloda; ibandronatc; irinotccan (Camptosar, CPT-11) (including

the treatment regimen of irinotecan with 5-FU and leucovorin); topoisomerase inhibitor RFS

2000; difluorometlhylornithine (DMFO); retinoids such as retinoic acid; capecitabine;

combretastatin; leucovorin (LV); oxaliplatin, including the oxaliplatin treatment regimen

(FOLFOX); lapatinib (Tykerb®); inhibitors of PKC-alpha, Raf, H-Ras, EGFR(e.g., erlotinib

(Tarceva®)) and VEGF-A that reducecell proliferation and pharmaccutically acccptable salts,

acids or derivatives of any of the above.

Also included in this definition are anti-hormonal agents that act to regulate or inhibit

hormoneaction on tumors such as anti-cstrogens and selective estrogen receptor modulators

(SERMs), including, for example, tamoxifen (including NOLVADEX®tamoxifen),

raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone,

and FARESTON: toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which

regulates estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,

aminoglutethimide, MEGASE®megestrol acetate, AROMASIN® exemestane, formestanie,

fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and

anti-androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well
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as troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); antisense oligonucleotides,

particularly those which inhibit expression of genes in signaling pathways implicated in

abherant cell proliferation, such as, for example, PKC-alpha, Ralf and H-Ras; ribozymes such

as a VEGFexpression inhibitor (e.g., ANGIOZYME®ribozyme) and a HER2 expression

inhibitor; vaccines such as gene therapy vaccines, for example, ALLOVECTIN®vaccine,

LEUVECTIN® vaccine, and VAXTD® vaccine; PROLEUKIN® rIL.-2; LURTOTECAN®

topoisomerase | inhibitor, ABARELIX® rmRH; and pharmaceutically acceptable salts, acids

or derivatives of any ofthe above.

The term “cytokine” is a generic term for proteins released by one cell population which

act on another cell as intercellular mediators. Examples of such cytokines are lymphokines,

monokines, and traditional polypeptide hormones. Included among the cytokines are growth

hormonesuch as human growth hormone, N-methionyl human growth hormone, and bovine

growth hormone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin;

glycoprotein hormonessuchas follicle stimulating hormone (FSH), thyroid stimulating

hormone (TSH), and luteinizing hormone (LH); epidermal growth factor; hepatic growth

factor; fibroblast growth factor; prolactin; placental lactogen; tumor necrosis factor-alpha and

-beta; mullerian-inhibiting substance; mouse gonadotropin-associated peptide; inhibin;

activin; vascular endothelial growth factor; integrin; thrombopoietin (TPO); nerve growth

factors such as NGF-alpha; platelet-growth factor; transforming growth factors (TGFs) such

as TGF-alpha and TGF-beta; insulin-like growth factor-I and -T; crythropoictin (EPO);

osteoinductive factors; interferons such as interferon-alpha, -beta and -gammacolony

stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrophage-CSF

(GM-CSF); and granulocyte-CSF (G-CSF); interlcukins (Ls) such as IL-1, IL-lalpha, IL-2,

IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-1 1, IL-12; a tumor necrosis factor such as

TNF-alpha or TNF-beta; and other polypeptide factors including LIF and kit ligand (KL). As

used herein, the term cytokine includes proteins from natural sources or from recombinantcell

culture and biologically active equivalents of the native sequence cytokines.

A “growth inhibitory agent” when used herein refers to a compound or composition

which inhibits growth of a cell in vitro and/or in vivo. Thus, the growth inhibitory agent may be

one whichsignificantly reduces the percentage of cells in S phase. Examples of growth

inhibitory agents include agents that block cell cycle progression (at a place other than S phase),

such as agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the

vincas (vincristine and vinblastinc), TAXOL®,and topo II inhibitors such as doxorubicin,

27

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1628



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1629

10

15

20

25

30

WO 2010/059969 PCT/US2009/065381

epirubicin, daunorubicin, etoposide, and bleomycin. Those agents that arrest G1 also spill over

into S-phasearrest, for example, DNA alkylating agents such as tamoxifen, prednisone,

dacarbazine, mechlorethamine,cisplatin, methotrexate, 5-fluorouracil, and ara-C. Further

information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel, eds.,

Chapter 1, entitled “Cell cycle regulation, oncogenes, and antineoplastic drugs” by Murakamiet

al. (WB Saunders: Philadelphia, 1995), especially p. 13.

The term “prodrug”as used in this application refers to a precursoror derivative form

of a pharmaceutically active substance that is less cytotoxic to tumor cells compared to the

parent drug and is capable of being enzymatically activated or converted into the more active

parent form. See, e.g., Wilman, “Prodrugs in Cancer Chemotherapy” Biochemical Society

Transactions, 14, pp. 375-382, 615th Meeting Belfast (1986) and Stella et al., “Prodrugs: A

Chemical Approach to Targeted Drug Delivery,” Directed Drug Delivery, Borchardt et al.,

(ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but are not

limited to, phosphate-containing prodrugs, thiophosphate-containing prodrugs, sulfate-

containing prodrugs, peptide-containing prodrugs, D-amino acid-modified prodrugs,

glycosylated prodrugs, B-lactam-containing prodrugs, optionally substituted

phenoxyacctamide-containing prodrugs or optionally substituted phcnylacctamide-containing

prodrugs, 5-fluorocytosine and other 5-fluorouridine prodrugs which can be converted into the

more active cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized into a

prodrug form for use in this invention include, but are not limited to, those chemotherapeutic

agents described above.

By “radiation therapy” is meant the use of directed gammaraysor beta rays to induce

sufficient damage to a cell so as to limit its ability to function normally or to destroy the cell

altogether. It will be appreciated that there will be many ways knownin the art to determine

the dosage and duration of treatment. Typical treatments are given as a one time

administration and typical dosages range from 10 to 200 units (Grays) per day.

By “reduceor inhibit” is mcant the ability to causc an overall decrease preferably of

20% or greater, more preferably of 50% or greater, and most preferably of 75%, 85%, 90%,

95%, or greater. Reduce or inhibit can refer to the symptomsof the disorder being treated, the

presenceor size of metastases or micrometastases, the size of the primary tumor,the presence

or the size of the dormant tumor, or the size or numberofthe blood vessels in angiogenic

disorders.

The term “intravenous infusion”refers to introduction of a drug into the vein of an animal

or human subject over a period of time greater than approximately 5 minutes, preferably between
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approximately 30 to 90 minutes, although, according to the invention, intravenous infusionis

alternatively administered for 10 hoursorless.

The term “intravenous bolus”or “intravenous push”refers to drug administration into a

vein of an animal or human suchthat the body receives the drug in approximately 15 minutes or

less, preferably 5 minutesor less.

The term “subcutaneous administration”refers to introduction of a drug underthe skin of

an animal or human subject, preferable within a pocket between the skin and underlyingtissue,

by relatively slow, sustained delivery from a drug receptacle. The pocket may be created by

pinching or drawing the skin up and away from underlying tissue.

The term “subcutaneousinfusion”refers to introduction of a drug underthe skin of an

animal or humansubject, preferably within a pocket between the skin and underlyingtissue, by

relatively slow, sustained delivery from a drug receptacle for a period of time including, but not

limited to, 30 minutesor less, or 90 minutes or less. Optionally, the infusion may be made by

subcutaneous implantation of a drug delivery pump implanted under the skin of the animal or

human subject, wherein the pump delivers a predetermined amount of drug for a predetermined

period of time, such as 30 minutes, 90 minutes, or a time period spanning the length of the

treatment regimen.

The term “subcutaneous bolus”refers to drug administration beneath the skin of an

animal or humansubject, where bolus drug delivery is preferably less than approximately 15

minutes, more preferably less than 5 minutes, and most preferably less than 60 seconds.

Administration is preferably within a pocket between the skin and underlying tissue, where the

pocketis created, for example, by pinching or drawing the skin up and away from underlying

tissue.

A "disorder" is any condition that would benefit from treatment with the antibody. This

includes chronic and acute disorders or diseases including those pathological conditions which

predispose the mammalto the disorder in question. Non-limiting examples of disorders to be

treated herein include cancer; benign and malignant tumors; leukemias and lymphoid

malignancies; neuronal, glial, astrocytal, hypothalamic and other glandular, macrophagal,

epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and immunologic

disorders.

The term “therapeutically effective amount” refers to an amountof a drug effective to

treat a disease or disorder in a mammal. In the case of cancer, the therapeutically effective

amountof the drug may reduce the numberof cancer cells; reduce the tumorsize; inhibit (.e.,
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slow to some extent and preferably stop) cancercell infiltration into peripheral organs; inhibit

(.2., slow to some extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor

growth; and/or relieve to some extent one or more of the symptomsassociated with the

disorder. To the extent the drug may prevent growth and/or kill existing cancer cells, it may

be cytostatic and/or cytotoxic. For cancer therapy, efficacy in vivo can, for example, be

measured by assessing the duration of survival, duration ofprogression free survival (PFS),

the response rates (RR), duration of response, and/or quality of life.

"Treatment" refers to both therapeutic treatment and prophylactic or preventative

measures. Those in need of treatment include those already with the disorder as well as those

in which the disorderis to be prevented.

The word "label" when used herein refers to a detectable compound or composition

which is conjugated directly or indirectly to the polypeptide. The label may beitsclf be

detectable (e.g., radioisotope labels or fluorescent labels) or, in the case of an enzymatic label,

may catalyze chemicalalteration of a substrate compound or composition whichis detectable.

I. ANTI-VEGF ANTIBODIES AND ANTAGONISTS

(i) VEGF Antigen

The VEGFantigen to be used for production of antibodies may be, e.g., the VEGF i¢65

molecule as well as other isoforms of VEGFor a fragment thereof containing the desired

epitope. Other forms of VEGFuseful for generating anti-VEGF antibodies of the invention

will be apparent to those skilled in the art.

Human VEGFwasobtainedby first screening a cDNA library prepared from human

cells, using bovine VEGF cDNAas a hybridization probe. Leung ef a/. (1989) Science,

246:1306. One cDNA identified thereby cncodes a 165-amino acid protcin having greater

than 95% homology to bovine VEGF; this 165-aminoacid protein is typically referred to as

human VEGF (hVEGF) or VEGFi6s. The mitogenic activity of human VEGF was confirmed

by expressing the human VEGF cDNA in mammalian host cells. Media conditioned by cells

transfected with the human VEGF cDNA promoted the proliferation of capillary endothelial

cells, whereas control cells did not. Leung e¢ a/. (1989) Science, supra. Further efforts were

undertaken to clone and express VEGF via recombinant DNAtechniques. (See, e.y., Ferrara,

LaboratoryInvestigation 72:615-618 (1995), and the references cited thercin).
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VEGFis expressed in a variety of tissues as multiple homodimeric forms (121, 145, 165,

189, and 206 amino acids per monomer) resulting from alternative RNA splicing. VEGFj21 is

a soluble mitogen that does not bind heparin; the longer forms of VEGF bind heparin with

progressively higher affinity. The heparin-binding forms of VEGF can be cleaved in the

carboxy terminus by plasmin to release a diffusible form(s) of VEGF. Amino acid sequencing

of the carboxy terminal peptide identified after plasmin cleavage is Argyjo-Alaii1. Amino

terminal "core" protein, VEGF (1-110) isolated as a homodimer, binds neutralizing

monoclonal antibodies (such as the antibodies referred to as 4.6.1 and 3.2E3.1.1) and soluble

forms of VEGFreceptors with similar affinity compared to the intact VEGF ,55 homodimer.

Several molecules structurally related to VEGF have also been identified recently,

including placenta growth factor (PIGF), VEGF-B, VEGF-C, VEGF-D and VEGF-E. Ferrara

and Davis-Smyth (1987) Endocr. Rev., supra; Ogawaet al. J. Biological Chem. 273:31273-

31281(1998); Meyer et al. EMBO J., 18:363-374(1999). A receptor tyrosine kinase, FIt-4

(VEGFR-3), has been identified as the receptor for VEGF-C and VEGF-D. Joukovetal.

EMBO, J, 15:1751(1996); Lee et al. Proc. Natl. Acad. Sci. USA 93:1988-1992(1996); Achen

et al. (1998) Proc. Natl. Acad. Sci. USA 95:548-553. VEGF-C has been shownto be involved

in the regulation of lymphatic angiogenesis. Jcltsch ct al. Science 276:1423-1425(1997).

Two VEGFreceptors have been identified, Fit-1 (also called VEGFR-1) and KDR(also

called VEGFR-2). Shibuya ct al. (1990) Oncogene 8:519-527; de Vries ct al. (1992) Science

255:989-991; Terman et al. (1992) Biochem. Biophys. Res. Commun. 187:1579-1586.

Neuropilin-1 has been shown to be a selective VEGFreceptor, able to bind the heparin-

binding VEGFisoforms (Sokeret al. (1998) Ce// 92:735-45).

(ii) Anti-VEGF Antibodies

Anti-VEGFantibodies that are useful in the methods of the invention include any

antibody, or antigen binding fragment thereof, that bind with sufficient affinity and specificity

to VEGFand can reduceor inhibit the biological activity of VEGF. An anti-VEGF antibody

will usually not bind to other VEGF homologues such as VEGF-B or VEGF-C,nor other

growth factors such as PIGF, PDGF, or bFGF.

In certain embodiments of the invention, the anti-VEGF antibodies include, but are not

limited to, a monoclonal antibody that binds to the same epitope as the monoclonal anti-VEGF

antibody A4.6.1 produced by hybridoma ATCC HB 10709; a recombinant humanized anti-

VEGF monoclonal antibody yencrated accordiny to Presta ct al. (1997) Cancer Res. 57:4593-

4599. In one embodiment, the anti-VEGFantibody is “Bevacizumab (BV)’, also known as
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“rhuMAb VEGP”or “AVASTIN®”’. It comprises mutated human IlgG1 framework regions

and antigen-binding complementarity-determining regions from the murine anti-hVEGF

monoclonal antibody A.4.6.1 that blocks binding of human VEGFtoits receptors.

Approximately 93%ofthe amino acid sequence of bevacizumab, including most of the

framework regions, is derived from human IgG1, and about 7% ofthe sequenceis derived

from the murine antibody A4.6.1.

Bevacizumab (AVASTIN®)wasthefirst anti-angiogenesis therapy approved by the

FDAandis approvedfor the treatment metastatic colorectal cancer (first- and second-line

treatment in combination with intravenous 5-FU-based chemotherapy), advanced non-

squamous, non-small cell lung cancer (NSCLC)(first-line treatment of unresectable, locally

advanced, recurrent or metastatic NSCLC in combination with carboplatin and paclitaxel) and

metastatic HER2-negative breast cancer (previously untreated, metastatic HER2-negative

breast cancer in combination with paclitaxel).

Bevacizumab and other humanized anti-VEGF antibodies are further described in US.

Pat. No. 6,884,879 issued Feb. 26, 2005. Additional antibodies include the G6 or B20 series

antibodies (e.g., G6-31, B20-4.1), as described in PCT Publication No. WO2005/012359, PCT

Publication No. WO2005/044853, and US Patent Application 60/991,302, the content of these

patent applications are expressly incorporated herein by reference. For additional antibodies

see U.S. Pat. Nos. 7,060,269, 6,582,959, 6,703,020; 6,054,297; WO98/45332; WO 96/30046;

W0O94/10202; EP 0666868B1; U.S. Patent Application Publication Nos. 2006009360,

20050186208, 20030206899, 20030190317, 20030203409, and 20050112126, and Popkovet

al., Journal of Immunological Mcthods 288:149-164 (2004). Other antibodics include those

that bind to a functional epitope on human VEGF comprising of residues F17, M18, D19,

Y21, ¥25, Q89, 191, K101, E103, and C104 or, alternatively, comprising residues F17, Y21,

Q22, Y25, D63, 183 and Q89.

In one embodiment of the invention, the anti-VEGF antibody has a heavy chain variable

region comprising the following aminoacid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW

INTYTGEPTY AADFKRRFTF SLDTSKSTAY LQMNSLRAED TAVYYCAKYP

HYYGSSHWYF DVWGQGTLYVTVSS(SEQ ID No.1)

and a light chain variable region comprising the following amino acid sequence:
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DIQMTQSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF

TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ

GTKVEIKR (SEQ ID No. 2).

A “G6 series antibody” according to this invention, is an anti-VEGFantibodythat is

derived from a sequence of a G6 antibody or G6-derived antibody according to any one of

Figures 7, 24-26, and 34-35 of PCT Publication No. WO2005/012359,the entire disclosure of

which is expressly incorporated herein by reference. See also PCT Publication No.

W0O2005/044853, the entire disclosure of which is expressly incorporated herein by reference.

In one embodiment, the G6 series antibody binds to a functional epitope on human VEGF

comprising residues F17, Y21, Q22, Y25, D63, [83 and Q89.

A “B20 series antibody” according to this invention is an anti-VEGFantibodythat is

derived from a sequence of the B20 antibody or a B20-derived antibody according to any one

of Figures 27-29 of PCT Publication No. WO2005/012359, the entire disclosure of which is

expressly incorporated herein by reference. See also PCT Publication No. WO2005/044853,

and US Patent Application 60/991,302, the content of these patent applications are expressly

incorporated herein by reference. In one embodiment, the B20 series antibody bindsto a

functional epitope on human VEGF comprising residues F17, M18, DI9, Y21, Y25, Q89, I91,

K101, E103, and C104.

A “functional epitope” according to this invention refers to amino acid residues of an

antigen that contribute energetically to the binding of an antibody. Mutation of any onc of the

energetically contributing residues of the antigen (for example, mutation of wild-type VEGF

by alanine or homolog mutation) will disrupt the binding of the antibody such that the relative

affinity ratio IC50mutant VEGF/IC50wild-type VEGF) of the antibody will be greater than 5

(see Example 2 of WO2005/012359). In one embodiment, the relative affinity ratio is

determined by a solution binding phage displaying ELISA. Briefly, 96-well Maxisorp

immunoplatcs (NUNC)are coated overnight at 4°C with an Fab form of the antibody to be

tested at a concentration of 2ug/ml in PBS, and blocked with PBS, 0.5% BSA, and 0.05%

Tween20 (PBT) for 2h at room temperature. Serial dilutions ofphage displaying hVEGF

alanine point mutants (residues 8-109 form) or wild type hVEGF (8-109) in PBTarefirst

incubated on the Fab-coatcd plates for 15 min at room temperature, and the plates are washed

with PBS, 0.05% Tween20 (PBST). The bound phageis detected with an anti-M13

monoclonal antibody horseradish peroxidase (Amersham Pharmacia) conjugate diluted 1:5000
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in PBT, developed with 3,3’, 5,5’-tetramethylbenzidine (TMB, Kirkegaard & Perry Labs,

Gaithersburg, MD) substrate for approximately 5 min, quenched with 1.0 M H3PO4,and read

spectrophotometrically at 450 nm. The ratio of [C50 values (1C50,ala/IC50,wt) represents the

fold of reduction in binding affinity (the relative binding affinity).

(ili) VEGF receptor molecules

The two best characterized VEGF receptors are VEGFR1 (also knownas Fit-1) and

VEGFR2 (also known as KDR and FLK-1 for the murine homolog). The specificity of each

receptor for each VEGF family member varies but VEGF-A binds to both Flt-1 and KDR.

Both Flt-] and KDR belongto the family of receptor tyrosine kinases (RTKs). The RTKs

comprise a large family of transmembrane receptors with diverse biological activities. At least

nineteen (19) distinct RTK subfamilies have been identified. The receptor tyrosine kinase

(RTK) family includes receptors that are crucial for the growth and differentiation of a variety

of cell types (Yarden and Ullrich (1988) Ann. Rev. Biochem. 57:433-478; Ullrich and

Schlessinger (1990) Ce// 61:243-254). Theintrinsic function of RTKsis activated upon

ligand binding, which results in phosphorylation of the receptor and multiple cellular

substrates, and subsequently in a variety of cellular responses (Ullrich & Schlessinger (1990)

Cell 61:203-212). Thus, receptor tyrosine kinase mediated signal transductionis initiated by

extracellular interaction with a specific growth factor (ligand), typically followed by receptor

dimerization, stimulation of the intrinsic protein tyrosine kinase activity and receptor trans-

phosphorylation. Bindingsitcs are thereby created for intracellular signal transduction

molecules and lead to the formation of complexes with a spectrum of cytoplasmic signaling

molecules that facilitate the appropriate cellular response. (e.g., cell division, differentiation,

metabolic effects, changes in the extracellular microcnvironment) sec, Schlessinger and

Ullrich (1992) Neuron 9:1-20. Structurally, both Flt-1 and KDR have seven

immunoglobulin-like domains in the extracellular domain, a single transmembraneregion, and

a consensustyrosine kinase sequence whichis interrupted by a kinase-insert domain.

Matthewsct al. (1991) Proc. Natl. Acad. Sci. USA 88:9026-9030; Terman ct al. (1991)

Oncogene 6:1677-1683. The extracellular domain is involved in the binding of VEGF and the

intracellular domain is involved in signal transduction.

VEGFreceptor molecules, or fragments thereof, that specifically bind to VEGF can be

used in the methods of the invention to bind to and sequester the VEGFprotein, thereby

preventing it from signaling. In certain embodiments, the VEGI receptor molecule, or VEGF

binding fragmentthereof, is a soluble form, such as sFIt-1. A soluble form of the receptor

exerts an inhibitory effect on the biological activity of the VEGF protein by binding to VEGF,

34

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1635



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1636

10

15

20

25

30

WO 2010/059969 PCT/US2009/065381

thereby preventing it from bindingto its natural receptors present on the surface of target

cells. Also included are VEGFreceptor fusion proteins, examples of which are described

below.

A chimeric VEGFreceptor protein is a receptor molecule having amino acid sequences

derived from at least two different proteins, at least one ofwhich is a VEGFreceptorprotein

(e.g., the flt-1 or KDR receptor), that is capable ofbinding to and inhibiting the biological

activity of VEGF. In certain embodiments, the chimeric VEGFreceptor proteins of the

invention consist of amino acid sequences derived from only two different VEGF receptor

molecules; however, amino acid sequences comprising one, two, three, four, five, six, or all

seven Ig-like domains from the extracellular ligand-binding region ofthe flt-1 and/or KDR

receptor can be linked to amino acid sequences from other unrelated proteins, for example,

immunoglobulin sequences. Other amino acid sequences to which Ig-like domains are

combined will be readily apparent to those of ordinary skill in the art. Examples of chimeric

VEGFreceptor proteins include, e.g., soluble Flt-1/Fe, KDR/Fe, or FLt-1/KDR/Fe (also

known as VEGFTrap). (See for example PCT Application Publication No. WO97/44453)

A soluble VEGFreceptor protein or chimeric VEGFreceptor proteins of the invention

includcs VEGFreceptorprotcins which arc not fixed to the surface of cclls via a

transmembrane domain. As such, soluble forms of the VEGFreceptor, including chimeric

receptor proteins, while capable of binding to and inactivating VEGF, do not comprisc a

transmembrane domain and thus generally do not becomeassociated with the cell membrane

of cells in which the molecule is expressed.

I. THERAPEUTIC USES AND COMPOSITIONS OF ANTI-VEGF ANTIBODIES

The invention cncompasses antiangiogenic therapy, a novel cancer treatment strategy

aimed at inhibiting the development of tumor blood vessels required for providing nutrients to

support tumor growth. Because angiogenesis is involved in both primary tumor growth and

metastasis, the antiangiogenic treatment provided by the invention is capable of inhibiting the

neoplastic growth of tumor at the primary site as well as preventing metastasis of tumors at

the secondary sites, therefore allowing attack of the tumors by other therapeutics.

Specifically, provided herein are methodsoftreating a subject diagnosed with previously

untreated metastatic breast cancer, comprising administering to the subject a treatment

regimen combining an effective amountofat least one chemotherapeutic agent and an anti-

VEGFantibody, wherein said subject has not received any chemothcrapy for locally recurrent

or metastatic breast cancer. Optionally, the subject has not received prior adjuvant
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chemotherapy in recurrence less than or equal to 12 monthssince last dose. The treatment

regimen combining the chemotherapy and the administration of the anti-VEGFeffectively

extends the progression free survival (PFS) of the subject. Further provided herein are uses of

an anti-VEGFantibody with at least one chemotherapeutic agent in the manufacturerof a

medicamentfor treating previously untreated metastatic breast cancer in a subject, wherein

said subject has not received any chemotherapyfor locally recurrent or metastatic breast

cancer. Optionally, the subject has not received prior adjuvant chemotherapy in recurrence

less than or equal to 12 months since last dose. The use of the anti-VEGF and the

chemotherapeutic agent effectively extends the progression free survival (PFS) ofthe subject.

Provided also herein are anti-VEGF antibodies for use in a method oftreating locally

recurrent or metastatic breast cancer in a subject, the method comprising administering to the

subject a treatment regimen combining an effective amount ofat least one chemotherapeutic

agent and an anti-VEGFantibody, wherein said subject has not received any chemotherapy

for locally recurrent or metastatic breast cancer. Optionally, the subject has not received prior

adjuvant chemotherapy in recurrence less than or equal to 12 months since last dose. The use

of the anti-VEGF and the chemotherapeutic agent effectively extends the progression free

survival (PFS) of the subject. In certain embodiments, in any of the methods, uses, and

compositions of the invention, the administration of the chemotherapy and the anti-VEGF

antibody has a safety profile that is consistent with results ofprior bevacizumabtrials (scc,

e.g., the bevacizumab productinsert).

In some embodiments of the invention, the subject is HER2 negative. In some

embodiments of the invention, the subject is HER2 positive. HER2 is recognized as an

important predictive and prognostic factor in some breast cancers. See, e.y., Slamon DJ, ct al.

Science. 1989;244:707-712; and Sjégren S$,et al. J Clin Oncol. 1998;16:462-469. HER2 gene

amplification is a permanent genetic change that results in the continuous overexpression of

the HER2 receptor (HER2 protein). See, e.g., Simon R,et al. JNatl Cancer Inst.

2001;93:1141-11465; and, Sliwkowski MX,et al. Semin Oncol. 1999;26(suppl 12):60-70.

Several studies have shown that HER2 overexpression(either extra copies of the geneitself,

or an excess amount of the gene’s protein product) is associated with decreased overall

survival. See, e.g., Slamon DJ, et al. Science. 1987;235:177-182; and, Paik S, et al../ Clin

Oncol, 1990;8:103-112. Several commercial assays are available to determine HER2 status,

e.g., HercepTest® and Pathway™for protein and PathVysion® and HER2 FISH pharmDx!™

for genealteration.
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Combination Therapies

The invention features the use or compositions of a combination of at least one VEGF-

specific antagonist with one or more additional anti-cancer therapies. Examples of anti-cancer

therapies include, without limitation, surgery, radiation therapy (radiotherapy), biotherapy,

immunotherapy, chemotherapy, or a combination of these therapies. In addition, cytotoxic

agents, anti-angiogenic and anti-proliferative agents can be used in combination with the

VEGEF-specific antagonist.

In certain aspects of any of the methods and uses, the invention providestreating breast

cancer, by administering effective amounts of an anti-VEGF antibody and one or more

chemotherapeutic agents to a subject susceptible to, or diagnosed with, locally recurrent or

previously untreated metastatic cancer. A variety of chemotherapeutic agents may be used in

the combined treatment methods and uses of the invention. An exemplary and non-limiting

list of chemotherapeutic agents contemplated is provided herein under “Definition”, or

described herein.

In one example, the invention features the methods and uses of a VEGF-specific

antagonist with one or more chemotherapeutic agents (e.g., a cocktail) or any combination

thercof. In certain embodiments, the chemothcrapcutic agent is for cxample, capecitabine,

taxane, anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles(e.g.,

Abraxanc®), doxorubicin, cpirubicin, 5-fluorouracil, cyclophosphamide or combinations

thereof therapy. In certain embodiments, VEGF antagonist (e.g., anti-VEGF antibody) is

combined with lapatinib (Tykerb®). The combined administration includes simultaneous

administration, using separate formulations or a single pharmaceutical formulation, and

consecutive administration in either order, wherein preferably there is a time period while

both (or all) active agents simultancously exert thcir biological activitics. Preparation and

dosing schedules for such chemotherapeutic agents may be used according to manufacturers'

instructions or as determined empirically by the skilled practitioner. Preparation and dosing

schedules for chemotherapyarc also described in Chemotherapy Service Ed., M. C. Perry,

Williams & Wilkins, Baltimore, Md. (1992). The chemotherapeutic agent may precede, or

follow administration of the VEGF-specific antagonist or may be given simultaneously

therewith.

In someother aspects of any of the methods and uses, other thcrapcutic agents useful for

combination tumortherapy with the antibody of the invention include antagonist ofother

factors that are involved in tumor growth, such as EGFR, ErbB2 (also knownas Her2),

ErbB3, ErbB4, or TNF. Sometimes, it may be beneficial to also administer one or more
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cytokines to the subject. In one embodiment, the VEGF antibody is co-administered with a

growth inhibitory agent. For example, the growth inhibitory agent may be administeredfirst,

followed by the VEGF antibody. However, simultaneous administration or administration of

the VEGFantibodyfirst is also contemplated. Suitable dosages for the growth inhibitory

agent are those presently used and may be lowered due to the combined action (synergy) of

the growth inhibitory agent and anti-VEGFantibody.

The formulation herein may also contain more than one active compound as necessary

for the particular indication being treated, preferably those with complementary activities that

do not adversely affect each other. For example, it may be desirable to further provide

antibodies which bind to EGFR, VEGF(e.g. an antibody which binds a different epitope or

same epitope on VEGF), VEGFR,or ErbB2(e.g., Herceptin®) in the one formulation.

Alternatively, or in addition, the composition may comprise a cytotoxic agent, cytokine,

growth inhibitory agent and/or VEGFRantagonist. Such molecules are suitably present in

combination in amounts that are effective for the purpose intended.

In certain aspects of any of the methods and uses, other therapeutic agents useful for

combination cancertherapy with the antibody ofthe invention include other anti-angiogenic

agents. Many anti-angiogenic agents have been identified and are knowninthe arts, including

those listed by Carmeliet and Jain (2000). In one embodiment, the anti-VEGF antibody of the

invention is used in combination with another VEGFantagonist or a VEGFreceptor

antagonist such as VEGFvariants, soluble VEGFreceptor fragments, aptamers capable of

blocking VEGF or VEGFR,ncutralizing anti-VEGFRantibodics, low molecule weight

inhibitors of VEGFRtyrosine kinases and any combinations thereof. Alternatively, or in

addition, two or more anti-VEGF antibodics may bce co-administered to the subject.

For the prevention or treatment of disease, the appropriate dosage of VEGF-specific

antagonist will depend on the type of disease to be treated, as defined above, the severity and

course of the disease, whether the VEGF-specific antagonist is administered for preventive or

therapeutic purposes, previous therapy, the subject’s clinical history and response to the

VEGF-specific antagonist, and the discretion of the attending physician. The VEGF-specific

antagonist is suitably administered to the subject at one time or over a series of treatments. In

a combination therapy regimen, the VEGF-specific antagonist and the one or more anti-cancer

therapeutic agent of the invention are administered in a therapeutically effective or synergistic

amount. As used herein, a therapeutically effective amount is such that co-administration of a

VEGF-specific antagonist and one or more other therapeutic agents, or administration of a

composition of the invention, results in reduction or inhibition of the cancer as described
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above. A therapeutically synergistic amount is that amount of a VEGF-specific antagonist

and one or more other therapeutic agents necessary to synergistically or significantly reduce or

eliminate conditions or symptoms associated with a particular disease.

‘The VEGF-specific antagonist and the one or moreother therapeutic agents can be

administered simultaneously or sequentially in an amount and for a time sufficient to reduce

or eliminate the occurrence or recurrence of a tumor, a dormant tumor, or a micrometastases.

The VEGF-specific antagonist and the one or more other therapeutic agents can be

administered as maintenance therapy to prevent or reduce the likelihood of recurrenceofthe

tumor.

As will be understood by those of ordinary skill in the art, the appropriate doses of

chemotherapeutic agents or other anti-cancer agents will be generally around those already

employed in clinical therapies, e.g., where the chemotherapeutics are administered aloneor in

combination with other chemotherapeutics. Variation in dosage will likely occur depending on

the condition being treated. The physician administering treatment will be able to determine

the appropriate dose for the individual subject.

In addition to the above therapeutic regimes, the subject may be subjected to radiation

therapy.

In certain embodiments of any of the methods, uses and compositions, the

administered VEGFantibodyis an intact, naked antibody. However, the VEGF antibody may

be conjugated with a cytotoxic agent. In certain embodiments of any of the methods and uses,

the conjugated antibody and/or antigen to whichit is bound is/are internalized. by the cell,

resulting in increased therapeutic efficacy of the conjugate in killing the cancer cell to whichit

binds. In one embodiment, the cytotoxic agent targets or interferes with nucleic acid in the

cancer cell. Examples of such cytotoxic agents include maytansinoids, calichcamicins,

ribonucleases and DNA endonucleases.

‘lhe invention also features a method of instructing a human subject with breast cancer

or a health care provider by providing instructions to reccive treatment with an anti-VEGF

antibody so as to increase the time for progression free survival, to decrease the subject’s risk

of cancer recurrence or to increase the subject’s likelihood of survival. In some embodiments

the method further comprises providing instructions to receive treatment with at least one

chemotherapeutic agent. The treatment with the anti-VEGF antibody may be concurrent with

or sequential to the treatment with the chemotherapeutic agent. In certain embodiments the

subject is treated as instructed by the methodof instructing. ‘lreatment of breast cancer by
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administration of an anti-VEGF antibody with or without chemotherapy may be continued

until cancer recurrence or death.

The invention further provides a promotional method, comprising promoting the

administration of an anti-VEGF antibody for treatment of breast cancer in a human subject. In

some embodiments the method further comprises promoting the administration of at least one

chemotherapeutic agent. Administration of the anti-VEGF antibody may be concurrent with

or sequential to administration of the chemotherapeutic agent. Promotion may be conducted

by any meansavailable. In some embodiments the promotionis by a packageinsert

accompanying a commercial formulation of the anti-VEGF antibody. The promotion may

also be by a package insert accompanying a commercial formulation of the chemotherapeutic

agent. Promotion may be by written or oral communication to a physician or health care

provider. In some embodiments the promotion is by a package insert where the package inset

provides instructions lo receive breast cancer therapy with anti-VEGFantibody. In a further

embodiment, the package insert include someorall of the results under Example 1. In some

embodiments the promotion is followed by the treatment of the subject with the anti-VEGF

antibody with or without the chemotherapeutic agent.

The invention provides a busincss mcthod, comprising marketing an anti-VEGF

antibody for treatment of breast cancer in a human subject so as to increase the subject’s time

for progression frec survival, to decrease the subjcct’s likclihood of cancer recurrence or

increase the subject’s likelihood of survival. In some embodiments the method further

comprises marketing a chemotherapeutic agent for use in combination with the anti-VEGF

antibody. In some embodiments the marketing is followed by treatment of the subject with

the anti-VEGFantibody with or without the chemotherapeutic agent.

Also provided is a business method, comprising markcting a chcmothcrapcutic agent

in combination with an anti-VEGF antibody for treatment ofbreast cancer in a human subject

so as to increase the subject’s time for progression free survival, to decrease the subject’s

likelihood of cancer recurrence or increase the subjcct’s likclihood of survival. In some

embodiments, the marketing is followed by treatment of the subject with the combination of

the chemotherapeutic agent and the anti-VEGF antibody.

Tv. DOSAGES AND DURATION

The VEGF-specific antagonist composition will be formulated, dosed, and

administered in a fashion consistent with good medical practice. Factors for consideration in

this context include the particular disorder being treated, the particular subject being treated,
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the clinical condition ofthe individual subject, the cause of the disorder, the site of delivery of

the agent, the method of administration, the scheduling of administration, and other factors

known to medical practitioners. The “therapeutically effective amount” of the VEGF-specific

antagonist to be administered will be governed by such considerations, and is the minimum

amount necessary to prevent, ameliorate, or treat, or stabilize, the cancer; to increase the time

until progression (duration of progression free survival) or to treat or prevent the occurrence

or recurrence of a tumor, a dormant tumor, or a micrometastases. The VEGF-specific

antagonist need notbe, but is optionally, formulated with one or more agents currently used to

preventor treat cancer or a risk of developing a cancer. The effective amount of such other

agents depends on the amount of VEGF-specific antagonist present in the formulation, the

type of disorder or treatment, and other factors discussed above. ‘hese are generally used in

the same dosages and with administration routes as used hereinbefore or about from 1 to 99%

of the heretofore employed dosages.

Depending on the type and severity of the disease, about 1 jig/kg to 100 mg/kg(e.g.,

0.1-20 mg/kg) of VEGF-specific antagonist is an initial candidate dosage for administration to

the subject, whether, for example, by one or more separate administrations, or by continuous

infusion. A typical daily dosage might range from about 1 pe/kg to about 100 mg/kg or more,

depending on the factors mentioned above. Particularly desirable dosages include, for

example, 5 mg/kg, 7.5 mg/kg, 10 mg/kg, and 15 mg/kg. For repeated administrations over

several days or longer, depending on the condition, the treatment is sustained until the cancer

is treated, as measured by the methods described above or knownin the art. However, other

dosage regimens maybe useful. In one example, if the VEGK-specific antagonist is an

antibody, the antibody of the invention is administered once every week, every two weeks, or

every three wecks, at a dose range from about 5 mg/kg to about 15 mg/kg, including but not

limited to 5 mg/kg, 7.5 mg/kg, 10 mg/kg or 15 mg/kg. The progress of the therapy of the

invention is easily monitored by conventional techniques and assays. In other embodiments,

such dosing regimen is uscd in combination with a chemotherapy regimenasthefirst line

therapy for treating locally recurrent or metastatic breast cancer. Further information about

suitable dosages is provided in the Example below.

The duration of therapy will continue for as long as medically indicated or until a

desired therapcutic cffect (c.g., those described herein) is achieved. In certain embodiments,

the VEGF-specific antagonist therapy is continued for | month, 2 months, 4 months, 6

months, 8 months, 10 months, | year, 2 years, 3 years, 4 years, 5 years, or for a period of

years up to the lifetime of the subject.
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The VEGF-specific antagonists of the invention are administered to a subject, e.g., a

human subject, in accord with known methods, such as intravenous administration as a bolus

or by continuousinfusion over a period of time, by intramuscular, intraperitoneal,

intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or

inhalation routes. Local administration is particularly desired if extensive side effects or

toxicity is associated with the VEGF antagonist. An ex vivo strategy can also be used for

therapeutic applications. Ex vivo strategies involve transfecting or transducing cells obtained

from the subject with a polynucleotide encoding a VEGFantagonist. The transfected or

transduced cells are then returned to the subject. The cells can be any of a wide range of types

including, without limitation, hematopoietic cells (e.g., bone marrow cells, macrophages,

monocytes, dendritic cells, T cells, or B cells), fibroblasts, epithelial cells, endothelial cells,

keratinocytes, or muscle cells.

For example, if the VEGF-specific antagonist is an antibody, the antibody is

administered by any suitable means, including parenteral, subcutaneous, intraperitoneal,

intrapulmonary, and intranasal, and, if desired for local immunosuppressive treatment,

intralesional administration. Parenteral infusions include intramuscular, intravenous,

intraarterial, intrapcritoncal, or subcutancous administration. In addition, the antibody is

suitably administered by pulse infusion, particularly with declining dosesof the antibody.

Preferably the dosing is given by injections, most prefcrably intravcnous or subcutancous

injections, depending in part on whether the administration is brief or chronic.

In another example, the VEGF-specific antagonist compound is administered locally,

e.g., by direct injections, when the disorder or location of the tumor permits, and the injections

can be repeated periodically. The VEGF-specific antagonist can also be delivered

systemically to the subject or directly to the tumorcells, c.g., to a tumor or a tumor bed

following surgical excision of the tumor, in order to prevent or reduce local recurrence or

metastasis, for example of a dormant tumor or micrometastases.

Alternatively, an inhibitory nucleic acid molecule or polynuclcotide containing a

nucleic acid sequence encoding a VEGF-specific antagonist can be delivered to the

appropriate cells in the subject. In certain embodiments, the nucleic acid can be directed to

the tumoritself.

The nuclcic acid can be introducedinto the cells by any means appropriate for the

vector employed. Many such methods are well known in the art (Sambrooket al., swpra, and

Watsonet al., Recombinant DNA, Chapter 12, 2d edition, Scientific American Books, 1992).
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Examples of methods of gene delivery include liposome mediated transfection,

electroporation, calcium phosphate/DEAE dextran methods, gene gun, and microinjection.

V. PHARMACEUTICAL FORMULATIONS

Therapeutic formulations of the agents (e.g., antibodies) used in accordance with the

invention are prepared for storage by mixing an antibody having the desired degree of purity

with optional pharmaccutically acccptable carricrs, cxcipicnts or stabilizcrs (Remington's

Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized

formulations or aqueoussolutions. Acceptable carriers, excipients, or stabilizers are nontoxic

to recipients at the dosages and concentrations employed, and include buffers such as

phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and

methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;

hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol, butyl or

benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol;

cyclohexanol, 3-pentanol; and m-cresol); low molecular weight (less than about 10 residues)

polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic

polymers such as polyvinylpyrrolidone; aminoacids such as glycine, glutamine, asparagine,

histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates

including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as

sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal

complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™,

PLURONICS™or polycthylene glycol (PEG). Lyophilized anti-VEGF antibody

formulations are described in WO 97/04801, expressly incorporated herein be reference.

Optionally, but preferably, the formulation contains a pharmaceutically acceptable salt,

typically, e.g., sodium chloride, and preferably at about physiological concentrations.

Optionally, the formulations of the invention can contain a pharmaceutically acceptable

preservative. In some embodiments the preservative concentration ranges from 0.1 to 2.0%,

typically v/v. Suitable preservatives include those known in the pharmaceutical arts. Benzyl

alcohol, phenol, m-cresol, methylparaben, and propylparaben are examples ofpreservatives.

Optionally, the formulations of the invention can include a pharmaceutically acceptable

surfactant at a concentration of 0.005 to 0.02%.

Typically, bevacizumabis supplied for therapeutic uses in 100 mg and 400 mg

preservative-free, single-use vials to deliver 4 ml or 16 ml of bevacizumab (25 mg/ml). The

100 mg product is formulated in 240 mg a, a-trehalose dehydrate, 23.2 mg sodium phosphate
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(monobasic, monohydrate), 4.8 mg sodium phosphate (dibasic, anhydrous), 1.6 mg

polysorbate 20, and Water for Injection, USP. The 400 mg product is formulated in 960 mg

a, a-trehalose dehydrate, 92.8 mg sodium phosphate (monobasic, monohydrate), 19.2 mg

sodium phosphate (dibasic, anhydrous), 6.4 mg polysorbate 20, and Water for Injection, USP.

See also the label for bevacizumab.

The formulation herein may also contain more than one active compoundas necessary

for the particular indication being treated, preferably those with complementary activities that

do not adversely affect cach other. For cxample, it may be desirable to further provide

antibodies which bind to EGFR, VEGF(e.g. an antibody which binds a different epitope on

VEGF), VEGFR,or ErbB2 (c.g., Herccptin®) in the one formulation. Altcrnatively, or in

addition, the composition may comprise a cytotoxic agent, cytokine, growth inhibitory agent

and/or VEGFR antagonist. Such molecules are suitably present in combination in amounts

that are effective for the purpose intended.

The active ingredients may also be entrapped in microcapsules prepared, for example, by

coacervation techniques or by interfacial polymerization, for example,

hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)

microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,

albumin microspheres, microemulsions, nano-particles and nanocapsules) or in

macroemulsions. Such techniquesare disclosed in Remington's Pharmaceutical Sciences 16th

edition, Osol, A. Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-

release preparations include semipermeable matrices of solid hydrophobic polymers

containing the antibody, which matrices are in the form of shapedarticles, c.g., films, or

microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for

example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat.

No.3,773,919), copolymers of L-glutamic acid and y cthyl-L-glutamatc, non-degradablc

ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON

DEPOT™(injectable microspheres composed oflactic acid-glycolic acid copolymer and

leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-

vinyl acctate and lactic acid-glycolic acid cnable release of molecules for over 100 days,

certain hydrogels release proteins for shorter time periods. When encapsulated antibodies

remain in the body for a long time, they may denature or aggregate as a result of exposure to

moisture at 37°C, resulting in a loss of biological activity and possible changes in
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immunogenicity. Rational strategies can be devised for stabilization depending on the

mechanism involved. For example, ifthe aggregation mechanism is discovered to be

intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be

achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling

moisture content, using appropriate additives, and developing specific polymer matrix

compositions.

The formulations to be used for im vivo administration may besterile. This is readily

accomplishedbyfiltration throughsterile filtration membranes.

VL EFFICACY OF THE TREATMENT

The main advantage of the of any of the methods, uses and compositions provided

herein is the ability ofproducing marked anti-cancer effects in a human subject without

causing significant toxicities or adverse effects, so that the subject benefited from the

treatment overall. In one embodimentof any of the methods, uses or compositions, the safety

profile is comparable to previous bevacizumab phaseIII studies. The efficacy of the treatment

of the invention can be measured by various endpoints commonly used in evaluating cancer

treatments, including but not limited to, tumor regression, tumor weight or size shrinkage,

time to progression, duration of survival, progression free survival, overall responserate,

duration of response, and quality of life. Because the anti-angiogenic agents of the invention

target the tumor vasculature and not necessarily the neoplastic cells themselves, they represent

a uniqueclass of anticancer drugs, and thercfore may require unique measures and definitions

of clinical responses to drugs. For example, tumor shrinkage of greater than 50% in a 2-

dimensional analysis is the standard cut-off for declaring a response. However, the anti-

VEGFantibody of the invention may causc inhibition ofmetastatic spread without shrinkage

of the primary tumor, or may simply exert a tumouristatic effect. Accordingly, novel

approaches to determining efficacy of an anti-angiogenic therapy should be employed,

including for example, measurementofplasmaor urinary markers of angiogenesis and

measurement of response through radiological imaging.

In another embodiment, the invention provides methods for increasing progression free

survival of a human subject susceptible to or diagnosed with a cancer. Timeto disease

progression is defined as the time from administration of the drug until disease progression or

death. In a preferred embodiment, the combination treatment of the invention using anti-

VEGFantibody and one or more chemotherapeutic agents significantly increases progression

free survival by at least about 1 month, 1.2 months, 2 months, 2.4 months, 2.9 months, 3.5

months, preferably by about | to about 5 months, when comparedto a treatment with
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chemotherapy alone. In one embodiment, the PFS median in months (95% CI) is 9.2 months

(8.6, 10.1) in the subjects treated with bevacizumab and taxane therapy (e.g., docetaxel or

paclitaxel protein-boundparticles (e.g.,Abraxane®))/anthracycline therapy (e.g., doxorubicin,

epirubicin or combinations thereof) compared to 8.0 months (6.7, 8.4) the

taxane/anthracycline therapy without bevacizumab, with a HR (95% CI) 0.644 (0.522, 0.795),

p-value (log-rank) less than 0.0001. In one embodiment, the PFS in the subjects treated with

bevacizumab and taxane/anthracycline is 10.7 months compared to 8.3 in subjects treated with

placebo and taxane/anthracycline. In one embodiment, the PFS median in months (95% CI) is

8.6 months (8.1, 9.5) in the subjects treated with bevacizumab and capecitabine compared to

5.7 months (4.3, 6.2) with capecitabine therapy without bevacizumab, with aHR (95% CD

0.688 (0.564, 0.840), p-value (log-rank) 0.0002. In one embodiment, the PFS in the subjects

treated with bevacizumab and capecitabine is 9.7 months compared to 6.2 in subjects treated

with placebo and capecitabine.

In yet another embodiment, the treatment of the invention significantly increases

response rate in a group of human subjects susceptible to or diagnosed with a cancer who are

treated with various therapeutics. Response rate is defined as the percentage oftreated

subjects who responded to the treatment. In onc aspect, the combination treatment of the

invention using anti-VEGF antibody and one or more chemotherapeutic agents significantly

increases responserate in the treated subject group comparedto the group treated with

chemotherapy alone.

In one aspect, the invention provides methods for increasing duration of response in a

humansubject or a group of human subjects susceptible to or diagnosed with a cancer.

Duration of responseis defined as the time from the initial response to disease progression.

In onc embodiment, the invention can be used for increasing the duration of survival of a

human subject susceptible to or diagnosed with a cancer.

VII. Antibody Production

() Polyclonal antibodies

Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or

intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to

conjugate the relevant antigen to a protein that is immunogenic in the species to be

immunized, e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or

soybean trypsin inhibitor using a bifunctional or derivatizing agent, for example,

maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine residues), N-
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hydroxysuccinimide (through lysine residues), glutaraldehyde, succinic anhydride, SOCh, or

R'N=C=NR,where R and R' aredifferent alkyl groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by

combining, e.g., 100 ug or 5 ug of the protein or conjugate (for rabbits or mice, respectively)

with 3 volumes of Freund's complete adjuvant and injecting the solution intradermally at

multiple sites. One month later the animals are boosted with 1/5 to 1/10 the original amount

of peptide or conjugate in Freund's complcte adjuvant by subcutancousinjection at multiple

sites. Seven to 14 days later the animals are bled and the serum is assayed for antibodytiter.

Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the

conjugate of the same antigen, but conjugated to a different protein and/or through a different

cross-linking reagent. Conjugates also can be made in recombinantccll culture as protein

fusions. Also, aggregating agents such as alum are suitably used to enhance the immune

response.

(ii) Monoclonal antibodies

Various methods for making monoclonal antibodies herein are available in the art. For

example, the monoclonal antibodies may be made using the hybridoma methodfirst described

by Kohleret al., Nature, 256:495 (1975), or by recombinant DNA methods (U.S. Patent No.

4,816,567).

In the hybridoma method, a mousc or other appropriate host animal, such as a hamster or

macaque monkey, is immunized as hereinabove described to elicit lymphocytes that produce

or are capable of producing antibodies that will specifically bind to the protein used for

immunization. Alternatively, lymphocytes may be immunizedin vitro. Lymphocytes then are

fused with myclomacclls using a suitable fusing agent, such as polycthylcnc glycol, to form a

hybridomacell (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103

(Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium

that preferably contains one or more substances that inhibit the growth or survival of the

unfused, parental myelomacells. For example, if the parental myelomacells lack the enzyme

hypoxanthine guanine phosphoribosy1 transferase (HGPRT or HPRT), the culture medium for

the hybridomastypically will include hypoxanthine, aminopterin, and thymidine (HAT

medium), which substances prevent the growth of HGPRT-deficientcells.
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Preferred myelomacells are those that fuse efficiently, support stable high-level

production of antibody by the selected antibody-producingcells, and are sensitive to a

medium such as HAT medium. Amongthese, preferred myelomacell lines are murine

myelomalines, such as those derived from MOPC-21 and MPC-11 mouse tumors available

from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 or X63-

Ag8-653 cells available from the American Type Culture Collection, Rockville, Maryland

USA. Human myeloma and mouse-human heteromyeloma cell lines also have been described

for the production of human monoclonal antibodies (Kozbor, /. dmmunol., 133:3001 (1984);

Brodeuref al., Monoclonal Antibody Production Techniques and Applications, pp. 51-63

(Marcel Dekker, Inc., New York, 1987)).

Culture medium in which hybridoma cells are growing is assayed for production of

monoclonalantibodies directed against the antigen. Preferably, the binding specificity of

monoclonal antibodies produced by hybridomacells is determined by immunoprecipitation or

by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked

immunoabsorbent assay (ELISA).

After hybridomacells are identified that produce antibodies of the desired specificity,

affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and

grown by standard methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-

103 (Academic Press, 1986)). Suitable culture media for this purpose include, for example,

D-MEMor RPMI-1640 medium. In addition, the hybridoma cclls may be grown in vivo as

ascites tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the

culture medium,ascites fluid, or serum by conventional immunoglobulin purification

procedures such as, for example, protein A-Sepharose, hydroxylapatite chromatography,gel

electrophoresis, dialysis, or affinity chromatography.

DNAencoding the monoclonal antibodies is readily isolated and sequenced using

conventional procedures (e.g., by using oligonucleotide probes that are capable of binding

specifically to genes encoding the heavy and light chains of the monoclonal antibodies). The

hybridomacells serve as a preferred source of such DNA. Onceisolated, the DNA may be

placed into expression vectors, which are then transfected into host cells such as E. coli cells,

simian COScells, Chinese hamster ovary (CHO) cells, or myelomacells that do not otherwise

produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the
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recombinant host cells. Recombinant production of antibodies will be described in more

detail below.

In a further embodiment, antibodies or antibody fragments can be isolated from antibody

phage libraries generated using the techniques described in McCafferty et al, Nature,

348:552-554 (1990). Clackson et al., Nature, 352:624-628 (1991) and Markset al., J. Mol.

Biol., 222:581-597 (1991) describe the isolation of murine and human antibodies,

respectively, using phage librarics. Subscqucnt publications describe the production of high

affinity (nM range) human antibodies by chain shuffling (Marksef al., Bio/Technology,

10:779-783 (1992)), as well as combinatorial infection and in vivo recombination as a strategy

for constructing very large phage libraries (Waterhouseet al., Nuc. Acids. Res., 21:2265-2266

(1993)). Thus, these techniques are viable alternatives to traditional monoclonal antibody

hybridoma techniques for isolation of monoclonal antibodies.

The DNAalso may be modified, for example, by substituting the coding sequence for

human heavy- and light-chain constant domainsin place of the homologous murine sequences

(U.S. Patent No. 4,816,567; Morrison, et al., Proc. Natl Acad. Sci. USA, 81:6851 (1984)), or

by covalently joining to the immunoglobulin coding sequence all or part of the coding

sequence for a non-immunoglobulin polypeptide.

Typically such non-immunoglobulin polypeptides are substituted for the constant

domainsof an antibody, or they are substituted for the variable domains of one antigen-

combining site of an antibody to create a chimeric bivalent antibody comprising one antigen-

combining site having specificity for an antigen and another antigen-combiningsite having

specificity for a different antigen.

(iii) Humanized and human antibodies

A humanized antibody has one or more amino acid residues introduced into it from a

source which is non-human. These non-human amino acid residucs are often referred to as

"import" residues, which are typically taken from an "import" variable domain. Humanization

can be essentially performed following the method of Winter and co-workers (Joneset al.,

Nature, 321:522-525 (1986); Riechmannet al., Nature, 332:323-327 (1988); Verhoeyen efal.,

Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the

corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are

chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an intact

human variable domain has been substituted by the corresponding sequence from a non-

humanspecies. In practice, humanized antibodies are typically human antibodies in which
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some CDRresidues and possibly some FR residues are substituted by residues from analogous

sites in rodent antibodies.

The choice of humanvariable domains, both light and heavy, to be used in making the

humanized antibodics is very important to reduce antigenicity. According to the so-called

"best-fit" method, the sequence of the variable domain of a rodent antibody is screened against

the entire library ofknown humanvariable-domain sequences. The human sequence which is

closest to that of the rodent is then acccpted as the human framework (FR) for the humanized

antibody (Simset al, J. Immunol, 151:2296 (1993); Chothia ef al, J. Mol. Biol., 196:901

(1987)). Another method uses a particular framework derived from the consensus sequence of

all humanantibodies of a particular subgroup of light or heavy chains. The same framework

may be used for several different humanized. antibodies (Carter et al., Proc. Natl. Acad. Sci.

USA, 89:4285 (1992); Presta et al., J. Immnol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the

antigen and other favorable biological properties. To achieve this goal, according to a

preferred method, humanized antibodies are prepared by a process of analysis of the parental

sequences and various conceptual humanized products using three-dimensional models of the

parental and humanized sequences. Three-dimensional immunoglobulin models are

commonly available and are familiar to those skilled in the art. Computer programsare

available whichillustrate and display probable three-dimensional conformational structures of

selected candidate immunoglobulin sequences. Inspection of these displays permits anal ysis

of the likely role of the residues in the functioning of the candidate immunoglobulin sequence,

i.e., the analysis of residues that influence the ability of the candidate immunoglobulin to bind

its antigen. In this way, FR residucs can be selected and combined from the recipient and

import sequences so that the desired antibody characteristic, such as increased affinity for the

target antigen(s), is achieved. In general, the CDR residuesare directly and most substantially

involved in influencing antigen binding.

Humanized anti-VEGFantibodies and affinity matured variants thereof are describedin,

for example, U.S. Pat. No. 6,884,879 issued February 26, 2005.

It is now possible to produce transgenic animals (e.g., mice) that are capable, upon

immunization, of producing a full repertoire of human antibodies in the absence of

endogenous immunoglobulin production. For example, it has been described that the

homozygousdeletion of the antibody heavy-chain joining region (Ju) gene in chimeric and

germ-line mutant mice results in complete inhibition of endogenous antibody production.
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Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice

will result in the production of human antibodies upon antigen challenge. See, e.g.,

Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature,

362:255-258 (1993); Bruggermannef al., Year in Immuno., 7:33 (1993); and Duchosalet al.

Nature 355:258 (1992).

Alternatively, phage display technology (McCafferty et al., Nature 348:552-553 (1990))

can be uscd to produce human antibodics and antibody fragments in vitro, from

immunoglobulin variable (V) domain gene repertoires from unimmunized donors. According

to this technique, antibody V domain genes are cloned in-frame into either a major or minor

coat protein gene ofa filamentous bacteriophage, such as M13 orfd, and displayed as

functional antibody fragments on the surface of the phage particle. Because the filamentous

particle contains a single-stranded DNA copy of the phage genome, selections based on the

functional properties of the antibody also result in selection of the gene encoding the antibody

exhibiting those properties. Thus, the phage mimics some ofthe properties of the B-cell.

Phage display can be performed in a variety of formats; for their review see, e.g., Johnson,

Kevin S. and Chiswell, David J., Current Opinion in Structural Biology 3:564-571 (1993).

Several sources of V-gene segments can be used for phage display. Clackson et al., Nature,

352-624-628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random

combinatorial library ofV genes derived from the spleens of immunized mice. A repertoire of

V genes from unimmunized human donors can be constructed and antibodies to a diverse

array of antigens (including self-antigens) can be isolated essentially following the techniques

described by Markset al.,J. Mol. Biol. 222:581-597 (1991), or Griffith et al., EMBO./.

12:725-734 (1993). See, also, U.S. Patent Nos. 5,565,332 and 5,573,905.

As discussed above, human antibodies may also be generated by in vitro activated B

cells (see U.S. Patents 5,567,610 and 5,229,275).

Human monoclonal anti-VEGF antibodies are described in U.S. Patent No. 5,730,977,

issued March 24, 1998.

(iv) Antibodyfragments

Various techniques have been developed for the production of antibody fragments.

Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see,

e.g., Morimoto et al. , Journal ofBiochemical and Biophysical Methods 24:107-117 (1992)

and Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced

directly by recombinant host cells. For example, the antibody fragments can be isolated from
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the antibody phagelibraries discussed above. Alternatively, Fab'-SH fragments can be

directly recovered from EZ. coli and chemically coupled to form F(ab')2 fragments (Carter et

al., Bio/Technology 10:163-167 (1992)). According to another approach, F(ab')2 fragments

can be isolated directly from recombinanthost cell culture. Other techniques for the

production of antibody fragments will be apparent to the skilled practitioner. In other

embodiments, the antibody of choiceis a single chain Fv fragment (scFv). See WO 93/16185.

() Other amino acid sequence modifications

Amino acid sequence modification(s) of the antibodies described herein are

contemplated. Kor example, it may be desirable to improve the bindingaffinity and/or other

biological properties of the antibody. Amino acid sequence variants of the antibody are

prepared by introducing appropriate nuclcotide changes into the antibody nucleic acid, or by

peptide synthesis. Such modifications include, for example, deletions from, and/or insertions

into and/or substitutions of, residues within the amino acid sequencesofthe antibody. Any

combination of deletion, insertion, and substitution is madeto arrive at the final construct,

provided that the final construct possesses the desired characteristics. The amino acid changes

also mayalter post-translational processes of the antibody, such as changing the numberor

position of glycosylationsites.

A useful method for identification of certain residues or regions of the antibody that

are preferred locations for mutagenesis is called "alanine scanning mutagenesis" as described

by Cunningham and Wells Science, 244:1081-1085 (1989). Here, a residue or group of target

residues are identified (e.g., charged residues suchasarg, asp, his, lys, and glu) and replaced

by a ncutral or negatively charged amino acid (most preferably alanine or polyalanine) to

affect the interaction of the amino acids with antigen. Those amino acid locations

demonstrating functional sensitivity to the substitutions then are refined by introducing further

or other variants at, or for, the sites of substitution. Thus, while the site for introducing an

amino acid sequence variation is predetermined, the nature of the mutation per se need. not be

predetermined. For example, to analyze the performance of a mutation at a given site, ala

scanning or random mutagenesis is conducted at the target codon or region and the expressed

antibody variants are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions

ranging in length from one residue to polypeptides containing a hundred or more residues, as

well as intrasequence Insertions ofsingle or multiple amino acid residues. Examples of

terminal insertions include antibody with an N-tcrminal mcthionyl residuc or the antibody

fused to a cytotoxic polypeptide. Other insertional variants of the antibody molecule include
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the fusion to the N- or C-terminus of the antibody to an enzyme(e.g. for ADEPT)or a

polypeptide which increases the serum half-life of the antibody.

Another type of variant is an amino acid substitution variant. These variants have at

least one amino acid residue in the antibody molecule replaced by a different residue. lhe

sites of greatest interest for substitutional mutagenesis include the hypervariable regions, but

FRalterations are also contemplated.

Substantial modifications in the biological propertics of the antibody arc accomplished

by selecting substitutions that differ significantly in their effect on maintaining (a) the

structure of the polypeptide backbonein the area of the substitution, for example, as a sheet or

helical conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c)

the bulk of the side chain. Amino acids may be grouped according to similaritics in the

properties of their side chains (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75,

Worth Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), Ile (1), Pro (P), Phe (F), Trp (W), Met (M)

(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr CY), Asn (N), Gin (Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (K), Arg (R), His(H)

Alternatively, naturally occurring residues maybe divided into groups based on common

side-chain propertics:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu,Ile;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

(6) aromatic: Trp, Tyr, Phe.

Non-conservative substitutions will entail exchanging a memberofoneof these classes

for anotherclass.

Any cysteine residue not involved in maintaining the proper conformation of the

antibody also maybe substituted, generally with serine, to improve the oxidative stability of

the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added
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to the antibody to improveits stability (particularly where the antibody is an antibody

fragment such as an Fy fragment).

A particularly preferred type of substitutional variant involves substituting one or more

hypervariable region residucs of a parent antibody (e.g. a humanized or human antibody).

Generally, the resulting variant(s) selected for further development will have improved

biological properties relative to the parent antibody from which they are generated. A

convenicnt way for gencrating such substitutional variants involves affinity maturation using

phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to

generate all possible amino substitutions at each site. The antibody variants thus generated are

displayed in a monovalent fashion from filamentous phage particles as fusions to the gene III

product of M13 packaged within cach particle. The phage-displayed variants are then

screened for their biological activity (e.g. binding affinity) as herein disclosed. In order to

identify candidate hypervariable region sites for modification, alanine scanning mutagenesis

can be performedto identify hypervariable region residues contributing significantly to

antigen binding. Alternatively, or additionally, it may be beneficial to analyze a crystal

structure of the antigen-antibody complex to identify contact points between the antibody and

human VEGF. Suchcontact residues and neighboring residues are candidates for substitution

according to the techniques elaborated herein. Once such variants are generated, the panel of

variants is subjected to screening as described herein and antibodies with superior properties

in one or more relevant assays maybe selected for further development.

Another type of amino acid variant of the antibody alters the original glycosylation

pattern of the antibody. By altering is meant deleting one or more carbohydrate moieties

found in the antibody, and/or adding onc or more glycosylation sitcs that are not present in the

antibody.

Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers to

the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The

tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino

acid except proline, are the recognition sequences for enzymatic attachment ofthe

carbohydrate moicty to the asparagine side chain. Thus, the presence ofcither of these

tripeptide sequencesin a polypeptide creates a potential glycosylation site. O-linked

glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine,galactose, or

xylose to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysince may also be used.
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Addition of glycosylation sites to the antibody is conveniently accomplishedbyaltering

the amino acid sequencesuchthat it contains one or more ofthe above-describedtripeptide

sequences (for N-linked glycosylation sites). The alteration may also be made by the addition

of, or substitution by, one or more serine or threonine residues to the sequence ofthe original

antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fe region, the carbohydrate attached thereto may be

altcred. For example, antibodics with a mature carbohydrate structure that lacks fucose

attached to an Fe region of the antibody are described in US Pat Appl No US 2003/0157108

Al, Presta, L. See also US 2004/0093621 Al (Kyowa Hakko Kogyo Co., Ltd). Antibodies

with a bisecting N-acetylglucosamine (GlcNAc) in the carbohydrate attached to an Fe region

of the antibody are referenced in WO03/011878, Jcan-Mairct et a/. and US Patent No.

6,602,684, Umanaet a/. Antibodies with at least one galactose residue in the oligosaccharide

attached to an Fe region of the antibody are reported in WO97/30087, Patel et al. See, also,

W098/58964 (Raju, 8.) and WO99/22764 (Raju, 8.) concerning antibodies with altered

carbohydrate attached to the Fe region thereof.

Tt may be desirable to modify the antibody of the invention with respect to effector

function, ¢.g. so as to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or

complement dependent cytotoxicity (CDC)ofthe antibody. This may be achieved by

introducing one or more aminoacid substitutions in an Fc region ofthe antibody.

Alternatively or additionally, cystcine residuc(s) may be introduced in the Fe region, thercby

allowing interchain disulfide bond formation in this region. The homodimeric antibody thus

generated may have improved internalization capability and/or increased complement-

mediated ccll killing and antibody-dcpendentccllular cytotoxicity (ADCC). Sec Caron et al.,

J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Jmmunol. 148:2918-2922 (1992).

Homodimeric antibodies with enhanced anti-tumoractivity may also be prepared using

heterobifunctional cross-linkers as described in Wolff et al. Cancer Research 53:2560-2565

(1993). Altematively, an antibody can be engincered which has dual Fe regions and may

thereby have enhanced complement lysis and ADCC capabilities. See Stevenson ef al. Anti-

Cancer Drug Design 3:219-230 (1989).

W000/42072 (Presta, L.) describes antibodies with improved ADCC function in the

presence of humaneffector cells, where the antibodies comprise amino acid substitutions in

the Fc region thereof. Preferably, the antibody with improved ADCC comprises substitutions

at positions 298, 333, and/or 334 of the Fe region (Eu numbcring of residucs). Preferably the
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altered Fe region is a human IgG1 Fe region comprising or consisting of substitutions at one,

two or three of these positions. Such substitutions are optionally combined with

substitution(s) which increase Clq binding and/or CDC.

Antibodics with altered C1q binding and/or complement dependent cytotoxicity (CDC)

are described in WO99/5 1642, US Patent No. 6,194,551B1, US Patent No. 6,242,195Bl, US

Patent No. 6,528,624B1 and US Patent No. 6,538,124 (Idusogie et a/.). The antibodies

comprisc an amino acid substitution at onc or more of amino acid positions 270, 322, 326,

327, 329, 313, 333 and/or 334 of the Fc region thereof (Eu numberingofresidues).

To increase the serum half life of the antibody, one may incorporate a salvage receptor

binding epitope into the antibody (especially an antibody fragment) as described in US Patent

5,739,277, for example. As used herein, the term "salvage receptor binding epitope" refers to

an epitope of the Fc region of an IgG molecule(e.g., IgGi, IgG, IgG3, or IgG) that is

responsible for increasing the in vivo serum half-life of the IgG molecule.

Antibodics with improved binding to the neonatal Fe receptor (FeRn), and increased

half-lives, are described in WO00/42072 (Presta, L.) and US2005/0014934A1 (Hinton er a/.).

These antibodies comprise an Fe region with one or more substitutions therein which improve

binding of the Fe region to FcRn. For example, the Fc region may havesubstitutions at one or

moreofpositions 238, 250, 256, 265, 272, 286, 303, 305, 307, 311, 312, 314, 317, 340, 356,

360, 362, 376, 378, 380, 382, 413, 424, 428 or 434 (Eu numbering of residues). The preferred

Fe region-comprising antibody variant with improved FcRn binding comprises amino acid

substitutions at one, two orthree of positions 307, 380 and 434 of the Fc region thereof (Eu

numbering of residues). In one embodiment, the antibody has 307/434 mutations.

Engincered antibodics with three or more (preferably four) functional antigen binding

sites are also contemplated (US Appin No. US2002/0004587 Al, Miller ef a/.).

Nucleic acid molcculcs encoding amino acid scqucncc variants of the antibody are

prepared by a variety of methods knownin the art. These methodsinclude, but are not limited

to, isolation from a natural source(in the case ofnaturally occurring amino acid sequence

variants) or preparation by oligonucleotide-mediated (or site-directed) mutagenesis, PCR

mutagenesis, and cassette mutagenesis of an earlier prepared variant or a non-variant version

of the antibody.
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(vi) Immunoconjugates

The invention also pertains to immunoconjugates comprising the antibody described

herein conjugated to a cytotoxic agent such as a chemotherapeutic agent, toxin (e.g. an

enzymatically active toxin of bactcrial, fungal, plant or animal origin, or fragments thercof),

or a radioactive isotope (i.e., a radioconjugate).

Chemotherapeutic agents useful in the generation of such immunoconjugates have been

described above. Enzymatically active toxins and fragments thereofwhich can be used

include diphtheria A chain, nonbindingactive fragments of diphtheria toxin, exotoxin A chain

(from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-

sarcin, Aleuritesfordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI

PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis

inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. A

variety of radionuclides are available for the production of radioconjugate antibodies.

Examples include Bi MITIn, °’Y andRe.

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional

protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),

iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate

HCL), active esters (such as disuccinimidyl subcrate), aldchydes (such as glutareldchydc), bis-

azido compounds(such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives

(such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-

diisocyanate), and bis-active fluorine compounds(suchas 1,5-difluoro-2,4-dinitrobenzene).

For example, a ricin immunotoxin can be prepared as described in Vitetta et al. Science 238:

1098 (1987). Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene

triaminepentaacetic acid (MX-DTPA)is an exemplary chelating agent for conjugation of

radionucleotide to the antibody. See WO94/11026.

In another embodiment, the antibody may be conjugated to a "receptor" (such

streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is

administered to the subject, followed by removal ofunbound conjugate from the circulation

using a clearing agent and then administration of a "ligand"(e.g. avidin) which is conjugated

to a cytotoxic agent (e.g. a radionucleotide).
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(vii) Immunoliposomes

The antibody disclosed herein may also be formulated as immunoliposomes.

Liposomescontaining the antibody are prepared by methods knownin the art, such as

described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82:3688 (1985); Hwang et al, Proc.

Natl Acad. Sci, USA, 77:4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545.

Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556.

Particularly useful liposomes can be generated by the reverse phase evaporation method

with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized

phosphatidylethanolamine (PEG-PE). Liposomes are extruded throughfilters of defined pore

size to yield liposomes with the desired diameter. Fab' fragments of the antibody of the

invention can be conjugated to the liposomesas described in Martin et al. J. Biol. Chem. 257:

286-288 (1982) via a disulfide interchange reaction. A chemotherapeutic agent is optionally

contained within the liposome. See Gabizon et al. J. National Cancer Inst.81(19)1484 (1989)

VITT. ARTICLES OF MANUFACTUREAND KITS

In another embodiment of the invention, an article of manufacture containing materials

uscful for the treatment of the disorders described above is provided. The article of

manufacture comprises a container, a label and a package insert. Suitable containers include,

for example, bottles, vials, syringes, etc. The containers may be formed from a variety of

matcrials such as glass or plastic. The containcr holds a composition whichis cffective for

treating the condition and may havea sterile access port (for example the container may be an

intravenoussolution bag or a vial having a stopper pierceable by a hypodermic injection

needle). At least one active agent in the composition is an anti-VEGF antibody. The label on,

or associated with, the containcr indicates that the composition is used for treating the

condition of choice. The article of manufacture may further comprise a second container

comprising a pharmaceutically-acceptable buffer, such as phosphate-buffered saline, Ringer's

solution and dextrose solution. It may further include other materials desirable from

a commercial and user standpoint, including other buffers, diluents, filters, needles, and

syringes. In addition, the article of manufacture comprises a package inserts with instructions

for use, including for example instructing the user of the composition to administer the anti-

VEGFantibody composition and a chemotherapeutic agent to the subject, e.g., capecitabine,

taxane, anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles(e.g.,

Abraxane®), doxorubicin, epirubicin, 5-fluorouracil, cyclophosphamide or combinations
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thereof. The package insert may optionally contain someorall of the results found in

Example 1.

The VEGF-specific antagonist can be packaged alone or in combination with other

anti-cancer therapcutic compoundsas a kit. The kit can include optional componcnts that aid

in the administration of the unit dose to subjects, such as vials for reconstituting powder

forms, syringes for injection, customized IV delivery systems, inhalers, etc. Additionally, the

unit dose kit can contain instructions for preparation and administration of the compositions.

In certain embodiments, the instructions comprises instructions for use, including for example

instructing the user of the composition to administer the anti-VEGF antibody composition and

a chemotherapeutic agent to the subject, e.g., capecitabine, taxane, anthracycline, paclitaxel,

docctaxcl, paclitaxcl protein-bound particles (c.g., Abraxane®), doxorubicin, epirubicin, 5-

fluorouracil, cyclophosphamide or combinations thereof. The instructions may optionally

contain someorall of the results found in Example 1. The kit may be manufactured as a

single use unit dose for one subject, multiple uses for a particular subject (at a constant dose or

in which the individual compounds may vary in potency as therapy progresses); or the kit may

contain multiple doses suitable for administration to multiple subjects (“bulk packaging’).

The kit components may be assembled in cartons, blister packs, bottles, tubes, and the like.

Deposit of Materials

The following hybridomacell line has been deposited under the provisions of the

Budapest Treaty with the American Type Culture Collection (ATCC), Manassas, VA, USA:

Antibody Designation ATCC No. Deposit Date

A4.6.1 ATCC HB-10709 March 29, 1991

The following example is intended merely to illustrate the practice of the invention and

is not provided by way of limitation. The disclosuresof all patent and scientific literatures

cited herein are expressly incorporated in their entirety by reference.

EXAMPLE

Example 1. Bevacizumab in Combination with Chemotherapy Regimensin Subjects

with Previously Untreated Metastic Breast Cancer
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Metastatic breast cancer (MBC)ts an incurable disease, with the majority of patients

succumbingto their disease within 2 year of diagnosis (Greenberg,et al., 1996, J. Clin. Oncol.

14:2197-205; Dawood,et al., 2008, J. Clin. Oncol. 26:4891-8; and Chia et al., Cancer, 2007,
 

110:973-9). Of the patients presenting with MBC, approximately 60% will have previously

presented with localized disease that has recurred; approximately 40% of patients will present

with metastatic disease de novo.

Twoprior randomized PhaseIII trials in MBC have demonstrated benefit from

addition of bevacizumabto initial chemotherapy with taxanes. In the pivotal Phase LI E2100

trial, progression-free survival (PFS) was significantly longer in patients treated with weekly

paclitaxel+ bevacizumab than in those treated with paclitaxel alone (Miller at lea., N. Engl J.

Med., 2007, 357:2666-76). Similarly, the AVADOtrial, which investigated the combination

of bevacizumab (at 7.5 and 15 mg/kg q3w) with docetaxel, found that patients treated with

docelaxel+ bevacitzumab had progression-free survival (PFS) that was longer than in those

treated with docetaxel alone (Miles et al., 2008 ASCO Annual Meeting Chicago, IL).

Previously, a randomized PhaseILI trial (AVF2119g) for previously treated MBCthat

evaluated the combination of bevacizumab with capecitabine demonstrated that overall

response rate (ORR) was higher in those treated with capecitabine + bevacizumab than

capecitabine alone, but it failed to meet its primary objective of improving PFS (Milleret al.,

J. Clin. Oncol. 2005, 23:792-9).

This example concerns analysis of results obtained with previously untreated

metastatic breast cancer subjects treated in the RIBBON1 clinical trial using taxanes and non-

taxane chemotherapies. The primary objective of the study was to determine the clinical

benefit of the addition of bevacizumab to standard chemotherapy regimes for previously

untreated metastatic breast cancer, as measured by PFS based on investigator tumor

assessment. See, e.g., O’Shaughnessy and Brufsky, (2008), Clinical Breast Cancer, 8(4):

370-373. The trial comprised two study groups that evaluated AVASTIN® with different

types of chcmothcrapics in women who had not previously reccived chemotherapy for their

advanced HER2-negative breast cancer. In the first study group, women received either

AVASTIN or placebo in combination with taxane or anthracycline-based chemotherapies. In

the second study group, womenreceived either AVASTIN or placebo in combination with

capecitabine chemotherapy. The analysis of this example was based on information from 1237

patients. Thesetrials evaluated the efficacy of bevacizumab (AVASTIN®)as therapy for

patients previously untreated metastic breast cancer.
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Study Design

The design of the RIBBON1study is depicted in Figure 1.

In the RIBBON trial, the following treatment protocol was used:

Arm A: bevacizumab 15mg/kg IV on day 1 of cach 21-day cycle and cither cohort 1,

cohort 2 or cohort 3;

Arm_B: placebo IV on day 1 of each 21-day cycle and either cohort 1, cohort 2 or

cohort 3.

Cohort 1: Either of the following taxanes administered every 3 weeks

Docetaxel 75-100 mg/m’ IV

Paclitaxel protein-bound particles (Abraxane ®) 260 mg/m IV

Cohort 2: Any of the following anthracycline-based combination chemothcrapics, for

subjects previously untreated with anthracyclines, every 3 weeks:

FEC: 5-fluorouracil 500 mg/m TV, epirubicin 90-100 mg/m IV and

cyclophosphamide 500 mg/m? IV on Day 1

FAC: 5-fluorouracil 500 mg/m? IV, doxorubicin 50 mg/m? IV and cyclophosphamide

500 mg/m” IV on Day1

AC: Doxorubicin 50-60 mg/m* IV and cyclophosphamide 500-600 mg/m’ IV on Day

EC: Epirubicin 90-100 mg/m’ IV and cyclophosphamide 500-600 mg/m’ IV on Day1

Cohort 3: Capecitabine 1000 mg/m’oral twice daily on Days 1-14 of each 3-week

cycle.

In addition, after the blinded treatment phase, some subjects were given bevacizumab

either 15 mg/kg IV every three weeks or 10 mg/ml IV every 2 weeks; given concurrently with

chemotherapy.

Bevacizumab (AVASTIN®) was supplied as a clear to slightly opalescent, colorless to

pale brown, sterile liquid concentrate for solution for TV infusion. Bevacizumab was

supplied in either a 5-ml (100 mg) or 20-ml (400 mg) glass vials containing 4 mL or 16 mL

bevacizumab, respectively (25 mg/mlfor either vial). Vials contain bevacizumab with

phosphate, trehalose, polysorbate 20, and Sterile Water for Injection (SWFID, USP. Vials

contained no preservative. AVASTIN® was diluted in 0.9% Sodium Chloride Injection, USP,

to a total volume of 100 ml before continuousintravenous administration.

Methods

Eligible Subjects/Patients had the following key eligibility criteria: Age > 18 years,

ECOG 0 or | (ECOG Performance Status Scale), no prior chemotherapy for locally recurrent
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or metastatic breast cancer, Her2 negative (unless Her2 positive and trastuzumab

contraindicated or unavailable) and/or prior adjuvant chemotherapy allowed if recurrence >

(or equal to) 12 months since last dose. All subjects had histologically or cytologically

confirmed adenocarcinomaof the breast, subjects may have had either measureable (per the

Response Evaluation Criteria in Solid Tumors (RECIST)) or non-measureable locally

recurrent or metastatic disease. The locally recurrent disease was not amenable to resection

with curative intent.

Subjects may have received prior hormonal therapy in either the adjuvant or metastatic

setting if discontinued greater than or equal to 1 week prior to Day 0, or adjuvant

chemotherapy if discontinued greater than or equal to 12 months prior to Day 0.

Exclusion criteria included known HER2-positive status (unless the patient had

progressed on trastuzumab therapy or trastuzumab therapy was contraindicated or

unavailable); prior adjuvant or neo adjuvant chemotherapy within 12 months; known central

nervous system metastases; blood pressure >150/100 mmHg; unstable angina; New York

Heart Association GradeII or greater congestive heart failure (CHF); history of myocardial

infarction within 6 months; history of stroke or transient ischemic attack within 6 months;

clinically significant peripheral vascular disease; evidence of bleeding diathesis or

coagulopathy; history of abdominalfistula, gastrointestinal (GI) perforation, or intra

abdominal abscess within 6 months; history of anaphylactic reaction to monoclonal antibody

therapy not controlled with premedication; scrious non hcaling wound; inadequate organ

function; locally recurrent disease amenable to resection with curative intent; history of other

malignancies within 5 years. If anthracycline chosen as chemotherapy,patients were also

required to have left cjcction fraction =50% and no prior history of anthracycline treatment.

Thetrial was conducted worldwide(at least 22 countries) and accrued 1237

subjects/patients (Taxane (T): 307; Anthracycline (Anthra): 315; and Capecitabine (Cap):

615).

The primary endpoint of the study was progression free survival (PFS), defined as the

time from randomization to disease progression or to death, based on investigator assessment.

Kaplan-Meier methodology can be used to estimate median PFS for each treatment arm. In

certain embodiments, the hazard ratio for PFS will be estimated using a stratified Cox

regression model with the samestratification factors used in the stratified log-rank test.

Analyses of PFS in each cohort is performedat the two-sided a=0.05 level. Time-to-event

data are compared between treatment arms usinga stratified log-rank test. The Kaplan-Meier
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methodis used to estimate duration of time-to-event data. The 95% confidence intervals for

median time-to-event are computed using the Brookmeyer-Crowley method. The HR for

time-to-event data are estimated using a stratified Cox regression model.

The sccondary cndpoints included objective response rate (ORR), onc-ycar survival

rate, overall survival (OS), and PFS based on IRC assessment and safety. OS is defined as the

time from randomization until death from any cause. ORR is defined as the percentage of

paticnts who achieved a complete or partial response confirmed >28 daysafter initial

documentation of response. One-year survival rate is assessed between treatment arms using

the normal approximation method. ORRin patients with measurable disease at baseline is

compared using the stratified Mantel-Haenszel x2 test. Randomizationstratification factors are

included in all stratified analyses.

Results

RIBBON] wasan international, multicenter, randomized, double-blind, placebo-

controlled clinical study that enrolled 1,237 subjects/paticnts with locally recurrent or

metastatic HER2-negative breast cancer who had not received chemotherapy for their

metastatic disease. See Table 1 for Subject/Patient Characteristics from the tnal. The

primary endpoint ofthese trials was progression free survival (PFS), defined as the time from

randomization to disease progression or death, based on investigator assessment. The results

from thetrial indicate that AVASTIN® in combination with the following used

chemotherapiesfor first-line metastatic HER2-negative breast cancer increased the time

women lived without their disease advancing, as defined as the primary endpoint of

progression-free survival (PFS), compared to chemotherapies alone.

Table 1: Subject/Patient Characteristics 

 

 

     
 

Cap /Anthra

PL BV PL BV

(n=206) (n=409) (n=207) (n=415)

Median age, yr 57 56 55 55

ECOG PS 0 52

HRpositive 74

Triple negative 23

Discasc-free<12 22 27 4] 37
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months

Adjuvant
45

chemotherapy

Taxane 15

Anthracycline ¢ 3 30

> 3 metastatic sites 45

Measurable dx 78 80 86 83

    
 

The results of this phase II study provide direct support for use of antiangiogenic

agents as first line therapy for patients with previously untreated breast cancer. The addition

of bevacizumab, an anti-VEGFantibody,to the taxane therapy (e.g., docetaxel or paclitaxel

protein-bound particles (e.g.,Abraxane®))/anthracycline therapy (e.g., doxorubicin,

epirubicin or combinations thereof) or capecitabine therapy chemotherapy conferred a

clinically meaningful andstatistically significant improvementin breast cancer patients as

measured by, for example, progression-free survival. The PFS median in months (95% CD) is

9.2 months (8.6, 10.1) in the patients treated with bevacizumab and taxane therapy(e.£.,

docetaxel or paclitaxel protein-bound particles (e.g., Abraxane®))/anthracycline therapy (e-g.,

doxorubicin, epirubicin or combinations thereof) compared to 8.0 months (6.7, 8.4) in the

taxanc/anthracycline therapy without bevacizumab, with a HR (95% CT) 0.644 (0.522, 0.795),

p-value Gog-rank) less than 0.0001. See Table 2. See Figure 3 to see investigator (INV)

determined PFS values and independent review committee (IRC) determined PFS values. The

PFS median in months (95% CI) is 8.6 months (8.1, 9.5) in the patients treated with

bevacizumab and capecitabine compared to 5.7 months (4.3, 6.2) in capecitabine therapy

without bevacizumab, with a HR (95% CI) 0.688 (0.564, 0.840), p-value (log-rank) 0.0002.

See Table 2. See Figure 2 to see investigator (INV) determined PFS values and independent

review committee (IRC) determined PFS values. See Table 3 for secondary endpoints, where

the PFS is divided by chemotherapy subgroups. See Figures 4 and 6 for subgroup analyses

of PFS by various cohorts, e.g., capecitabine and T/anthracycline in Figure 4, and

T/anthracycline in Figure 6. See Figure 5 for objective response rate (ORR) and Table 2.

Among responders, median duration of objective response was longer in the bevacizumab

arms for both cohorts : Capecitabine cohort, 9.2 months (95% CI: 8.5—10.4) vs. 7.2 months

(95% Cl: 5.1 9.3); and for the taxane / anthracycline cohort, 8.3 months (95% Cl: 7.2 10.7)

vs. 7.1 months (95% CI: 6.2-8.8). See Table 4 for Overall survival details. There is no
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unexpected safety signal. Safety was consistent with results ofprior bevacizumabtrials. See

Table 5 for safety summary. This improvementis clinically meaningful.

Table 2 PFS and OS

 
 

T/Anthr Cap 
 

 
  
 
 
  
 
 
 

n=622 n=615

pl B pl B

n=207 n=415 n=206 N=409

PFS (HR, 95% CI) 0.644 0.688
(0.522, 0.795) (0.564, 0.840)

p-valuc (Log-rank) 

ORR (%)

<0.0001

 
 

67

  
   

(37.9%)|(513%)|(23.6%)|(35.4%)

p-value 0.0054 0.0097

OS (HR, 95% Cl) 1.032 0.847 
 
  p-value (Log-rank)

(0.774, 1.376) (0.631, 1.138)

 

Median (months)  23.8 25.2 21.2 29.0

  
  

HR=hazardratio

Table 3 Secondary Endpoint : PFS by Chemotherapy Subgroups (mPFS=median PFS)

 

       
 

 

 

 

Taxane Anthra

PL(n=104) BV(n=203) PL(n=103) BV(n=212)

mPFS, mo 8.2 9,2 7.9 9.2

HR (95% CI) 0.75 (0.56—-1.01) 0.55 (0.40—0.74)

0.0547 <0.0001

Table 4: Overall Survival

Cap T/Anthra

PL BV PL BV

(n=206) (n=409) (n=207) (n=415)

% of deaths 35 30 35 34

Median OS, mo_|21.2 29.0 23.8 25.2
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HR (95% CT) 0.85 (0.63—-1.14) 1.03 (0.77-1.38)

p-value 
 

 

  
Taxanc Anthra

Event (%) PL BV PL BV
(n=102) (n=203) (n=100) (n=210)

Selected AEs* 22.5 43.8 16.0 28.1

SAEs 26.5 41.4 16.0 22.4

AEs leading to 7.8 24.1 4.0 14.3
study drug (PL
or BV)
discontinuation

AEsleading to 2.9 3.4 3.0 1.4
death* *

    
* Adverse Events (AEs) previously shown to be associated with bevacizumab

**Excludes AEsrelated to metastatic breast cancer progression

SAE—severe adverse events

 
The addition of bevacizumab to capecitabine, taxanc or anthracyclinc-based

chemotherapy regimensused in 1*'-line treatment of metastatic breast cancer, resulted in

statistically-significant improvement in PFS with a safety profile comparable to prior Phase III

studics.
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WHATIS CLAIMEDIS:

1. A method oftreating a subject diagnosed with locally recurrent or metastatic breast

cancer, comprising administering to the subject a treatment regimen comprising an effective

amountof at least one chemotherapy and an anti-VEGFantibody, wherein said subject has not

received any chemotherapy for locally recurrent or metastatic breast cancer, and/or has not

received prior adjuvant chemotherapy in recurrenceless than or equal to 12 monthssincelast

dose, and wherein the treatment regimen effectively extends the progression free survival of

the subject.

2. ‘The method of claim 1, wherein the chemotherapeutic agent is capecitabine, taxane,

anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles (e.g., Abraxane®),

doxorubicin, epirubicin, 5-fluorouracil, cyclophosphamide or combinations thereof.

3. The method of claim 1, wherein the chemothcrapyof the treatment regimen compriscs

administration of FEC: 5-fluorouracil, epirubicin, and cyclophosphamide, or FAC: 5-

fluorouracil, doxorubicin and cyclophosphamide, or AC: doxorubicin and cyclophosphamide,

or EC: Epirubicin and cyclophosphamide.

4. The method of claim 1, wherein said anti-VEGF antibody binds the same epitope as the

monoclonal anti-VEGF antibody A4.6.1 produced by hybridoma ATCC HB 10709.

5. The method of claim 1, wherein the anti-VEGFantibody is a humanized antibody.

6. The method of claim 1, wherein the subject is HER2 negative.

7. The method of claim 1, wherein the anti-VEGF antibody is bevacizumab.

8. The method of claim 1, wherein the anti-VEGFantibody is bevacizumab and the

chemotherapy is capecitabine.

9. The method of claim 8, wherein the administration of capecitabine is 1000 mg/m2 oral

twice daily on Days 1-14 of each 3-week cycle and the administration of bevacizumabis

15mg/kg IV on day 1 of each 21-day cycle.

10. The method of claim 7, wherein the administration of bevacizumabis 15mg/kg IV on

day 1 of each 21-day cycle, and the chemotherapy is docetaxel which is administered 75-100

meg/m2 IV or paclitaxel protein-bound particles (Abraxane ®)) which is administered 260

mg/m2 IV every 3 weeks, or FEC: 5-fluorouracil which is administered 500 mg/m2 IV,

epirubicin which is administered 90-100 mg/m2 IV and cyclophosphamide which is
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administered 500 mg/m2 IV on Day 1, or FAC: 5-fluorouracil which is administered 500

mg/m2 TV, doxorubicin which is administered 50 mg/m2 IV and cyclophosphamide which is

administered 500 mg/m2 IV on Day 1, or AC: Doxorubicin which is administered 50-60

meg/m2 IV and cyclophosphamide whichis administered 500-600 mg/m2 IV on Day 1 or EC:

Epirubicin which is administered 90-100 mg/m2 IV and cyclophosphamide which is

administered 500-600 mg/m2 TV on Day 1 every three weeks.

11. The method of claim 1, whercin the progression free survival of the subjcct is extended

by at least about | month or more when compared to another subject treated with the

chemotherapyalone.

12. The method of claim 1, wherein the progression free survival of the subject is extended

by at least about 2.9 months when compared to another subject treated with the chemotherapy

alone.

13. The method of claim 1, wherein the anti-VEGF antibody has a heavy chain variable

region comprising the following amino acid sequence:

EVQLVESGGG LVQPGGSLRL SCAASGYTFT NYGMNWVRQA PGKGLEWVGW

INTYTGEPTY AADFKRRFTF SLDTSKSTAY LQMNSLRAED TAVYYCAKYP

HYYGSSHWYF DVWGQGTLVT VSS (SEQ ID NO.1)

and a light chain variable region comprising the following amino acid scquencce:

DIQMTQSPSS LSASVGDRVT ITCSASQDIS NYLNWYQQKP GKAPKVLIYF

TSSLHSGVPS RFSGSGSGTD FTLTISSLQP EDFATYYCQQ YSTVPWTFGQ

GTKVEIKR(SEQ ID NO.2).

14. A kit for treating metastatic breast cancer in a human subject comprising a package

comprising an anti-VEGF antibody composition and instructions for using the anti-VEGF

antibody composition in combination with taxane therapy or anthracycline therapy, wherein

the instructions recite that the progression free survival for subjects receiving taxane therapy

or anthracycline therapy and bevacizumabis 9.2 months with a hazardratio of 0.644.

15. A kit for treating metastatic breast canccr in a human subjcct comprising a package

comprising an anti-VEGF antibody composition and instructions for using the anti-VEGF

antibody composition in combination with capecitabine therapy, wherein the instructions

68

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1669



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1670

10

15

20

25

WO 2010/059969 PCT/US2009/065381

recite that the progression free survival for subjects receiving capecitabine therapy and

bevacizumabis 8.6 months with a hazard ratio of 0.688.

16. The kit of claim 14 or 15, wherein the anti-VEGF antibody is bevacizumab.

17. The kit of any one of claims 14 or 15, wherein the subject is previously untreated.

18. The kit of claim 14 or 15, wherein the subject is HER2 negative.

19. Use of an anti-VEGFantibody in the manufacture of a medicamentfortreating locally

recurrent or metastatic breast cancer in a subject, wherein said subject has not received any

chemothcrapy for locally recurrent or metastatic breast cancer, and/or has not reccived prior

adjuvant chemotherapy in recurrence less than or equal to 12 months since last dose, wherein

the use effectively extends the progression free survival of the subject, and wherein the

medicament further comprises at least one chemotherapeutic agent.

20. The use of claim 19, wherein the chemotherapeutic agent is capecitabine, taxane,

anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles (e.g., Abraxane®),

doxorubicin, epirubicin, 5-fluorouracil, cyclophosphamide or combinations thercof.

21. The usc of claim 19, whercin the chemothcrapcutic agent is FEC: 5-fluorouracil,

epirubicin, and cyclophosphamide, or FAC: 5-fluorouracil, doxorubicin and

cyclophosphamide, or AC: doxorubicin and cyclophosphamide, or EC: Epirubicin and

cyclophosphamide.

22. The use of claim 19, wherein the anti-VEGF antibody is a humanized antibody.

23. The use of claim 19, wherein the anti-VEGFantibody is bevacizumab.

24. The use of claim 19, wherein the subject is HER2 negative.

25. The use of claim 19, wherein the anti-VEGF antibody is bevacizumab and the

chemotherapeutic agent is capecitabine.

26. The use of claim 25, wherein capecitabine is administered 1000 mg/m2 oral twice

daily on Days 1-14 of cach 3-weck cycle and bevacizumab is administered] 5mg/kg TV on day

1 of each 21-day cycle.

27. The use of claim 23, wherein the administration ofbevacizumab is 15mg/kg IV on day

1 of each 21-day cycle, and the chemotherapy is docetaxel which is administered. 75-100

mg/m2IV or paclitaxel protein-bound particles (Abraxane ®) which is administered 260
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mg/m2 IV every 3 weeks, or FEC: 5-fluorouracil which is administered 500 mg/m2 IV,

epirubicin which is administered 90-100 mg/m2 IV and cyclophosphamide whichis

administered 500 mg/m2 IV on Day 1, or FAC: 5-fluorouracil which is administered 500

meg/m2 IV, doxorubicin which is administered 50 mg/m2 IV and cyclophosphamide which is

administered 500 mg/m2 IV on Day 1, or AC: Doxorubicin which is administered 50-60

mg/m2 TV and cyclophosphamide which is administered 500-600 mg/m2 TV on Day 1 or EC:

Epirubicin which is administered 90-100 mg/m2 IV and cyclophosphamide which is

administered 500-600 mg/m2 IV on Day 1 every three weeks.

28. The use of claim 19, wherein the progression free survival of the subject is extended by

at least about 1 month or more when compared to another subject treated with the

chemotherapy alone.

29. The use of claim 19, wherein the progression free survival of the subject is extended by

at least about 2.9 months when comparedto another subject treated with the chemotherapy

alone.

30. An anti-VEGF antibody for usc in a method oftreating locally recurrent or mctastatic

breast cancer in a subject, the method comprising administering to the subject a treatment

regimen comprising an effective amountof at least one chemotherapy and an anti-VEGF

antibody, wherein said subject has not recetved any chemotherapyfor locally recurrent or

metastatic breast cancer, and/or has not received prior adjuvant chemotherapy in recurrence

less than or equal to 12 months since last dose, and wherein the treatment regimen effectively

extends the progression free survival of the subject.

31. The anti-VEGFantibody of claim 30, whercin the chemothcrapcutic agent is

capecitabine, taxane, anthracycline, paclitaxel, docetaxel, paclitaxel protein-boundparticles

(e.g., Abraxane®), doxorubicin, epirubicin, 5-fluorouracil, cyclophosphamide or

combinations thereof.

32. The anti-VEGF antibody of claim 30, wherein the chemotherapy of the treatment

regimen comprises administration of FEC: 5-fluorouracil, epirubicin, and cyclophosphamide,

or FAC: 5-fluorouracil, doxorubicin and cyclophosphamide, or AC: doxorubicin and

cyclophosphamide, or EC: Epirubicin and cyclophosphamide.yclophosp P yCclophosp

33. The anti-VEGFantibody of claim 30, wherein the anti-VEGF antibody is a humanized

antibody.
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34. The anti-VEGFantibody of claim 30, wherein the anti-VEGF antibody is bevacizumab.

35. The anti-VEGFantibody of claim 30, wherein the subject is HER2 negative.

36. The anti-VEGFantibody of claim 30, whercin the anti-VEGF antibody is bevacizumab

and the chemotherapy is capecitabine.

37. The anti-VEGF antibody ofclaim 36, wherein the administration of capecitabineis

1000 mg/m2 oral twice daily on Days 1-14 of each 3-week cycle and the administration of

bevacizumabis 15mg/kg IV on day 1 of each 21-day cycle.

38. The anti-VEGF antibody of claim 34, wherein the administration of bevacizumab is

15mg/kg TV on day | of each 21-day cycle, and the chemotherapy is docetaxel which is

administered 75-100 mg/m? IV or paclitaxel protein-bound particles (Abraxane ®) which is

administered 260 mg/m2 IV every 3 weeks, or FEC: 5-fluorouracil which is administered 500

mep/m2 TV, cpirubicin which is administered 90-100 mg/m2 TV and cyclophosphamide which

is administered 500 mg/m2 IV on Day 1, or FAC: 5-fluorouracil which is administered 500

mg/m2 IV, doxorubicin which is administered 50 mg/m2 IV and cyclophosphamide whichis

administered 500 mg/m2 IV on Day 1, or AC: Doxorubicin which is administered 50-60

meg/m2 IV and cyclophosphamide which is administered 500-600 mg/m2 IV on Day | or EC:

Epirubicin which is administered 90-100 mg/m2 IV and cyclophosphamide which is

administered 500-600 mg/m2 IV on Day 1 every three weeks.

39. The anti-VEGF antibody of claim 30, wherein the progression free survival of the

subject is extended by at least about 1 month or more when compared to another subject

treated with the chemotherapyalone.

40. The anti-VEGF antibody of claim 30, wherein the progression free survival of the

subject is extended byat least about 2.9 months when compared to another subject treated

with the chemotherapy alonc.
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Subjects with

 
 
 
  

Previously i E
Untreated | Every 3 Weeksor }

Metastatic § _ | 10 mg/kg iV Every |
Breast Cancer| Arm B | | 2 Weeks; Given |

(n = -1200) Chemotherapy Concurrently with |
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Chemciherapy, Taxane [Docetaxel or Paclitaxel i
Protein-bound Particles, Abraxane ],or &

Capecitabine)
+

Placebo

iV on Day 1 of Each 21-day Cycie}

| Chemotherapy)  
 
  

Cohort 1: Either of the following taxanes administered every 3 weeks:
Docetaxel 75-100 mg/m? IV
Paclitaxel protein-bound particles (Abraxane®) 260 mg/m2 IV
Cohort 2: Any of the following anthracycline-based combination chemotherapies, for

subjects previously untreated with anthracyclines, every 3 weeks:

FEC: 5-fluorouracil 500 mg/mIV, epirubicin 90-100 mg/m2 IV, and cyclophosphamide
500 mg/m? IV on Day 1

FAC: 5-fluorouraci! 500 mg/m? IV, doxorubicin 50 mg/mIV, and cyclophosphamide
500 mg/m? IV on Day 1

AC: Doxorubicin 50-60 mg/m? IV and cyclophosphamide 500-600 mg/m? IV on Day 1
EC:  Epirubicin 90-100 mg/m? IV and cyclophosphamide 500-600 mg/m? IV on Day 1
Cohort 3: Capecitabine 1000 mg/m? oral twice daily on Days 1-14 of each 3-week cycle
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SYNTHESIS OF 5-AZACYTIDINE

[0001] This application claimspriority to U.S. provisional patent application no,

61/470,392, filed March 31, 2011, the content of which is hereby incorporated by

reference in its entirety.

I. FIELD

[09002] Provided herein are processes for the preparation of 5-azacytidine (also known

as azacilidinc). 5-Azacytidine is uscful for treating, preventing, and/or managingdiscases

or conditions, including cancer, disorders related to abnormalcell proliferation,

hematologic disorders, and myclodysplastic syndromes (MDS), among others.

i. BACKGROUND

[0003] Cancer is a major public health problem worldwide. In the United States alone,

approximately 560,000 people died of cancer in 2006. See, e.g., U.S. Mortality Data 2006,

National Center for Health Statistics, Centers for Disease Control and Prevention (2009).

Manytypes of cancer have been described in the medicalliterature. Examples include

cancer of the blood, bone, skin, lung, colon, breast, prostate, ovary, brain, kidney, bladder,

pancreas, and liver. The incidence of cancer continues to climb as the general population

ages and as new formsof cancer develop. A continuing need exists for effective therapies

to treat subjects with cancer.

[0004] Myelodysplastic syndromes (MDS)are a diverse group of hematopoietic cell

disorders. MDS affect approximately 40,000—50,000 people in the U.S. and 75,000—

85,000 people in Europe. MDS maybecharacterized by a cellular marrow with impaired

morphology and maturation (dysmyelopoiesis), peripheral blood cytopenias, and a

variable risk ofprogression to acute leukemia, resulting from ineffective blood cell

production. See, e.g., The Merck Manual 953 (17th ed. 1999); List et al., J. Clin. Oncol.

8:1424 (1990).

[0005] MDSare grouped together because of the presence of dysplastic changes in

one or more of the hematopoietic lineages including dysplastic changes in the myeloid,

erythroid, and megakaryocytic series. These changes result in cytopenias in one or more

of the three lincages. Patients afflicted with MDS may develop complicationsrelated Lo

anemia, neutropenia (infections), and/or thrombocytopenia (bleeding). From about 10% to

about 70% ofpatients with MDS may develop acute leukemia. In the early slages of

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-1679



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-1680

WO 2012/135405 PCT/US2012/031059

MDS,the main cause of cytopenias is increased programmedcell death (apoptosis). As

the disease progresses and converts into leukemia, a proliferation of leukemic cells

overwhelms the healthy marrow. The disease course differs, with some cases behaving as

an indolent disease and others behaving aggressively with a very short clinical course that

converts into an acute form of leukemia. The majority ofpeople with higher risk MDS

eventually experience bone marrow failure. Up to 50% of MDSpatients succumb to

complications, such as infection or bleeding, before progressing to AML.

[0006] Primary and secondary MDSaredefined by taking into account patients’ prior

history: previous treatments with chemotherapy, radiotherapy or professional exposure to

toxic substancesare factors delineating secondary MDS (sMDS) from primary MDS.

Cytogenetically, one difference between the two groupsis the complexity of abnormal

karyotypes; single chromosome aberrations are typical for primary MDS, while multiple

changes are more frequently seen in secondary disorders. Some drugs may havespecific

targets such as hydroxyurea for 17p and topoisomerases inhibitors for 11q23 and 21q22.

The genetic changes in the malignant cells of MDS result mainly in the loss of genetic

maicrial, including probable tumor suppressor genes.

[0007] An international group of hematologists, the French-American—British (FAB)

Cooperative Group, classified MDS into five subgroups,differentiating them from acute

myeloid leukemia. See, e.g., The Merck Manual 954 (17th ed. 1999); Bennett J. M., et al.,

Ann. Intern. Med., 103(4): 620-25 (1985); and Besa E. C., Med. Clin. North Am. 76(3):

599-617 (1992). An underlying trilineage dysplastic change in the bone marrow cells of

the patients is found in all subtypes. Information is available regarding the pathobiology

of MDS, certain MDSclassification systems, and particular methods oftreating and

managing MDS. See, e.g., U.S. Patent No. 7,189,740 Gissucd March 13, 2007), which is

incorporated by reference herein in its entirety.

[0008] Nucleoside analogs have been used clinically for the treatment ofviral

infections and cancer. Most nucleoside analogsare classified as anti-metabolites. After

they enter the cell, nucleoside analogs are successively phosphorylated to nucleoside 5'-

mono-phosphates, di-phosphates, and tri-phosphates.

[0009] 5-Azacytidine (National Service Center designation NSC-102816; CAS

Registry Number 320-67-2), also known as azacitidine, AZA, 4-amino-1-(3,4-dihydroxy-

5-hydroxymethyl-tetrahydrofuran-2-yl)-14-[1,3,5]triazin-2-one, 4-amino-1-B-D-

ribofuranosyl-1,3,5-triazin-2(1)-one, or 4-amino-1-B-D-ribofuranosyl-S-triazin-2(1/7)-
®

one, is currently marketed as the drug product VIDAZA™. 5-Azacytidine is a nucleoside

-2.
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analog, more specifically a cytidine analog. 5-Azacytidine is an antagonistofits related

natural nucleoside, cytidine. 5-Azacytidine is also an antagonist of deoxycytidine. A

structural difference between 5-azacytidine and cytidine is the presence ofa nitrogen at

position 5 of the cytosine ring in place of a carbon. 5-Azacytidine may be defined as

having the molecular formula CgHi2N.4Os, a molecular weight of about 244.2 grams per

mole, and the following structure:

HO.

OH OH

5-Azacytidine.

[0010] After its incorporation into replicating DNA, 5-azacytidine forms a covalent

complex with DNA methyltransfcrases. DNA methyltransfcrascs are responsible for de

novo DNA methylation and for reproducing established methylation patterns in daughter

DNAstrands of replicating DNA. Inhibition of DNA methyltransferases by 5-azacytidine

leads to DNA hypomethylation, thereby restoring normal functions to morphologically

dysplastic, immature hematopoictic cells and cancer cells by re-cxpression of genes

involved in normalcell cycle regulation, differentiation and death. The cytotoxic effects

of 5-azacytidine cause the death of rapidly dividing cells, including cancercells, that are

no longer responsive to normal cell growth control mechanisms. 5-Azacytidine also

incorporates into RNA. The cytotoxic cffects of 5-azacylidine may result from multiple

mechanisms, including inhibition of DNA, RNA andprotein synthesis, incorporation into

RNAand DNA,and activation of DNA damage pathways.

[0011] 5-Azacytidine has beentested in clinical trials and showedsignificant anti-

tumoractivity, such as, for example, in the treatment of myelodysplastic syndromes

(MDS). See, e.g., Aparicio et al., Curr. Opin. Invest. Drugs 3(4): 627-33 (2002).

5-Azacytidine has undergone NCI-sponsoredtrials for the treatment of MDS and has been

approved for treating all FAB subtypes of MDS. See, e.g., Kornblith ef al., J. Clin. Oncol.

20(10): 2441-52 (2002); Silverman ef al., J. Clin. Oncol. 20(10): 2429-40 (2002).

5-Azacytidine may alter the natural course of MDSby diminishing the transformation to

AMLthroughits cytotoxic activity and its inhibition of DNA methyltransferase. In a

Phase III study, 5-azacytidine administered subcutaneously significantly prolonged

-3-
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survival and time to AMLtransformation or death in subjects with higher-risk MDS. See,

e.g., P. Fenaux et al., Lancet Oncol., 2009, 10(3):223—32; Silverman er al., Blood 106(11):

Abstract 2526 (2005).

[0012] 5-Azacytidine has been difficult to synthesize, particularly for manufacturing at

large commercialscales, in part because ofits instability in water. For example, the s-

triazine ring of 5-azacytidine is prone to degradation in water. In aqueoussolutions at

neutral pH, hydration of the 5,6-imine double bond occurs rapidly, followed by bond

cleavage to yield the formyl derivative, V-(formylamidino)-N-B-D-ribofuranosylurea,

which deformylates to give 1-B-D-ribofuranosyl-3-guanylurea irreversibly. See, e.g., J. A.

Beisler, J. Med. Chem., 1978, 21(2):204-08; K. K. Chan et al., 7. Pharm. Sci. 1979,

68(7):807-12. In addition, the hydrolytic degradation of 5-azacytidine wasstudied as a

function of pH, temperature, and buffer concentration. See, e.g., R. E. Notari ef al.,

Pharm. Sci. 1975, 64(7):1148—-57. At pH 1, the main degradation products were 5-

azacytosine and 5-azauracil from the hydrolysis of 5-azacytidine. The instability of 5-

azacytidine in water presents a challenge for the isolation and purification of 5-azacytidine

from a solvent system that contains watcr, such as solvent systems used during the work-

up stage of a reaction.

[0013] 5-Azacytidine wasfirst prepared via a multi-step synthesis starting from

peracetylated 1-glycosylisocyanate. See Piskala et al., Collect. Czech. Chem. Commun.,

1964, 29:2060-76. This method involves a reactive starting material (isocyanatc) with a

controlled stereochemistry (1-8 configuration), which is not suitable for the production of

large scale batches of 5-azacytidine. Many other existing methods for preparing 5-

azacytidine involve steps that are difficult to scale-up, or involve the use of expensive

reagents. Other methods do not describe purification steps necessary to produce Active

Pharmaceutical Ingredient (API) that meets the purity standards for human use, or give

pooroverall yields of the purified 5-azacytidine product.

[0014] U.S. Patent No. 7,038,038, issued May 2, 2006, which is incorporated herein

by referencein its entirety, describes a process for preparing 5-azacytidine, comprising,

inter alia, the steps of coupling a silylated 5-azacytosine with a protected B-D-

ribofuranose in the presence of a non-metallic Lewis acid, such as trimethylsilyl

trifluoromethanesulfonate (TMS-triflate), and deprotecting the product to give 5-

azacytidine.

[0015] Metallic Lewis acids, such as stannic chloride, are generally less expensive and

more readily available than non-metallic Lewis acids, such as TMS-triflate. However, the

-4.
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use of metal-based reagents in the synthesis of API intended for human use generally

requires appropriate purification steps to remove metal-based impurities in order to

consistently control the levels of residual metals in the final API. For the production ofa

drug substance intended for use in humans, current Good Manufacturing Practices

(cGMP) are applicable. Procedures need to be in place that can control the levels of

impurities and ensure that API batches are produced which consistently meet their

predetermined specifications. For example, ina GMP environment, it is not acceptable to

have one batch having a heavy metal content that is within a desired specification, and

then have a batch run under similar circumstances having heavy metal impurities well over

the desired specification.

|0016] A great need remains for a process to prepare pure 5-azacytidine suitable for

human use, particularly on a commercial scale, thal is, inter alia, safe, scalable, efficient,

economically viable, and/or having other potential advantages.

[0017] Citation of any references in this Section of the application is not to be

construed as an admission that such referenceis prior art to the present application.

Hl. SUMMARY

[0018] Provided herein are, inter alia, safe, efficient, cost effective, and/or readily

scaleable processes useful for the production of 5-azacytidine, or a salt, solvate, hydrate,

or polymorph thereof. In one embodiment, provided herein are processes useful for the

production of 5-azacytidine, or a salt, solvate, hydrate, or polymorphthereof, that is

substantially pure. In one embodiment, provided herein are processes useful for the

production of 5-azacytidine, or a salt, solvate, hydrate, or polymorph thereof, that is

substantially chemically pure. In one embodiment, provided herein are processes useful

for the production of 5-azacytidine, or a salt, solvate, hydrate, or polymorphthereof, that is

substantially physically pure. In one embodiment, provided herein are processes useful

for the production of 5-azacytidine, or a salt, solvate, hydrate, or polymorphthereof,

suitable for use in humans.

[0019} In one embodiment, provided herein are processes for preparing 5-azacytidine,

or a salt, solvate, hydrate, or polymorph thereof, comprising the steps of reacting a

silylated 5-azacytosine with a protected $-D-ribofuranose in the presence of a metallic

Lewisacid to yield a protected 5-azacytidine, deprotecting the protected 5-azacytidine to

yield 5-azacytidine, and purifying the 5-azacytidine to yield 5-azacytidine,ora salt,

solvate, hydrate, or polymorphthereof, that is substantially free of one or more impurities,
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including but not limited to, a metal-based impurity.

[0020] In one embodiment, provided herein is a salt of 5-azacytidine, including, but

not limited to, hydrochloric acid salt, sulfuric acid salt, hydrobromic acid salt, and

methanesulfonic acid salt. In one embodiment, provided herein is 5-azacytidine

hydrochloric acid salt. In one embodiment, provided herein is a salt of 5-azacytidine that

is substantially free of one or more impurities, such as for example, a metal-based

impurity. In one embodiment, provided herein is a pharmaceutically acceptable salt of 5-

azacytidine, including, but not limited to hydrochloric acid salt, sulfuric acid salt,

hydrobromic acid salt, and methanesulfonic acid salt. In one embodiment, provided herein

is a pharmaceutically acceptable salt of 5-azacytidine that is substantially free of one or

more impurities, such as for example, a metal-based impurity.

[0021] In specific embodiments, provided herein are processes for preparing 5-

azacytidine, or a salt, solvate, hydrate, or polymorph thereof, comprising any one, two,

three, four, five, or six of the steps of:

(a) reacting 5-azacytosine with a silylating reagent to yield a silylated 5-azacytosine;

(b) reacting the silylatcd 5-azacytosine with an acyl protected B-D-ribofuranose in the

presence of a metallic Lewis acid; and quenching the reaction with water and at least one

neutralizing reagent to yield a protected 5-azacytidine;

(c) reacting the protected 5-azacytidine with a base, selected from the group consisting of

alkoxide, ammonia, and tctra-substitutcd ammonium hydroxide, in an alcohol to yicld 5-

azacytidine;

(d) contacting the 5-azacytidine from step (c) with an acid in an organic solvent to yield a

salt of 5-azacytidine;

(c) contacting the salt of 5-azacytidine from step (d) with a base in an organic solvent to

yield 5-azacytidine as a free base; and

(f) re-crystallizing the 5-azacytidine fromstep (e).

[0022] In one embodiment, the silylated 5-azacytosine is a compound of formula (A):

NHSi(R4)3

Lk
N* ~OSi(R,)3

(A),

wherein cach Ry is independently optionally substituted C);—Cyi9 alkyl, optionally

substituted C3—Ci9 cycloalkyl, or optionally substituted Ce—Ci9 aryl. In some

embodiments, Rj is straight chain alkyl, branched alkyl, cycloalkyl, or aryl, including but

-6-
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not limited to, methyl, ethyl, i-propyl, butyl, phenyl, xylyl, and benzyl. In some

embodiments, R; is methyl.

[0023] In one embodiment, the silylating reagent used in step (a) is a trimethylsilyl

(TMS)reagent, including but not limited to, hexamethyldisilazane (HMDS) and

chlorotrimethylsilane (TMSC1).

[0024] In one embodiment, the silylation reaction of step (a) is carried out in the

presence of ammoniumsulfate. In one embodiment, the silylation reaction of step (a) is

carried out at elevated temperature. In one embodiment, the silylation reaction of step (a)

is carried out under an inert atmosphere. In some embodiments, the silylated 5-

azacytosineis isolated as a solid. In other embodiments,the silylated 5-azacytosine is

used directly in step (b) without isolation.

[0025] In one embodiment, the acyl protected B-D-ribofuranose is a compound of

formula (B):

Re i0

o & Re

R O oO R

“TT TT 2
(B),

wherein each R;2is independently hydrogen, optionally substituted C\—Cj9 alkyl,

optionally substituted C3—-Ci9 cycloalkyl, or optionally substituted Ce—Cio aryl. In some

embodiments, Rz is optionally substituted methyl or optionally substituted phenyl. In

some embodiments, Rz is methyl. In some embodiments, R2 is phenyl. In some

embodiments, the acyl protected B-D-ribofuranoseis:

oO O PhO 0

TK AL LG
oO o~

Ye ina Ph.p-O =O LPhO oO ,or T T .
[0026] In one embodiment, the metallic Lewis acid is stannic chloride or ferric

chloride. In one embodiment, the metallic Lewis acid is stannic chloride. In one

embodiment, the metallic Lewis acid is ferric chloride.

[0027] In one embodiment, the protected 5-azacytidine is a compound of formula (C):

-7-
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