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Atty Docket No.
501872-999847/95 16-847-999

ORAL FORMULATIONS OF CYTIDINE ANALOGS
AND METHODSOF 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.

Il. 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 methodsfor using the

formulations to treat diseases and disorders including cancer, disorders related to abnormal

cell proliferation, hematologic disorders, and immune disorders, amongothers.

i. BACKGROUND

[0003] Cancer is a major worldwide public health problem; in the United States alone,

approximately 570,000 cancer-related deaths were expected in 2005. See, e.g., Jemalet al,

CA Cancer J. Clin, 55(1):10-30 (2005). Many types of cancer have been described in the

medical literature. Examples include cancer of the blood, bone, lung (¢.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. MDSaffects approximately 40,000-50,000 people in the U.S. and

75,000-85,000 subjects in Europe. MDS may be characterized by a cellular marrow with

impaired morphology and maturation (dysmyelopoiesis), peripheral blood cytopenias, and a
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variable risk of progression 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 moreofthe three

lineages. Patients afflicted with MDS may develop complicationsrelated 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 overwhelmsthe

healthy marrow. The disease course differs, with some cases behaving as an indolent disease

and others behaving aggressively with a veryshort 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 accountpatients’ 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 groupsis the complexity of abnormal

karyotypes; single chromosomeaberrations are typical for primary MDS, while multiple

changes are more frequently seen in secondary disorders. Some drugs may have specific

targets such as hydroxurea for 17p and topoisomerases inhibitors for 11q23 and 21q22. The

genetic changesin the malignant cells of MDSresult mainly in the loss ofgenetic material,

including probable tumor suppressor genes.

[0007] An international 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., et 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 methodsoftreating and managing
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MDS. See, e.g., U.S. Patent No. 7,189,740 (issued March 13, 2007), which is incorporated by

reference herein in its entirety.

[0008] Nucleoside analogs have been usedclinically 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, or 4-amino-|-$-D-ribofuranosyl-1,3,5-

triazin-2(LH)-one,is currently marketed as the drug product VIDAZA”. 5-Azacytidineis 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 and their related natural nucleoside is the presence

of a nitrogen at position 5 ofthe cytosine ring in place of a carbon. 5-Azacytidine may be

defined as having the molecular formula CgH)2N4Os, a molecular weight of 244.21 grams per

mole, and the following structure:

NH»

wan
LAs

HO

H H
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-riboturanosyl-2(1 H)-pyrimidinone (Zebularine); 2',3'-dideoxy-5-fluoro-

3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); 1-B-D-arabinofuranosyl-5-

azacytosine (Fazarabineor ara-AC); 6-azacytidine (6-aza-CR); 5,6-dihydro-5-azacytidine

NYI-4182720v1 -3-
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(dH-aza-CR); N*-pentyloxycarbonyl-5'-deoxy-5-fluorocytidine (Capecitabine); N‘-octadecyl-
cytarabine; and elaidic acid cytarabine.

[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 DNAstrandsofreplicating DNA. Inhibition of

DNA methyltransferases 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 dividingcells, including cancer cells, that are no longer responsive to

normalcell 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 beentested 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 MDSand has been

approvedfor treating all FAB subtypes of MDS. See,e.g., Kornblith et al., J. Clin. Oncol.

20(10): 2441-2452 (2002); Silvermanet al., J. Clin. Oncol. 20(10): 2429-2440 (2002). 5-

Azacytidine mayalter the natural course of MDS by diminishing the transformation to AML

through its cytotoxic activity and its inhibition of DNA methyltransferase. In a PhaseII]

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 ef 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 convenientfor 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
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proven difficult due to combinations of chemicalinstability, enzymatic instability, and/or

poor permeability. For example, cytidine analogs have been considered acid labile and

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, ef 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. Asa 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,

suchas, e.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 maintenancetherapies;

development of improved treatment regimens that maximize biologic activity; use of cytidine

analogsfor 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 upon oral

administration. Also provided are methods for making the compositions, and methods for

using the compositions to treat diseases and disorders including cancer, disorders related to

abnormalcell 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: 1-f-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; 1-B-D-ribofuranosyl-2(1H)-pyrimidinone (Zebularine); 2',3'-dideoxy-

5-fluoro-3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); |-8-D-arabinofuranosy]-5-
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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; 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 compositionsthat are

capsules comprising a cytidine analog. The capsules maybe, e.g., a hard gelatin capsule or a

soft gelatin capsule; particular embodiments provide hydroxypropy! 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 compositionis 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-aqueoussolvent, 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 indicatesthat

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, ¢.g., cancer, disorders related to abnormalcell

proliferation, hematologic disorders, or immunedisorders, among others. In certain

embodiments, the formulations ofcytidine analogsare 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,

NY1-4182720v1 -6-
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melanoma,carcinoma,or cancerof the colon, breast, ovary, gastrointestinal system, kidney,

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 thereof to 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 the tablets 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

describedin, e.g., Etter et al., U.S. Patent Application Publication No. 2008/0057086 (App.

No. 11/849,958), which is incorporated herein by reference in 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-tocopheryl

polyethylene glycol 1000 succinate; further comprise a permeation enhancerin the

formulation at about 2% by weight relative to the total weight of the formulation; are

essentially free of a cytidine deaminase inhibitor; are essentially free of tetrahydrouridine;

have an amountof5-azacytidine of at least about 40 mg; have an amountof 5-azacytidine of

at least about 400 mg; have an amountof 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 ofat least about 100
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ng/mL following oral administration to a subject; achieve a maximum plasmaconcentration

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 plasma concentration 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 amount of 5-azacytidine, which releases

the 5-azacytidine substantially in the stomach and achieves a maximum plasmaconcentration

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 S-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 about 1

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, methodsfortreating 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

stomachfollowing 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 thereofan 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 weight relative 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 of5-azacytidineis at least

about 40 mg; the amount of5-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 ofat least about 400 ng-hr/mL following oral administration to

the subject; the method achieves a maximum plasma concentration ofat least about 100

ng/mL following oral administration to the subject; the method achieves a maximum plasma

concentration ofat least about 200 ng/mL following oral administration to the subject; the

method achieves a time to maximum plasma concentration ofless than about 90 minutes

following oral administration to the subject; and/or the method achieves a time to maximum

plasma concentration ofless than about 60 minutes following oral administration to the

subject

[0030] Specific embodiments herein provide, inter alia, pharmaceutical compositions

comprising a therapeutically effective amount of5-azacytidine, wherein the compositions are

for treating a disease or disorder associated with abnormalcell proliferation, wherein the
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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 amount of 5-azacytidine of about

40 mg, about 400 mg, or about 1000 mg; are prepared to achieve an area-under-the-curve

value ofat least about 200 ng-hr/mL or 400 ng-hr/mL following oral administration; are

prepared to achieve a maximum plasma concentration 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 syndromeor acute myelogenous leukemia; the amount of 5-azacytidineis

selected from any amount disclosed herein; and/or the composition is prepared for immediate

release. Further embodiments provide, inter alia, methodsfor 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.

Vv. BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figure 1 represents processes and steps that may be used to makeparticular tablets

comprising azacitidine for oral dosing; in specific embodiments, one or more steps may be

optionally omitted.

[0033] Figure 2 represents human PKprofiles following 75 mg/m” SC dosing of

azacitidine on Days | 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 PKprofiles 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/wL), Hgb (g/dL), ANC (K/uL), 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/L), Hgb (g/dL), ANC (K/pL), and

Relative BM Blast (%) are plotted versus sampling dates over the course ofthe 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/uL), Hgb (g/dL), ANC (K/pL),

and Relative BM Blast (%) are plotted versus sampling dates over the course of the study.

[0038] Figure 7 represents a study design of a Rapid Aza Clinical Evaluation (RACE)

study CLO08. Doses given on various days within a treatment cycle are depicted. Dose may

be administered + 1 day, as long as thereis 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 PK profiles 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(0-0c) values for

the SC and PO dosesare depicted.

[0041] Figure 10 represents human PKprofiles (linear scale) following SC andoral

administration of azacitidine in clinical studies.

[0042] Figure 11 represents human PK profiles (semi-log scale) following SC and oral

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 ofazacitidine 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 ofazacitidine 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 of ordinary 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 or range.

[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 termsrefer to

minimizing the spread or worsening of 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 terms refer to the administration of a

compound or dosage form provided herein, with or without one or more additional active

agent(s), after the onset of symptomsof the particular disease.

[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 regimens in certain

embodiments. In addition, subjects who havea history of recurring symptomsare also

potential candidates for prevention. In this regard, the term “prevention” may be

interchangeably used with the term “prophylactic treatment.”

[0057] As usedherein, 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 notresult 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] Asused herein, amelioration of the symptomsofa 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 amountsufficient to

provide a therapeutic benefit in the treatment or managementofa 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 amount of

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 amountthat

improves overall therapy, reduces or avoids symptomsor causes ofdisease or disorder, or

enhancesthe therapeutic efficacy of another therapeutic agent.

[0060] As used herein, and unless otherwise specified, a “prophylactically effective

amount” of a compound is an amountsufficient 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 cancerous cells and tissues.

“Neoplastic,” as used herein, refers to any form of dysregulated or unregulated cell growth,

whether malignant or benign, resulting in abnormaltissue 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 mammals that is typically characterized by unregulated cell growth. Examples

of cancer include, but are not limited to blood borne(¢.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) whichresult, directly or indirectly, from

combination ofthe 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, means that 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 whereby the cytidine analog is made available for uptake by

or transport across cells 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 effectat

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.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 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, | 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 abundancefor a given atomic position. Atomic positions containing

their natural isotopic composition mayalso 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

hydrogen at 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

amount of a specific isotope at a given atomic position in a molecule in the place of that

atom’s natural isotopic composition, For example, deuterium enrichment of 1% at a given

position means that 1% of the 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 compoundsynthesized using non-enrichedstarting

materials is about 0.0156%. |
[0072] The term “isotopic enrichment factor” refers to the ratio between the isotopic

composition and the natural isotopic composition of a specified isotope.
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[0073] With regard to the compounds provided 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 uponoral

administration. In certain embodiments, the cytidine analog is 5-azacytidine. In certain

embodiments, the cytidine analog is 5-aza-2'-deoxycytidine (decitabine or 5-aza-CdR). In

certain embodiments, the cytidine analog is, for example: 1-$-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 4)-pyrimidinone (Zebularine); 2',3'-dideoxy-

5-fluoro-3'-thiacytidine (Emtriva); 2'-cyclocytidine (Ancitabine); I-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 and a fatty acid (e.g., an azacitidine—fatty acid conjugate, including, but not

limited to, CP-4200 (Clavis Pharma ASA) or a compound disclosed 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 include esterified

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 acetyl group) at one or more positions on the cytidine analog molecule.

Esterified derivatives may be prepared by any method knownin the art. In certain

embodiments, esterified derivatives of a cytidine analog serve as prodrugs of 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/US2008/052 124); Ziemba, A.J., et al., “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

providesalts, cocrystals, solvates (e.g., hydrates), complexes, prodrugs, precursors,

metabolites, and/or other derivatives ofthe cytidine analogs provided herein. For example,

particular embodiments providesalts, cocrystals, solvates (e.g., hydrates), complexes,

precursors, metabolites, and/or other derivatives of 5-azacytidine. Certain embodiments

provide cytidine analogsthat are not salts, 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 taught in, 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 maybe prepared using previously disclosed synthetic procedures available to

a person ofordinary skill in the art.
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[0079] In certain embodiments, exemplary cytidine analogs have the structures provided

below:

NH» NH» NH> NH»
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6-Azacytidine 5-6-Dihydro-5-azacytidine

2. Isotopically Enriched Cytidine Analogs

[0080] Particular embodiments herein provide isotopically enriched cytidine analogs,

prodrugs thereof, 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 some classes of drugs. See, e.g., Lijinsky ef. al., Food Cosmet.

Toxicol., 20: 393 (1982); Lijinsky er. al., J. Nat. Cancer Inst., 69: 1127 (1982); Mangoldet,

al., Mutation Res. 308: 33 (1994); Gordoner. al., Drug Metab. Dispos., 15: 589 (1987); Zello
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et. al., Metabolism, 43: 487 (1994); Gately et. al., J. Nucl. Med., 27: 388 (1986); Wade,D.,

Chem.Biol. Interact. 117: 191 (1999).

[0082] Withoutbeing limited by any particular theory, isotopic enrichment of a 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 number of doses needed to achieve a desired effect;

(4) decrease the amount of 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 intentionalor not.

[0083] Replacementof an atom for oneofits isotopes may often result in a change in the

reaction rate of a chemical reaction. This phenomenon is knownasthe 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 (SDKIE”). See, e.g, Foster et

al., Adv. Drug Res., vol. 14, pp. 1-36 (1985); Kushnere/ 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 1 (no isotope effect) to very large

numbers, such as 50 or more, meaning that the reaction can be fifty, or more, times slower

when deuterium is substituted for hydrogen. Without being limited by a particular theory,

high DKIE values maybe duein part to a phenomenon known as tunneling, whichis a

consequenceofthe uncertainty principle. Tunneling is ascribed to the small mass ofa

hydrogen atom, and occurs becausetransition states involving a proton can sometimes form

in the absence of the required activation energy. Because deuterium has more massthan

hydrogen,it statistically has a much lower probability of undergoing this phenomenon.

[0085] Tritium (“T”) is a radioactive isotope of hydrogen, used in research, fusion

reactors, neutron generators and radiopharmaceuticals. Tritium is a hydrogen atom that has 2

neutronsin the nucleus and has an atomic weight close to 3. It occurs naturally in the

environment in very low concentrations, most commonly found as T2O. Tritium decays

slowly (half-life = 12.3 years) and emits a low energy beta particle that cannot penetrate the

outer layer of humanskin. 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 amountoftritium must be consumed before it reaches a hazardouslevel.

Substitution of tritium (“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,

3 or 4C for carbon, °°S, ag or °°S for sulfur, SN) for nitrogen, and "%O or '8O for oxygen,

may lead to an analogouskinetic 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

enzymes include the cytochrome P450 enzymes (“CYPs”), esterases, proteases, reductases,

dehydrogenases, and monoamineoxidases, to react with and convert these foreign substances

to more polar intermediates or metabolites for renal excretion. Some of the most common

metabolic reactions of pharmaceutical 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 oxidationsare rapid.

As a result, these drugs often require the administration of multiple or high daily doses.

[0088] Isotopic enrichmentat certain positions of a compound provided herein may

produce a 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

pertormed 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 (I):
NH2
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wherein one or more Y atom(s)(.e., viv, v3, ¥*, 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 examples include, but are not limitedto, the following

compounds,in which the label “D”indicates a deuterium-enriched atomic position, i.e., a

sample comprising the given compoundhas a deuterium enrichmentatthe indicated

position(s) above the natural abundance of deuterium:

NH, NH, NH2

“SN N~ SN
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[0091] In certain embodiments, the Y atom on the 5-azacytosine moiety of Compound(I)

is deuterium-enriched. Particular example includes the following compound, in which the

label “D” indicates a deuterium-enriched atomic position, i.¢., a sample comprising the given

compound has a deuterium enrichmentat the indicated position(s) above the natural

abundance of deuterium:

 
[0092] In certain embodiments, one or more Y atoms onthe ribose moiety and the Y

atom on the 5-azacytosine moiety of Compound(J) 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

abundance of deuterium:

NH, NH, NH>
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and

L-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 compoundsof formula (II):

(11),

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, and 8) 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(II) are enriched with carbon-13. Particular examples include, but are not limited

to, the following compounds, in whichtheasterisk (“*”) indicates a carbon-13 enriched

atomic position, i.e., a sample comprising the given compound has a carbon-13 enrichmentat

the indicated position(s) above the natural abundance ofcarbon-13:

NYI-4182720v1 -2?4-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0027



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0028

 
IT-10 I-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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atomic position, i.e., a sample comprising the given compoundhas a carbon-13 enrichmentat

the indicated position(s) above the natural abundance of carbon-13:
NH» NHz

A a

 N N “SN

N O N O

HO HO

0
A H

H H
OH OH ;

II-12 11-13 II-14

[0097] In certain embodiments, one or more carbon atoms on the ribose moiety and one

or more carbon atoms on the 5-azacytosine moiety of Compound(IDare enriched with

carbon-13, i.e., any combination of carbon-13 enrichmentfor the ribose moiety and carbon-

13 enrichment for the azacitosine moiety is encompassed herein.

[0098] 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.¢., any combination

of deuterium enrichment and carbon-13 enrichmentof 5-azacytidine is encompassed herein.
3. Synthesis ofIsotopically Enriched Cytidine Analogs

[0099] The compounds described 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 of5-

azacytidine are employed, wherein one or more ofthe reagents, starting materials, precursors,

or intermediates are replaced by one or moreisotopically-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 oneof skill 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 referencein its entirety.

[00100] In certain 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 employedas the starting material

in the following general scheme to 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 et al., Biochemical Preparations, 1955,

4, 70-76. The silylated 5-azacytosine is coupled to tetraacety!-D-ribose in the presence of

TMS-triflate, and the resulting protected 5-azacytidine is treated with sodium methoxide in

methanol to yield 5-azacytidine. See U.S. Patent No. 7,038,038.

Scheme 1

HO NaOAaOAc
Oo ‘ : Oo.

i a OH Acetic Anhydride i 7 OAc
H

OH OH

NH, NHSiMe,

vA HMDS ow
LA omg, LO

N Oo OSiMe, 
 

{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

. . was
Starting Structure Source/Reference S-Azacytidine
Material ——— ——————— Product
TT HO.

; oO OH
D-Ribose-1-D Pra Cambridge Isotope Lab. I-]

Y On H
HO

. oO OH .
D-Ribose-2-D ») Cambridge Isotope Lab. I-2

4 OH OH
HO

Oo OH . . .
D-Ribose-3-D H Omicron Biochemicals, Inc. I-3

H OH OH
HO

. o OH . . .
D-Ribose-4-D A H Omicron Biochemicals, Inc. I-4

o OH OH

HO %
D-Ribose-5,5'- oO OH . . .

A H Omicron Biochemicals, Inc. I-5
D2 H OH OH

HO D , ‘
D-Ribose- D, on Prepared following the

5 7 procedures in 1-6
3,4,5,5'-D4 b J. Am. Chem. Soc. 1996,

on OH 118, 7929-7940.

[00102] In other embodiments, the hydrogen position on the 5-azacytosine ring of5-

azacytidine is enriched with deuterium. Such S-azacytidine analog may beprepared,¢.g.,

from deuterated 5-azacytosine following Scheme 1. The deuterated 5-azacytosine may be

prepared, e.g., from suitable deuterated reagents as shown in Scheme2. See e.g., Grundmann

et al., 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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Scheme 2

NH>

H

on MeOH taHeonc(from C/D/NIsotopes) AS — Ls——vr

dry DMFoONH2 NHp

HN

(from Aldrich)

Alternative conditions for preparing 5-azacytosine:

oO

Bk ie
H D NH,

HN N NH, (from Aldrich) N~ SNoO

DMF A A
NH, Oo D N oOH

0

NH2

H D OCH2CH3 oy
HN N NH, (from__{lromAldneh)Se TT NaOEt, EtOHTobeBow”A

[00103] In other embodiments, both the hydrogen position on the 5-azacytosine ring and

one or more hydrogen positions in the ribose portion of 5-azacytidine are enriched with

deuterium. Such 5-azacytidine analogs may be prepared,e.g., following Scheme 1, 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 Scheme 2.

[00104] =Insome 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. (Theasterisk “‘*” indicates a carbon-13 enriched atomic position)
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TABLE2

Starting
Material

D-Ribose-1-2C

D-Ribose-2-°C

D-Ribose-3-?C

D-Ribose-4-2C

D-Ribose-5-C

D-Ribose-

1,2-2Cp

D-Ribose-

1,3-BC,

D-Ribose-

1,5-2C>

D-Ribose-

2,5-3Co

NY1-4182720v!

Structure

HO.
oO

a OH
H

OH OH

HO:
Oo

H H OH
H =

H OH

HO:
oO

OH

H
H OH

HO.
°

*KH H OH
H

H OH

HO: *
oO

A H OH
H

OH OH

HO.
O

ip OH
H *

OH OH

HO:
oO

hy OH
H *

OH OH

HO.

* Oo .H OH
H

H H

HO *
oO

H H OH
H *

HOH

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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5-Azacytidine
Product

I]-2

II-3

1-4

II-5

II-6

II-8

II-9
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D-Ribose- . .
3 Sigma Aldrich II-10

2,3,4,5--"C4

D-Ribose-

Cambridge Isotope Lab. II-11
1,2,3,4,5-Cs
 

[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 ef al., Chem. Ber. 1954, 87, 19-24; Piskala ef 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

NH2
B

HN i HCl HN H NH H&C(OCH2CHS3)3 kn
~N MeOH (from Si Aldrich)

na CN No ne 2 = igma Aldric LL AN I-12ry DMF *
NH2 NH2 Oo N Oo

(from Signa Aldrich)

NH
3 *un. ON HCI 4 HC(OCH,CHS);a

B67 *3CN MeOH HN N * NH2 (fram Sigma Aldrich) | 1-13| * TT dry DMF in x
NH2 NH, O N 0

(from Signa Aldrich)

NH2
13

N 4 Hcl H H'°C(OCH;CHs3)3 An
53677 36N MeOH HN Nw ye -NHo2 (from SigmaAldrich) | 11-14| a TT dry DMF wl ah

NHz NH, O N O
(from Signa Aldrich)

[00106] In other embodiments, one or more carbon positions on the 5-azacytosine ring and

one or more carbon positions in the ribose portion of 5-azacytidine are enriched with carbon-
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13. Such 5-azacytidine analogs may be prepared following Scheme 1, 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 Scheme3.

[00107] The routes and methods described above may be modified to provide an

isotopolougue of 5-azacytidine having both deuterium enrichment and carbon-13 enrichment.

Cc. Pharmaceutical Formulations

1. Overview

[00108] Embodiments herein encompass pharmaceutical formulations and compositions

comprising one or more cytidine analogs, ¢.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 limited to,

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. In certain 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, ¢.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 an immediate or controlled

release capsule releasing the API, e.g., substantially in the stomach. In certain embodiments,

the formulationis 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 compositionis

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

amount ofthe cytidine analog (and, optionally, one or more excipients) and effect an

immediate release of the API upon oral administration.

[00111] In certain embodiments, the formulations comprising the cytidine analogs, such

as, for example, 5-azacytidine, effect a controlled release of the API substantially in the

stomach uponoral administration. In certain embodiments, the formulations comprising the

cytidine analogs, such as, for example, 5-azacytidine, comprise a therapeutically or

prophylactically effective amount of the cytidine analog and a drug release controlling

componentwhichis 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 uponoral

administration. In certain embodiments, the formulations effect an immediate release of the

cytidine analog upon oral 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 API in 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 theart, and include, for example, scintigraphic

studies, testing in a bio-relevant medium which simulates 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 formulationsthat

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] In certain 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 percentage of 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 becomes available to the body

through systemic exposure. In particular embodiments, the oral bioavailability of a

formulation comprising a cytidine analog providedhereinis, 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
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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 whichskilled practitioners can assess the oral bioavailability of a drug

formulation in a subject are knownin 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 plasmaconcentration (“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(0-0)) in the subject (e.g., human) to which the formulation is

orally administered. Particular embodiments provide oral formulations that achieve an AUC

value ofat 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 ofthe

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,at least about 300 ng/mL,at least about 350 ng/mL,at least about 400 ng/mL,at

least about 450 ng/mL,atleast 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,orat least about 2500 ng/mL.

[00119] Particular embodiments herein provide pharmaccutical 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 of the

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 have an enteric coating. Particular embodiments

provide a permeableor partly permeable(e.g., “leaky”) enteric coating with pores. In

particular embodiments, the permeable or partly permeable enteric-coated tablet releases the

5-azacytidine in an immediate release mannersubstantially 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

providea solid oral dosage form of a cytidine analog, such as, for example, 5-azacytidine,

using pharmaceutical excipients designed for immediate release of the API upon oral

administration, e.g., substantially in the stomach. Particular immediate release formulations

comprise a specific amountofa cytidine analog and optionally one or more excipients. In

certain embodiments, the formulation may be an immediate release tablet or an immediate

release capsule (such as, e.g., an HPMCcapsule).

[00122] Provided herein are methods of making the formulations provided herein

comprising the cytidine analogs provided herein (e.g., immediate release oral formulations

and/or formulations that release the API substantially in the stomach). In particular

embodiments, the formulations provided herein may be prepared using conventional methods

knownto 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 amountof the cytidine analog in the formulation is, 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 ofthe 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,atleast

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, aloneor 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 andthe like. In certain embodiments, hard gelatin

capsules maybe prepared containing granules of the cytidine analog in combination with a

solid pulverulentcarrier, 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 madeof 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] Incertain 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 aqueoussolvents without causing significant hydrolytic

degradation ofthe cytidine analog in the formulation. In certain embodiments, wateris

employed as the solvent for coating the drug core. In certain embodiments, the oral dosage

form ofthe cytidine analog is a tablet containing a film coat applied to the drug core using

aqueoussolvents. In particular embodiments, water is employed as the solvent for film-

coating. In particular embodiments, the tablet containing the cytidine analog is film-coated

using aqueous solvents 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, upon oral administration. In particular embodiments, a tablet with an aqueous-

based film coating comprises 5-azacytidine as the API.

[00127] In certain embodiments, provided herein is a controlled release pharmaceutical

formulation for oral administration ofa cytidine analog that releases the cytidine analog

substantially in the stomach, comprising: a) a specific amountofa cytidine analog; b) a drug

release controlling componentfor 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

amount of 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 componentthatis a

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 theart. See, e.g., Shell er al., U.S. Patent

Publication No. 2002/0051820 (Application No. 09/990,061); Shell et al., U.S. Patent

Publication No. 2003/0039688 (Application No. 10/045,823); Gusler et a/., U.S. Patent

Publication No. 2003/0104053 (Application No. 10/029,134), each of whichis incorporated

herein by referencein 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 ofthe cytidine analog from the core and

promoting gastric retention of the formulation by swelling upon exposureto gastric fluids to a

size that is retained in the stomach. In certain embodiments, such formulations may be

prepared byfirst compressing a mixture of the cytidine analog and one or more excipientsto

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 theart. See, e.g., Berner et al., 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

permeableor 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 remainderofthe 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 orfillers, 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 maintaining the integrity of the final tablet; (c) disintegrants or disintegrating
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agents, which, after administration, may promote breakup ofthe tablets to smaller particles

for improved drug availability; (d) anti-adherents, glidants, lubricants or lubricating agents,

which may enhance flow ofthe tableting material into the tablet dies, minimize wear of the

punchesand dies, 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 compressed tablet 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 maynot contain the cytidine analog.

Layered tablets may be prepared bytheinitial compaction ofa portion offill material in a die

followed by additionalfill material and compression to form two- or three-layered tablets,

depending upon the numberofseparate 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 appearanceof the

multiple-layered tablet. Each portion of fill may be colored differently to prepare a

distinctive looking tablet. In the preparation of tablets having a compressedtablet as the

inner core, special machines may be usedto place the preformedtablet precisely within the

die for the subsequent compression of surroundingfill material.

[00133] In certain embodiments, the compressedtablet 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 purposeof protecting the

enclosed drug trom the environmentand providinga 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] In certain embodiments, the compressed tablet of a cytidine analog maybefilm-

coated. Film-coated tablets may be compressedtablets coated with a thin layer of a polymer

capable of forming a skin-like film overthe tablet. The film is usually colored and has the

advantage to be more durable, less bulky, and less time-consuming to apply. By its

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 producecoatedtablets

having essentially the same weight, shape, and size as the originally compressedtablet. The

tilm-coating may be colored to make the 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 moreofthe 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 produceflexibility and elasticity of the coating and thus provide durability, such

as, for example,castoroil; (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 appearanceofthe coated tablets attractive and distinctive, such as, for

example, titanium dioxide as an opaquant, and FD&C or D&C dyesas a colorant; (6)

sweeteners, flavors, or aromas to enhancethe acceptability of the tablet to the subject, such

as, for example, saccharin as sweeteners, and vanillin as flavors and aromas; (7) a glossant to

providealuster to the tablets without a separate polishing operation, such as, for example,

beeswax; and (8) a volatile solvent to allowthe spread of the other components over the

tablets while allowing rapid evaporation to permit an effective yet speedy operation, suchas,

for example, alcohol-acetone mixture. In certain embodiments, an aqueousfilm-coating

formulation may contain one or more ofthe following: (1) film-forming polymer, such as, for

example, cellulose ether polymers as hydroxypropyl methyl-cellulose, hydroxypropyl

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 compressedtablet 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 formulationis a gelatin-coated tablet

of a cytidine analog. A gelatin-coated tablet is a capsule-shaped compressedtablet that

allows the coated productto be smaller than a capsulefilled with an equivalent amount of

powder. The gelatin coating facilitates swallowing and comparedto unsealed capsules,

gelatin-coated tablets may be more tamper-evident.

[00137] In certain embodiments, the pharmaceutical formulation may be a sublingual

tablet of a cytidine analog. The sublingualtablet is intended to be dissolved beneath the

tongue for absorption through the oral mucosa, The sublingual tablet may dissolve promptly

and provide rapid release ofthe drug.

[00138] In certain embodiments, the pharmaceutical formulation is an immediate release

tablet of a cytidine analog. In certain embodiments, the immediate release 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. [n certain embodiments, the formulationis 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 extendedrelease tablet is designed, e.g., to

release the API over an extended period of time and substantially in the stomach.

[00139] Incertain embodiments, compressed tablets may be prepared by wet granulation.

Wet granulation is a widely employed method for the production of compressedtablets, and,

in particular embodiments, requires one or more the 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.

By the dry granulation method, the powder mixture is compacted in large pieces and

subsequently broken down or sized into granules. But this method,either the active

ingredientor the diluent has cohesive property. After weighing and mixing the ingredients,

the powder mixture may be slugged or compressed into large flat tablets or pellets. The slugs

then are broken up by handorby 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 maybe 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 compressionin the usual

manner. Theroller compaction method is often preferred over slugging. Binding agents used

in roller compaction formulations include methylcellulose or hydroxyl-methylcellulose and

can produce goodtablet hardness and friability.

[00141] {n certain embodiments, compressed tablets may be prepared by direct

compression. Some granular chemicals possess free flowing and cohesive properties that

enable them to be compresseddirectly in a tablet machine without the need of wet or dry

granulation. For chemicals that do not possessthis 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-compressionstarch, sodium carboxymethyl starch, cross-linked

carboxymethylcellulose fibers, and cross-linked polyvinylpyrrolidone; lubricants, such as

magnesium searate andtalc; and glidants, such as fumed silicon dioxide.

[00142] —Incertain embodiments, tablets provided herein may 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 preparingthefill, 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 ofthe water on a portion ofthe 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

excipientsinclude, e.g., diluents (bulking agents), lubricants, disintegrants, fillers, stabilizers,

surfactants, preservatives, coloring agents, flavoring agents, binding agents, excipient

-supports, glidants, permeation enhancementexcipients,plasticizers andthelike,e.g., as

known in the art. It will be understood by those in the art that some substances serve more

than one purpose in a pharmaceutical composition. For instance, some substancesare 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 maybereadily determined by the formulation scientist based upon experience and

consideration of standard procedures and reference works available in the art.

[00144] In certain 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 remainsintact 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, é.g., acacia sodium alginate, polyvinylpyrrolidone, cellulosic polymers

(including hydroxypropylcellulose, hydroxypropylmethylcellulose, methyl cellulose, ethyl

cellulose, hydroxyethyl cellulose, carboxymethyl] cellulose and the like), veegum, carbomer

(e.g., carbopol), sodium, dextrin, guar gum, hydrogenated vegetable oil, magnesium

aluminum silicate, maltodextrin, polymethacrylates, povidone (e.g., KOLLIDON,

PLASDONE), microcrystalline cellulose, among others. Binding agents also include,e.£5

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, hydroxyethylmethy1 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 agentcan be,relative to the drug core, in the amountof about 2% w/w ofthe drug

core; about 4% w/w ofthe drug core, about 6% w/w ofthe drug core, about 8% w/w ofthe

drug core, about 10% w/w of the drug core, about 12% w/w ofthe drug core, about 14% w/w

of the drug core, about 16% w/w ofthe drug core, about 18% w/w ofthe drug core, about

20% w/w ofthe drug core, about 22% w/w ofthe drug core, about 24% w/w ofthe 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 of the drug core, about 34% w/w ofthe drug core, about 36% w/w

of the drug core, about 38% w/w ofthe drug core, about 40% w/w ofthe drug core, about

42% w/w ofthe drug core, about 44% w/w ofthe drug core, about 46% w/w ofthe drug core,

about 48% w/wofthe drug core, about 50% w/w ofthe drug core, about 52% w/w of the

drug core, about 54% w/wofthe drug core, about 56% w/w ofthe 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 ofthe drug core; about 68%w/w ofthe drug core,

NYI-4182720v1 -45-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0048

 



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0049

about 70% w/w ofthe 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 of the drug core, about

86% w/w ofthe drug core, about 88% w/w ofthe drug core, about 90% w/w of the 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 ofthe drug core, or more, if determined to be appropriate. In

certain embodiments, a suitable amountof a particular binder is determined by one of

ordinary skill in theart.

[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 tabletis

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., EUDRAGIT), 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 amountofabout 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 ofthe drug core; between about 40%

and about 60% w/w ofthe drug core. In certain embodiments, a suitable amount of a

particular diluent is determined by one of ordinary skill in theart.

[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 peanutoil, cottonseed oil,

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 examplesof 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 zinc stearate. In

particular embodiments, the lubricant is magnesium stearate. In certain embodiments, the

lubricantis present, relative to the drug core, in an amount of about 0.2% w/w ofthe drug

core, about 0.4% w/w of the 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 of the drug core, about 1.8% w/w of the drug core,

about 2.0% w/w ofthe drug core, about 2.2% w/w ofthe drug core, about 2.4% w/w ofthe

drug core, about 2.6% w/w ofthe drug core, about 2.8% w/w ofthe drug core, about 3.0%

w/w of the drug core, about 3.5% w/w of the drug core, about 4%w/w ofthe drug core, about

4.5% w/w of the drug core, about 5% w/w ofthe drug core, about 6% w/w ofthe drug core,

about 7% w/w ofthe drug core, about 8% w/w ofthe drug core, about 10% w/w of the drug

core, about 12% w/w of the drug core, about 14% w/wofthe drug core, about 16% w/w of

the drug core, about 18% w/w ofthe drug core, about 20% w/w ofthe drug core, about 25%

w/w ofthe drug core, about 30% w/wofthe drug core, about 35% w/w ofthe 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 ofthe drug core, or between about 1% and about 3%

w/w of the drug core. In certain embodiments, a suitable amountof a particular lubricant is

determined by one of ordinary skill in theart.  
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[00147] In certain embodiments, formulations provided herein comprise one or more

disintegrants. Disintegrants may be used, ¢.g., to facilitate disintegration of the tablet, and

may be,e.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 ofthe drug core, about

2% w/w of the drug core, about 3% w/w ofthe drug core, about 4% w/w ofthe drug core,

about 5% w/w ofthe drug core, about 6% w/w of the drug core, about 7% w/w ofthe drug

core, about 8% w/w ofthe drug core, about 9% 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 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 ofthe drug core, about 32% w/w ofthe

drug core, greater than about 32% w/w ofthe drug core, between about 1% and about 10%

w/w ofthe drug core, between about 2% and about 8% w/w ofthe 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) may be used,e.g., to inhibit or

retard drug decomposition reactions that include, by way of example, oxidative reactions.

Stabilizing agents include, e.g., d-Alpha-tocopheryl 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, hydroxypropylcellulose, 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 carboxymethyl]cellulose, sodium stearyl fumarate, sorbitol, steary!

alcohol, sufobutyl-b-cyclodextrin, trehalose, white wax, xanthan gum,xylitol, yellow wax,

and zinc acetate. In certain embodiments, thestabilizer is, relative to the drug core, present in

the amount of about 1% w/w ofthe drug core, about 2% w/w ofthe drug core, about 3% w/w

of the drug core, about 4% w/wofthe drug core, about 5% w/w of the drug core, about 6%

w/w of the 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 of the drug core, about 12% w/w ofthe drug core,

about 14% w/w of the drug core, about 16% w/w ofthe drug core, about 18% w/w ofthe

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 ofthe drug core, about

30% w/wofthe drug core, about 32% w/w ofthe drug core, between about 1% and about

10%w/wof the drug core, between about 2% and about 8% w/w ofthe 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]=In certain embodiments, formulations provided herein comprise one or more

glidants. Glidants may be used, 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, magnesium trisilicate, 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

amountofless than about 1% w/w ofthe drug core, about 1% w/w ofthe drug core, about

2% w/w of the drug core, about 3% w/w ofthe drug core, about 4% w/w ofthe drug core,

about 5% w/w ofthe drug core, about 6% w/w of the drug core, about 7% w/w ofthe drug

core, about 8% w/w of the drug core, about 9% 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 ofthe drug core, about

22% w/w ofthe drug core, about 24% w/w ofthe drug core, about 26% w/w ofthe drug core,

about 28% w/w ofthe 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
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about 8% w/w ofthe drug core, between about 3% and about 7% w/w ofthe drug core, or

between about 4% and about 6% w/w ofthe drug core. In certain embodiments, a suitable

amountof a particular glidant is determined by one of ordinary skill in the art.

[00150] In certain embodiments, formulations provided herein comprise one or more

permeation enhancers(also called, e.g., permeability enhancers). In certain embodiments,the

permeation enhancer enhancesthe uptake ofa cytidine analog through the gastrointestinal

wall (e.g., the stomach). In certain embodiments, the permeation enhancer alters the rate

and/or amount of the cytidine analog that enters the bloodstream. In particular embodiments,

d-alpha-tocopheryl polyethylene glycol-1000 succinate (Vitamin E TPGS)is used as a

permeation enhancer. In particular embodiments, one or more other suitable permeation

enhancersare used,including, e.g., any permeation enhancer known in the art. Specific

examples of suitable permeation enhancers include,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-Tocopheryl Polyethylene
Glycol-1000 Succinate
Polyethylene glycol 660 12-
hydroxystearate
Oleyl Macrogolglyerides

Example of
Supplier
Sigma
BASF

Spectrum
Chemical

Sigma
Aldrich

Sigma
Sigma
Sigma

Sigma
Sigma
Gattefosse

Sigma
Eastman

BASF

Gattefosse

[00151] Other potential permeation enhancers include, e.g., alcohols, dimethy! 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 laury] sulfate, and thymol.

[00152] Incertain embodiments, the permeation enhanceris present in the formulation in

an amountby 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 enhancer provided herein is determined by one ofskill in theart.

[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 occur by, e.g.: passive diffusion, such as the movement

of drug across a membranein a mannerdriven solely by the concentration gradient; carrier-

mediated diffusion, such as the movement of drug across a cell membranevia 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, twocells; 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 sometimescalled efflux pumps. One such

efflux pumpis that involving p-glycoprotein, which is present in manydifferent tissues in the

body(e.g., intestine, placental membrane, blood-brain barrier). Permeation enhancers can

function by, infer alia, facilitating any of the processes mentioned above (such as by
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increasing fluidity of membranes, opening tight junctions betweencells, and/or inhibiting

efflux, among others).

[00154] In certain embodiments, the compositions provided herein comprising a cytidine
 

analog, e.g., 5-azacytidine, are essentially free of a cytidine deaminaseinhibitor(e.g., do not

comprise a cytidine deaminaseinhibitor). In certain embodiments, the compositions

providedherein are essentially free of (e.g., do not comprise) the cytidine deaminase inhibitor

tetrahydrouridine (THU). Certain embodiments herein provide pharmaceutical compositions

comprising a therapeutically effective amount ofa cytidine analog(¢.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 amount of 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 compositionsachievea 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 1 mg, or

less than 0.1 mg of the cytidine deaminase inhibitor.

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

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 work synergistically in the |
treatment ofparticular 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

abnormal cell 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 usedto alleviate adverse effects associated with cytidine analog oral

dosage formsprovided 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 methodsdisclosed 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-V-

phenyl-octanediamide), DNA intercalating agents, DNA cross-linking agents, DNA

alkylating agents, DNA cleaving agents, topoisomerase inhibitors, CDK inhibitors, JAK

inhibitors, anti-angiogenic agents, Ber-Abl inhibitors, HER2 inhibitors, EGFR inhibitors,

VEGERinhibitors, PDGFR inhibitors, HGFR inhibitors, IGFR inhibitors, c-Kit inhibitors,

Ras pathway inhibitors, 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 limitedto,

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 examplesof additional therapeutic agents include, but are not limitedto, 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 PhaseII 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 regimenin the treatment of AML andhigh 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] Examplesof large molecule active agents include, butare notlimited to,

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 [L-I] (‘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-I 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,whichis sold in the United States under the 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 use ofnative, naturally occurring, and

recombinant proteins. Particular embodiments encompass mutants and derivatives(e.g.,

modified forms) of naturally occurring proteins that exhibit, in vive, 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 residues in 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 formed by fusing IgG1 or [gG3 to the protein or active portion of the protein of

interest. See, e.g., Penichet, M.L. and Morrison, S.L., 2. 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 notlimited 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 of anti-cancer

vaccines. For example, vaccines that 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, abdominal pain, pyrexia,

leukopenia, diarrhea, constipation, ecchymosis, petechiae, rigors, weakness, pneumonia,

anxiety, insomnia, lethargy, and decrease in weight, among others knownin theart to be

associated with particular cytidine analogs.
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[00166] Like some large molecules, many small-molecule compoundsare believed to be

capable of providing a synergistic effect when administered 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]|Examplesof 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; edatrexate; 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; melengestro! 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; toremifene citrate; 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] Other anti-cancer drugsinclude, but are not limited 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 ocfostfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin B;

deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;

didemnin B; didox; diethylInorspermine; 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; immunostimulantpeptides;

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;

monophosphoryllipid 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; perillyl alcohol;

phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil; pilocarpine hydrochloride;
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pirarubicin; piritrexim; placetin A; placetin B; plasminogenactivator inhibitor; platinum

complex; platinum compounds; platinum-triamine complex; porfimer sodium: porfiromycin;

prednisone; propyl bis-acridone; prostaglandin J2; proteasome inhibitors; 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-GAPinhibitor; retelliptine demethylated; rhenium Re 186 etidronate; rhizoxin;

ribozymes; RII retinamide; rohitukine; romurtide; roquinimex; rubiginone B1; ruboxyl;

safingol; saintopin; SarCNU; sarcophytol A; sargramostim; Sdi | 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. Methodsof Use

[00170] As described herein, certain embodiments herein provide oral formulations of
cytidine analogs useful in methodsrelating to, ¢.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 genere-

expression; providing treatment regimensthat prolong continuous demethylation; providing
new indications for cytidine analogs; and/or providing other potential advantageous benefits.

[00171] Provided herein are methods oftreating 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. In particular 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

maybe a cancertherapeutic agent dosed orally or by injection.

[00172] Incertain embodiments, methods provided herein for treating disorders related to

abnormalcell proliferation comprise orally administering a formulation comprising a

therapeutically effective amount of a cytidine analog. Particular therapeutic indications

relating to the methods providedherein are disclosed herein. In certain embodiments, the

therapeutically effective amountof the cytidine analog in the pharmaceutical formulation is
an amountas disclosed herein. In certain embodiments, the precise therapeutically effective

amountofthe cytidine analog in the pharmaceutical formulation will vary dependingon,¢.g.,

the age, weight, disease and/or condition of the subject.

[00173] In particular embodiments,the disorders related to abnormalcell 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(¢.g., non-small-cell
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lung cancer and small-cell lung cancer), testicular cancer, renal cancer, pancreatic cancer,

bonecancer, gastric cancer, head and neck cancer, and prostate cancer. In particular

embodiment, the disorder related to abnormalcell proliferation is MDS. In particular

embodiments, the disorder related to abnormalcell proliferation is AML.

[00174] Incertain 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, 5-

azacytidine, administered either SC or IV, followed by subsequentorally administered

treatmentcycles ofthe 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, particular embodiments 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

throughoutthe 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.

[00173] 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 analog is/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 analogis

administered using a treatment cycle comprising administration ofabout 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 mgof the 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 method of treating 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 mgof 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 mgof the

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 cytidine analog is administered using a

treatment cycle comprising administration of about 300 mgof the 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 ofthe cycles

provided herein, and repeating one or moreof the cycles for a period of, 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 may limit the

ability to deliver a cytidine analog for longer periodsof time on a regular basis, thereby

potentially limiting the maximalefficacy of the cytidine analog. Dueto the difficulties of

complying with the rigors ofa 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.,ef al., Hematologic Response to Three

Alternative Dosing Schedules of Azacitidine in Patients With Myelodysplastic Syndromes, J.

Clin. Oncol. (2009) (DOT: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 TV or SC dose comprising the samecytidine

analog.

[00178] As described herein, certain embodiments provide methods for improved

treatmentofparticular diseases or disorders (e.g., treatment ofsolid 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 prolonged periods 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 ofcertain 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 improvedeffectiveness. In particular

embodiments, the improved effectiveness is measured using one or more endpoints for cancer

clinicaltrials, as recommended by the U.S. Food and Drug Administration (FDA). For

example, FDA provides Gudiance for 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-Treatment Failure. Endpoints
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Involving Symptom Endpoints may include Specific Symptom Endpointssuch 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 managementof the

disease.

[00180] In certain embodiments, the methodsoftreating disorders of abnormalcell

proliferation comprise orally administering a formulation of a cytidine analog with food. In
certain embodiments, the methodsoftreating disorders of abnormal cell 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 formulationof the cytidine analog is administered

sublingually.

[00181] In certain 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 methodsoftreating a disease or disorder

provided herein (e.g., a disease associated with abnormalcell proliferation) comprisingorally

administering a cytidine analog providedherein (e.g., 5-azacytidine) for release substantially

in the stomach, wherein the methods achieve a particular biological 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 oftreating 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 deaminaseinhibitor (e.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] In certain 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

whichcan 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 syndromes (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 common type ofacute 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] In certain 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] In certain 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;22 translocation. The resultant Philadelphia chromosome

represents poor prognosis of the subject.

[00186] In certain embodiments, methods provided herein comprise treating CML by

administering an oral dosage form comprising a cytidine analog to a subject in need thereof.

CMLis a clonal myeloproliferative disorder of a pluripotent stem cell. CML is characterized

by a specific chromosomalabnormality 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 thrombocytopenia or 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(¢.g.,

prolong the 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 of malignancies 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% ofall lymphomas, and the two most commonhistological disease

entities are follicular lymphoma anddiffuse large B-cell lymphoma. Approximately 55,000

to 60,000 new cases of NHL are diagnosed annually in the U.S. See, e.g., Ansell, S.M., et al.,

Maye Clin. Proc., 2005, 80(8):1087-97.

[00189]|Incertain 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 MMcases 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 of patients with MM. Consequences of MM include

anemia, the developmentofdestructive 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

neoplasmsgroupsB cell malignancies according to the presumed normal counterpart of the

malignantcells. 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 methodsfor 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 component capable 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 enhancingthe oral bioavailability of a cytidine

analog in a subject. Certain embodiments herein provide a method ofincreasing 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 uppergastrointestinal tract, such as, for example,

substantially in the stomach.

[00192] Certain embodiments herein provide a method of achieving a particular exposure

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 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 ofachieving 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

Cmax 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 Tmax value provided herein by administering an oral formulation

comprising a cytidine analog (e.g., 5-azacytidine) provided herein.

[00193]|Certain embodiments herein provide methodsoftreating 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 and tumor

metastasis, hematological disorders (e.g. leukemia, myelodysplastic syndrome andsickle 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, diseases that producefibrosis oftissue, repetitive motion

disorders, disorders of tissues that are not highly vascularized, and proliferative 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 maybelocalized

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 which is originated elsewhere in the bodybut has

nowspread to a distant organ. The commonroutes for metastasis are direct growth into

adjacentstructures, 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(i.e.,

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. Brocket al., N. Engl. J.

Med, 2008, 358(11):1118-28; P.M. Das et al., Mol. Cancer, 2006, 5(28); G. Gifford ef ai.,

Clin. Cancer Res., 2004, 10:4420-26; J.G. Herman ef 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 genesilencing, 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

developmentofcancer in 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., 1V or SC administration). In specitic embodiments, oral formulations

provided herein are used for early intervention to prevent the recurrence of cancer in 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 methods as described herein. Certain embodiments provide methods for

administering oral formulations provided herein to reverse the effect of gene silencing, 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 HDACinhibitor compoundis entinostat

(SNDX-275; formerly MS-275), an oral HDAC inhibitor that acts synergistically with

targeted therapies and is 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 carcinomaofboth 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 corneal

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, malignantcarcinoid, 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 abnormalcell 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] Incertain embodiments, the amount of the cytidine analog in the formulations

provided herein, the methods of administration thereof, or the methods of treatment as set

forth herein, is a specific dosage amountas provided herein. In certain embodiments, oral

azacitidine dosages, methods of administration thereof, or methodsof treatmentofat least

one condition, including but not limited to MDS and AML, mayrange,e.g., between about

50 mg/m2/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/m7/day, about 140 mg/m?/day, about 150 mg/m’/day, about 180 mg/m?/day,
about 200 mg/m2/day, about 220 mg/m?/day, about 240 mg/m’/day, about 250 mg/m*/day,
about 260 mg/m?’/day, about 280 meg/m’*/day, about 300 mg/ m?/day, about 320 mg/m’*/day,
about 350 mg/m2/day, about 380 mg/m’/day, about 400 mg/m*/day, about 450 mg/m7/day, or
about 500 mg/m?/day.

[00200] In certain 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 guidance to 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, e.g., genes associated with MDS or 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 methodsfor 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 survivalin

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 ofthe cytidine analogue.

[00202] Certain embodiments provide methodsofidentifying individual patients

diagnosed with MDShaving an increased probability of obtaining an overall survival benefit

from cytidine analog treatment, using analysis of methylation levels, e.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% greater probability, 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

improved overall 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 ofpatients 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 [PSS cytogenetic subgroup.

[00203] In particular embodiments, nucleic acid (e.g., DNA or RNA) hypermethylation

status may be determined by any method known inthe 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 involvebisulfite

conversion of genomic DNA. For example, in certain embodiments, bisulfite treatment of

DNAis used to convert non-methylated CpG sites to UpG, leaving methylated CpGsites

intact. See, e.g., Frommer, M., et 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, ¢.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, probesare

designed, e.g., probes which bindto the bisulfite-treated DNA regardless of methylation

status. In certain embodiments, CpG methylation is detected, e.g., following PCR

amplification of bisulfite-treated DNA using outer primers. In certain embodiments,

amplified product from the initial PCR reaction serves as a template 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. Methodsfor detecting nucleic acid methylation (e.g., RNA

or DNA methylation) are knownin 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]  Incertain embodiments,statistical analyses are performedto assess the 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 survival is 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

examinedfor its methylation status in a patient. Particular genes include, but are not limited
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to, CKDN2B (p15), SOCS1, CDH1 (E-cadherin), TP73, and CTNNA1 (alpha-catenin).

Particular genes associated with MDS and/or AML, which would be suitable for use in the

methods disclosed here, are known in the art.

1. Methods Comprising Co-Administering One or More Additional

Therapeutic Agents with the Oral Formulations Disclosed Herein

[00206] Certain embodiments herein provide methods of treating diseases or disorders

disclosed herein (e.g., diseases or disorders involving 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 throughout the specification. In particular embodiments, the

additional therapeutic agent is co-administered in an amountthatis 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) and the 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 knownin theart.

[00207] Incorporation By Reference: All disclosures (e.g., patents, publications, and web

pages) referenced throughout this specification are incorporated by reference in their

entireties. In addition, the following disclosures are also incorporated by reference herein in

their entireties: (1) 2008 ASCOposter abstract 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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Vil. 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. Table 3 lists

the excipients used in each ofthe 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 added to certain of the formulations to enhance absorption of 5-

azacytidine. Vitamin E TPGSwasnot used in Formulation 6.

[00211] Tablets were manufactured using the process described Figure 1, except for

Formulation 1 (which did not undergo the seal-coating step). Formulations 3 and 6 did not

undergothe enteric film-coating step, and Formulation 6 did not contain Vitamin E TPGS.

The processis 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 in a stainless 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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TABLE 3: Components of Azacitidine Tablets

Component Function Quality Standard

Azacitidine API

| Mannitol Bulking Agent
Silicified Microcrystalline Cellulose Binding Agent

d-alpha-tocopheryl polyethylene glycol Permeation Enhancer

1000 succinate (Vitamin E TPGS)

 

  

 
 
Polyvinyl Polypyrrolidone (Crospovidone) Disintegrant 

MagnesiumStearate Lubricant
 

Hydroxypropy! Cellulose Seal Film Coat

NF

Ethanol* Coating Solvent SP

Methacrylic Acid Copolymer (Eudragit Enteric Film Coat

NF

SP

SP

NF

 

 

S100, Eudragit LUIDO-55 or Eudragit L100)

Triethyl Citrate Plasticizer

 

 

Tale Anti-Caking
 

U

U

Isopropanol* Coating Solvent U

Acetone Coating Solvent|CONF
“Removed during processing (used as solventfor film-coating polymers).
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TABLE4: 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

Azacitidine* 20.0 20.0 60.0 60.0 60.0

Mannitol, USP 59.7 43.2 129.6 129.6 129.6 135.6

Silicified 13.9 30.0 90.0 90.0 90.0 90.0

Microcrystalline
Cellulose, NF

Crospovidone, NF . 9.0 9.0 9.0 9,
1, . 5.4

 

 

  
 
 

 

 

 

  
 

 

 

Magnesium Stearate, 1.6 5.4
NF

Vitamin E TPGS, NF 6.0 6.0 0

Core Tablet Total 100.0 100.0 300.0 300.0 300.0

Hydroxypropy! N/A 4.0 12.0 12.0 12.0
Cellulose, NF

Seal-Coated Tablet N/A 312.0 312.0 312.0
Total

Eudragit S-100 3.7-5.9 N/A N/A N/A

Eudragit L 100-55 N/A

Eudragit L 100 N/A N/A

Triethyl Citrate 0.3 ~ 0.5 1.0—2.0 N/A

Talc 1.0— 1.6 N/A N/A

Total Theoretical 106.5 113.0 312.0

Weight

 
 

* Assuming 100% purity.
» Removed during processing.
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TABLE 5: Formula Composition of Azacitidine Tablets (Percent)

 Quantity per Unit Tablet (mg)

  
 

  

 
 

   Formu-

lation #6
Immediate

Release

Formu-
lation #5
Enteric
coated

Formu-

lation #4
Enteric
coated

Formu-

lation #3
Immediate

Release

Formu-
lation #2

Enteric-
coated

Formu-
lation #1

Leaky
coating

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 Component

 
 
 
 

 

 Azacitidine *

Mannitol, USP

Silicified

Microcrystalline
Cellulose, NF

Crospovidone, NF

 
 

 
 

 
- —

ea

2.0

100.0 _ 100.0 100.0 100.0 100.0

104.0 | 104.0 104.0 104.0
Total

Lepreree
a

* Assuming 100% purity.
° Removed during processing

 
  
 
 

 

 

  
 
 

 
 

 

 

Magnesium Stearate,

NF

Vitamin E TPGS,

NF

Core Tablet Total

 
 
 
 
  

 

  Hydroxypropyl

Cellulose, NF

 
  

  
  Seal-Coated Tablet 
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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

Related Substances (% Area)PO

aTTT

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 elsewhere in the present specification, were prepared and usedin clinical studies as

described in the Examples below:

TABLE 7. Formulations of Azacitidine used in clinical studies

Formulation|Azacitidine in Description
Number Formulation

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 > 6.0

Seal-coated, immediate release tablet without vitaminE.|
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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 improvementrates 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 noneof the patients have

showndoselimited toxicity (DLT). The oral dose and formulation used for each cohort are

listed in Table 8.

TABLE8. Oral Azacitidine Doses and Formulations

Cohort # Oral

Dosage Formulation
 
 
 

 
 
 
 
 

  

 
 

 
 

# Subjects
Treated/Evaluable

for DLT
3/3

# Subjects
with DLT

 
 

 
 

Subject Demographics
(Patient No. — gender, age, dx)

 
 

 
 
 
 

   
 

 
 

Cohort1 Formulation 02001 — M, 78, MDS 0

 
 
 

 
  
 
 

 
 

 
 

 
 

 

120 mg #2 (20 mg 02002 — M, 66, MDS RAEB-2
tablets) 04001 — M, 56, MDS RAEB-1

Cohort 2 Formulation 02003 — M, 73, AML 4/3

120 mg #1 (20 mg 02004 — M, 61, MDS

 04002 — M, 73, MDS RAEB-1
02005 — M, 66, MDS RAEB-1

04004 — F, 70, AML

tablets)

 
 
 

  

 
 

Formulation

  
  
 
 
 
 
 
 

 

 
 

#1 (20 mg 02006 — M, 61, AML
tablets) 03001 — F, 70, MDS RAEB-2

Cohort 4 Formulation 02007 — M, 76, CMML

#3 (60 mg 02008 — M, 80, MDS RAEB-1
tablets) 02009 — M, 83, MDS RAEB-2

 
 

04005 — M, 68, MDS RCMD
02011 —M, 92, MDS RAEB-1
02012 — M, 62, MDS RCMD
02013 — F, 66, MDS RAEB-1
03002 — M, 65, MDS RAEB-1

Formulation

#3 (60 mg
tablets)

Cohort 6 Formulation

360 mg #3 (60 mg

 
 

 

 
   
  
 
 
  

 
tablets) 01001 — F, 63, MDS RCMD

Cohort 5 Formulation 01002 - M, 70, MDS RARS

480 mg #3 (60 mg 01003 — F, 75, MDS RCMD

 
tablets)

* Cycle 2 ongoing
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[00218] PK profiles for Cycle 1, following 75 mg/m” SC doseof 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(O-inf) Cmax Tmax Lambdaz  tt/2 Cloral—Vdoral
 

 

ng*hrimL} (ng*hrmL) (ng/mL (hr 1/hr hr Uhr L

Mean (n=18) 1135 1170 744 0.49 0.58 1.53 143 318
SD 514 533 293 0.27 0.29 0.80 53 223

Day 1 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
SD 477 463 252 0.17 0.39 1.28 43 376

Day 7 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 not result in dose-proportional

increase in exposure of azacitidine.

[00220] Methylation PD data in cycles 1 and 2, from blood (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 mg oral 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), Heb (g/dL), ANC (K/uL), and Relative BM Blast (%) 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 Day 1), Platelets

(140 K/ULat both screening and Day 1), ANC (1.46 K/uLat screening and 1.12 K/uL at Day

1), and BM Blast (2%) values at baseline and Day | 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 IWG 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 onsetof 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 SC injection. In contrast, the administration oforal azacitidine starting

with cycle 2 did not result in grade 3 or 4 cytopenias yet still produced an increasein platelets

above the 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 providedherein alter the safety

profile of the cytidine analog.

[00225] Assessment of IWGcriteria for certain patients in the MTD studyis presented

belowin 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 [WG Criteria

IWGAssessment

02004 e Fairly healthy at baseline: hgb (11.1 g/dL Cycle 1, Day 1); PLT (140
K/nL Cycle 1, Day 1); ANC (1.12 K/uL at Cycle 1, Day 1); BM

02007

blasts (2%) values at baseline above normalor close to normal

02008

CR per IWG 2006 (Days 45-98)

02009

Morphologic CR per the IWG AMLcriteria (Diagnosis is MDS)

02011 °
e

HI-P major improvement per IWG 2000 (Days 35-202)

[00226] Immediate release oral formulations comprising azacitidine demonstrated

 
  
  
  
  
  
 

 

 
   

Morphologic CR per the revised IWG AMLcriteria on Days 43-188
and on some other days (ANC=1.89 K/L, but normal at BL=2.99
and 1.68; PLT=314 K/uL; BM=2, but normal at BL=3) (Diagnosis is
CMML)

e HI-P major improvement per IWG 2000 (Days 34-110)

Marrow CR (Days 7-111+) perWG 2006

Marrow CR (Days 7-177+) per [WG 2006
Morphologic CR per the revised IWG AMLcriteria on Day 21
(ANC=1.18 K/L; PLT=119 K/uL, but normal at BL=162 & 194;
BM=3) (Diagnosis is MDS)

 
 
 

 
 

 

 
 

 

  

 

 

  

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] An oral azacitidine clinical study, referred to as the Rapid Aza Clinical Evaluation

(RACE) study (CL008), was performed; a summaryofthe 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, i.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

IPK. Phase (Cycle 1)

Dayar

Day EP

Day GT

IDay 17+1* Oral dose calculated to achieve approximately 80% exposurerelative

Day 19+1* Oral dose calculated to achieve approximately 120% exposure relative
o the 75 mg/m” SC dose up to a maximum dose of1,200 mg.

reatment Phase (Cycles 2 -- 7) .
Days 1-7 Oral dose calculated to achieve approximately 100% exposurerelative

o the 75 mg/m’ SC dose up to a maximum dose of 1,200 mg.
* Dose administered + 1 day, as long at least 48 hours between doses

Nad ®<< —_

 

[00228] Results for Formulation #4: The plasma PK profile 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 administration of 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-cc) (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 0-00) was observed following 180, 360, and 1200 mgoraldoses,

although the increase was not proportional with dose. Following the 1200 mgoral doses,

AUC was approximately 30% of AUC following SC dosing(i.2., 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 respect to,

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 | and 3).

[00232] Comparisons of Formulation Nos. 3, 4, and 6

[00233] Figure 10 compares PKprofiles (using a 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). Theplot illustrates immediate release characteristics of

Formulations #3 and #6, as compared to Formulation #4, which wasenteric coated. Figure

11 provides the same data, plotted on a semi-log scale.

[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 mg azacitidine

administered per patient. Results showedthat azacitidine is absorbed following oral

administration. As described below, particular values were measured and compared,

including AUC values, Cmaxvalues,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 dosedid nottranslate 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 dose translated 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 displaysrelative 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 meanrelative 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 mean relative oral

bioavailability ranging from 11% to 14%.

[00237] Figure 15 displays exposure (% as compared to SC; 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

exposure of less than 8%. At dosage levels less than or equal to 360 mgazacitidine,

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

comparedto 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 F6are also indicated on the plot. Using

those equations, for a selected dose, the expected AUC(0-inf) (ng*hr/ml) were calculated.

Calculated values are provided in Table 12.
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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

240 263 338

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 comparison of azacitidine percentrelative 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%.

[00242] Figure 20 displays a comparison of azacitidine 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 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 with n>1, the mean exposures of Formulation #6 and #3, as

compared to SC, were similar.

G. Example 7

[00243] DNA methylation was employed as a biomarker to monitor responsesin patients

treated with azacitidine in the clinical studies described herein. Analysis was performed with

an Infinium Assay (commercially available from Illumina, Inc., San Diego, California). The

Infinium Assay combined with BeadChips allowslarge-scale interrogation of variations in

the human genome. For example, the Infinitum 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 was used to detect the

presence of T or C by hybridization followed by single-base extension with a labeled

nucleotide. Up to twelve samples were profiled in parallel. Blood and bone marrow samples

were collected and DNA methylation was analyzed in 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), SOCSI, 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 ofpatients tor CDKN2B, SOCS1, CDH1, TP73, and CTNNA1. Differences in

methylation levels between the treatment arms are determined. The OS benefit for cytidine

analog (¢.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 OS in the CCR group (prognostic indicator of good

outcome). The existence and magnitude of any effect is comparedto 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 ofthese 5 genes, and HR of death for methylationis

determined. The frequency of methylation of particular genes allows for examination ofthe

influence of methylation level on OS andtreatmenteffect. For example, for particular genes,

lowerlevels of methylation may be associated with the longest OS andthe greatest OS
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benefit from cytidine analog treatment, compared with the absence of methylation. Influence

of methylation level on OS maybeassessed in each IPSS cytogenetic subgroup (good,

intermediate, and poor). For example, the influence of methylation on OS maybe strongest

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 importantin

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 NSCLC cell 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 (e.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 candidates for

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.e., (1) patients with tumorsthat are surgically resectable; (2) patients with either

locally or regionally advanced lung cancer; or (3) patients with distant metastasesat 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 formulationas 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 fora particular patient using
methods known in theart.

{00252} An association between gene methylation and recurrence of NSCLC tumorsis

knownin the art. See, e.g., M.V. Brocket 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) knownor 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 ofhistone residues that increase

or decrease gene expression. See, e.g., JG. Herman & S.B. Baylin, N. Engi. 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) in the oral formulations

administered during the clinical studies depends, e.g., on the individual characteristics of the

patient, including, infer 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 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 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 numberof cycles, as

disclosed herein. Complete or partial response may require additional treatmentcycles.

Treatment may be continued as 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 ofcancer cells 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 presence of a particular type of ovarian cancer

prior to administration of the oral formulation. In certain clinical studies, patients with a type

of ovarian cancer known or believed to benefit preferentially from cytidine analog (¢.g., 5-

azacytidine) administration may be enrolled. In certain clinical studies, patients having

ovarian cancer are 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 treatment for 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 formulationas 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 canceris known intheart.

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

NYI-4182720v1 -90-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0093

 



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0094

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., compoundsthatinihibit 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 amount of 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 ovarian cancer,

the patient’s age and weight, the patient’s prior treatment regimens, and other variables, as

knowninthe 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 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 numberofcycles,

the dosage maybe increased to increase the beneficial effect, provided such an increase will

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 conductedto 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 cancer cells in patients

having pancreatic cancer). In certain clinical studies, patients are screened priorto

enrollmentfor a particular type of pancreatic cancer prior to administration ofthe oral
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formulation. Cellular classifications of pancreatic cancers are known in the art 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 or intraductal papillary mucinous neoplasm;

mucinouscystic 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(é.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

maybe enrolled. In certain clinical studies, patients having pancreatic cancerare enrolled

without screening for particular pancreatic cancer types. In certain clinical studies, patients

having any type of pancreatic cancerare candidates for treatment with an oral formulation

provided herein. In certain clinical studies, patients may be currently undergoing additional

treatment for pancreatic cancer, including, ¢.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 (¢.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 fora particular patient

using methods known in theart.

[00260] Incertain 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) knownor believed 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 the art

and/or described herein (e.g., entinostat or vorinostat).

[00261] The amount of 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,infer alia, the type, stage, and progression of the 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 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 | 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 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 continuedas 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 ofcancercells in patients

having a colorectal cancer). In certain clinical studies, patients are screened prior to

enrollment for 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(e.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;and others; 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 tumorin the

colon or rectum, 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, colorectal cancer patients

believed to benefit preferentially from cytidine analog (e.g., 5-azacytidine) administration

maybe 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, ¢.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 [V 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 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 et 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 responseto

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 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

moreadditional 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 HDACinhibitors for co-

administration in the clinical studies disclosed herein are known in the art and/or described

herein (e.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 characteristics of 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 theart. In certain clinical studies, potential starting doses may be,e.gz,

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, orgreater than

about 1020 mgofthe cytidine analog(e.g., 5-azacytidine) daily for a specified time period,

e.g., about | 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 maybe increased to increase the beneficial effect, provided such an

increase will 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.
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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.

NYI-4182720v1 - 96 -

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0099

 



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0100

WHATIS CLAIMED IS:

1. A pharmaceutical composition for oral administration comprising a

therapeutically effective amount of5-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, whichis a tablet.

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 enhanceris d-alpha-

tocopheryl polyethylene glycol 1000 succinate.

9, The composition of claim 8, wherein the d-alpha-tocophery! polyethylene

glycol 1000 succinate is present in the formulation at about 2% by weightrelative to the total

weight of the formulation.

10.

inhibitor.

NYI-4182720v1

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
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13. The composition of claim 1, wherein the amount of 5-azacytidine is at least

about 40 mg.

14. The composition of claim 1, wherein the amount of5-azacytidine is at least

about 400 mg.

15. The composition of claim 1, wherein the amountof 5-azacytidincis at least

about 1000 mg.

16. The composition of claim 1, 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 ofclaim 1, which achieves a maximum plasma concentration

ofat 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 methodfor 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

NYI-4182720v1 - 98 -
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releases the 5-azacytidine substantially in the stomach following oral administration to the

subject.

24. The method of claim 23, wherein the disease is myelodysplastic syndrome.

25, The method of claim 23, wherein the disease is acute myelogenous leukemia.

26. The method of claim 23, wherein the disease is non-small-cell lung cancer.

27. The method of claim 23, wherein the disease is ovarian cancer.

28. The method ofclaim 23, wherein the disease is pancreatic cancer.

29. The method of claim 23, wherein the disease is colorectal cancer.

30. The method of claim 23, which results in improved overall survival.

31. The method of claim 23, wherein the method further comprises co-

administering to the subject in need thereof an additional therapeutic agent.

32. The method of claim 23, wherein the composition is an immediate release

composition.

33. The method of claim 23, wherein the composition further comprises a

permeation enhancer.

34. The method of claim 33, wherein the permeation enhanceris d-alpha-

tocopheryl polyethylene glycol 1000 succinate.

35. The method of claim 34, wherein the d-alpha-tocopheryl polyethylene glycol

1000 succinate is presentin the formulation at about 2% by weightrelative to the total weight
of the formulation.  
NY 1-4 182720v1 -99-
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36. The method of claim 23, wherein the method further comprises not co-

administering a cytidine deaminase inhibitor with the cytidine analog.

37. The method ofclaim 23, wherein the composition is a single unit dosage form.

38. The methodofclaim 23, wherein the composition is non-enteric-coated.

39. The method of claim 23, wherein the composition is a tablet.

40. The methodof claim 23, wherein the composition is a capsule.

41. The method of claim 23, wherein the composition further comprises an

excipient selected from mannitol, microcrystalline cellulose, crospovidone, and magnesium
stearate.

42. The method of claim 23, wherein the amount of5-azacytidineis at least about

40 mg.

43, The methodof claim 23, wherein the amount of 5-azacytidineis at least about

400 mg.

44, The methodof claim 23, wherein the amountof 5-azacytidine is at least about

1000 mg.

45. The method of claim 23, which achieves an area-under-the-curve value ofat

least about 200 ng-hr/mL following oral administration to the subject.

46. The methodof claim 23, which achieves an area-under-the-curve value ofat

least about 400 ng-hr/ml. following oral administration to the subject.

47. The method of claim 23, which achieves a maximum plasma concentration of

at least about 100 ng/mL following oral administration to the subject.
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48. The method of claim 23, which achieves a maximum plasma concentration of

at least about 200 ng/mL following oral administration to the subject.

49. The method of claim 23, which achieves a time to maximum plasma

concentration of less than about 180 minutes following oral administration to the subject.

50. The method of claim 23, which achieves a time to maximum plasma

concentration of less than about 90 minutes following oral administration to the subject.

$1. 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.

52. The pharmaceutical composition of claim 51, wherein the amount of 5-

azacytidine is about 40 mg, about 400 mg, or about 1000 mg.

53. The pharmaceutical composition of claim 51, wherein the composition is

prepared to achieve an area-under-the-curve value ofat least about 200 ng-hr/mL or 400 ng-

hr/mL following oral administration.

54. The pharmaceutical composition of claim 51, wherein the compositionis

prepared to achieve a maximumplasmaconcentration ofat least about 100 ng/mL or 200

ng/mL following oral administration.

55. The pharmaceutical composition of claim 51, wherein the composition is

prepared to achieve a time to maximum plasmaconcentration of less than about 60 minutes

or 90 minutes after being administered.

56. The pharmaceutical composition of any one of claims 51 to 55, wherein the

composition is prepared in the form of an immediate release composition.
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57. The pharmaceutical composition of any one of claims 51 to 55, wherein the

composition is prepared for oral administration in combination with an additional therapeutic

agent.

58. The pharmaceutical composition of any one of claims 51 to 55, wherein the

disease or disorder is myelodysplastic syndromeor acute myelogenous leukemia.

59, The pharmaceutical composition of any one of claims 51 to 55, wherein the

composition is a single unit dosage form.

60. The pharmaceutical composition of any one of claims 51 to 55, wherein the

composition is a tablet or a capsule.

6l. The pharmaceutical composition of any one ofclaims 51 to 55, wherein the

composition further comprises an excipient selected from mannitol, microcrystalline

cellulose, crospovidone, and magnesium stearate.

62. Use of 5-azacytidine for the preparation of a pharmaceutical composition for

treating a disease associated with abnormal cell proliferation, wherein the compositionis

preparedfor oral administration, and wherein the composition is prepared for release of the 5-

azacytidine substantially in the stomach.

63. The use of claim 62, wherein the disease is myelodysplastic syndromeor acute

myelogenous leukemia.

64. The use of claim 62, wherein the amount of 5-azacytidine is about 40 mg,

about 400 mg, or about 1000 mg.

65. The use of any one of claims 62 to 64, wherein the composition is prepared for

immediate release.
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ABSTRACT

The present disclosure provides pharmaccutical compositions comprising

cytidine analogs for oral administration, wherein the compositions release the cytidine

analog substantially in the stomach. Also provided are methods oftreating diseases and

disorders using the oral formulations provided herein.
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FIG,2
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FIG,12
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JONES DAY DOCKETNO. 9516-847-999

DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION’

As a below named inventor, I hereby declare that:

Myresidence, post office address and citizenship are as stated below at 201 et seq. beneath my name.

I believe I amthe original, first and sole inventor if only one nameis listed at 201 below,or an original, first and joint inventor if plural names
are listed at 201 et seq. below, of the subject matter which is claimed and for which a patentis sought on the invention entitled
ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

and for which a patent application:
& is attached hereto and includes amendment(s) filed on Gf applicable)
CL] wasfiled in the United States on as Application No. (for dectaration not accompanying application)

with amendment(s) filed on (if applicable)

LJ was filed as PCTinternational Application No. on and was amended under PCTArticle 19 on (it appticable)
 
Thereby authorize and request the attorneys at Jones Day to insert herein parentheses (Application No. filedss) the filing
date and application numberofsaid application when known.

[hereby state that I have reviewed and understand the contents ofthe above identificd application, including the claims, as amended by anyamendmentreferred to above.

I acknowledge the duty to disclose information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations, § 1.56.

[ herebyclaim forcign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application(s) for patent or inventor's
certificate listed below and havealso identified below any foreign application for patent or inventor's certificate having a filing date before that
of the application on whichpriority is claimed:

 
 

 
 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION
DATEOF FILING

APPLICATION NUMBER COUNTRY (day, month, year PRIORITY CLAIMED

aC==
aC=

I hereby claim the benefit under Title 35, United States Code, §119(e) of any United States provisional application(s) listed below.

61/053,609 May15, 2008

61/201,145

 

 

  

 

 

 
 

    

  

 

   
 

 
 December5, 2008  

 61/157,875 March 5, 2009  

[hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed helow and, insofar as the subject
matter of cach ofthe claimsofthis application is not disclosed in the prior United States application in the manner provided bythefirst
paragraph of Title 35, United States Code §112. | acknowledge the duty to disclose information known to me which is material to patentability
as defined in Title 37, Code of Federal Regulations, $1.56 which becameavailable between the filing date of the prior application and the
national or PCTinternational filing date of this application:

  
 

NON-PROVISIONAL
APPLICATION SERIAL NO.

STATUS 

 
FILING DATE

 PATENTED PENDING ABANDONED  

   

 
 
*”

For use only when the application is assigned to a company, partnership or other organization.
NY1-4!82760v1 (1)
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L hereby declare that all statements made herein of my own knowledge are true andthat all statements made on information andbelief are
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issuing thereon.

oN

woh

ON

Ww

A&

JONES DAY DOCKETNO.9516-847-999

OF INVENTOR|Etter Jeffrey B.

CITIZENSHIP Boulder co USA
STREET cITy STATE OR COUNTRY ZIP CODE

1318 Deer Trail Road Boulder CO 80302
 
 

  
  

 

 
 

 

 
  

POST OFFICE
ADDRESS

 
SIGNATURE OF INVENTOR 291 DATE

OF INVENTOR|Lai Mei

Cressi | Lo
CITIZENSHIP Longmont co USA

CiTy STATE OR COUNTRY AIP CODE

Longmont co 80504

FUI L NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR|Backstrom Jay Thomas

RESIDENCE & CITY STATE OR FORFIGN COUNTRY COUNTRY OF CITIZENSELIP
CITIZENSHIP Leawood KS USA

STREET CITY STATE OR COUNTRY ZIP CODE

15400 Aberdeen Leawood KS 66224

SIGNATURE OF INVENTOR203 DATE

FULL NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR

RE SIDENCE & CITY STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
CITIZENSHIP

STREET city STATE OR COUNTRY|ZIP CODE
POST OFFICE
ADDRESS :

—

FIRST NAME MIDDLE NAME

 
  
  

STRELY

1038 NeonForest Circle  
 

POST OFFICE
ADDRESS

SIGNATURE OF INVENTOR 202

   
 

POST OFFICE
ADDRESS  

 

 

  
 

   
 LAST NAME,

FULL NAME
OF INVENTOR  

STATE OR FOREIGN COUNTRY COUNTRY OFCItIZFENSHIP
RESIDENCE&
CITIZENSHIP  

city STATE OR COUNTRY|ZIP CODE
POST OFFICE
ADDRESS

 
 

SIGNATURE OF INVENTOR205 DATE

  

NYE-4182760v1 (2)
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Electronic Patent Application Fee Transmittal

ORAL FORMULATIONSOF CYTIDINE ANALOGS AND METHODSOF USE

Title of Invention: THEREOF

First Named Inventor/Applicant Name: Jeffrey B. Etter 

Filer: Anthony M. Insogna/Rochelle Flowers

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Sub-Totalin

USD($)

Independentclaimsin excess of 3

Description Fee Code Quantity

Multiple dependentclaims 
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Sub-Totalin

USD($)Description Fee Code Quantity Amount
 

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
 

Extension-of-Time:

Total in USD (S$) 5392
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Electronic Acknowledgement Receipt 

5338259

Confirmation Number: 

ORAL FORMULATIONSOF CYTIDINE ANALOGS AND METHODSOF USE

Title of Invention: THEREOF

 

First Named Inventor/Applicant Name: Jeffrey B. Etter

Customer Number: 84802

reAnthony a Insogna/Rochells Flowers
Filer Authorized By: Anthony M. Insogna 

Attorney Docket Number: 9516-847-999

Time Stamp: 18:00:02

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Submitted with Payment

Payment Type Deposit Account 

Payment was successfully received in RAM $5392

Deposit Account 503013

TheDirector of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

Document

Number DocumentDescription

Transmittal of New Application

File Size(Bytes)/ Multi Pages
Message Digest|Part/.zip| (if appl.)

63255
Utility_Application_Transmittal

.pdf OfcOac800d9233828731500517f45d103cd
b4347
 

Warnings:   Specification

Abstract

Patent_Application_Fee_Trans
mittal.pdf db0cl2e175b2b104b8b8e5 14217<94245e|

73b6f3

914998b919241474949e4fc2dd 397dba

DocumentDescription

Information:

Drawings-only black and white line
drawings

Information:

762874

Drawings.pdf 72b4a6U 01 [6e10482dc579¢19 fy 560258461
asf

 

Oath or Declarationfiled

Warnings:

Declaration_unexecuted.pdf 8fd5d8ddd463ab44eb0d 1dbce476a39eb6|
aedbab

 
Information:

Fee Worksheet (PTO-875)

Warnings:

 
39685

fee-info.pdf ec4f65800596891b769¢4003 95 cf976d4cca
52at

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0132



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0133

Information:

Total Files Size (in bytes) 6273589 

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submissionto enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

NewInternational Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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DocCode - SCORE

SCOREPlaceholder Sheet for IFW Content

Application Number: 12466213 Document Date: 5/14/2009

The presence of this form in the IFW record indicates that the following document type wasreceived in
electronic format on the date identified above. This content is stored in the SCORE database.

e Drawings — Other than Black and White Line Drawings

Since this was an electronic submission,there is no physicalartifact folder, no artifact folder is recorded in

PALM,and no paper documentsor physical media exist. The TIFF imagesin the IFW record were created
from the original documentsthat are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: February 8, 2006
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UNITED STATES PATENT AND TRADEMARK OFFICE TUNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSPC. Box 1450

Alexandria, Virgnia 22313-1450www.uspto.gov
 

  APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO/TITLE

12/466,213 05/14/2009 Jeffrey B. Etter 9516-847-999
CONFIRMATION NO.5370

20583 FORMALITIES LETTER
JONES DAY

222 EAST 41ST ST MTAAAAA000000036112195
NEW YORK,NY 10017

Date Mailed: 05/28/2009

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number andfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfram the date of this Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extensian fee under the provisions of 37 CFR 1.136(a).

«The oath or declaration is unsigned.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

« Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

* Numbers, letters, and reference characters on the drawings must measureat least 0.32 cm (1/8 inch) in
height. See Figure(s) Fig 4 to 6.

«The drawings submitted to the Office are not electronically reproducible because portions of figures Fig 1
and 3 are missing and/orblurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page countto
exceed 100 pages.If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

The applicant needs to satisfy supplemental fees problemsindicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

«To avoid abandonment, a surcharge (for late submissionoffiling fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.16(f) of $130 for a non-small entity, must be submitted with the missing
items identified in this notice.

SUMMARYOF FEES DUE:

Total additional fee(s) required for this application is $130 for a non-small entity
* $130 Surcharge.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents
P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/Awww.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copyofthis notice.

/tlulu/

 

Office of Data Management, Application Assistance Unit (571) 272-4000,or (571) 272-4200, or 1-888-786-0101
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UNITED Stares PATENT AND TRADEMARK OFFICE TNITED STATES DEPARTMENT OF COMMERCE
United States Patent and‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450www.uspto.gov
APPLICATION FILINGor GRP AR’

NUMBER 371 (¢) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO [TOT CLAIMS§IND CLAIMS

 
 

12/466,213 05/14/2009 1614 5392 9516-847-999 CONFIRMATION NO."5370
20583 FILING RECEIPT
JONES DAY

222 EAST 41ST ST IAEAEA000000036112 150
NEW YORK, NY 10017

Date Mailed: 05/28/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy ofthis Filing Receipt with the
changesnotedthereon.If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Jeffrey B. Etter, Boulder, CO;
Mei Lai, Longmont, CO;
Jay Thomas Backstrom, Leawood, KS;

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This applin claims benefit of 61/053,609 05/15/2008
and claims benefit of 61/157,875 03/05/2009
and claims benefit of 61/201,145 12/05/2008

Foreign Applications

If Required, Foreign Filing License Granted: 05/21/2009

The country code and numberof your priority application, to be usedforfiling abroad under the Paris Convention,
is US 12/466,213

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

Early Publication Request: No
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Title

ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies thefiling
of patent applications on the same invention in membercountries, but does notresult in a grant of "an international
patent" and doesnot eliminate the need of applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patentin a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Governmentwebsite, http:/Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be usedat any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (81 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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PTO/SB/06 (12-04)
Filing Date: 05/14/09 Approvedfor use through 7/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 1 2/466 2 1 3

APPLICATION AS FILED - PART | OTHER THAN
(Column1) (Column 2) SMALL ENTITY OR SMALL ENTITY

BASIC FEE N/A(37 CFR 1.16(a), (b), or (c))

195

  
  RATE(8)

NIA
FEE($)

    
N/A

N/A

N/A

N/A N/A

71
OR x$52 

 
  

 

TTSEARCH FEE

EXAMINATION FEE N/A f(37 CFR 1.16(0), (p), or (q))

1m eeee
on aeINDEPENDENTCLAIMS|4nus3.-(37 CFR 1,16(h)) minus 3

If the specification and drawings exceed 100
sheets of paper, the application size fee due is
$270 ($135 for small entity) for each additional
50 sheets orfraction thereof, See
35 U.S.C. 41(a)(1)(G) and 37 CFR

 

 
  

APPLICATIONSIZE
FEE
(37 CFR 1.16(s))

 

  

TOTAL CLAIMS 9(37 CFR 1.16(i)) - minus 20 =

   MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))|195 390
* If the difference in column 1 is less than zero, enter "0" in column 2, TOTAL TOTAL

APPLICATION AS AMENDED — PART Nl OTHER THAN

 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY

  
 

 

     

 
   

     
    

 

CLAIMS HIGHEST
REMAINING NUMBER PRESENT

< AFTER PREVIOUSLY EXTRA RATE($} RATE(8)
5 AMENDMENT PAID FOR
w Total OR

&|a7 cer 1.180)
2{|Independent
¥ (37 CFR 41.16(h)) OR
< [Application Size Fee (37 CFR 1.16(s)) PF Fs

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j)) OR N/A

TOTAL TOTAL
ADD'T FEE OR ADD'T FEE

(Column 1) (Column 2) (Column 3) OR
CLAIMS HIGHEST

REMAINING NUMBER PRESENT
o AFTER PREVIOUSLY EXTRA RATE($) RATE(8)
5 AMENDMENT PAID FOR
= Total OR©|(37 CFR 1.16)

& [Independent
[97 CFR 1.16(h)) OR

< [Application Size Fee (37 CFR 1.16(s)) Ys |
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR N/A

TOTAL TOTAL
ADD'T FEE OR  ADD'T FEE 

 * Ifthe entry in column 1 is less than the entry in column2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

“* Ifthe “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter °3”.
(ne "Highest Number Freviously Paid For (1 otal or Independent) ts the highest numbertound in the appropnate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain orretain a benefit by the public whichis to file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTOTHIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 
    

if you need assistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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ELECTRONIC FILING

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Jeffrey B. Etter et al. Confirmation No.: 5370

Serial No.: 12/466,213 Art Unit: 1614

Filed: May 14, 2009 Examiner: To Be Assigned

For; ORAL FORMULATIONS OF CYTIDINE ANALOGS Attorney Docket No.: 9516-847-999
AND METHODSOF USE THEREOF (501872-999847)

RESPONSETO NOTICETO FILE MISSING PARTS
OF NON-PROVISIONAL APPLICATION FILED UNDER 37 CFR 1.53(b)

Mail Stop Missing Parts
Commissionerfor Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In response to the Notice To File Missing Parts of Non-Provisional Application dated
May28, 2009,(hereinatier, "the Notice"), a copy of whichis enclosed herewith, Applicants
submit: (1) a copy of the Declaration executed by the inventors (3 counterparts); (2)
replacement drawings in compliance with 37 CFR §§ 1.84 and CFR 1.121(d) (23 sheets); and
(3) the required fee.

It is respectfully submitted that the replacement drawings contain no new matter.
Examination is respectfully requested.

It is estimated that a fee of $130 is required for filing this Response. Please charge
any required fee to Jones Day Deposit Account No. 50-3013.

Respectfully submitted,

Date: July 21, 2009 foe: Athens Mp ha.
drew V. Trask (Reg. No. 59,239)

Jor Anthony M. Insogna (Reg. No. 35,203)
JONES DAY

222 East 41st Street

New York, New York 10017-6702
(212) 326-3939

NY1I-4200302v1
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DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION”

As a below named inventor, | hereby declare that:

Myresidence, postoffice address and citizenship are as stated below at 20! et seg. beneath my name.

I believe [ am the original, first and sole inventor ifonly one nameislisted at 20] below, or an original, first and joint inventor if plural names
are listed at 201 et seq. below,of the subject matter which is claimed and for wh ich a patentis sought on the invention entitled
ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

and for which a patent application:

{is attached hereto and includes amendment(s) filed on Grapplicabley
C) wasfiled in the United States on as Application No. (for declaration not accompanying application)

with amendment(s) filed on Gf appticebiep

Cl owas filed as PCTinternational Application No. on and was amended under PCT Articie 19 on (if applicable)
| hereby authorize and request the attorneys at Jones Day to insert herein parentheses (Application No. filed ) the filingdate and application numberofsaid application when known.

I hereby state that I have reviewed and understand the contents ofthe above identified application, including the claims, as amended by anyamendmentreferred to above.

acknowledge the duty to disclose information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations, §1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application(s) for patent or inventor's
certificate listed below and havealso identified below any foreign application for patent or inventor's certificate havingafiling date before that
of the application on which priority is claimed:

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION
DATEOF FILING

COUNTRY day, month, yearAPPLICATION NUMBER PRIORITY CLAIMED

Thereby claim the bencfit under Title 35, United States Code. §119(¢) of any United States provisional application(s) listed below.

61/053,609 May15, 2008

  
  
     

 

  
  
 

paragraphofTitle 35, Linited States Code 8112. 1 acknowledge the duty to disclose information known to me which is material to patentability
as defined in Title 37, Code of Federal Regulations, §1.56 which became avatlable between the filing date ofthe prior application and the
national or PCT international filing date of this application:

NON-PROVISIONAL STATUSAPPLICATION SERIAL NO.

PENDING i ABANDONED

   
For use only when the application is assigned to a company, partnership or other organization.
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Thereby declare that all statements made herein of my own knowledge are truc and thatall statements made on information and belief are
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Scction 1001 of Title 18 of the United States Code and that such willful false statements may
jcopardize the validity of the application or any patent issuing thereon.

 

 
 
 

 
 
 
 

FULL NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR|Etter Jeffrey B.

aeSIDENCE& powercommeOR FOREIGN COUNTRY COUNTRY Of CITIZENSHIPcir’aepower
POST OFFICE STATE OR COUNTRY}ZIP CODEADDRESS t318 Deer Trai} Road Boulder 80302

SHONATURE OF INVENTOR 20!

FIRST NAME

Mei

 
 
 
 MIDDLE NAME
 
 
 

 FULL NAME LAST NAME
OF INVENTOR|Lai

RESIDENCE &|TY

CITIZENSHIP =—
POST OFFICE STATE ORCOUNTRY|ZIPCODEADDRESS 1038 Neon Forest Circle Longmont 80504

SIGNATURE OF INVENTOR 202

  

comFOREIGN COUNTRY COUNTRY OF CHITZENSHIP 

 
 

 
FIRST NAME MIDDLE NAME

 
 
 

FULL NAME LAST NAME
OF INVENTOR|Backstrom Thomas

RESIDENCE & STATE OR FOREIGN COUNTRY COUNTRYOF CITIZENSHIPaiSTATE GR COUNTRY ZIP CODE

SIGNATURE OF INVENTOR 203

FULL NAME LAST NAME
OF INVENTOR.

 
MIDDLE NAME

 
COUNTEY OF CITIZENSHIP 

 
 

STATE OR FOREIGN COUNTRY  
at&at

STATE OR COUNTRY|71P Cong
POST OFFICE
ADDRESS

SIGNATURE OF INVENTOR 24

FULL NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR

RESIDENCE & STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
CITIZENSHIP

STREET CIty STATE OR COUNTRY ZIP CODE
wen

POST OFFICE

| ADDRESS   
SIGNATURE OF INVENTOR 205 DATE
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DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION’

As a below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below at 201 ct seq. beneath my name.

I believe { am the original, first and sole inventorifonly one nameis listed at 201 below,or an original, first and joint inventorifplural names
are listed at 201 et seq. below,of the subject matter which is claimed and for which a patentis sought on the invention entitled
ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

and for which a patent application:

BY_is attached hereto and includes amendment(s) filed on (iFapplicable)
(was filed in the United States on as Application No. (for declaration not accompanying application)

with amendment(s) filed on Grappiicabie)

CI] was filed as PCT international Application No. on and was amended under PCT Article 19 on (fappticable)
| hereby authorize and requestthe attorneys at Jones Dayto insert herein parentheses (Application No. filed ) the filing
date and application number ofsaid application when known.

[herebystate that I have reviewed and understand the contents of the above identified application, including the claims, as amended by anyamendment referred to above. :

| acknowledge the duty to disclose information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations,§1.56.

1 hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application(s) for patent or inventor's
certificate listed below and havealso identified below any foreign application for patent or inventor's certificate havingafiling date before that
ofthe application on which priority is claimed:

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION
DATE OF FILING

APPLICATION NUMBER day, month, year

 

 
 
 

 COUNTRY PRIORITY CLAIMED

Fro
Thereby claim the benefit under Title 35, United States Code, §1 19(€) of any United States provisional application(s) listed below.

61/053,609 May 15, 2008

  
 

 

    

 
 

  
  
 

I hereby claim the benefit under Title 35, United States Code, §120 ofany United States application(s)listed below and, insofar as the subject
matter of each ofthe claims ofthis application is not disclosed in the prior United States application in the manner provided by thefirst
paragraphofTitle 35, United States Code §112. [ acknowledge the duty to disclose information known to me which is material to patentability
as defined in Title 37, Code of Federai Regulations, $1.56 which becameavailable between the filing date of the prior application and the
national or PCT intemationalfiling date of this application:

NON-PROVISIONAL
APPLICATION SERIAL NO, 
For use only when the application is assigned to a company, partnership or other organization.
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   Ll hereby declare that all statements made herein of my own knowledgeare true and that all statements made on information andbeliefare
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 of the United States Code andthat such willful false statements may
jeopardize the validity of the application or any patent issuing thereon.

FULL NAME LAST NAME FIRST NAME MIDDLE NAME

OF INVENTOR|Etter Jeffrey

RESIDENCE & STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIPCITIZENSHIP Boulder co
1 STREET cITy STATE ORC Yv ZF CODEPOSTOFFICE|(318 Deer Trail Road Boulder ae|soe

—FULL NAME aesFIRST NAME MIDDLE NAMEOF INVENTOR e—————RESIDENCE & STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSEOPCITIZENSHIP fimo|
STATEco|country|zp coneaonRess 1038 Neon Forest Cirele Longmont co|sao

SIGNATURE OF INVENTOR 202

FULL NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR|Backstrom Thomas

RESIDENCE & ary STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
CITIZENSHIP Leawood

OST OFFI STATE OR COUNTRY|ZIPCODEDRESSFICE 15400 Aberdeen 66224

_— =
FULL NAME LAST NAME FIRST NAME
OF INVENTOR

RESIDENCE & emerOR FOREIGN COUNTRY COUNTRY OF CITIZENSHIPCITIZENSHIP

STATE OR COUNTR:
POST OFFICE ‘ounTRY|ap CODE
ADDRESS

—_FULL NAME LAST NAME FIRST NAME
OF INVENTOR

RESIDENCE & STATE OR FOREKGNPmeemenowmy COUNTRY OF CITIZENSTUPCITIZENSHIP

POST OFFICE STATE GRCOUNTRY[ZIP CODE
ADDRESSee
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DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION

As a below namedinventor, | hereby declare that:

Myresidence, post office address and citizenship are as stated below at 261 et seq, beneath my name.

T beheve I am the original, first and sole inventorifonly one nameis listed at 201 below, or an original, first and joint inventor if plural names
are histed at 201 et seq. below, of the subject matter which is claimed and for which a patent is sought on the invention entitled
ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODSOF USE THEREOF

and for which a patent application:

BY ig attached hereto and includes amendment(s} filed on df applicable)
[was filed in the United States on as Application No. (or deciaration not accompanymg application)

with amendment(s)fiied on (if sppiiesbie)

[2 was filed as PCT intemational Application No. on and was amended under PCTArticle 19 on. fit eppticabie)
] herebyauthorize and request the attorneys at Jones Dayto insert herein parentheses (Application No. filed ) the filingdate and application number ofsaid application when known.

[ hereby state that have reviewed and understand the contents af the above identified application, including the claims, as amended by anyamendment referred to above. :

] acknowledge the duty to disclose information known to me to be matertai to patentability as defined in Title 37, Code ofFederalRegulations, § 1.56,

Thereby ctaim foreign priority benefits under Title 35, United States Code, §119(a)}-(d) of any foreign application(s) for patent or inventors
certificate listed belowand have also identified below any foreign application for patent or inventor's certificate having a filing date before thatof the application on whichpriority is claimed:

 
 

 

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION
DATEOF FILING

APPLICATION NUMBER COUNTRY (day, month, year) PRIORITY CLAIMED

[hereby claim the benefit under Title 35, United States Code, §119(e) of any United States provisional application(s) listed below.

 
 

  
 

  
  

  PROVISIONAL APPLICATION NUMBER, FILING DATE
61/053,609 | May15, 2008 
  

 
61/201 145 December 5, 2008

I hereby claim the benefit under Title 35, United States Code. §126 of any United States application(s) listed below and, insofar as the subject
matter of each ofthe claims ofthis application is not disclosed in the prior United States application in the manner provided bythe first
paragraph ofTitle 35, United States Code 8112. [ acknowledge the dutyto disclase information known to me which is material to patentability
as defined in Title 37, Code of Federal Regulations, $1.56 which becameavailable between the filing date of the prior application and thenational or PCTinternational filing date ofthis application:

| |
NON-PROVISIONAL : ; Tr : STATUSAPPLICATION SERIAL NO. FILING DATE [a{ !  

 
Foruse only when the application is assigned to a company. partnership or other organization.
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hereby declare that all statements made herein of my own knowledgeare true andthatall statements made on information and belief are
believed to be truce; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishabie by fine or imprisonment, or both, under Section 100] of Title 18 of the United States Code and that such willful false starements may
jeopardize the validity of the application or any patentissuing thereon.

i

 

    
 

  
 

  
   
  

FULL NAME LAST MAME FIRST NAME MIDDLE NAME

OF INVENTOR|Etter Jeffrey B.

2 RESIDENCE &|OT STATE UR FOREIGN COUNTRY COUNTRY OF CINZENSHIP
CITIZENSHIP Boulder co USA

STREET cry { STATEOR COUNTRY|ZIP CODE

sDpReee| 1318 Deer Trail Road Boulder | co 80302
. —-

SHGNATURE OF INVENTOR Z0i : DATEi

FULL NAME LAST NAME FIRST NAME | MUDDLE NAME
OF INVENTORjLai Mei |

2 RESIDENCE &|ov | STATE-OR FOREIGN COUNTRY COUNTRYOF CITTZENSHIP
8 CITIZENSHIP|Longmont co USA

; | POST OFFICE STREET . crry STATEORCOUNTRY|Z{P CODE
ADDRESS 1038 Neon Forest Circle Longmont co $0504

SIGNATURE OF INVENTOR 262 DATE

FULL NAME LAST NAME | PIRST NAME MIDDLE NAME |
OF INVENTOR|Backstrom | Jay Thomas

CITIZENSHIP|Leawood KS USA

POSTOFFICE|eye en STATE GE COUNTRY|ZIP CODE
ADDRESS 15400 Aberdeen Leawood | KS | 66224

SKONATURE OF INVENTOR205 DATE

0).O84, (S Mag doo
FULL NAME BAST NSME FIRST NAME MIDDLE NAME

2 RESIDENCE @|CMY | STATE OR FOREIGN COUNTRY COUNTRYOF CITIZENSHIP
i CITIZENSHIP |

ADDRESS

SIGNATURE OF INVENTOR 704 DATE

FULL NAME

OF INVENTOR |

2 | RESIDENCE & | OY STATE. OR FOREIGN COUNTRY COUNTRYOF CITIZENSHIP

| ° | CITIZENSHIP |

- /postoreice | ™ nnee| ADDRESS
SIGNATURE OF INVENTOR 295 | DATE :
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Electronic Patent Application Fee Transmittal

Filing Date: 14-May-2009

ORAL FORMULATIONSOF CYTIDINE ANALOGS AND METHODSOF USE

Title of Invention: THEREOF

First Named Inventor/Applicant Name: Jeffrey B. Etter 

Filer: Anthony M. Insogna/Rochelle Flowers

Attorney Docket Number: 9516-847-999

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Basic Filing:

Pages:

Claims:
 

Miscellaneous-Filing:

Late filing fee for oath or declaration 1 130 130 

Petition:
 

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Totalin

Description Fee Code Quantity USD($) 

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt 

5741733

Confirmation Number: 

ORAL FORMULATIONSOF CYTIDINE ANALOGS AND METHODSOF USE

Title of Invention: THEREOF

 

First Named Inventor/Applicant Name: Jeffrey B. Etter

Customer Number: 20583

reAnthony a Insogna/Rochells Flowers
Filer Authorized By: Anthony M. Insogna 

Attorney Docket Number: 9516-847-999

Filing Date: 14-MAY-2009

Time Stamp: 15:42:05

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Submitted with Payment

Payment Type Deposit Account 

Payment was successfully received in RAM $130

Deposit Account 503013

TheDirector of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

31844
Applicant Response to Pre-Exam Response_to_Notice_to_File_

Formalities Notice Missing_Parts.pdf 17aa7a4ddbcd2<354bbfd50c41028f11 fda:
8d60

Warnings:

312074

Oath or Declarationfiled Declaration.pdf 4968 1a2b2df08al 0c 15b03f3889fchd 7eee}
of97

«

 
Information:

2353300
Drawings-only black and white line

drawings Replacement_drawings.pdf 75947ef6a5B849a2890 150f90331650b211

 
Fee Worksheet (PTO-875) fee-info.pdf

feb

4 .

£51 1b2ff795d53c9fbb992ee84ad 1 3ad5 194}
90a3

Information: 

Total Files Size (in bytes} 2727328 

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfor a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and ofthe InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED Stares PATENT AND TRADEMARK OFFICE TNITED STATES DEPARTMENT OF COMMERCE
United States Patent and‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450www.uspto.gov
APPLICATION FILINGor GRP AR’

NUMBER 371 (¢) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO [TOT CLAIMS§IND CLAIMS

 
 

12/466,213 05/14/2009 1614 5522 9516-847-999 CONFIRMATION NO."5370
20583 UPDATED FILING RECEIPT
JONES DAY

222 EAST 41ST ST IAEAA(000000037079835
NEW YORK, NY 10017

Date Mailed: 07/28/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy ofthis Filing Receipt with the
changesnotedthereon.If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Jeffrey B. Etter, Boulder, CO;
Mei Lai, Longmont, CO;
Jay Thomas Backstrom, Leawood, KS;

Powerof Attorney: None

Domestic Priority data as claimed by applicant
This applin claims benefit of 61/053,609 05/15/2008
and claims benefit of 61/157,875 03/05/2009
and claims benefit of 61/201,145 12/05/2008

Foreign Applications

If Required, Foreign Filing License Granted: 05/21/2009

The country code and numberof your priority application, to be usedforfiling abroad under the Paris Convention,
is US 12/466,213

Projected Publication Date: 11/19/2009

Non-Publication Request: No

Early Publication Request: No
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Title

ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies thefiling
of patent applications on the same invention in membercountries, but does notresult in a grant of "an international
patent" and doesnot eliminate the need of applicantsto file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordancewithits particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patentin a foreign country. Thefiling of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance asto the status of applicant's license for foreignfiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199,orit
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Governmentwebsite, http:/Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on howto protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184,if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and may be usedat any time onorafter the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s)filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Departmentof
Treasury (81 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted atthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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DocCode - SCORE

SCOREPlaceholder Sheet for IFW Content

Application Number: 12466213 Document Date: 7/21/2009

The presence ofthis form in theIFW record indicates that the following documenttype was receivedin
electronic formaton the date identified above. This content is stored in the SCORE database.

e Drawings — Other than Black and White Line Drawings

Since this was an electronic submission,there is no physical artifact folder, no artifact folder is recorded in
PALM,and no paper documentsor physical media exist. The TIFF images in the IFW record were created
from the original documentsthatare stored in SCORE.

To access the documents in the SCORE database,refer to instructions developed by SIRA.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDANinterface.
© Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: February 8, 2006
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ELECTRONIC FILING

PTO/SB/96 (09-04)
Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Celgene Corporation

Application No./Patent No.:|12/466,213 Filed/Issue Date:|May 14, 2009

Entitled:|ORAL FORMULATIONS OF CYTIDINE ANALOGS AND METHODS OF USE THEREOF

Celgene Corporation 1 | a|corporation
(Nameof Assignee) (Type of Assignes, e.g., corporation, partnership, university, government agency,etc.)

 

%

An assignmentfrom the inventor(s) of the patent application/patent identified above. The assignment was
recorded in the United States Patent and Trademark Office at Reel 022983, Frame 0961, or for which a

thereof is attached.

A chain oftitle from the inventor(s), of the patent application/patent identified above, to the current
assignee as shownbelow:

To:
The document was recordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copythereofis attached.
From: To:

The documentwasrecordedin the United States Patent and Trademark Office at

Reel , Frame or for which a copy thereofis attached.
From: To:

The document wasrecordedin the United States Patent and Trademark Office at

Reel , Frame , or for which a copythereofis attached.

 

 
Additional documents in the chain oftitle are listed on a supplemental sheet.

Copies of assignments or other documents in the chain oftitle are attached.

[NOTE:A separate copy(/.e., the original assignment documentor a true copyof the
original document) must be submitted to AssignmentDivision in accordance with 37 CFR
Part 3, if the assignmentis to be recorded in the records of the USPTO. See MPEP 02.08]

joned (whosetitle is supplied below) is authorized to act on behalf of the assignee.if

||AR—fov:Anthonyf-lnsogna||OSAtpoeoq
P|7SignatufePte

Andrew V. Trask 212-326-3939

for Anthony M. Insogna Reg. No. 35,203 Telephone Number
Printed or T

Title: Agent Reg. No. 59,239
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public whichis to file (and by the
USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

 

 
{f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

NYI- 4205761v1
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PTO/SB/80 (11-08)
Approvedfor use through 11/30/2011. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unless it displays a valid OMB control number.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revokeall previous powersof attorney given in the application identified in the attached statement under
37 CFR 3.73(b).

| hereby appoint:

Practitioners associated with the Customer Number: 84802
OR

[] Practitioner(s) named below(if more than ten patentpractitioners are to be named, then a customer number must be used):

  
  

  
  Y Registation

RBar
Name

  
   
 

 

 
 

as attorney(s) or agent(s) fo represent the undersigned before the United States Patent and Trademark Office (USPTO)in connection with
any and ail patent applications assigned only to the undersigned according to the USPTO assignment records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).  

  Please change the correspondence addressfor the application identified in the attached statement under 37 CFR 3.73(b) to:

 
 
 

 
 

The address associated with Customer Number:

OR
Firm or
Individual Name

A6
A

Assignee Name and Address:

Celgene Corporation
86 Morris Avenue

Summit, New Jersey 07901

  
 
 

 
 

  
  

  
A copyofthis form, together with a statement under 37 CFR 3.73(b) (Form PTO/SB/96 or equivaient) is required to be
filed in each application In which this form is used. The statement under 37 CFR 3.73(b) may be completed by one of
the practitioners appointed in this form if the appointed practitioner is authorized to act on behalf of the assignee,
and mustidentify the application in which this Power of Attorney Is to befiled.

SIGNATUREof Assignee of Record
The individual whose signature and title is supplied belowis authorized to act on behalf of the assignee

sonawe|PIRFTeh 2 2
name fCS Rofert J. Hugin Telephons 908-673-9000
Title Chief Operating Officer and President

fila (andThis collection ofinformation is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public whichis to
by the USPTOto process) an application. Confidentiality is govered by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending uponthe individual case. Any
comments on the amountof time you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

    
 

 
 

 
 

ifyou need assistance in completing the form, call 1-800-PTO-9199 and select aption 2.
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Electronic Acknowledgement Receipt 

5834490

Confirmation Number: 

ORAL FORMULATIONSOF CYTIDINE ANALOGS AND METHODSOF USE

Title of Invention: THEREOF

 

First Named Inventor/Applicant Name: Jeffrey B. Etter

Customer Number: 20583

reAnthony a Insogna/Rochells Flowers
Filer Authorized By: Anthony M. Insogna 

Attorney Docket Number: 9516-847-999

Filing Date: 14-MAY-2009

Time Stamp: 16:01:47

 
 

Application Type: Utility under 35 USC 111(a) 

Paymentinformation:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

135337

Powerof Attorney POA_w_373b_statement.pdf d81feb8a3e20d7d56c1 92be1c3a51616/cta
fedb

i e
Information:
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Total Files Size (in bytes) 135337 
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Attomey Docket: PHAR.OS/PCT

COLON-TARGETED ORAL FORMULATIONS OF CYTIDINE ANALOGS

BACKGROUND OF THE INVENTION

(0001) Cellular proliferative disorders are responsible for numerousdiseases resulting in

major morbidity and mortality and have been intensively investigated for decades. Cancer nowis

the second leading cause of death in the United States, and over 500,000 people die annually

from this proliferative disorder.

[0002] Nucleoside analogs have been used clinically for the treatment of viral infections

andproliferative disorders for decades. Most of the nucleoside analog drugsare classified as

antimetabolites. After they enter cells, nucleoside analogs are successively phosphorylated to

nucleoside 5'-monophosphates, 5’-diphosphates, and 5'-triphosphates. In most cases, nucleoside

triphosphates are the chemicalentities that inhibit DNA or RNA synthesis, either through a

competitive inhibition of polymerases or through incorporation of modified nucleotides into

DNAor RNAsequences. Nucleosides mayact also as their diphosphates.

[0003] 5-Azacytidine (also knownas azacitidine and 4-amino-1-B-D-ribofuranosyl-1 ,3,5-

triazin-2(1H)-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 etal., J. Clin. Oncol. 20(10): 2441-2452 (2002) and Silvermanetal., J.

Clin. Oncol. 20(10): 2429-2440 (2002). 5-Azacytidine may be defined as having a molecular

formula of CsHi2N4Os, a relative molecular weight of 244.21 and a structure of:
IH

A
LA

 
[0004]

Petitioner Apotex Exhibit 1022-0189
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[0005] Azacitidine (also referred to herein as 5-azacytidine herein) is a nucleoside

analog, more specifically a cytidine analog. 5-azacytidine is an antagonist ofits related natural

nucleoside, cytidine. 5-azacytidine, as well as decitabine,i.e., 5-aza-2’-deoxycytidine, are

antagonists of decitabine’s related natural nucleoside, deoxycytidine. The only structural

difference betweenthe analogs andtheir related natural nucleosides is the presenceofnitrogenat

position 5 of the cytosinering in place of oxygen.

[0006] Other membersofthe class of deoxycytidine and cytidine analogs include

arabinosylcytosine (Cytarabine), 2'-deoxy-2',2'-difluorocytidine (Gemcitabine), 5-aza-2’-

deoxycytidine (Decitabine), 2(1H) pyrimidine riboside (Zebularine), 2’ ,3’-dideoxy-5-fluoro-

3° thiac ytidine (Emtriva), N*-pentyloxycarbonyl-5 ’-deoxy-5-fluorocytidine (Capecitabine), 2’-

cyclocytidine, arabinofuanosyl-5-azacytidine, dihydro-5-azacytidine, N*-octadecyl-cytarabine,

elaidic acid cytarabine, and cytosine |-B-D-arabinofuranoside (ara-C).

[0007] In general, oral delivery of members of this class of compoundshas proven

difficult due to combinations of chemical instability, enzymatic instability, and/or poortissue

permeability. For example, these compounds are knownto be acid labile and thus unstable in the

acidic gastric environment.In the case of 5-azacytidine, ara-C, decitabine and gemcitabine, an

enzyme thoughtto be responsible for a significant portion of drug metabolism is cytidine

deaminase. Strategies to improvetheoral bioavailability of this drug class have included the use

ofprodrugs to modify chemical and enzymatic instability, and/or the use of enzymatic inhibitors.

[0008] For example, DeSimoneet al describe the ability of 5-azacytidine to induce fetal

hemoglobin production in baboons when administered via the intravenous (IV), subcutaneous

(SC), or perioral (PO) route. In the case of PO administration the authorstates that co-

administration of THU (tetrahydrouridine) was necessary to achieve fetal hemoglobin induction,

howevernospecific data is provided on the doses or responses observed without THU. 5-

azacytidine doses ranged from 0.25 mg/kg/d to 8 mg/kg/d with co-administration of 20 mg/kg/d

THU. Administration of THU alone was showntoresult in a significant decrease in peripheral

cytidine deaminaseactivity.

[0009] Neil, et al describe the effect of THU on the pharmacokinetics and

pharmacodynamicsofinter peritoneal (I.P.) and peri oral (P.O.) 5-azacytidine when administered

to leukemic mice. Pharmacokinetic parameters were determined using a bioassay that did not

discriminate between 5-azacytidine andits degradation and metabolism products. Inclusion of

Apotex v. Cellgene - IPR2023-00512
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THU with IP administration hadlittle effect on the clearance or degradation of 5-azacytidine.

Inclusion of THU with PO administration significantly increased both Cmax and ti. In both

acute and chronic IP dosing the inclusion of THU did notinfluence the pharmacodymamic

effects of 5-azacytidine except at the highest chronic dose which wastoxic. Conversely, co-

administration of THU with PO 5-azacytidine resulted in increasedefficacyat all doses except

the highest chronic dose which was again toxic.

[0010] Dunbar,et al describe the administration of 5-azacytidine via [V and PO routes

for increased production of total hemoglobin ina B°-thalassemic patient, Doses of 2 mg/kg/d IV

resulted in a measurable increase to hemoglobin levels. Administration of 2 mg/d tid (three

times daily) PO with co-administration of THU did notresult in increased hemoglobin levels.

(0011) Dover, et al describe administration of 5-azacytidine via the SC and PO routesfor

increased production of total hemoglobin,fetal hemoglobin andFcells in sickle cell patients. 5-

azacytidine oral bioavailability was assessed byclinical response only. Doverreportsthatoral

doses of 5-azacytidine (2 mg/kg/d) alone or THU (200 mg/d) alone did notresult in increased F

reticulocyte production. Howeveroral doses of 200 mg/d of THU were observed to result in a

significant suppression of peripheral cytidine deaminaseactivity for several days post

administration. When 5-azacytidine was co-administered with THU good clinical response was

observed as determined bytotal hemoglobin,fetal hemoglobin and F cell levels. In fact

comparable clinical response was observed with doses of 2 mg/kg/d SC without THU versus0.2

mg/kg/d PO with co-administration of 200 mg/d THU. Oral dosesof 5-azacytidine and THU

were prepared by encapsulation atthe clinical site. No information was provided with respect to

excipients.

[0012} Efforts to increase bioavailability of this class of compounds have also been

described in, for example, U.S. Patent Application Publication No. 2004/0162263 (Sands,etal.)

In this publication, delivery of 5-azacytidine in an enteric-coated formulation are disclosed such

that the drugs are preferably absorbed in the upper regionsof the small intestine, such as the

jejunum. All U.S. patents and patent publications referenced herein are incorporated by

reference hereinin their entireties.

[0013] Despite these efforts, a need remains for more effective methods and

compositions which increase oral bioavailability of this class of compounds.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure | represents a graph showing Absolute Mucosal to Serosal Permeability of

5-azacytidine in Human Intestinal Tissue with and without Enzymatic Inhibition.

[0015] Figure 2 represents a graph showing Relative Mucosal to Serosal Permeability of

5-azacytidine in HumanIntestinal Tissue with and without Enzymatic Inhibition with Respectto
Atenolol.

[0016] Figure 3 represents a graph showing Absolute Mucosal to Serosal Permeability of

5-azacytidine in Human Colonic Tissue with Various Concentrations of TPGS or Labrafil

without Enzymatic Inhibition.

[0017] Figure 4 represents a graph showing Relative Mucosalto Serosal Permeability of

5-azacytidine in Human Colonic Tissue with Various Concentrations of TPGS or Labrafil

without Enzymatic Inhibition.

[0018] Figure 5 shows concentration vs time profiles of individual subjects administered

an oral formulation of the present invention.

[0019] Figure 6 shows concentration vs time profiles for the 60 mg dose and the mean of

the three 80 mg dosesfor individual subjects administered an oral formulation of the present
invention.

SUMMARYOF THE INVENTION

[0020] In a first embodiment, the present invention comprises a controlled release

pharmaceutical composition for oral administration for enhanced systemic delivery of a cytidine

analog comprising a therapeutically effective amount ofa cytidine analog and a drugrelease

controlling component whichis capable of providing release of the cytidine analog primarily in

the large intestine. After ingestion by a patient, the cytidine analog is released primarily in the

large intestine.

[0021] In another embodiment, the present invention includes a methodfortreating a

patient having a disease associated with abnormalcell proliferation. The method includesorally

administering to the patient a controlled release pharmaceutical composition, comprising a

therapeutically effective amount of a cytidine analog anda drugrelease controlling component

whichis capable of providingrelease of the cytidine analog primarily in the largeintestine,

After ingestion by a patient the cytidine analogis released primarily in the large intestine.
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[0022] In another embodiment, the present invention includes a methodofincreasing the

bioavailability of a cytidine analog upon administration to a patient, comprising the following

steps. First, provided is a controlled release pharmaceutical composition, comprising a

therapeutically effective amount of a cytidine analog and a drug release controlling component

capable of providing release of the cytidine analog primarily in the large intestine. Second, the

patient ingests the composition, whereupon the composition contacts the biological fluids of the

patient's body and increases the bioavailability of the cytidine analog.

[0023] In one embodiment, a condition to treat using the present invention is a

myelodysplastic syndrome. In one embodiment, the cytidine analog is 5-azacytidine. In one

embodiment, the drug release controlling component is an enteric coating.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention is based on the surprising discovery that 5-azacytidine and

related compoundsarebest absorbedin the lowergastrointestinal tract, i.e., the large intestine

(colon). Conventionally, it is expected that the upper gastrointestinal tract is the more desirable

location for absorption, due to greater surface area, relatively greater liquidity, and the fact that

typically the greater part of absorption of nutrients takes place therein. However,the inventors

have foundthat in the case for cytidine analogs, absorption is greatest and most consistent

betweenpatients in colonic tissue. Accordingly, the present invention demonstratesthe

preparation of a solid oral dosage form of a cytidine analog, such as 5-azacytidine, using

common pharmaceutical excipients designed for delivering pharmaceutical compositions to the

large intestine and colon. The term "absorb", "absorption", "absorbed"andthelike are used to

indicate transfer of a cytidine analog acrossa relevant tissue, such as, for example, intestinal

tissue. In some embodiments, absorbed cytidine analogs are taken up by the blood stream

making the cytidine analogavailableat least partially systemically. In some embodiments,

absorption occurs withoutsubstantive degradation (i.e., undesirable chemical modification of) of

the cytidine analog.

[0025] Furthermore, the inventors have demonstrated that inclusion of THU (taught by

others as a requirementto facilitate bioavailability of this drug class) is not necessary to achieve

useful oral bioavailability of cytidine analogs via delivery in the large intestine and colon.

Accordingly, formulations of the presentinvention obviate the needto utilize enzymatic
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inhibitors such as THU in formulations to increase bioavailability of cytidine analogs.

Avoidance of enzymatic inhibitors is a desirable attribute for a therapeutic dosage form since

such inclusion increases the formulation cost and complexity, and mayresult in instability, or

undesirable, pharmacological, toxicological or othereffects. Accordingly, oral delivery of 5-

azacytidine without inclusion of an enzymatic inhibitor is possible when the target tissue to

which the drug is delivered is the colon. In the case of PO delivery of 5-azacytidine to humans,

data suggests that delivery to the upper GI tract may well benefit from enzymatic inhibition,

howeverdelivery to the colon does notrequire the inclusion of such aninhibitor. Targeting to

the colon may be achieved with commercially available and pharmaceutically acceptable

coatings such as, for example, enteric coatings.

(0026) Furthermore, the inventors have demonstrated the preparation of solid oral dosage

forms containing excipients and coatings which possess acceptable production andstability

characteristics for use as a pharmaceutical dosage form.

[0027] In one embodiment, the present invention includes a controlled release

pharmaceutical composition for oral administration comprising a) a therapeutically effective

amountof a cytidine analog and b) a drugrelease controlling componentfor providing the

release of the cytidine analog primarily in the large intestine. The controlled release

pharmaceutical compositions of the present invention will in one embodiment lack THU.

[0028] In one embodiment, the cytidine analog useful in the present invention includes

any moiety whichis structurally related to cytidine or deoxycytidine and functionally mimics

and/or antagonizes the action of cytidine or deoxycytidine. These analogs mayalsobe called

cytidine derivatives herein. In one embodiment, cytidine analogs to use with the present

invention include 5-aza-2’-deoxycytidine (decitabine), 5-azacytidine, 5-aza-2'-deoxy-2',2'-

difluorocytidine, 5-aza-2'-deoxy-2'-fluorocytidine, 2'-deoxy-2',2'-difluorocytidine (also called

gemcitabine), or cytosine 1-B-D-arabinofuranoside (also called ara-C), 2(1H) pyrimidine

riboside(also called zebularine), 2’-cyclocytidine, arabinofuanosyl-5-azacytidine, dihydro-5-

azacytidine, N*octadecyl-cytarabine, andelaidic acid cytarabine. In one embodiment,is 5-

azacytidine and 5-aza-2’-deoxycytidine The definition of cytidine analog used herein also

includes mixtures of cytidine analogs.

[0029] Cytidine analogs useful in the present invention may be manufactured by any

methods knownin the art. In one embodiment, methods to manufacture include methods as
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disclosed in U.S. Serial No. 10/390,526 (U.S. Patent No. 7,038,038); U.S. Serial No. 10/390,578

(U.S. Patent No. 6,887,855); U.S. Serial No. 11/052615 (U.S. Patent No. 7,078,518); U.S. Serial

No. 10390530 (U.S. Patent No. 6,943,249); and U.S. Serial No. 10/823,394, all incorporated by

reference herein in their entireties.

[0030] In one embodiment, the amounts ofa cytidine analog to use in methodsof the

presentinvention andin the oral formulations of the presentinvention include a therapeutically

effective amount. Therapeutic indications are discussed more fully herein below. Precise

amountsfor therapeutically effective amountsof the cytidine analog in the pharmaceutical

compositions of the present invention will vary depending onthe age, weight, disease and

condition of the patient. For example, pharmaceutical compositions may contain sufficient

quantities of a cytidine analog to provide a daily dosage of about 150 mg/m7(based on patient

body surface area) or about 4 mg/kg (based on patient body weight) as single or divided (2-3)

daily doses.

[0031] The controlled release pharmaceutical compositions of the present invention

include a drug release controlling component. The drug release controlling componentis

adjusted such that the release of the cytidine analog occurs primarily in the large intestine. In

one embodiment,at least about 95% of the cytidine analogis released in the large intestine, or at

least about 90% of the cytidine analog is released in the large intestine. In other embodiments,at

least about 80% of the cytidine analog is released in the large intestine, at least about 70% ofthe

cytidine analogis releasedin the largeintestine, at least about 60% of the cytidine analogis

released in the large intestine, or at least about 50% of the cytidine analog is released in the large

intestine. In other embodiments, the amountreleasedin the intestines is at least about 40%,at

least about 30%, or at least about 20% ofthe cytidine analog. The term “release”refers to the

process whereby the cytidine analog is made available for uptake by ortransport across the

epithelial cells that line the large intestine and is madeavailable to the body.

[0032] The pharmaceutical compositions of the present invention are intended for oral

delivery. Oral delivery includes formats such astablets, capsules, caplets, solutions, suspensions

and/or syrups, and may also comprise a plurality of granules, beads, powders or pellets that may

or may not be encapsulated. Such formats mayalso be referred to as the "drug core" which

contains the cytidine analog. Such dosage forms are prepared using conventional methods

knownto those in the field of pharmaceutical formulation and are described in the pertinent
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 texts, e.g., in REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY,20th Edition, Lippincott

Williams & Wilkins, 2000).

[0033] Tablets and capsules represent the most convenient oral dosage forms, in which

case solid pharmaceutical carriers are employed. Tablets are used in one embodiment. Tablets

may be manufactured using standard tablet processing procedures and equipment. One method

for forming tablets is by direct compression of a powdered,crystalline or granular composition

containing the cytidine analog, alone or in combination with one or morecarriers, additives, or

the like. As an alternative to direct compression, tablets can be prepared using wet-granulation or

dry-granulation processes. Tablets may also be molded rather than compressed,starting with a

moist or otherwise tractable material; particularly, compression and granulation techniquesare
used in one embodiment,

0034] In another embodiment, capsules may be used. Soft gelatin capsules may be

prepared in which capsules contain a mixture ofthe active ingredient and vegetable oil or non-

aqueous, water miscible materials such as, for example, polyethylene glycol and the like. Hard

gelatin capsules may contain granules of the active ingredient in combination with a solid,

pulverulentcarrier, such as, for example, lactose, saccharose, sorbitol, mannitol, potato starch,

corn starch, amylopectin, cellulose derivatives, or gelatin. A hard gelatin capsule shell can be

prepared from a capsule composition comprising gelatin and a small amountofplasticizer such

as glycerol. As an alternative to gelatin, the capsule shell may be madeof a carbohydrate

material. The capsule composition mayadditionally include colorings, flavorings and opacifiers

as required.

[0035] The cytidine analog in one embodimentis preparedas a controlled release tablet

or capsule which includes a drug core comprising the pharmaceutical composition and optional

excipients (described elsewhere herein). Optionally, a "seal coat", described elsewhere herein,is

applied to the drug core before addition of the drug release component. The drugrelease

componentis formulatedto provide for release of the cytidine analog primarily in the large

intestine (colon). In one embodiment, minimalreleaseof the cytidine analog occurs in the upper

reaches of the gastrointestinal tract, e.g., the stomach and smallintestine.

[0036] The smallintestine extends from the pylorus to the colic valve where it ends in

the large intestine. The small intestine is about 6 meters long andis divisible into three portions:

the duodenum,the jejunum, and the ileum. The small intestine is especially adapted for transport
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and absorption of nutrients and other molecules from ingested material, passing through the

lining of the small intestine into the blood. The surface cells of the small intestine are highly

specialized for digestion and absorption of nutrients, Almost all the body's nutrient absorption

occurs in the small intestine, along its three sub-divisions: the duodenum,jejunum, and ileum,

Sites for absorption of specific nutrients (eg: iron, vitamin.B12) are located in these divisions,

but most absorption occurs in the jejunum (middle section). Specialized cells contain digestive

enzymes, carrier proteins and other secretions. Blood vessels transport nutrients away from the

intestine to the liver in the first instance.

[0037] Indigestible food passes into the large intestine. By the time ingested material

leaves the small intestine, virtually all nutrient absorption will have occurred. The large intestine

extends from the end of the ileum (distal ileum) to the anus. The large intestine is divided into

the cecum, colon, rectum, and anal canal. The colon is divided into four parts: the ascending,

transverse, descending, and sigmoid. The substantial release of the cytidine compoundof the

presentinvention may occur in any portion ofthe large intestine. In one embodiment, release

primarily occurs at the upper regionsofthe large intestine, such as, for example,at the distal

ileum, cecum, and/or the ascending colon.

[0033] It is knownthat there are major variations in acidity in the gastrointestinal tract.

The stomachis a region of high acidity (about pH 1 to 3). Specific glands and organs emptying

into the small intestine raise the pH of the material leaving the stomach to approximately pH 6.0

to 6.5. Thelarge intestine and the colon are about pH 6.4 to 7.0. The transit time through the

small intestine is approximately three hours. In contrast, the transit time through the large

intestine is approximately 35 hours.

[0039] Methodsby which to formulate compositions to target specific regions of the

gastrointestinal tract are knownin the art, described in numerouspublications, andall references

specifically cited within the present documentare incorporated by reference herein. For

example, release of drug in the gastrointestinal tract may be accomplished by choosing a drug

release controlling component to work together with some physical, chemical or biochemical

processin the gastrointestinal tract. A drug release controlling component may take advantage

of processes and/or conditions within the gastrointestinal tract and in specific regions of the

gastrointestinal tract such as, for example, osmotic pressure, hydrodynamic pressure, vapor

pressure, mechanical action, hydration status, pH, bacterial flora, and enzymes. Specific U.S.
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Patents incorporated by reference herein include, amongothers, U.S. Pat. No. 3,952,741, U.S.

Pat. No. 5,464,633, U.S. Pat. No. 5,474,784, U.S. Pat. No. 5,112,621.

(0040) Optionally, pharmaceutical compositions of the present invention including drug

cores may further comprise a seal coating material that seals the drug to prevent decomposition

due to exposure to moisture, such as hydroxylpropylmethylcellulose. Accordingly, the drug core

of the pharmaceutical composition (containing the cytidine analog) mayfirst be sealed with the

seal coating material and then coated with the drug release controlling componentto prevent

decomposition of the cytidine analog by exposure to moisture. Seal coating materials include, in

one embodiment, acetyltributyl citrate, acetyltriethyl citrate, calcium carbonate, carauba wax,

cellulose acetate, cellulose acetate phthalate, cetyl alcohol, chitosan, ethylcellulose, fructose,

gelatin, glycerin, glyceryl behenate, glyceryl palmitostearate, hydroxyethylcellulose,

hydroxyethylmethyl cellulose, hydroxypropylcellulose, hypromellose, hypromellose phthalate,

isomalt, latex particles, maltitol, maltodextrin, methylcellulose, microcrystalline wax, paraffin,

poloxamer, polydextrose, polyethylene glycol, polyvinyl acetate phthalate, polyvinyl alcohol,

povidone, shellac, shellac with stearic acid, sodium carboxymethylcellulose, sucrose, titanium

oxide, tributyl citrate, triethyl citrate, vanillin, white wax, xylitol, yellow wax, and zein.

Compositions of the present invention may also include film forming agents, which include, for

example, ammonium alginate, calcium carbonate, chitosan, chlorpheniramine maleate,

copovidone,dibutyl phthalate, dibutyl sebacate, diethyl phthalate, dimethyl] phthalate, ethyl

lactate, ethylcellulose, gelatin, hydroxyyethyl cellulose, hydroxypropyl cellulose, hypromellose,

hypromellose acetate succinate, maltodextrin, polydextrose, polyethylene glycol, polyethylene

oxide, polymethylacrylates, poly(methylvinyl ether/maleic anhydride), polyvinylacetate

phthalate,triethyl citrate, and vanillin. The amountofseal coating will vary in accordance with

factors known bythose ofskill in the art. The amount ofseal coatis, in one embodiment, 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 of the drug core, about 11%, 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 ofthe drug core, about 18%,

w/w, of the drug core, about 20%, w/w,of the drug core; or more, if determined to be

appropriate. Seal coats may also be applied at amounts between about 1% and about 10% w/w
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of the drug core, between about 2% and 9% w/w ofthe drug core, between about 3% and 8%

w/w ofthe drug core, between about 4% and 7% w/w ofthe drug core, and between about 5%

and about 6% w/w ofthe drug core.

[0041] In one embodiment, drug release controlling componentsinclude, for example,

coatings, matrices, or physical changes. Coatings are used in one embodiment. Coatings

include, for example,enteric coatings, time delay coatings, bacterially degradable coatings, and

mixtures thereof. The pharmaceutical composition may comprise multiple coatings of either the

sameor different types of coatings. In choosing an appropriate coating or mixture thereof, the

formulationspractitioner may consider a numberofvariables influencing the location in which a

drug will become available in the gastrointestinaltract, e.g., the pH at which coatings dissolve;

the time of dissolution (which is influenced by thickness of the coatings and/or additional

components in the coatings); time of transit through the gastrointestinaltract, and whetherthe

coatings can be degradedbythepatent’s digestive enzymes or require enzymespresentonly in

bacteria residing in the lowerintestine. As an example of a combination drug release controlling

componentis, for example, an inner core with two polymeric layers. The outerlayer, an enteric

coating, may be chosento dissolve at a pH level above 5. The inner layer, may be made up of

hydroxypropylmethylcellulose to act as a time delay component to delay drugrelease for a

predeterminedperiod. The thickness of the inner layer can be adjusted to determinethe lag time.

[0042] Methods by whichskilled practitioners can assess where a drugis released in the

gastrointestinal tract of either animal models or human volunteers are knownin the art, and

include scintigraphic studies, testing in biorelevant medium which simulates the fluid in relevant

portions of the gastrointestinal tract, among others.

[0043] In one embodiment, a drug release controlling component may include an enteric

coating. The term "enteric coating" refers to a coating that allows a cytidine analog formulation

to pass through the stomach substantially intact and subsequently disintegrate substantially in the

intestines. In one embodiment, the disintegration occurs in the large intestine.

[0044] The coating of pH-sensitive (enteric) polymers to tablets, capsules andotheroral

formulations of the present invention provided delayed release and protectthe active drug from

gastric fluid. In general, enteric coatings should be able to withstand the lower pH valuesofthe

stomach and small intestine and be able to disintegrate at the neutral or slightly alkaline pH of

the large intestine. Enteric coatings are a well known class of compounds. Coating
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pharmaceutically active compositions with enteric coatings is well knowninthe art to enable

pharmaceutical compositions to bypass the stomachandits low acidity. Enteric coatings

generally refer to a class of compoundsthat dissolve at or above a particular pH andinclude a

numberof pH-sensitive polymers. The pH dependent coating polymer maybe selected from

those enteric coatings knownto thoseskilled in the art. Such polymers may be one or more of

the group comprising hydroxypropylmethylcellulose phthalate, polyvinyl acetate phthalate

(PVAP), hydroxypropylmethylcellulose acetate succinate (HPMCAS),alginate, carbomer,

carboxymethylcellulose, methacrylic acid copolymer(suchas, for example, a cationic

copolymer of dimethyl aminoethyl methacrylate and neutral methacrylic esters), polyvinyl

acetate phthalate, cellulose acetate trimellitate, shellac, cellulose acetate phthalate (CAP), starch

glycolate, polacrylin, methyl] cellulose acetate phthalate, hydroxylmethylcellulose phthalate,

hydroxymethylmethylcellulose acetate succinate, hydroxypropylcellulose acetate phthalate,

cellulose acetate terephthalate, cellulose acetate isophthalate, and includesthe various grades of

each polymer such as HPMCAS-LF, HPMCAS-MF and HPMCAS-HG,or mixtures thereof.

Otherenteric coatings suitable for the present invention include acetyltributy! citrate, carbomers,

guar gum, hypromellose acetate succinate, hypromellose phthalate, polymethacrylates, tributyl

citrate, triethyl citrate, white wax, and zein.

[0045] In one embodiment, the pH dependentcoating is selected from the group

consisting of methacrylic acid copolymers of varying threshold pH (such as, but not limited to

EUDRAGIT S 100 (a cationic copolymer of dimethyl aminoethyl methacrylate and neutral

methacrylic acid esters manufactured by Rohm Pharma GmbHof Darmstadt, Germany)).

[0046] Multiple coatings of enteric polymers may be utilized. In one embodiment,the

first coating (closest to the core) is an enteric coating that will survive until the dosage form

arrivesat the large intestine/colon. Totargetthe large intestine, in one embodimentan enteric

coating comprises a series of methacrylic acid anionic copolymers known as EUDRAGITS. The

EUDRAGIT § filmsare colorless, transparent and brittle. In one embodiment, the enteric

coating comprises EUDRAGIT $100. The EUDRAGITScoatings are insoluble in pure water,

in buffer solutions below a pH of 6.0 and also in natural and artificial gastric juices. They are

slowly soluble in the region of the digestive tract where the juices are neutral to weakly alkaline

(i.e., the large intestine and the colon) and in buffer solutions above a pH of 7.0. Mixtures of

these various enteric polymers recited above, can be used in the present invention. Further, the
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use ofplasticizers is included in one embodimentwith the enteric polymer coatings useful
herein.

[0047] As knownin the art and discussed in sources such asPatelet al. "Colon Specific

Delivery" Drug Delivery Technology (2006) Vol. 6 62-71, and Khanet al., J. Controlled Release

1999: 58:215-222, the disintegration rates of enteric coated tablets are dependent on the polymer

combination used to coat the tablets, the pH of the disintegration media, and the coating level of

the tablets (i.e., thickness of the coating). The presence ofplasticizer and the nature of the salts

in the dissolution medium also influence the dissolution rate. A number ofspecific formulations

effective for release in the colon in humanvolunteers,using in vivo scintigraphic studies, is

disclosed in Patelet al., and are incorporated by reference herein.

[0048] The enteric coating may also be modified through the inclusion of an edible acid

to retard or slow the dissolutionof the coating in the intestines. Any edible acid may be used.

Representative edible acids includeacetic acid, benzoic acid, fumaric acid, sorbic acid, propionic

acid, hydrochloric acid, citric acid, malic acid, tartaric acid, isocitric acid, oxalic acid, lactic acid,

the phosphoric acids and mixtures thereof. One embodimentincludes fumaric acid and malic

acids. The weight percentof the edible acid in the enteric coating solution (polymer,plasticizer,

anti-tack agents, water and the like) can range from about 5 to about 40%, with 10 to 30%

present in one embodimentand 10 to 25% in another embodiment. Those skilled in the art will

readily be able to determine the exact amount ofedible acid to includein the coating solution,

depending uponthe pKaofthe particular edible acid and the desired delay in dissolution of the

enteric coating. After application of the enteric coating solution, as further described below,the

percentof edible acid in the coating will range from about 10 to about 80 weight % of the

coating; 20 to 60% in one embodiment; and 25-50% in another.

[0049] Enteric coatings can be obtained from a number of manufacturers, such as, for

example, Rohm Pharma GmbHof Darmstadt, Germany (EUDRAGIT). Particular blends of pH

sensitive polymers and types can be selected by one ofskill in the art. As an example, the

manufacturer of EUDRAGIT polymersteaches that the EUDRAGIT gradesfor sustained release

formulations are based on copolymers of acrylate and methacrylates with quaternary ammonium

groups as functional groupsas well as ethylacrylate methylmethacrylate copolymers with a

neutral ester group. EUDRAGIT polymersare available insoluble and/or permeable. For

example, the EUDRAGIT RL-typesare highly permeable, the EUDRAGITRS-typesare poorly
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permeable, the EUDRAGIT NE-typesare swellable and permeable. Therelease profiles and

locations of release can be determined by varying mixingratios of the polymers and/orfilm

thickness of the coatings and such profiles can be adjusted by those of skill in the art.

[0050] In some embodiments, coatings include those that selectively dissolve at a pH at

or above the pH generally prevailing in the large intestine, for example, above about pH 6, above

about pH 6.2, above about pH 6.4, above about pH 6.6, above aboutpH 6.8, or above about pH

7. In one embodiment,the enteric coating will selectively dissolve in the pH range ofabout 6.0

to about 7.5, in the pH range of about 6.2 to about7.5, in the pH range of about 6.4 to about 7.2,

in the pH range of about 6.5 to about 7, in the pH range of about6.5 to 6.8. As an example of

coatings and their "threshold" pH (the pH at which the coating will dissolve) which the skilled

practitioner may considerinclude, but are not limited to, cellulose phthalates (e.g,

hydropropylmethylcellulose phthalates (HPMCPs)) that selectively dissolve at pH above 5.6, the

EUDRAGITfamily of polymers which are anionic polymer based on methacrylic acid and

methacrylates with carboxyl functional groups (e.g., EUDRAGIT L30D with threshold pH of

5.6, EUDRAGIT L with threshold pH of 6.0, and EUDRAGIT S with threshold pH of 6.8),

AQUATERICwith threshold pH of5.8, polyvinylacetate phthalate (PVAP) that releases drug at

pH values above about5.0, shellac that is obtained from a gummy exudation produced by female

insects, Laccifer lacca kerr, and releases drug at about pH 7.0, and cellulose acetate phthalate

(CAP) with threshold pH of 6.0. In a one embodiment,the drugis enteric-coated with

EUDRAGIT $100 with threshold pH of 7.0, which will degrade measurablyat slightly lower pH

such as pH 6.8.

[0051] In one embodiment, prior to application to the tablets, capsules, or drug core of

the present invention, the drug release controlling component, such as, for example, the enteric

coatings usefulin the present invention, will be dissolved in a non-aqueoussolution in order to

create the solid oral formulation ofthe present invention. Examples of such non aqueous

solutions include any knownin the art suitable for pharmaceutical formulation procedures,

including, for example, acetone-isopropanol solvent mixtures, methylene chloride-ethanol

solvent mixtures, acetone-ethanol solvent mixtures, benzene-methanol solvent mixtures, acetate-

ethanol solvent mixtures, among others. Proportions of each solvent to use and conditions will

be readily determined by thoseof skill in the art. The solid dispersion of the composition of the

present invention, in one embodiment, can be formed by spray drying techniques, althoughit
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will be understood that suitable solid dispersions may be formed bya skilled addressee utilizing

other conventional techniques, such as co-grinding, melt extrusion, freeze drying, rotary

evaporation or any solvent removal process. In one embodiment, spray dryingis utilized. The

enteric coating may be applied overthe entire surface area or portions thereof. In one

embodiment, the entire surface area is coated.

[0052] In one embodiment, the enteric coat comprises EUDRAGIT $100 and the amount

of enteric coat to use, relative to the drugcore, or additional to the drug core, an amountof about

1% wiw of the drug core, about 2% w/w of the drug core; about 3% w/w of the drug core; about

4%, wiw of the drug core, about 5% w/w of the drug core; about 6%, w/w,of the drugcore,

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 of the drug core; about 12%, w/w ofthe 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, 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 dmg core, about 30%, w/w,of the drug core, about 32%,

w/w,of the drug core; about 34% w/w of the drug core; about 36%, w/w of the drug core, about

38%, w/w, of the drug core, about 40%, w/w,of the 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/wi/, of the

drug core; about 50% w/w of the drug core; about 52%, w/w of the 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 ofthe drug core, about 62%, w/w,ofthe drug core, about 64%, w/w, of the drug core; about

66% w/w ofthe drug core; about 68%, w/w of the drug core, about 70%, w/w,of the drugcore,

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 of

the drug core; about 84%, w/w of the drug core, about 86%, w/w,of the drug core, about 88%,

w/w, of the drug core; about 90% w/w of the drug core; about 92%, w/w of the drug core, about

91%, w/w,of the drug core, about 96%, w/w,of the drug core; about 98%, w/w,of the drug core,

or more, if determined to be appropriate. Ranges include between about 2% and about 20% w/w

additional; between about 3% and about 15% w/w additional; between about 4% and about 10%

w/w additional; between about 5% and about 9% w/w additional; between about 6% and about

8% w/w additional.
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[0053] As referenced elsewhere herein, enteric coats (and any drug release controlling

componentof the present invention, including time delay and bacterially degradable coats, and

mixtures thereof) mayalso optionally further comprise a plasticizer. If a plasticizer is present, the

drug release controlling component may be present in an amountof about 1% w/w of the coat,

about 2% w/w ofthe coat; about 3% w/w ofthe coat; about 4%, w/w ofthe coat, about 5% w/w

of the coat; about 6%, w/w, of the coat, about 7% w/w of the coat, about 8%, w/w, ofthe coat:

about 9% w/w of the coat, about 10% w/w of the coat; about 12%, w/w of the coat; about 14%,

w/w, of the coat, about 16%, w/w/, of the coat; about 18% w/w ofthe coat; about 20%, w/w of

the coat, about 22%, w/w,of the coat, about 24%, w/w,of the coat; about 26% w/w ofthe coat:

about 28%, w/w ofthe coat, about 30%, w/w,of the coat, about 32%, w/w, of the coat; about

34% w/w of the coat; about 36%, w/w ofthe coat, about 38%, w/w,of the coat, about 40%, w/w,

of the coat; about 42% w/w ofthe coat; about 44%, w/w of the coat; about 46%, w/w,of the

coat, about 48%, w/w/, of the coat; about 50% w/w ofthe coat; about 52%, w/w of the coat,

about 54%, w/w,of the coat, about 56%, w/w,of the coat; about 58% w/w ofthe coat: about

60%, w/w of the coat, about 62%, w/w,of the coat, about 64%, w/w, ofthe coat: about 66% w/w

of the coat; about 68%, w/w of the coat, about 70%, w/w,of the coat, about 72%, w/w, ofthe

coat; about 74% w/w ofthe coat; about 76%, w/w of the coat; about 78%, w/w, of the coat, about

80%, w/w/, of the coat; about 82% w/w ofthe coat; about 84%, w/w of the coat, about 86%,

w/w,of the coat, about 88%, w/w, of the coat; about 90% w/w of the coat; about 92%, w/w of

the coat, about 91%, w/w,of the coat, about 96%, w/w, of the coat; about 98%, w/w,of the coat,

or more, if determined to be appropriate. Ranges include between about 30% and about 95%

w/w of the coat; between about 40% and about 95% w/w of the coat; between about 50% and

about 95% w/w of the coat; between about 60% and about 95% w/w of the coat: between about

70% and about 95% w/w coat.

[0054] In another embodiment, the amountof the enteric-coating material, when the

coating material is EUDRAGIT § 100, in one embodimentis about 1-10% w/w in thetotal

composition, about 3-8% w/w in the total composition, or 4-7% w/w in the total composition.

 
Appropriate amountsof coating to use will vary depending on the type of coating used, tablet

size, surface preparation,target dissolution time at a given pH, etc. All things being equal, to

determine the amount and/or thicknessof the enteric coating, as the pH threshold ofthe enteric

coating material increases, the relative amount and thickness of the coating can be decreased to
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achieve dissolution of the tablet in a specified time frame at a particular pH. Routine empirical

studies to determine the optimum conditionsfor targeting the large intestine may be carried out

by the skilled person.

[0055] Accordingto the invention, the controlled release pharmaceutical composition

comprising a cytidine analog and anenteric coating, in one embodiment, will not substantially

disintegrate in an acidic, aqueous medium at about pH 1-3 for at least one hour, at least two

hours, or at least three hours. The composition is considered to be substantially disintegrated if

at least 50% of the composition disintegrates, e.g., undergoes rupture and release. In some

embodiments, the controlled release pharmaceutical composition comprising a cytidine analog

and an enteric coating disintegrates substantially in an aqueous medium at about pH 7 or above

within about ten hours, within about eight hours, within about six hours, within about four hours,

within about two hours, within about one hour, within about 45 minutes, within about 30

minutes, and within about 15 minutes. In some embodiments, the controlled release

pharmaceutical composition comprising a cytidine analog and anenteric coating disintegrates

substantially in an aqueous mediumat about pH 6.8 or above within about ten hours, within

about eight hours, within about six hours, within about four hours, within about two hours,

within about one hour, within about 45 minutes, within about 30 minutes, and within about 15

minutes. In some embodiments, times are within about two hours or less. In some

embodiments, the controlled release pharmaceutical composition comprising a cytidine analog

and an enteric coating does not disintegrate substantially in an aqueous medium at about pH 5 to

about pH 6.5 forat least one hour,for at least about 1.5 hours, for at least about two hours, for at

least about 2.5 hours, for at least about 3 hours, for at least about 3.5 hours, or for at least about

four hours.

[0056] Accordingto the invention, the controlled release pharmaceutical composition

comprising a cytidine analog and an enteric coating, in one embodiment, will not substantially

disintegrate after ingestion by a patient, on average, for at least about onehour, at least two

hours, at least about three hours, at least about four hours, at least about five hours, at least about

six hours, at least about seven hours,at least about eight hours, at least about nine hours, at least

about ten hours, at least about twelve hours, at least about fourteen hours, at least about sixteen

hours, at least about eighteen hours,at least about twenty hours, at least about twenty four hours,

at least about twenty eight hours, or at least about thirty two hours. According to the invention,
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the controlled release pharmaceutical composition comprising a cytidine analog andan enteric

coating, in some embodiments,will substantially disintegrate after ingestion by a patient within

aboutthree hours, within about four hours, within about five hours, within aboutsix hours,

within about seven hours, within about eight hours, within about nine hours, within about ten

hours, within about twelve hours, within about fourteen hours, within about sixteen hours, within

abouteighteen hours, within about twenty hours, within about twenty two hours, within about

twenty four hours, within about twenty six hours, within about twenty eight hours, or within

about thirty hours. The composition is considered to be substantially disintegrated if at least 50%

of the composition disintegrates, e.g., undergoes rupture andrelease.

[0057] As examples of morespecific types of controlled release pharmaceutical

compositions, the following is described. For example, a pharmaceutical composition

comprising a solid oral dosage form may be coated with a coating of a 60 to 150 micrometer

thick layer of an anionic polymer whichis insolublein gastric juice and in intestinal fluid below

pH 7 but soluble in colonic intestinal juice, so that the dosage form remainsintact until the colon.

For example, a pharmaceutical composition may be coated with a material which dissolves in the

intestine and contained within a capsule whichis also coated with a material which dissolves in

the intestine. The composition is for selectively administering the drugto the intestine. The

granules are in one embodiment contained within an enterically coated capsule whichreleases

the granules in the small intestine and that the granules are coated with a coating which remains

substantially intact until they reach atleast the ileum and in one embodiment, thereafter provide

a sustained or immediate release of the drug throughthe colon. Also there may be a non-

disintegratable solid enteric pharmaceutical composition comprising a cytidine analog having

relatively rapid dissolution at pH 6.5 from an excipient matrix, and dosage forms containing

pellets of the composition. The rapid dissolution is increased by the presenceof a rheological

modifying super-disintegrant in an amountof at least 5% by weight, but insufficient to cause

disintegration of the composition.It is stated that the composition may comprise a plurality of

such pellets, which maybe coatedin an enteric coating such ascellulose acetate phthalate or,

partly methylesterified methacrylic acid polymers having a ratio of free acid groupsto ester

groupsof about 1:2, contained in a capsulethatis enterically coated with a suitable coating

material. The coating material on the pellets is in one embodiment, onethatis insolublein gastric
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juices and intestinal fluid below pH 7, but is soluble in the lower intestine. The enteric coating

material of the capsule is chosento protect the capsule during passage through the stomach,

[0058] In another embodiment, the pharmaceutical compositions of the present invention

mayincludetime delay coatingsto delay release of the cytidine analog until reaching the large

intestine. In accordance with this embodiment, solid dosage forms, whethertablets, capsules,

caplets, or particulates, may, if desired, be coated so as to provide for delayed release. Sustained

release dosage forms provide for drug release over an extended time period, and may or may not

be delayed release. Generally, as will be appreciated by those of ordinary skill in theart,

sustained release dosage forms are formulated by either dispersing a drug within a matrix of, a

gradually bioerodible (hydrolyzable) material such as an insolubleplastic, a hydrophilic

polymer,or a fatty compound,or by coating a solid, drug-containing dosage form with such a

material. Insoluble plastic matrices may be comprised of, for example, polyvinyl chloride or

polyethylene, vinyl polymers and copolymers such as polyvinyl pyrrolidone, polyvinyl acetate,

polyvinylacetate phthalate, vinylacetate crotonic acid copolymer, and ethylene-vinyl acetate

copolymers,zein, and shellac, ammoniated shellac, shellac-acetyl alcohol, and shellac n-butyl

stearate. Fatty compoundsfor use as a sustained release matrix material include, but are not

limited to, waxes generally (e.g., carnauba wax) and glyceryl tristearate.

[0059] In particular, time release coatings useful in the present invention mayinclude the

following: acetyltributyl citrate, acetyltriethyl citrate, aliphatic polyesters, bentonite, carbomers,

carrageenan,cellulose acetate, cellulose acetate phthalate, ceratonia, cetyl alcohol, cetyl esters

wax, chitosan, dibutyl sebacate, ethylcellulose, glycerin monostearate, glyceryl behenate,

glyceryl monooleate, glyceryl monostearate, glyceryl palmitostearate, guar gum, hydroxypropyl

cellulose, hypromellose acetate succinate, isopropyl palmitate, magnesium aluminumsilicate,

magnesium oxide, methylcellulose, microcrystalline wax, paraffin, peanut oil, potassium

polacrilin, polycarbophil, polyethylene oxide, polymethacrylates, povidone, stearic acid, stearyl

alcohol,talc, tributyl citrate, triethyl citrate, white wax, xanthan gum, yellow wax, and zein.

Another useful time release coating is EUDRAGIT RS PO, copolymersof acrylic

andmethacrylic acid esters with a low content in quaternary ammonium groups with an average

molecular weight of about 150,000 D. This polymer has low permeability and water solubility

with swelling that is pH-independent.
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[0060) The type, amount and/orthickness ofthe matrix or coating can bereadily

adjusted byoneofskill in the art to obtain the desired releaseprofiles and timing. In one

embodiment, the time release coating is EUDRAGIT RS PO,andthe coating will vary in

accordance with factors known by those ofskill in the art. The amountoftimereleasecoatis, in

one embodiment, about 1% w/w ofthe drug core; about 2%, w/w ofthe drug core, about 3%,

wiw,of the drug core, about 4%, w/w,of the drug core; about 5% w/w of the drug core; about

6%, w/w of the drug core, about 7%, w/w, of the drug core, about 8%, w/w/, of the drugcore;

about 9% w/w ofthe drug core; about 10%, w/w ofthe drug core, about 11%, 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 ofthe

drug core, about 18%, w/w, of the drug core, about 20%, w/w, ofthe drug core; or more,if

determined to be appropriate.

[0061] In one embodiment, the controlled release formulation comprising a time delay

componentdoes not allow substantial release of the cytidine analogfor at least about three hours

after oral ingestion byapatient, for at least about four hours after oral ingestion by a patient, for

at least about five hours after oral ingestion by a patient, for at least about six hours after

ingestion by a patient, for at least about eight hours after ingestion by a patient, or for at least

about ten hoursafter ingestion by a patient. In one embodiment, a dissolution time period is, in

one embodiment, between about three hours and about ten hours, between about four hours and

about six hours. A nominal lag timeof five hours is usually considered sufficient, since small

intestinal transit has been consideredrelatively constant at about 3 to 4 hours. Multiple coatings

of either the sameordifferent types of a time delay release component maybe used by oneof

skill in the art to target the large intestine and/or colon.

[0062] Examples of time delay methods are knownin the art, and include PULSINCAP

device, which consists of a non-disintegrating half capsule shell sealed at the open end with a

hydrogel plug. The plug hydrates on contact with gastrointestinal fluid, and swells to an extend

thatit is expelled from the capsule body, thus releasing the drug. Usually, the timeit takes the

hydrogel plug to hydrate and eject from the capsule shell defined the lag time prior to drug

release, and hence,by altering the composition and size ofthe hydrogel plug,it is possible to

achieve drug release after varying lag times. As another example, a pulsed system,called the

TIME CLOCK SYSTEM,comprisesa solid dosage form coating with a hydrophobicsurfactant

layer to which a water-soluble polymeris attached to improve adhesionto the core. The
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thickness of the outer layer determines the time required to disperse in an aqueous environment.

After dispersion of the outer layer, the core becomesavailable for dispersion.

[0063] In another embodimentofthe present invention, the pharmaceutical compositions

may include a bacterially degradable component, such as a coating, in orderto delay release of

the cytidine analog until reaching the large intestine. For example,the digestive excretionsin the

humangastrointestinal tract lack specific enzymesthat can degradecertain types of

oligosaccharides, such as, for example,cellulose. In contrast, bacteria existing at the level of the

large intestine have the ability to digest many ofthese types of polysaccharides. Accordingly, a

coating or matrix which undergoes bacterial degradation in the colonic surroundings and

dissolves/degradescausingrelease ofits drug content is compatible with the present invention.

A numberof flora are typically found in the humangastrointestinal tract, The flora may change

depending uponthe physiological condition of the person or animalbeing treated, Drug delivery

maybe designed to specifically target a type of flora knownto be in abundanceinapatient or a

population of patients.

[0064] A partial list of oligosaccharides suitable for incorporation into the controlled

release pharmaceutical compositions of the present invention, in one embodiment,includes those

which can be digested by colonic bacteria but not by the enzymespresentat the level of a

patient's stomachor small intestine. Examplesof such oligosaccharides are cellobiose, lactulose,

the trisaccharide raffinose and stachyose and polymers thereof, such as cellulose.

Oligosaccharides also include amylose, arabinogalatan, chitosan, chondroitin, cyclodextrin,

dextran, guar gum,inulin, pectin, and xylan. Natural polymers such as mucopolysaccharides can

also be the basis of bacterially degradable coatings. Most of these natural polymersare, in their

unmodified form, soluble in water and gastric fluid. Accordingly, in one embodiment, natural

polymersare crosslinked to reduce the hydrophilicity of these polymers andthusallow their

utility in the compositions and methods ofthe invention as colonic drug carriers which pass the

small intestine and degrade in the colon. Accordingly, bacterially degradable components are,in

one embodiment, covalently or non covalently bonded to a polymer, or mixed with a polymerin

one embodiment an acrylic polymer, including, a methacrylic polymer, such as a EUDRAGIT

polymer.

[0065] A non-limiting example of one cross-linking method is amide protection by the

reaction of diamine with the polymer. Diamines that can be used include:1,4 butanediamine, 1,6
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hexanediamine, 1,7 heptanediamine and 1,12 dodecanediamine. A numberof U.S. patents and

patent application publications discuss methods by which to control release of drugs via

bacterially degradable coatings and/or matrices, such as, for example, U.S. 5,525,634, U.S.

2,849,327, U.S. 4,432,966, U.S. 5,112,621, and U.S. 5,536,507, all of which are incorporated by
reference herein in their entireties,

[0066] In one embodiment, the oligosaccharides are formulated together with a seal coat

or time release component. In one embodiment, the oligosaccharide is a mixture of chitosan and

pectin, in anyratio, for example, 1:1. In another embodiment, the oligosaccharide is amylose. In

one embodiment, oligosaccarides and/or mixturesof oligosaccharides are formulated together

with EUDRAGIT RS PO. For example, the oligosaccharide or mixture thereof can be present in

a bacterially degradable coat in the amount of about 2% w/w ofthe coat; about 4%, w/w ofthe

coat, about 6%, w/w, of the coat, about 8%, w/w,of the coat; about 10% w/w ofthe coat; about

12%, w/w of the coat; about 14%, w/w, ofthe coat, about 16%, w/w/,of the coat; about 18%

w/w ofthe coat; about 20%, w/w ofthe coat, about 22%, w/w,of the coat, about 24%, w/w, of

the coat; about 26% w/w ofthe coat; about 28%, w/w of the coat, about 30%, w/w, of the coat,

about 32%, w/w,of the coat; about 34% w/w ofthe coat; about 36%, w/w of the coat, about

38%, wiw,of the coat, about 40%, w/w,of the coat; about 42% w/w of the coat; about 44%, w/w

of the coat; about 46%, w/w,of the coat, about 48%, w/w/, of the coat; about 50% w/w ofthe

coat; about 52%, w/w ofthe coat, about 54%, w/w,ofthe coat, about 56%, w/w, of the coat:

about 58% w/w ofthe coat; about 60%, w/w ofthe coat, about 62%, w/w,of the coat, about

64%, wiw, of the coat; about 66% w/w ofthe coat; about 68%, w/w ofthe coat, about 70%, w/w,

of the coat, about 72%, w/w,of the coat; about 74% w/w ofthe coat; about 76%, w/w ofthe

coat; about 78%, w/w,of the coat, about 80%, w/w/, of the coat; about 82% w/w ofthe coat;

about 84%, w/w of the coat, about 86%, w/w,of the coat, about 88%, w/w, of the coat; about

90% w/w ofthe coat; about 92%, w/w of the coat, about 91%, w/w, ofthe coat, about 96%, w/w,

of the coat; about 98%, w/w, of the coat, or more, if determined to be appropriate. The balance,

in this embodiment, is time release component, for example, EUDRAGIT RSPO,and

optionally, plasticizer, each in amounts noted elsewhere herein.

[0067] The presence of microbial anaerobic organisms is knownto provide reducing

conditions in the large intestine and colon. Thus, the coating may also suitably comprise a

material that is redox sensitive. Such coatings typically consist of azo-polymers, which can, for
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example, be composed of a random co-polymerof styrene and hydroxyethyl methacrylate cross-

linked with divinyl azo-benzene synthesized by free radical polymerization. The azo-polymeris

broken down enzymatically and specifically in the colon delivery system. When drugsare coated

with these polymers, they are protected against gastric and intestinal enzymes. The drugs are

subsequently released in the large intestine where enzymeactivity is low and the azo bondis

broken by only microbial enzymes in the colon.

[0068] In vitro evaluation of azo-containing polysaccharide gels, more specifically azo-

inulin and azo-dextran gels, for colonic delivery has been shownthatin vitro azo-polysaccharide

gels can be degraded through both reduction of the azo groupin the cross-links as well as

enzymatic breakdownofthe polysaccharide backbone. The azo-polysaccharide gels were

synthesized by radical cross-linking of a mixture of methacrylated inulin or methacrylated

dextran and NN-bis-(methacryloylamino) azo-benzene (B(MA)AB), and were characterized by

dynamic mechanical analysis and swelling measurements. Azo-dextran gels could be obtained

from methacrylated dextran having low degrees of substitution but not from minimally

substituted methacrylated inulin. Increasing the amount of B(MA)AB resulted in denser azo-

inulin and azo-dextran networks. Compared with their swelling in dimethyl formamide,all azo-

dextran gels became more swollen in water while azo-inulin gels shrank upon exposure to water,

indicating a more hydrophobiccharacterof the azo-inulin gels. Breakdownof the inulin and

dextran chainsby inulinase and dextranase, respectively, were observed. In one embodiment, the

azo-polymeris a polymer of 2-hydroxyethyl methacrylic acid cross linked with divinyl

azobenzene (tradename HEMA-DVABpolymer).

[0069] In one embodiment, the azo polymeris 2?-hydroxyethyl methacrylic acid cross

linked with divinyl azobenzene (HEMA-DVABpolymer). The amount of azopolymer can be

determined by oneofskill in the art, and in one embodiment, is present in a bacterially

degradable coat in the amount of about 2% w/w ofthe coat; about 4%, w/w of the coat, about

6%, wiw, of the coat, about 8%, w/w,of the coat; about 10% w/w of the coat; about 12%, w/w of

the coat; about 14%, w/w,of the coat, about 16%, w/w/, of the coat; about 18% w/w of the coat;

about 20%, w/w of the coat, about 22%, w/w,of the coat, about 24%, w/w,of the coat; about

26% wiw of the coat; about 28%, w/w of the coat, about 30%, w/w,of the coat, about 32%, w/w,

of the coat; about 34% w/w of the coat; about 36%, w/w ofthe coat, about 38%, w/w, of the

coat, about 40%, w/w,of the coat; about 42% w/w ofthe coat; about 44%, w/w of the coat; about
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46%, w/w, of the coat, about 48%, w/w/, of the coat; about 50% w/w of the coat: about 52%,

w/w of the coat, about 54%, w/w,ofthe coat, about 56%, w/w,of the coat; about 58% w/w of

the coat; about 60%, w/w ofthe coat, about 62%, w/w,of the coat, about 64%, w/w, of the coat;

about 66% w/w ofthe coat; about 68%, w/w of the coat, about 70%, w/w, of the coat, about

72%, w/w, of the coat; about 74% w/w of the coat; about 76%, w/w ofthe coat; about 78%, w/w,

of the coat, about 80%, w/w/, of the coat; about 82% w/w ofthe coat: about 84%, w/w ofthe

coat, about 86%, w/w, of the coat, about 88%, w/w,of the coat; about 90% w/w of the coat;

about 92%, w/w of the coat, about 91%, w/w, ofthe coat, about 96%, w/w, ofthe coat; about

98%, wiw,of the coat, or more, if determined to be appropriate. The balance, in this

embodiment, is time release component, for example, EUDRAGIT RS PO,and optionally,
plasticizer, each in amounts noted elsewhereherein.

(0070) Below are discussed additional examplesof art-known methods of colonic

delivery, which incorporate one or more of the methods discussed hereinabove andaresuitable

for formulating the cytidine compounds. As discussed above, as a generalrule, those skilled in

the art considerthe small intestine to be the preferred target for delivery of acid-labile

compounds. Controlled release methods and compositionsfortargeting or controlling the

release of an active compoundin the large intestine and colon have been disclosed, including the

following. A formulation for site specific release of a cytidine analog in the colon comprises a

cytidine analog and amorphous amylose with an outer coating ofcellulose or an acrylic polymer

material. The active compoundis in one embodimentcoated with glassy amylose, which tends

not to degrade until it reaches the colon whereit is attacked by amylose cleaving enzymes

provided by microbial flora normally presentin the colon. The composition may optionally be

further coated with a cellulose or acrylic polymer material, which enhances the delayed release

property of the amylose coated composition. Therate of release of the active compoundfrom the

composition once it reaches the colon may becontrolled by varying the thickness of inner

amylose coating provided.It is also possible to vary the release in the colon bycoating different

particles of the active compound with amyloseof different thicknesses. Release characteristics

can be further varied by drying, which affects pore size and permeability or by addinga fatty or

waxy substanceto retard penetration of water. In one embodiment,the cellulose or acrylic

polymeroutercoating material displays pH independent degradation. Another controlled release

composition suitable for delivery of cytidine analog to the colon includes cytidine analog
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containing spheresalso containing microcrystalline cellulose and having diametersin the range

1.00 to 1.40 mm, which spheres are coated with a mixed solvent (water and an organic water

miscible solvent) amylose/ethy! cellulose composition, althoughthe latter may instead be an

acrylic polymer or hydrophobic coating. Where higher amylose concentrationsare present in the

coatings, a thicker coating is applied such thatrelease of the cytidine analog should not take

place before the colon, Anothersustained release pharmaceutical formulation includes coating

particles with different thicknesses of a material (such as cellulose acetophthalate) in order to

release the drug compoundatdifferent rates so as to provide sustained release over a

predetermined time period.

[0071] Generally, methods for sustained release and/or delivery to the large intestine

and/or colon include the following methods disclosed in the following U.S. issued patents,all of

which are incorporated herein by referencein their entireties. U.S. Pat. No. 5,529,790 discloses

pharmaceutical formulations which provide delayed and sustained release of a drug from the

formulation by meansof a hydratable diffusion barrier coating. The delay is a consequenceof the

rate of hydration andthe thickness of the coating andthe sustained release results from the

permeability and thickness of the coating. The diffusion barrier, in one embodiment, consists of a

film-forming material that is insoluble in intestinal conditions andat least one further additive

which controls the rate of hydration and permeability of the diffusion barrier. One embodiment

includes an embodiment wherefilm-forming polymers are non-aqueous or aqueousdispersions

offully esterified acrylic resins (e.g. EUDRAGIT NE30D),fully esterified acrylic resins

containing quaternary amineside chains (e.g. EUDRAGIT RS30D) or aqueousdispersions of

ethyl cellulose. In one embodiment, an additive for controlling the rate of hydration and the

permeability is magnesium stearate. The drug (e.g. diltiazem hydrochloride) may be formulated

as spherical microparticles having a diameterin the range 500-1500 micrometersandis, in one

embodiment, formulated in two batchesof particles, a long delay batch having a lowrate of

hydration and low permeability and a short delay batch having a relatively high rate of hydration

and a high permeability, so that sustained release of the drug can be effected over an extended

period of time. Dissolution studies were carried outon particles having different coating

thicknesses. U.S. Pat. No. 5,260,069 and U.S. Pat. No. 5,834,024 disclose pharmaceutical

compositions comprising at least two pluralities of particles. The pluralities may be coated with

different thicknesses of a coating material comprising a polymer blend. The blend comprises,as
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a major component,at least one water insoluble polymer and, as a minor component, a polymer

whosesolubility is dependent on pH.U.S. Pat. No. 5,260,069 exemplifies compositions in which

nifedipine and zidovudineare active components and U.S. Pat. No. 5,834,024 exemplifies the

use ofdiltiazem as the active component. U.S. Pat. No. 6,267,990 discloses a pharmaceutical

composition comprising three pluralities of particles, one of which is uncoated and the other two

are coated with different thicknesses of a pH dependentrelease coating material, U.S. Pat. No.

6,267,990 exemplifies the use of the ACEinhibitor, captopril, as the active component. U.S. Pat.

No. 5,834,021 exemplifies a pharmaceutical composition comprising a plurality of pellets

comprising prednisolone metasulphobenzoate. The pellets are coated withafirst pH dependent
release coating material and thenfilled into a capsule whichis then itself coated with a second

pH dependentrelease coating material.

[0072] The drug release controlling componentmayalso optionally includea plasticizer.
The plasticizer can be added to coating solutions and dispersions to improve the mechanical

properties of the polymeric film in the dry state and to influence permeability and drug release
whenthe productis in contact with the release media. Plasticizers can also induce and enhance

the coalescenceof the colloidal polymer particles in a homogeneousfilm by reducing the glass
transition and minimum film formation temperature (MFT)andto improve the mechanical

properties of the dried films. In one embodiment,the plasticizer, by allowing the coating to.

"flex"slightly, helps to prevent any prematurerelease ofthe cytidine analog. In one

embodiment, the plasticizer is a water-soluble plasticizers, such as, for example, triethylcitrate,
triacetin; in another embodiment, the plasticizer is a water-insolubleplasticizers, such as, for

example,tributylcitrate, acetyltributylcitrate, acetyltriethylcitrate, dibutyl sebacate, dibutyl
phthalate and diethyl phthalate. The plasticizer, if added, maybe presentat any level known to

those of skill in the art to be effective. In some embodiments, the plasticizer is present in the

drug release controlling componentin an amountof about 2%, about 3%, about 4%, about 5%,

about 6%, about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 14%, about

16%, about 18%, about 20%, about 25%, w/w,of the coat, or more. In some embodiments, the

plasticizer is present in an amount of between about 4% and about 12%, between about 5% and

about 11%, between about 6% and about 9%; between about 5% and 40%, between about 5%

and 30%, between about 5% and about 20%, w/w, ofthe coat..
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[0073] In addition to the cytidine and drug release controlling component,

pharmaceutical compositionsof the present invention will, in one embodiment, contain one ore
more other excipients to form a drug "core". These excipients include diluents (bulking agents),

lubricants, disintegrants,fillers, stabilizers, surfactants, preservatives, coloring agents, flavoring

agents, binding agents, excipient supports, glidants, permeability enhancement excipients,

plasticizers and thelike, all of which are knownin the art; all named excipients are optional

components. It will be understoodby thosein the art that some substances serve more than one

purposein a pharmaceutical composition. For instance, some substances are binders that help
hold a tablet together after compression,yet are disintegrants that help break the tablet apart once

it reachesthe targetdelivery site. Selection of excipients and the amounts to use may be readily

determined bythe formulation scientist based upon experience andconsideration of standard

procedures and reference worksin thefield.

[0074] Binders are used to impart cohesive qualities to a tablet, and thus ensure that the

tablet remainsintact after compression. Suitable binder materials include, but are not limited to,

starch (including com 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, methylcellulose, ethyl

cellulose, hydroxyethyl cellulose, carboxymethyl cellulose and the like), veegum, carbomer(e.g.

carbopol), sodium,dextrin, guar gum, hydrogenated vegetable oil, magnesium aluminum silicate,

maltodextrin, polymethacrylates, povidone(e.g. KOLLIDON, PLASDONE), microcrystalline

cellulose, amongothers. Binding agents also include 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, hydroxyethylmethylcellulose, hydroxypropyl cellulose, hydroxypropyl starch,

hypromellose, inulin, lactose, magnesium aluminumsilicate, maltodextrin, maltose,

methylcellulose, poloxamer, polycarbophil, polydextrose, polyethylene oxide,

polymethylacrylates, povidone, sodium alginate, sodium carboxymethylcellulose, starch,

pregelatinized starch, stearic acid, sucrose, and zein. The binding agentcan 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,ofthe drug core, about 8%, w/w, of the drug core; about 10% w/w of the drug
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core t; 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 ofthe drug core; about 20%, w/w ofthe drug core, about 22%,

w/w, of the drug core, about 24%, w/w,of the 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,of the drugcore;

about 34% w/w of the drug core; about 36%, w/w ofthe drug core, about 38%, w/w, of the drug

core, about 40%, w/w,of the drug core; about 42% w/w ofthe drug core; about 44%, w/w of the

drug core; about 46%, w/w,ofthe drug core, about 48%, w/w/, of the drug core; about 50% w/w

of the 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 ofthe drug core, about

62%, w/w,of the drug core, about 64%, w/w,of the drug core; about 66% w/w of the drug core;

about 68%, w/w of the drug core, about 70%, w/w, of the drug core, about 72%, w/w,of the drug
core; about 74% w/w of the drug core; about 76%, w/w ofthe drug core; about 78%, w/w, ofthe

drug core, about 80%, w/w/, of the drug core; about 82% w/w ofthe drug core; about 84%, w/w

of the drug core, about 86%, w/w,of the drug core, about 88%, w/w, of the drug core; about 90%

w/w ofthe drug core; about 92%, w/w ofthe drugcore, about 91%, w/w,of the drug core, about

96%, wiw, of the drug core; about 98%, w/w, of the drug core, or more, if determined to be

appropriate; or between about 5% and about

[0075] Diluents are typically necessary to increase bulk so that a practicalsize tabletis

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.
EUDRAGIT), potassium chloride, sodium chloride, sorbitol andtalc, among others. Diluents

also include 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, microcrystallinesilicified cellulose, powered

cellulose, polydextrose, polymethylacrylates, simethicone, sodium alginate, sodium chloride,

sorbitol, starch, pregelatinized starch, sucrose, sulfobutylether-B-cyclodextrin,talc, tragacanth,
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trehalose, and xylitol. Generally, diluents are used in amountscalculated to obtain a volume

tablet or capsule that is desired; in some embodiments, a diluent is used in an amountof about

5% or more, about 10% or more, about 15% or more, 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% or more, about 90% or more, 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 ofthe

drug core; between about 30% and about 70% w/w ofthe drug core; between about 40% and

about 60% w/w of the drug core.

[0076] Lubricants are used to facilitate tablet manufacture; examples of suitable

lubricants include, for example, vegetable oils such as peanutoil, cottonseed oil, sesameoil,

olive oil, corn oil, and oil of theobroma, glycerin, magnesium stearate, calcium stearate, and

stearic acid. Stearates, if present, in one embodimentrepresent at no more than approximately 2

wt. % of the drug-containing core. Further examples of lubricants includecalciumstearate,

glycerin monostearate, glyceryl behenate, glyceryl palmitostearate, magnesium laurylsulfate,

magnesiumstearate, myristic acid, palmitic acid, poloxamer, polyethylene glycol, potassium

benzoate, sodium benzoate, sodium chloride, sodium lauryl sulfate. sodium stearyl fumarate,

stearic acid, talc, and zinc stearate. In one embodiment, the binding agent is magnesium stearate,

andis present, relative to the drug core, in the amount of about 0.2% w/w of the 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 of the drug core; about 1.4%, wiw,of

the drug core, about 1.6%, w/w/, of the drug core; about 1.8% w/w ofthe drug core; about 2.0%,

w/w ofthe 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 of the drug core, about 3.0%, w/w,of the

drug core, about 3.5%, w/w, of the drug core; about 4% wiw ofthe drug core; about 4.5%, w/w

of the drug core, about 5%, w/w, ofthe drug core, about 6%, w/w,of the drug core; about 7%

w/w of the drug core; about 8%, w/w of the drug core; about 10%, w/w, ofthe drug core, about
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12%, w/wi/, of the drug core; about 14% w/w ofthe drug core; about 16%, w/w ofthe drug core,

about 18%, w/w,of the drug core, about 20%, w/w,of the drug core; about 25% w/w ofthe drug

core; about 30%, w/w ofthe drug core, about 35%, w/w, of the dru g core, about 40%, w/w,of

the 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; between about 1% and about 3% w/w ofthe drug core.

[0077] Disintegrants are used to facilitate disintegration of the tablet, and are generally

starches, clays, celluloses, algins, gumsorcrosslinked polymers. Disintegrants also include

alginic acid, carboxymethylcellulose calcium, carboxymethylcellulose sodium (e.g. AC-DI-SOL,

PRIMELLOSE), colloidalsilicon dioxide, croscarmellose sodium, crospovidone(e.g.

KOLLIDON, POLYPLASDONE), guar gum, magnesium aluminumsilicate, methyl cellulose,

microcrystalline cellulose, polacrilin potassium, powdered cellulose, pregelatinized starch,

sodium alginate, sodium starch glycolate (e.g. EXPLOTAB)andstarch. Additional disintegrants

includealginic acid, calcium alginate, calcium carboxymethylcellulose, chitosan, colloidal

silicon dioxide, sodium croscarmellose, crospovidone, sodium docusate, guar gum,

hydroxypropylcellulose, magnesium aluminum silicate, methylcellulose, microcrystalline

cellulose, potassium polacrilin, povidone, powderedcellulose, sodium alginate, sodium

carboxymethylcellulose, sodium starch glycolate, starch, and pregelatinized starch. The

disintegrant canbe, relative to the drug core, in the amount of about 1% w/w ofthe 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/ ofthe 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, ofthe drug core; about 10% w/w of

the drug core t; 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%, wiw,of the drug core, about 24%, w/w,of the 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,of the drug

core; between about 1% and about 10%, w/w of the drug core; between about 2% and about 8%

w/w ofthe drug core; between about 3% and about 7% w/w ofthe drug core; between about 4%

and about 6% w/w of the drug core.

[0078] Stabilizers (also called absorption ehancers) are used to inhibit or retard drug

decomposition reactions that include, by way of example, oxidative reactions. Stabilizing agents

include d-Alpha-tocophery] polyethylene glycol 1000 succinate (Vitamin E TPGS), acacia,
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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, hydroxypropylcellulose, hypromellose, invert sugar, lecithin, magnesium aluminum

silicate, monoethanolamine, pectin, poloxamer, polyvinyl alcohol, potassium alginate, potassium

polacrilin, povidone, propyl gallate, propylene glycol, propylene glycol alginate,raffinose,
sodium acetate, sodium alginate, sodium borate, sodium carboxymethylcellulose, sodium steary]

fumarate, sorbitol, stearyl alcohol, sufobutyl-b-cyclodextrin, trehalose, white wax, xanthan gum,

xylitol, yellow wax, and zinc acetate. The stabilizer can be, relative to the drug core,in the

amount of about 1% w/w ofthe drug core, about 2% w/w of the 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,of

the 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 t; about 12%, w/w ofthe 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,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, 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 71%

w/w of the drug core; between about 4% and about 6% w/w ofthe drug core.

[0079] Glidants can be added to improve the flow properties of a powder composition or

granulate and improve the accuracy of dosing. Excipients that may function as glidants include

colloidal silicon dioxide, magnesium trisilicate, powdered cellulose, starch, tribasic calcium

phosphate, alcium silicate, powdered cellulose, colloidal silicon dioxide, magenesiumsilicate,

magnesium trisilicate, silicon dioxide, starch, tribasic calcium phosphate, and tale. Appropriate

amounts to use may be determined by those of skill in the art.

[0080] Permeation enhancers are an included excipient in one embodiment. Permeation

enhancers act to enhance uptake of a substance through theintestinal wall and deliver more of a

substance to the bloodstream. Movementthroughthe intestinal wall may occur by passive

diffusion, the movement of drug across a membrane in a mannerdrivensolely by the

concentration gradient; by carrier-mediated diffusion, movementof drug across a cell membrane
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via a specialized transport system embeddedin the cell membrane; paracellular diffusion, the

movementof drug across a membrane by going between,rather than through, twocells; and

transcellular diffusion, the movementof a drug across the cell. Additionally, there are numerous

cellular proteins capable of preventing intracellular accumulation of drugs by pumping drugthat

enters the cell back out. These are sometimescalled efflux pumps. One of the most importantis

p-glycoprotein, which is present in manydifferent tissues in the body(e.g., intestine, placental

membrane, blood-brain barrier). Permeation enhancers can work byfacilitating any of the

processes mentioned above(such as by increasing fluidity of membranes, opening "tight

junctions" between cells, and/or inhibiting efflux.)

[0031] Examplesof suitable permeation inhibitors include, for example, but are not

limited to, surfactants. Suitable examples for the present invention include are known and

commercially available, e.g. from the BASF company underthe trade mark SOLUTOL. An

example is SOLUTOL HS15 which is known,e.g. from the BASF technical leaflet MEF 151E

(1986), to comprise of about 70% polyethoxylated 12-hydroxystearate by weight and about 30%

by weight unesterified polyethylene glycol component. SOLUTOL HS 15 has a hydrogenation

value of 90 to 110, a saponification value of 53 to 63, an acid number of maximum 1, and a

maximum watercontentof 0.5% by weight. Polyoxyethylene-polyoxypropylene co-polymers

and block co-polymersare included in one embodiment, for example of the type known and

commercially available under the trade names PLURONIC, EMKALYX and POLOXAMER.A

further example of this class is POLOXAMERF127. Propylene glycol mono- and di-fatty acid

esters such as propylene glycol dicaprylate (also known and commercially available underthe

trade name MIGLYOL840), propylene glycol dilaurate, propylene glycol hydroxystearate,

propylene glycolisostearate, propylene glycol laurate, propylene glycolricinoleate, propylene

glycol stearate and so forth are also included in some embodiments. Other examples include

propylene glycol mono C:8 esters include SEFSOL 218 (Nikko Chemicals) and CAPRYOL 90

(Gattefosse) and tocopherolesters, e.g. tocopheryl acetate and tocopheryl acid succinate (HLB of

about 16), transesterified ethoxylated vegetable oils are known and are commercially available

underthe trade name LABRAFIL. Examples are LABRAFIL M 2125 CS (obtained from corn

oil and having an acid numberofless than about 2, a saponification number of 155 to 175, an

HLB value of 3 to 4, and an iodine numberof 90 to 110), and LABRAFIL M 1944 CS(obtained

from kerneloil and having an acid numberof about 2, a saponification number of 145 to 175 and
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an iodine numberof 60 to 90). LABRAFIL M 2130 CS (whichis a transesterification product of

a C.sub, 12-18 glyceride and polyethylene glycol and which has a melting point of about 35 to

40.degree. C., an acid numberofless than about 2, a saponification numberof 185 to 200 and an

iodine numberof less than about 3). In one embodiment,the transesterified ethoxylated

vegetable oil is LABRAFIL M 2125 CS which can be obtained, for example, from Gattefosse,

Saint-Priest Cedex, France. In one embodiment, a permeation enhancer includes water soluble

tocopheryl polyethylene glycol succinic acid esters (TPGS),e.g. with a polymerisation number

ca 1000, e.g. available from Eastman Fine Chemicals Kingsport, Tenn., USA. Other

embodiments include POLOXAMERcompounds,particularly F127, chitosan,

carboxymethylcellulose, SOLUTOL compounds, sodium laurate, and LABRAFIL compounds,

Other permeation enhancers include 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. Appropriate amounts to use can be determined by oneof skill in the art.

[0082] In some embodiments, the present invention comprises a controlled release

pharmaceutical composition for oral administration for enhanced systemic delivery of a cytidine

analog comprising a therapeutically effective amountof a cytidine analog anda drugrelease

controlling component which is capable of providing release of the cytidine analog primarily in

the large intestine. The present invention in some embodiments includesa controlled release

pharmaceutical composition for oral administration for enhanced systemic delivery of5-

azacytidine consisting essentially of or consisting of a therapeutically effective amountof 5-

azacytidine and a drugrelease controlling component whichis capable of providing release of

the cytidine analog primarily in the large intestine. In other embodiments, the present invention

includes a controlled release pharmaceutical composition for oral administration of a cytidine

analog for enhanced systemic delivery of the cytidine analog consisting essentially or consisting

of a therapeutically effective amount of a cytidine analog andan enteric coating which is capable

of providing release of the cytidine analog primarily in the large intestine. In other

embodiments, the present invention includes a controlled release pharmaceutical composition for

oral administration for enhanced systemic delivery of a cytidine analog consisting essentially of

(or consisting of) a therapeutically effective amount of 5-azacytidine and anenteric coating

whichis capable of providing releaseof the cytidine analog primarily in the large intestine and at
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least one excipient which improves the cohesive qualities of the, and/orincreases the bulk of,

and/or improves the manufactureof, or facilitates disintegration of, and/or retards the drug

decomposition reactions occurring in, or enhances uptake through the intestinal wall of, the

controlled release pharmaceutical compositions of the present invention.

[0083] A tablet can be made by compressing a powder composition granulate between a

punch and dye. Some excipients and active ingredients have a tendency to adhere to the surfaces

of the punch and dye, which can causethetablet to have pitting and othersurfaceirregularities.

A lubricant may be added to the composition to reduce adhesion and ease release of the product

form the dye, Lubricants include magnesium stearate, calcium stearate, glyceryl monostearate,

glyceryl palmitostearate, hydrogenated castoroil, hydrogenated vegetable oil, mineral oil,

polyethylene glycol, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate, stearic

acid, talc and zinc stearate.

[0084] Suitable patients to treat include humans; birds such as chickens, ostriches, quail,

and turkeys; mammals such as companion animals (including dogs, cats, and rodents) and

economic food and/or fur or other product animals, such as horses, cattle, lamas, chinchillas,

ferrets, goats, sheep, rodents, minks, rabbits, raccoons, and swine.

[0085] In another embodiment, the present invention includes a methodfor delivering a

cytidine analog comprising administering to a patient in need thereof a composition ofthe

present invention. In one embodiment, the composition comprises an oral formulation of a

cytidine analog, wherein the oral formulation of the cytidine analog comprises a) a

therapeutically effective amountof a cytidine analog and b) a drug release controlling

component capable of providing release of the cytidine analog primarily in the large intestine,

wherein after ingestion by a patient the cytidine analog is released primarily in the large
intestine.

[0086] Another embodimentof the present invention includes a method of formulating a

cytidine analogfororal delivery, comprising formulating (in one embodiment, coating) a

therapeutically effective amount of a cytidine analog with a drug release controlling component

capable of providingrelease of the cytidine analog primarily in the large intestine using methods

disclosed in the present disclosure.

[0087] In another embodiment, the present invention includes a methodofincreasing the

bioavailability of a cytidine analog comprising administering the controlled release
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pharmaceutical compositions of the present invention to a patient. Specifically, a controlled

release pharmaceutical composition of the present invention is provided to a patient, and ingested

by the patient, where the composition contacts the biological fluids of the patient's body and

increases the bioavailability of the cytidine analog. Oral bioavailability of a cytidine analog in

the compositions ofthe present invention can be more than 5%, more than 10%, more than 15%,

more than 20%, more than 25%, more than 30% or more than 50% greater than the oral

bioavailability of prior art formulations of a cytidine analog. Average maximum plasma

concentration achieved relative to the dose administered may be more than 2 fold higher, 3 fold

higher, 5 fold higher, about 10 fold higher than the oral bioavailability of prior art formulations

of acytidine analog when a cytidine analog is administered orally in the controlled release

formulations of the present invention.

[0088] In another embodiment, the present invention includes methods fortreating a

patient having a disease associated with abnormalcell proliferation, comprising administering

the controlled release pharmaceutical compositions of the present invention. In one embodiment,

the controlled release pharmaceutical compositions of the present invention allow for enhanced

bioavailablity of the cytidine analogto the patient.

[0089] In some embodiments, indications that may be treated using the pharmaceutical

compositions of the present invention include those involving undesirable or uncontrolled cell

proliferations. Such indications include benign tumors, various types of cancers such as primary

tumors and tumor metastasis, hematological disorders (e.g. leukemia, myelodysplastic syndrome

andsickle cell anemia), restenosis (e.g. coronary, carotid, and cerebral lesions), abnormal

stimulation of endothelial cells (arteriosclerosis), insults to body tissue due to surgery, abnormal

woundhealing, abnormal angiogenesis, diseases that producefibrosis of tissue, repetitive motion

disorders, disorders of tissues that are not highly vascularized, and proliferative responses

associated with organ transplants.

[0090] Generally, cells in a benign tumorretain their differentiated features and do not

divide in a completely uncontrolled manner. A benign tumoris usually localized and

nonmetastatic. Specific types of benign tumorsthat can be treated using the present invention

include hemangiomas, hepatocellular adenoma, cavernous haemangioma,focal nodular

hyperplasia, acoustic neuromas, neurofibroma,bile duct adenoma,bile duct cystanoma, fibroma,
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lipomas, leiomyomas, mesotheliomas, teratomas, myxomas, nodular regenerative hyperplasia,

trachomas and pyogenic granulomas.

[0091] In a malignant tumorcells that become undifferentiated, do not respondto the

body's growth control signals, and multiply in an uncontrolled manner. The malignant tumoris

invasive and capable of spreadingto distantsites (metastasizing). Malignant tumorsare generally

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 tumorwhichis originated

elsewhere in the body but has now spread to a distant organ. The commonroutes for metastasis

are direct growth into adjacentstructures, spread through the vascular or lymphatic systems, and

tracking along tissue planes and body spaces(peritonealfluid, cerebrospinal fluid,etc.)

[0092] Specific types of cancers or malignant tumors, either primary or secondary,that

can be treated using this invention include leukemia, breast cancer, skin cancer, bone cancer,

prostate cancer, liver cancer, lung cancer, brain cancer, cancerof the larynx, gall bladder,

pancreas, rectum, parathyroid, thyroid, adrenal, neural tissue, head and neck, colon, stomach,

bronchi, kidneys, basal cell carcinoma, squamous cell carcinoma of both ulcerating and papillary
type, metastatic skin carcinoma, osteo sarcoma, Ewing's sarcoma, veticulum cell sarcoma,

myeloma, giant cell tumor, small-cell lung 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 corneal nerve tumor, marfanoid habitus tumor, Wilm's tumor,

seminoma,ovarian tumor, leiomyoma tumor,cervical dysplasia andin situ carcinoma,

neuroblastoma, retinoblastoma, medulloblastoma,soft tissue sarcoma, mali gnant carcinoid,

topical skin lesion, mycosis 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.

[0093] Hematologic disorders include 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 butare not limited to acute myeloid leukemia, acute

promyelocytic leukemia, acute lymphoblastic leukemia, chronic myelogenous leukemia, the

myelodysplastic syndromes, and sickle cell anemia.
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[0094] Acute myeloid leukemia (AML)is 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 chormosomal breakage, such as Bloom's syndrome, Fanconi's anemia, Li-Fraumeni

kindreds, ataxia-telangiectasia, and X-linked agammaglobulinemia.

[0095] Acute promyelocytic leukemia (APML)represents a distinct subgroup of AML.

This subtype is characterized by promyelocytic blasts containing the 15; 17 chromosomal

translocation. This translocation leads to the generation of the fusion transcript comprised ofthe

retinoic acid receptor and a sequence PML.

[6096] Acute lymphoblastic leukemia (ALL) is a heterogenerousdisease with distinct

clinical features displayed by various subtypes. Reoccurring cytogenetic abnormalities have been

demonstrated in ALL. The most common cytogenetic abnormality is the 9;22 translocation. The

resultant Philadelphia chromosomerepresents poor prognosisof the patient.

[0097] Chronic myelogenous leukemia (CML)is a clonal myeloproliferative disorder of

a pluripotent stem cell. CMLis characterized by a specific chromosomal abnormality involving

the translocation of chromosomes9 and 22, creating the Philadelphia chromosome. Ionizing

radiation is associated with the development of CML.

[0098] The myelodysplastic syndromes (MDS) are heterogeneous clonal hematopoietic

stem cell disorders grouped together becauseof 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 more ofthe three lineages.

Patients afflicted with MDStypically develop complications related to anemia, neutropenia

(infections), or thrombocytopenia (bleeding). Generally, from about 10% to about 70% of

patients with MDS develop acute leukemia. In one embodiment, MDSis a condition to treat

with the present invention, and includes the following myelodysplastic syndrome subtypes:

refractory anemia, refractory anemia with ringed sideroblasts (if accompanied by neutropenia or

thrombocytopenia or requiring transfusions), refractory anemia with excessblasts, refractory

anemia with excess blasts in transformation, and chronic myelomonocytic leukemia.

[0099] Treatment of abnormal cell proliferation due to insults to body tissue during

surgery maybepossible for a variety of surgical procedures, including joint surgery, bowel

surgery, and cheloid scarring. Diseases that producefibrotic tissue include emphysema.
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Repetitive motion disorders that may be treated using the present invention include carpal tunnel

syndrome. An example ofcell proliferative disorders that may betreated using the invention is a
bone tumor.

[00100] Theproliferative responses associated with organ transplantation that may be

treated using this invention include those proliferative responses contributing to potential organ

rejectionsor associated complications. Specifically, these proliferative responses may occur

during transplantation of the heart, lung,liver, kidney, and other body organsor organ systems.

[00101] Abnormal angiogenesis that may be maybetreated usingthis invention include

those abnormal angiogenesis accompanying rheumatoid arthritis, ischemic-reperfusion related

brain edema andinjury, cortical ischemia, ovarian hyperplasia and hypervascularity, (polycystic

ovary syndrom), endometriosis, psoriasis, diabetic retinopaphy, and other ocular angiogenic

diseases such asretinopathy of prematurity (retrolental fibroplastic), macular degeneration,

corneal graft rejection, neuroscular glaucoma and Oster Webber syndrome.

(00102) Diseasesassociated with abnormal angiogenesis require or induce vascular

growth. For example, corneal angiogenesis involves three phases: a pre-vascular latent period,

active neovascularization, and vascular maturation and regression. The identity and mechanim of

various angiogenic factors, including elementsof the inflammatory response,such as leukocytes,

platelets, cytokines, and eicosanoids, or unidentified plasma constituents have yet to be revealed.

The pharmaceutical composition of the present invention may also be used fortreating diseases

associated with undesired or abnormal angiogenesis aloneor in conjunction with an anti-

angiogenesis agent.

(00103) The particular dosage of these agents required to inhibit angiogenesis and/or

angiogenic diseases may dependontheseverity of the condition, the route of administration, and

related factors that can be decided by the attending physician. Generally, accepted andeffective

daily doses are the amountsufficient to effectively inhibit angiogenesis and/or angiogenic

diseases. According to this embodiment, the pharmaceutical composition of the present invention

may beusedto treat a variety of diseases associated with undesirable angiogenesis such as

retinal/choroidal neuvascularization and comeal neovascularization. Examples of

retinal/choroidal neuvascularization include, but are not limited to, Bests diseases, myopia, optic

pits, Stargarts diseases, Pagets disease, vein occlusion, artery occlusion,sickle cell anemia.

sarcoid, syphilis, pseudoxanthomaelasticum carotid abostructive diseases, chronic
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uveitis/vitritis, mycobacterial infections, Lyme's disease, systemic lupus erythematosis,

retinopathy of prematurity, Eales disease, diabetic retinopathy, macular degeneration, Bechets

diseases, infections causingaretinitis or chroiditis, presumed ocular histoplasmosis, pars

planitis, chronic retinal detachment, hyperviscosity syndromes, toxoplasmosis, trauma and post-

laser complications, diseases associated with rubesis (neovascularization of the angle) and

diseases caused by the abnormalproliferation of fibrovascularorfibrous tissue includingall

forms ofproliferative vitreoretinopathy. Examples of comeal neuvascularization include, but are

not limited to, epidemic keratoconjunctivitis, Vitamin A deficiency, contact lens overwear,

atopic keratitis, superior limbic keratitis, pterygium keratitis sicca, sjogrens, acne rosacea,

phylectenulosis, diabetic retinopathy, retinopathy of prematurity, corneal graft rejection, Mooren

ulcer, Terrien's marginal degeneration, marginal keratolysis, polyarteritis, Wegener sarcoidosis,

Scleritis, periphigoid radial keratotomy, neovascular glaucomaandretrolental fibroplasia,

syphilis, Mycobacteria infections, lipid degeneration, chemical burns,bacterial ulcers, fungal

ulcers, Herpes simplex infections, Herpes zoster infections, protozoaninfections and Kaposi
sarcoma,

[00104] The pharmaceutical composition of the present invention may beusedfortreating

chronic inflammatory diseases associated with abnormal angiogenesis. The chronic inflammation

depends on continuous formationofcapillary sprouts to maintain an influx of inflammatory

cells. The influx and presence of the inflammatory cells produce granulomasand thus, maintains

the chronic inflammatory state. Inhibition of angiogenesis using the composition of the present

invention may prevent the formation of the granulosmas,thereby alleviating the disease.

Examples of chronic inflammatory disease include, butare not limited to, inflammatory bowel

diseases such as Crohn's disease and ulcerative colitis, psoriasis, sarcoidois, and rhematoid

arthritis.

[00105] Inflammatory bowel diseases such as Crohn's disease and ulcerative colitis are

characterized by chronic inflammation and angiogenesis at varioussites in the gastrointestinal

tract. For example, Crohn's disease occurs as a chronic transmural inflammatory disease that

most commonly affects the distal ileum and colon but mayalso occurin anypart of the

gastrointestinal tract from the mouth to the anus and perianal area. Patients with Crohn's disease

generally have chronic diarrhea associated with abdominalpain,fever, anorexia, weight loss and

abdominal swelling. Ulcerative colitis is also a chronic, nonspecific, inflammatory and ulcerative

39

 

~Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0227



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0228

WO 2008/028193 PCT/US2007/077557

disease arising in the colonic mucosa and is characterized by the presence of bloody diarrhea.

These inflammatory bowel diseasesare generally caused by chronic granulomatous

inflammation throughoutthe gastrointestinal tract, involving new capillary sprouts surrounded

by a cylinderof inflammatory cells. Inhibition of angiogenesis by the composition of the present

invention should inhibit the formation of the sprouts and prevent the formation of granulomas.

The inflammatory bowel diseases also exhibit extra intestinal manifestations, such as skin

lesions. Such lesions are characterized by inflammation and angiogenesis and can occurat many

sites other the gastrointestinal tract. Inhibition of angiogenesis by the composition of the present

invention should reduce the influx of inflammatory cells and preventthe lesion formation.

[00106] Sarcoidois, another chronic inflammatory disease, is characterized as a

multisystem granulomatousdisorder. The granulomas of this disease can form anywherein the

body and, thus, the symptoms dependon the site of the granulomas and whether the disease is

active. The granulomasare created by the angiogenic capillary sprouts providing a constant

supply of inflammatory cells. By using the composition ofthe present invention to inhibit

angionesis, such granulomas formation can be inhibited. Psoriasis, also a chronic and recurrent

inflammatory disease, is characterized by papules and plaques ofvarious sizes. Treatment using

the composition of the present invention should prevent the formation of new blood vessels

necessary to maintain the characteristic lesions and providethe patientrelief from the symptoms.

[00107] Rheumatoidarthritis (RA) is also a chronic inflammatory disease characterized by
non-specific inflammation of the peripheraljoints. It is believed that the blood vessels in the

synoviallining of the joints undergo angiogenesis. In addition to forming new vascular networks,

the endothelialcells release factors and reactive oxygen species that lead to pannus growth and

cartilage destruction. The factors involved in angiogenesis may actively contribute to, and help

maintain, the chronically inflamedstate of rheumatoid arthritis. Treatment using the composition

of the present invention alone or in conjunction with other anti-RA agents should preventthe

formation of new blood vessels necessary to maintain the chronicinflammation and provide the

RApatientrelief from the symptoms.

[00108] The pharmaceutical composition ofthe present invention may also beused to treat

autoimmunediseases. Autoimmunediseasesrefer to a wide range of degenerative diseases

caused by the immunesystemattacking a person's owncells. Autoimmunediseases are usually

classified clinically in a variety of ways. In light of affected parts by the diseases, there are, for
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example, degenerative diseases of supporting tissues and connective tissues; autoimmune

degenerative diseases ofsalivary glands, particularly Sjogren's disease; autoimmune

degenerative diseases of kidneys, particularly systemic lupus erythematodes (SLE) and

glomerulonephritis; autoimmune degenerative diseasesof joints, particularly rheumatoid

arthritis; and autoimmune degenerative diseases of blood vessels such as generalized necrotizing

angitis and granulomatous angitis; and multiple sclerosis. Alternatively, autoimmune diseases

can be classified in one of the two different categories: cell-mediated disease (i.e. T-cell) or

antibody mediated disorders. Examples ofcell-mediated autoimmunediseases include multiple

sclerosis, rheumatoidarthritis, autoimmunethyroiditis, and diabetes mellitus. Antibody-mediated

autoimmunedisorders include myasthenia gravis and SLE.

[00109] Dosing schedules for the compositions and methodsof the present invention, for

example,can be adjusted to accountforthe patient's characteristics and diseasestatus.

Appropriate dose will depend onthe disease state being treated. Appropriate biomarkers may be

used to evaluate the drug's effects on the disease state and provide guidanceto the dosing

schedule. In somecases, daily doses, and in others, selected days of a week, month or other time

interval. In one embodiment, the drug will not be given more than once per day. In one

embodiment, dosing schedules for administration of pharmaceutical compositionsof the present

invention including the daily administration to a patient in need thereof of. Dosing schedules

may mimic those that are used for non-oral formulations of a cytidine analog, adjusted to

maintain, for example, substantially equivalent therapeutic concentration in the patient's body.

[00110] The following examples are providedforillustrative purposes only and are not

intended to limit the scope of the invention.

EXAMPLES

Example 1

[00111] Absorption Potential Assessment of5-azacytidine using Caco 2 Monolayers

[00112] The permeability of 5-azacytidine was determined in a Caco 2 monolayer model

system using phosphate buffered saline as the system medium. The Caco-2 cells are anintestinal

epithelial cell line (human colon adenocarcinomaestablished from the primary colon tumor

(adenocarcinoma)) Monolayers of Caco-2 cells are used to classify the intestinal absorption

potential of a drug candidate molecule. The assay wascarried out in accordance with P.
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Artursson and J. Karlsson, "Correlation between Oral Drug Absorption in Humans and Apparent

Drug Permeability Coefficients in Human Intestinal Epithelial (Caco-2) Cells", Biochem.

Biophys. Res. Commun. 175, 880 (1991).

[00113] Briefly, Caco-2 cells were grown to confluence on collagen-coated, microporous

polycarbonate in 12-well plates. For the assay buffer, Dulbecco's Phosphate Buffered Saline at

pH 7.4 was used. The chamberon the apical side ofthe cells wasfilled with DPBS containing

1000 micromolar 5-azacytidine with or without additional excipients. The test compound was

then dosed on either the apical or basolateral side of the Caco-2 monolayer, and flux across the

monolayer was determined both one and two hoursafter dosing. Results were compared to

control high permeability compounds metoprolol and antipyrine and low permeability

compoundsatenolol and ranitidine, and were expressed as Papp (apparent permeability)

compared to reference compoundstandards. Integrity of the monolayers was determine both

before and after testing by measuring the transendothelial electrical resistance (TEER) value.

Apparent permeability is calculated as (dC,/dt) x V,/(A x Co) where dC,/at is the slope ofthe

cumulative concentration in the receiver compartmentversus time in micromolar per second, V,

is the volume of the receiver compartmentin cubic centimeters, A is the area of the cell

monolayer, and Cois the measuredinitial donor concentration in micromolar.

[00114] In the absence of additional excipients the measured apical to basolateral 5-

azacytidine permeability for 5-azacytidine was 0.15 + 0.02 x 10° cm/sec.

[00115] Additionally, a series of pharmaceutically acceptable excipients were screened for

their ability to increase the apparent permeability of 5-azacytidine in this model system. The

excipients evaluated andtheir effects on 5-azacytidine permeability in this model system are

presented in Table 1.

[00116] Table 1. Sodium laurate was obtained from Sigma Chemical (available from St.

Louis, MO); Vitamin E TPGS (TPGS-TPGS —d-alpha tocopherol polyethylene glycol 1000

succinate (available from Eastman, Kingsport, TN); LABRAFIL M 1944 CS(2) (Oleyl

macrogolglycerides) (available from Gattefosse, France).
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(00117} Table 1: Effect of 5-azacytidine Permeability in Caco 2 Monolayer Model 

withVariousExcipients

Excipient 6

|Control|NA 0.15 + 0.02
Poloxamer F127 0.13 + 0.02

rChitosan——Ss|SSC 0.15 + 0.01
Carboxymethyl Cellulose . 26+0.0

Solutol | 0.1 0.26 + 0.04
0.1 15.77 + 1.77*

0.05 0.17 + 0.03

0.01 0.19 + 0.02

0.01 0.23 20.04
0.001 0.27 40.02

0.05 0.45 40.18
TPGS 030 20.05

0.001 0.33 + 0.08
* High permeability due to toxic effects of sodium laurate on Caco 2 cells

[00118} Conclusion

[00119} 5-azacytidine was found to permeate through Caco-2 monolayers, indicating that

  

   
   
  

  
  

  

 

 

  
  Sodium Laurate  

 

 
  Labrafil  

 
 

colonic epithelial cells are a good candidate for delivery of 5-azacytidine for enhanced

bioavailability. Permeation of 5-azacytidine was found to be enhanced by TPGS and Labrafil,

having a significant effect with respect to increased 5-azacytidine permeability. For both

excipients, there appeared to be a shallow dose response relationship between the amountof

excipient and the observed permeability. Inclusion of appropriate amounts of TPGS and/or

Labrafil results in an increase in the apparent permeability of 5-azacytidine without adverse

effects on Caco 2 monolayers. Inclusion of one or both of these excipients should improveoral

bioavailability of 5-azacytidine through enhanced GI absorption.

Example 2

[00120] Permeability in Human Intestinal Strips

[00121] The permeability of 5-azacytidine has also been assessed in viable human

intestinal strips derived from specific sections of the GI tract. This modelallows evaluation of
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the absorption potential of drugs and differences in drug absorption across the human jejunum,

ileum,and colon andis based on Ungell et al. “Membrane Transport of Drugs in Different

Regionsof the Intestinal Tract of the Rat”, J. Pharm. Sci. 87:360-366, (1998) and Nejdfors etal.

"Mucosalin vitro Permeability in the Intestinal Tract of the Pig, the Rat, and Man: Species and

Region Related Differences", Scand. J. Gastroenterol. 35:501-507, (2000). Permeation

experiments were performed for 5-azacytidine in the jejunal, ileal, and colonic tissues originating

from the same human donor. Post-mortem human wholeintestine was obtained from the

International Institute for the Advancement of Medicine (IAM). Tissues were used within 24

hours of the organ's removal. Tissues were maintained in cold transport media before being

stripped. The segments were cut along the mesenteric border, the underlying musculature was

stripped off, and the epithelium wasrinsed with ice cold normal saline. Thestripped tissues

were mounted within the vertical USSING chambers (Harvard Apparatus, Holliston, MA). In

these studies, 5-azacytidine permeability was measured in both absolute rate andrelative to

atenolol (internal control). In all cases the net apparent permeability was assessed in the mucosal

to serosal direction only. Evaluation conditions included the use of 5-azacytidine alone and for

some samples 5-azacytidine in the presence of ketoconazole and THU as enzymaticinhibitors of

CYP3A4 and cytidine deaminase, respectively.

[00122] Absolute permeability values for multiple donorsat different intestinal sites with

and without enzymatic inhibition are presented in graphical form in FIG. 1. Figure 1 shows

absolute mucosalto serosal permeability of 5-azacytidine in humanintestinal tissue with and

without enzymatic inhibition. In general permeability appeared greatest in the colon relative to

the jejunum and ileum. Inclusion of enzymatic inhibitors increased the absolute permeability in

all GI tract regions, howeverthesize of the increase was maximal in the jejunum and ileum and

wasrelatively small in the colon.

[00123] The permeability of 5-azacytidine in the same humanintestinalstrips relative to

the internal control (atenolol) is shown graphically in FIG. 2. Figure 2 showsrelative mucosal to

serosal permeability of 5-azacytidine in humanintestinal tissue with and without enzymatic

inhibition with respect to atenolol. The use of internal controls ensures that small variations due

to tissue viability and processing are normalized. Qualitatively, the same conclusions can be

drawn from the 5-azacytidine permeability data relative to atenolol. Absorption was greatest and

44

Apotexv. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0232



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0233

WO2008/028193 PCT/US2007/077557

most consistent between donors in colonic tissue, and the effects of enzymatic inhibition were

minimizedin tissues derived from the colon.

[00124] Permeation Enhancement in Human Tissues

[00125] Evaluation of the effects of 5-azacytidine permeability in humancolonic strips

with various levels of the permeation enhancersidentified in the Caco 2 model system has also

been performed, Absolute andrelative permeability of 5-azacytidine with the two excipientsat

various levels are presented in FIGS.3 and 4, respectively. Figure 3 shows absolute mucosal to

serosal permeability of 5-azacytidine in human colonic tissue with various concentrations of

TPGS or LABRAFIL without enzymatic inhibition, and Figure 4 showsrelative mucosal to

serosal permeability of 5-azacytidine in human colonic tissue with various concentrations of

TPGS or LABRAFIL without enzymatic inhibition.

[00126] There was a trend toward greater permeability with increasing levels of TPGS,

albeit to a lesser extent than observed in the model Caco2 system. Conversely, under the same

conditions Labrafil did not appear to affect 5-azacytidine permeability in humancolonictissue.

[00127] Conclusions

[00128] The available data from viable humanintestinal tissue shows that enzymatic

degradation of 5-azacytidine was more prevalent in upper GI segments. Effective administration

of 5-azacytidine with delivery to the jejunum and/or ileum mayrequire the use of an enzymatic

inhibitor such as THU. By contrast, both the absolute and relative permeability of 5-azacytidine

appeared maximal in human colonic tissue. Furthermore, enzymatic inhibition in colonic tissue

did not provide a dramatic improvementin 5-azacytidine permeability. Therefore, an oral 5-

azacytidine dosage form thattargets the colon for delivery has been shown to maximize

bioavailability without the need to include an enzymatic inhibitor.

Example 3

[00129] Solid Oral Dosage Form

[00130] Solid oral dosage formsof 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended and

tablets prepared by direct compression. Tablets were then enteric coated with EUDRAGIT $100
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from an acetone - isopropanol solvent mixture or with AQUAT AS-HG from a methylene
chloride — ethanol solvent mixture.

{00131] Clinical Trial Material cores were composed of the following materials in these
ratios:

Ingredient mg/tablet To wiw

5-azacytidine 20.0 20.0

Mannitol, USP 58.2 58.2

Microcrystalline Cellulose, NF 15.0 15.0

Crospovidone, NF 3.0 3.0

Magnesium Stearate, NF 18 1.8

Vitamin E TPGS, NF 2.0 2.0

[00132] Cores were then be coated to approximately 7% w/w with the following mixture:

Ingredient mg/tablet % wihw

EUDRAGIT $100, NF 5.0 715

Triethyl citrate, NF 0.5 7.0

Talc, USP 1.5 215

[00133] Excipient compatibility studies have demonstrated that 5-azacytidineis

compatible with each excipient. Stability studies have demonstrated excellentstability of both

cores and coated tablets under long term (25°C, 60% RH)andaccelerated (40°, 70% relative

humidity) storage conditions. The formulation composition that has been manufacturedis

presented in Table 2.

[00134]

 
5-azacytidine  

Table 2: Oral 5-azacytidine Tablet Composition

Material Trade Name Quality Standard
NA Active   

 
 

Bulking Agent   
  

 
Mannitol PARTECK

M200

Microcrystalline Cellulose PROSOLV
S9O0HD

Binding Agent
 

  
  
Crospovidone 

  
 Vitamin E TPGS

Magnesium Stearate NA—

E XL

 

 
 

NA
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  EUDRAGIT

S 1007

Triethyl Citrate MORFLEX Plasticizer
Tale, Anticaking Agent

Hypromellose Acetate Succinate, NF alternate material
? AQUATAS-HG,alternate trade name

Enteric Coating 
 

Methacrylic acid copolymer
 

  
 

 
Example 4

[00135} Solid Oral Dosage Form

[00136] Solid oral dosage forms of 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended and

tablets prepared by direct compression. Tablets were then film coated with Klucel EF from

ethanolfollowed byenteric coated with EUDRAGIT $100 from an acetone - isopropanolsolvent

mixture.

[00137] Clinical Trial Material cores were composedof the following materials in these

ratios:

Ingredient mg/tablet % wiw

5-azacytidine 20.0 20.0

Mannitol, USP 43,2 43.2

Microcrystalline Cellulose, NF 30.0 30.0

Crospovidone, NF 3.0 3,0

Magnesium Stearate, NF 1.8 1.8

Vitamin E TPGS, NF 2.0 2.0

[00133] Cores were then sub-coated to approximately 4% w/w with the following

materials in ethanol:

Ingredient mg/tablet % wlhw

Klucel EF, NF 4.0 6.0

[00139] Film coated cores were then be coated to approximately 7% w/w with the

following mixture:

Ingredient meg/tablet % whw

Eudragit $100, NF 6.0 86.3

Triethyl citrate, NF 1.0 13,7
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[00140] Excipient compatibility studies have demonstratedthat 5-azacytidine is

compatible with each excipient. Stability studies have demonstrated excellentstability of coated

tablets under long term (25°C, 60% RH) and accelerated (40°, 70% RH) storage conditions. An

additional formulation composition that has been manufacturedis presented in Table 3.

    
   

 
 

  

 

  

 
 

[00141] Table 3: Oral 5-azacytidine Tablet Composition

Material Trade Name Purpose Quality Standard
5-azacytidine LNA Active In-House
Mannitol Parteck M200 | Bulkin 2 Agent USP  

  
 

  

   Microcrystalline Cellulose|Prosolv 90HD__|Binding Agent
Polyplasone XL|Disinteg

USP

Crospovidone g USP
Magnesium Stearate NA Lubricant

Vitamin E TPGS NA Absorption NE
Enhancement

Hydroxypropyl Cellulose Klucel EF Sub-Coating
Methacrylic acid copolymer! Enteric Coating
Triethyl Citrate Morflex Plasticizer

Hypromellose Acetate Succinate, NF alternate material
* Aquat AS-HG,alternate trade name

  

  
  

 
 

 
   

 

  

  
 

  
   

Example 5

[00142] A clinical study using the oral formulation described in Example 3 was performed

to assess the safety and bioavailability of single oral doses of 5-azacytidine in patients with

myelodysplastic syndromes, acute myelogenous leukemia,or solid tumors. The study wasa

multicenter, open-label, single treatment study. Patients were treated with escalating doses, in 20

mg increments, up to 200 mg. Thestudy assessed the safety and tolerability of escalating doses,

providedpilot information on the oral bioavailability of the study drug, and provided information

on the single dose pharmacokinetics of the study drug after oral administration.

[00143] Study Design

[00144] Multicenter, open-label, single-treatment, escalating-dose PK study. 1 subject

wasto receive an oral dose of 5-azacytidine 60 mg (three 20 mg tablets). Single subject cohorts

were used foreach dose escalation. Subsequent subjects were to betreated at escalating doses,

up to 200 mg, in 20 mg increments. Doseescalation was to continue until 1 of the following
conditions was reached:
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a. Drug was deemedintolerable(i-e., if a subject experienced any Grade 3 or 4

adverse event [AE] possibly related to 5-azacytidine, or the investigator identified

any safety concern following drug treatment); or

b. Appropriate concentrations were achieved (defined as >4 consecutive timed

plasma samples containing quantifiable 5-azacytidine concentrations amenable to

PK assessments); or

c. Dose escalation reached the 200 mg level, which is approximately equivalentto

the maximum approved daily SC dose of 5-azacytidine (i.e., 100 mg/m’).

[00145] If drug was deemedintolerable, a 2"and then a 3 subject were to be treated at
the same dose to confirm intolerance. If no safety concerns were identified and no Grade 3 or 4

AEsoccurred in these subjects, dose escalation was to continue. When appropriate

concentrations of drug were achieved, 1-2 additional subjects were treated at the same doseto

verify results. After an overnight (8-hour) fast, each subject received a single oral dose of 5-

azacytidine. Serial blood samplesfor plasma PK analyses were drawnbefore, and at the

following time points after, dosing: 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 8 hours, and

10 and 12 hours(if possible). A validated high-performanceliquid chromatography/tandem

mass spectrometric method (LC-MS/MS) was used to determine 5-azacytidine concentrations in

plasma. PK parameters calculated from plasma concentrations included (but were notlimited to)

Cmax, Tmax, ty, and AUC(¢o-.).

[00146] Patients

[00147] Inclusion criteria:

a. Male or female subjects with MDS, AML,or malignant solid tumors, 218 years

of age, with Eastern Cooperative Oncology Group (ECOG)performancestatus 0

— 2 were eligible.

b. For subjects with AMLor malignantsolid tumors, eligibility was limited to those

for whom standard curative or palliative measures did not exist or were no longer

effective.

c. Patients must have had normal renal, hepatic, and gastrointestinal function.

[00148] Exclusion criteria:

a. Pregnancy

b. History of severe cardiac or pulmonary disease
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c. Advanced malignant hepatic tumor

d, Receipt of radiation therapy, chemotherapy, or investigational drugs within 30

days of plannedtesting.

[00149] Patients (Demographic and disease characteristics are shown in Table 4.)

[00150] 4 subjects were enrolled and received study drug

a. 1 subject received a 60 mg dose which waswell tolerated. 5-azacytidine was

quantifiable in plasma in 2 samples and the dose wasescalated.

b. 1 subject received an 80 mg dose which was well tolerated. 5-azacytidine was

detectable in 4 consecutive samples. Two additional subjects were then treated at

the 80 mglevel.

[00151] Table 4

Subject Date of Cral Aes
pea B® SPX nisgnosis TumorType ECOG Status rah 
Talat} 43 MM 5/90 Metastatic thymic carcinoid, Tyrestricted} 60 mg

mets to tung and skin fesions

2(193} bf tM 2D Prostate cancer & (uly active} 20 ma

3 (201) ST hE T2055 AML 2 fambulatoy, 8d mig
capable of sevf care}

4 (2033 65 RM tHO6 MEIS secondary fy successfully Yiresvicted: ao mg
treated AML (C8 achieved)  

[00152] PK Results

[00153] Concentration vs time profiles of individual subjects are shown in Figure 5 (semi-

logarithmic scale)

a. Cmax for subjects who received an 80 mg dose were approximately 2-, 5-, and 6-

fold higherthan thatofthe subject dosed at 60 mg.

b. Bioavailability of the 80 mg oral dose relative to SC dosing was 6.3%, 24%, and
22%.

c. Tmax for subjects whoreceived an 80 mg dose occurredat 1.5, 2.0, and 1.0 h post-
dose.

[00154] 5-azacytidine plasma concentrations for each subject, the mean concentration of

the 80 mg dose group (n=3), and mean SC 5-azacytidine concentrations (historical data; n=6) are

presented in Table 5.
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[00155] Table 5: 5-azacytidine Plasma Concentrations (ng/mL)
$C Azacitidine

Concentrations (ng/mL)Oral Azacitidine Concentrations (ngimL}

Subject # riTime & wirsined Sie
402 207 202 Maan ih} 7S mgt SC

(80 eg} 80 mg} (ao mg} (86 me) :
a 5 0 0

BLO BL £46 145

928 MS 81 468
34.3 58.5 86.7 53.2

FB 245 26.9
351 F 125 178

_S8F EE cca IE
161 2.87

“aee
BLO BLO

BLO SLO

   
SLGsbelow inet of quantitation

[00156] Concentration vs time profiles for the 60 mg dose and the mean ofthe three 80

mg doses are shown in Figure 6 (semi-logarithmicscale).

[00157] For the mean 80 mg dose:

Concentrations were below the level of quantitation at 4.0 h

b. Tmax was 1.5h

c. Cimax increased 3.5-fold versus the 60 mg dose

d. Bioavailability relative to the historical SC 5-azacytidine group was 18%.

[00158] A summary of results of PK measurementsis presented in Table6.

[00159] Table 6:
  

 
 
 
 
 

   
  

. BUC 6. , .
Subject # Bose @ngtem} Sox ingen} tag (ht Le ik) F {%)
194 ad mg Be 45.8 6.259 39 BF

192 30 mg 2a6 34.3 3.336 15 63

204 ad my ant 75.4 S446 28 24

292 80 mg 103 a4 8.366 49 23

Mean (n=3). g0mg a5 53.3 3810S
Percent bioavaiahely comeared wih Netorical SC azacitidine data dose > 135 myx AUIS = 777 ng’hynl)

 

 

  
 

 

[00160] Study endpointwas reached following evaluation of 4 subjects.
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[00161] Safety

[00162] All AEspossibly related to study drug were Grade 2. No study-drug-related

SAEs were reporied.

[00163] The outcome from the clinical trial was shownto be that patients dosed with the

the referenced oral 5-azacytidine formulation showed measurable levels of 5-azacytidine in

plasma samples, The amountof 5-azacytidine measured in the plasma wasproportionalto the

administered dose, and the apparent oral bioavailability is acceptable for therapeutic treatment.

The conclusions drawn from such results are that the current formulation delivered 5-

azacytidine to the colonic region, and that site was shownto be capable ofefficiently absorbing

5-azacytidine without the degradation associated with cytidine deaminase.

Example 6

[00164] Solid Oral Dosage Form

[00165] Solid oral dosage forms of 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended and

tablets prepared by direct compression. Tablets were then film coated with Klucel EF from

ethanol followed by film coating with a mixture of Eudragit RS PO,triethyl citrate, pectin and

chitosan from an ethanol — acetone mixture. Eudragit RS POis a water insoluble copolymer of

methacrylic acid and aminoethylmethacrylic acid which has low permeability and pH

independent swelling characteristics. Its inclusionin the film coatis to facilitate film formation

rather than provide a pH dependentbarrier to dissolution Pectin — chitosan complex was

preparedvia neutralization of an acidic 1:1 mixture of aqueous pectin and chitosan followed by

collection and drying of the prepared solid.

[00166] Clinical Trial Material cores were composed of the following materials in these
ratios:

Ingredient mg/tablet To wiw

5-azacytidine 20.0 20.0

Mannitol, USP 43,2 43,2

Microcrystalline Cellulose, NF 30.0 30.0

Crospovidone, NF 3.0 3.0
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Magnesium Stearate, NF 1.8 1.8

Vitamin E TPGS, NF 2.0 2.0

[00167] Cores were then sub-coated to approximately 4% w/w with the following

materials in ethanol:

Ingredient mg/tablet % wiw

Klucel EF, NF 4.0 6.0

[00168] Film coated cores were then be coated to approximately 9% w/w with the

following mixture:

Ingredient mg/tablet % wiw

Eudragit RS PO, NF 5.0 55.6

Triethyl citrate, NF 1.0 11.2

Pectin, USP 15 16.6

Chitosan, Low MW 1.5 16.6

[00169] Excipient compatibility studies have demonstrated that 5-azacytidine is

compatible with each excipient. Stability studies have demonstrated excellent stability of coated

tablets under long term (25°C, 60% RH)andaccelerated (40°, 70% RH) storage conditions. An

additional formulation composition that has been manufactured is presented in Table 7.

[00170] Table 7: Oral 5-azacytidine Tablet Composition

Parteck M200_| Bulking Agent

Vitamin E TPGS NA Absorption NE
Enhancement

  
   
  

 
 

   
 

 

  
 

 
 
 
 

   
  

 
 

 

 

  
 

  
 

 
 

Sub-Coating NF
Eudragit RS PO|Film Coating USP

Triethyl Citrate Morflex Plasticizer USP
CP Kelco Colonic Selective USP

Kelcogel Releasing Agent
Chitosan, Low MW NA Colonic Selective In-House 

Releasing Agent
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Example 7

[00171] Solid Oral Dosage Form

[00172] Solid oral dosage formsof 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended and

tablets prepared by direct compression. Tablets were then film coated with Klucel EF from

ethanol followedby film coating with a mixture of Eudragit RS PO,triethyl citrate, and amylose

acetate from an ethanol ~ diethyl ether mixture. Eudragit RS POis a water insoluble copolymer

of methacrylic acid and aminoethylmethacrylic acid which has low permeability and pH

independentswelling characteristics. Its inclusion in the film coatis to facilitate film formation

rather than provide a pH dependentbarrierto dissolution.

[00173] Clinical Tria] Material cores were composed of the following materials in these
ratios:

Ingredient mg/tablet T whe

5-azacytidine 20.0 20.0

Mannitol, USP 43.2 43.2

Microcrystalline Cellulose, NF 30.0 30.0

Crospovidone, NF 3.0 3.0

Magnesium Stearate, NF 1.8 1.8

Vitamin E TPGS, NF 2.0 2.0

[00174] Cores were then sub-coated to approximately 4% w/w with the following
materials in ethanol:

Ingredient meg/tablet % why

Klucel EF, NF 4.0 6.0

[00175] Film coated cores were then be coated to approximately 9% w/w with the

following mixture:

Ingredient mg/tablet % whe

Eudragit RS PO, NF 4.0 44,5

Triethy! citrate, NF 0.75 8.3

Amylose acetate 4.25 47.2
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[00176] Excipient compatibility studies have demonstrated that 5-azacytidine is

compatible with each excipient. Stability studies have demonstrated excellentstability of coated

tablets under long term (25°C, 60% RH)andaccelerated (40°, 70% RH)storage conditions. An

additional formulation composition that has been manufactured is presented in Table8.

[00177] Table 8: Oral 5-azacytidine Tablet Composition

5-azacytidine NA Active In-House

isi

Magnesium Stearate NA

Enhancement

Triethyl Citrate Morflex Plasticizer USP
Amylose acetate NA Colonic Selective In-House

Releasing Agent

  
 

 
 
 

 
  

 

 Mannitol Parteck M200

Microcrystalline Cellulose|Prosoly 90HD
Crospovidone

 

  
 

  

  

 
 

 

 

  
 
 

  

 
 

  
  

 

 
Example 8

[00178] Solid Oral Dosage Form

[00179] Solid oral dosage forms of 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended and

tablets prepared by direct compression. Tablets were then film coated with Klucel EF from

ethanol followed by film coating with a polymer of 2-hydroxyethyl methacrylic acid cross linked

with divinyl azobenzene (HEMA-DVABpolymer) andtriethylcitrate from an ethanol — diethyl

ether solvent mixture.

[00180] Clinical Trial Material cores were composed of the following materials in these

ratios:

Ingredient mg/tablet % wie

5-azacytidine 20.0 20.0

Mannitol, USP 43.2 43.2
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Microcrystalline Cellulose, NF 30.0 30.0

Crospovidone, NF 3.0 3.0

Magnesium Stearate, NF 1.8 1.8

Vitamin E TPGS, NF 2.0 2.0

[00181] Cores were then sub-coated to approximately 4% w/w with the following
materials in ethanol:

Ingredient mg/tablet To wiw

Klucel EF, NF 40 6.0

[00182] Film coated cores were then be coated to approximately 6% w/w with the

following mixture:

Ingredient me/tablet To wiw

HEMA-DVABPolymer 5.0 83.3

Triethyl citrate, NF 1.0 16.7

(00183) Excipient compatibility studies have demonstrated that 5-azacytidine is

compatible with each excipient. Stability studies have demonstrated excellentstability of coated

tablets under long term (25°C, 60% RH) and accelerated (40°, 70% RH) storage conditions. An

additional formulation composition that has been manufactured is presented in Table 9.

[00184] Table 9: Oral 5-azacytidine Tablet Composition

Material

5-azacytidine NA

Mannitol Parteck M200 Bulking
Microcrystalline Cellulose Prosolv 90HD Binding
Crospovidone Polyplasone XL|Disintegrant
Magnesium Stearate NA Lubricant USP

Vitamin E TPGS NA AbsorptionEnhancement oNNF

Hydroxypropyl Cellulose Klucel EF Sub-Coating

USP

HEMA-DVABpolymer NA Colonic Selective

 
 

 

 
 
 
 

 
 

 Trade Name Purpose  
  

 
  
 

 

  

USP

 
 

  

 

  
 
 

 
 
 

 

 

 
 

 
 
 

 
 

 

  
 

   

 
Releasing Agent
Plasticizer
 
 
 

Triethyl Citrate
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Example 9

[00185] Solid Oral Dosage Form

[00186] Solid oral dosage forms of 5-azacytidine were prepared using standard

pharmaceutical excipients and techniques. TPGS wasfirst adsorbed onto either microcrystalline

cellulose or calcium silicate in an independent step. Dry ingredients were then dry blended for

subsequent encapsulation into water impermeable, crosslinked gelatin capsules. The open

capsule end wasthen sealed with Eudragit RL PO,a water insoluble, pH independent, swelling

polymethacrylate polymerandtriethyl citrate from ethanol. The amountof Eudragit RL PO

polymerusedto seal the capsule end was sufficient to require 3 hours or exposure to waterprior

to release of the capsule contents.

[00187] Clinical Trial Material capsules were composed of the following materials in

these ratios:

Ingredient me/capsule % wlhw

5-azacytidine 20.0 20.0

Mannitol, USP 33.2 33.2

Microcrystalline Cellulose, NF 40.0 40.0

Crospovidone, NF 3.0 3.0

Magnesium Stearate, NF 1.8 1.8

Vitamin E TPGS, NF 2.0 2.0

[00188] Filled capsules were then sealed with approximately L1.5% w/w the following

mixture of Eudragit RL POf/triethylcitrate:

Ingredient mg/capsule % wihw

Eudragit RL PO, NF 10.0 87.0

Triethy] citrate, NF 1.5 13.0

[00189] Excipient compatibility studies have demonstrated that 5-azacytidine is

compatible with each excipient. Stability studies have demonstrated excellent stability of coated

tablets under long term (25°C, 60% RH)andaccelerated (40°, 70% RH) storage conditions. An

additional formulation composition that has been manufactured is presented in Table 10.
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[00190] Table 10: Oral 5-azacytidine Tablet Composition

Trade Name Purpose

In-House

Parteck M200__| Bulking Agent

Crospovidone Polyplasone XL|Disintegrant

Magnesium Stearate NA Lubricant USP

     
 

 
 
 
 
 
 
 
 

 

 
 
 
    
 

 
  

 

 
 
 

 
 
 

 
 

 
Vitamin E TPGS NA Absorption NE

ee Enhancement
Klucel EF Sub-Coating NE

Eudragit RL PO|Film Coating
Morflex Plasticizer

 
 
 

 
Triethyl Citrate  

 

Example 10

[00191] A clinical study using eachofthe oral formulations described in Examples 6-9 is

performed to assess the safety and bioavailability of single oral doses of 5-azacytidine in patients

with myelodysplastic syndromes, acute myelogenous leukemia,or solid tumors. The study is a

multicenter, open-label, single treatment study. Onepatient receives an oral doseof the study

drug starting at 60 mg. Subsequentpatients are treated with escalating doses, in 20 mg

increments, up to 200 mg. Thestudyassessesthe safety and tolerability of escalating doses,

providespilot information on the oral bioavailability of the study drug, and provides information

on the single dose pharmacokinetics of the study drug after oral administration.

[00192] The outcome from the clinicaltrial is shownto be that patients dosed with the

current oral 5-azacytidine formulation show measurable levels of 5-azacytidine in plasma

samples, The amountof 5-azacytidine measured in the plasma is proportional to the

administered dose, and the apparent oral bioavailability is acceptable for therapeutic treatment.

The conclusions drawn from suchresults are that the current formulationis delivering 5-

azacytidine to the colonic region, and that site is capable of efficiently absorbing 5-azacytidine

without the degradation associated with cytidine deaminase. Ultimately, such observations lead

to broaderclinical applications of 5-azacytidine.

[00193] While the invention has been particularly shown and described with reference to a

number of embodiments, it would be understood by thoseskilled in the art that changes in the

form and details may be madeto the various embodiments disclosed herein without departing
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from the spirit and scopeof the invention andthat the various embodimentsdisclosed herein are

not intended to act as limitations on the scope of the claims.
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CLAIMS

Whatts claimedis:

1. A controlled release pharmaceutical composition for oral administration of a

cytidine analog comprising a) a therapeutically effective amountof a cytidine analog and b) a

drug release controlling component capableof providing release of the cytidine analog primarily

in the large intestine, wherein after ingestion by a patient the cytidine analogis released

primarily in the large intestine.

2. The pharmaceutical composition of claim 1, wherein at least about 70% of the

cytidine analogis released in thelargeintestine.

3. The pharmaceutical composition of claim 1, wherein the drug release controlling

componentis selected from the group consisting of an enteric component, a time delay

component, a bacterially degradable component, and mixturesthereof.

4. The pharmaceutical composition of claim 3, wherein the drug release controlling

componentis an enteric coating, and wherein the enteric coating does not substantially dissolve

in aqueoussolution at a pH of above about pH 6.4 for at least about two hours.

5. The pharmaceutical composition of claim 3, wherein the enteric coating material

comprises an agent selected from the group consisting of any grade of

hydroxypropylmethylcellulose phthalate, polyvinyl acetate phthalate (PVAP),

hydroxypropylmethylcellulose acetate succinate (HPMCAS),alginate, carbomer, carboxymethy|

cellulose, methacrylic acid copolymer, shellac, cellulose acetate phthalate (CAP), starch

glycolate, polacrylin, methyl cellulose acetate phthalate, hydroxylmethylcellulose phthalate,

hydroxymethylmethylcellulose acetate succinate, hydroxypropylcellulose acetate phthalate,

cellulose acetate terephthalate, cellulose acetate isophthalate, cellulose acetate trimellitate, and

mixtures thereof.
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6. The pharmaceutical composition ofclaim 5, wherein the methacrylic acid

copolymeris selected from the group consisting of a cationic copolymer of dimethyl aminoethyl

methacrylate and neutral methacrylic esters, trimethylaminoethylmethacrylate and neutral

methacrylic esters, and anionic polymers of methacrylic acid and methacrylates with carboxyl

functional groups.

7. The pharmaceutical composition of claim 4, comprising

(a) a drug core and seal coat, wherein the drug core comprises 5-azacytidine, in an

amountofat least about 20% w/w of the drug core and seal coat, further comprising at least one

of the following excipients: diluent, binding agent, lubricant, disintegrant, and stabilizer and

further comprising a seal coat, in an amountsufficient to form a sealed drug core; and

(b) an enteric coat, in an additional amount of between about 2% and 20% w/w relative to

the drug core andseal coat, wherein the enteric coat comprises an anionic polymer of

methacrylic acid and methacrylates with carboxyl functional groups with a threshold pH of about

6.8(EUDRAGIT $100), in an amount of between about 60% and about 95 % w/w ofthe enteric

coat, and optionally further comprising a plasticizer, in an amount of between about 5% and

about 40% w/w of the enteric coat.

8. The pharmaceutical composition of claim 7, wherein the excipients comprise at

least one of the following: (a) a diluent, wherein the diluent comprises mannitol, in an amount of

about 43% w/w of the drug core and seal coat; (b) a binding agent, wherein the binding agent

comprises microcrystalline cellulose, in an amount of about 30% w/w of the drug core and seal

coat; (c) a disintegrant, wherein the disintegrant comprises crospovidone, in an amountof about

3% w/w ofthe drug core andseal coat; (d) a lubricant, wherein the lubricant comprises

magnesium stearate, in an amount of about 1.8% w/w of the drug core and seal coat, (e) a

stabilizer, wherein the stabilizer comprises Vitamin E TPGS, in an amount of about 2% w/w of

the drug core and seal coat; wherein the seal coat comprises hydroxypropyl cellulose, in an

amount of about 6% w/w of the drug core and seal coat; and wherein the enteric coat comprises

an additional amount of about 7% w/w relative to the drug core and seal coat, and the anionic

polymer of methacrylic acid and methacrylates with carboxyl functional groups with a threshold

pH ofabout 6.8, in an amountof about 86% w/w ofthe enteric coat and wherein the enteric coat
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further comprises a plasticizer comprising triethyl citrate, in an amount of about 14% w/w of the
enteric coat.

9. The controlled release pharmaceutical composition of claim 3, wherein the drug

release controlling component comprisesa time delay component, and wherein the time delay

componentdoes not allow substantial release of the cytidine analog for at least about three hours

after oral ingestion by a patient.

10. The controlled release pharmaceutical composition of claim 9, wherein the time

delay componentis a matrix or coating and is selected from the group consisting a poorly soluble

polymer selected from the group consisting of polyvinyl chloride, polyethylene, vinyl polymers

and copolymersselected from the group consisting of polyvinyl pyrrolidone, polyvinyl acetate,

polyvinylacetate phthalate, vinylacetate crotonic acid copolymer, and ethylene-vinyl acetate

copolymer; hydroxypropyl methylcellulose, shellac, ammoniated shellac, shellac-acetyl alcohol,

shellac n-butyl stearate, and copolymers of acrylic and methacrylic acid esters with a low content

in quaternary ammonium groupswith an average molecular weight of about 150,000 D

(EUDRAGIT RS PO).

ll. The pharmaceutical composition of claim 9, comprising

(a) a drug core and seal coat, wherein the drug core comprises 5-azacytidine, in an

amountof at least about 20% w/w ofthe drug core andsealcoat, further comprising at least one

of the following excipients: diluent, binding agent, lubricant, disintegrant, stabilizer; and further

comprising a seal coat, in an amountsufficient to form a sealed drug core; and

(b) a time delay coat, in an additional amountof between about 2% and about 20% w/w

relative to the drug core and seal coat, wherein the time delay coat comprises copolymers of

acrylic and methacrylic acid esters with a low content in quaternary ammonium groups with an

average molecular weight of about 150,000 D (EUDRAGIT RS PO), in an amountof between

about 60 % and about 95% w/w ofthe time delay coat, and optionally further comprising a

plasticizer, in an amount of between about 5% and 40% w/w ofthe time delay coat.
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12. The pharmaceutical composition of claim 11, wherein the excipients comprise at

least oneof the following: (a) a diluent, wherein the diluent comprises mannitol, in an amountof

about 33% w/w of the drug core andseal coat; (b) a binding agent, wherein the binding agent

comprises microcrystalline cellulose, in an amount of about 40% w/w ofthe drug core andseal

coat; (c) a disintegrant, wherein the disintegrant comprises crospovidone, in an amountof about

3% w/w ofthe drug core and seal coat; (d) a lubricant, wherein the lubricant comprises

magnesium stearate, in an amountof about 1.8% w/w of the drug core and seal coat, (e) a

stabilizer, wherein the stabilizer comprises Vitamin E TPGS,in an amountof about 2% w/w of

the drug core andseal coat; wherein the seal coat comprises hydroxypropyl cellulose, in an

amount of about 5% w/w of the drug core and seal coat; and wherein the time coat comprises an

additional amount of about 11.5% w/w relative to the drug core and seal coat, and wherein the

copolymersof acrylic and methacrylic acid esters with a low content in quaternary ammonium

groups with an average molecular weight of about 150,000 D (EUDRAGIT RS PO)arein an

amount of about 87% w/w ofthe time delay coat and wherein the coat further comprises a

plasticizer, wherein theplasticizeris triethyl citrate, in an amountofabout 13% w/w ofthe time

delay coat.

13. The controlled release pharmaceutical composition of claim 3, wherein the drug

release controlling component comprises a bacterially degradable component, whereinpatients

lack the digestive enzymes required to degrade the component.

14. The controlled release pharmaceutical component of claim 13, wherein the

bacterially degradable componentis selected from the group consisting of a polymer of 2-

hydroxyethyl methacrylic acid cross linked with divinyl azobenzene (HEMA-DVABpolymer),

chitosan, amylose, cellobiose, lactulose, raffinose and stachyose, and polymers thereof.

15. The pharmaceutical composition of claim 9, comprising

(a) a drug core and seal coat, wherein the drug core comprises 5-azacytidine,in an

amountofat least about 20% w/w ofthe drug core and seal coat, and further comprisingatleast

one of the following excipients: diluent, binding agent, lubricant, disintegrant, stabilizer, and

further comprising a seal coat, in an amountsufficient to form a sealed drug core; and
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(b) a bacterially degradable coat, in an additional amount of between about 2% and 20%

w/wrelative to the drug core and seal coat, wherein the bacterially degradable coat comprises

one of the following formulations:

(i) copolymersof acrylic and methacrylic acid esters with a low content in quaternary

ammonium groups with an average molecular weight of about 150,000 D (EUDRAGIT RS PO),

in an amountof between about 30% and about 70% w/w ofthe bacterially degradable coat;

optionally further comprising a plasticizer, in an amountof between about 5% and 40% w/w of

the bacterially degradable coat; pectin, in an amount of between about 10% and about 30% w/w

of the bacterially degradable coat, and chitosan, in an amount of between about 10% and about

30% wiw of the bacterially degradable coat; and

(ii) copolymers of acrylic and methacrylic acid esters with a low contentin quaternary

ammonium groups with an average molecular weight of about 150,000 D (EUDRAGIT RSPO),

in an amountof between about 30% and about 70% w/w of the bacterially degradable coat;

optionally further comprising a plasticizer, in an amount of between about 5% and 40% w/w of

the bacterially degradable coat; and amylose, in an amount of between about 30% and about 60%

w/w of the bacterially degradable coat.

16. The pharmaceutical composition of claim 15, wherein the excipients compriseat

least one of the following (a) diluent, wherein the diluent comprises mannitol, in an amountof

about 43% w/w ofthe drug core and sealcoat; (b) a binding agent, wherein the binding agent

comprises microcrystalline cellulose, in an amount of about 30% w/w ofthe drug core and seal

coat; (c) disintegrant, wherein the disintegrant comprises crospovidone, in an amountof about

3% wiw of the drug core and seal coat; (d) lubricant, wherein the lubricant comprises magnesium

stearate, in an amountof about 1.8% w/w of the drug core and sealcoat, (e) stabilizer, wherein

the stabilizer comprises Vitamin E TPGS, in an amountof about 2% w/w ofthe drug core and

seal coat; further comprising a seal coat, wherein the seal coat comprises hydroxypropyl

cellulose, in an amount of about 4% w/w of the drug core andseal coat; and wherein the

bacterially degradable coat in (i) comprises an additional amount of about 9% w/w relative to the

drug core andseal coat of a mixture of copolymers of acrylic and methacrylic acid esters with a

low content in quaternary ammonium groups with an average molecular weight of about 150,000

D (EUDRAGIT RSPO)in an amount of about 56% w/w of the bacterially degradable coat, a
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plasticizer, wherein the plasticizer is triethyl citrate in an amountof about 11% w/wofthe

bacterially degradable coat, pectin, in an amountof about 17% w/wof the bacterially degradable

coat: and chitosan, in an amount of about 17% w/w of the bacterially degradable coat; and

wherein the bacterially degradable coatin (ii) comprises an additional amountof about 9% w/w

relative to the drug core andseal coat of a mixture of copolymersof acrylic and methacrylic acid

esters with a low content in quaternary ammonium groups with an average molecular weight of

about 150,000 D (EUDRAGIT RS PO)in an amountof about 45% w/w of the bacterially

degradablecoat, a plasticizer, wherein the plasticizer is triethyl citrate in an amountof about 8%

w/w of the bacterially degradable coat, and amylose, in an amount of about 47% w/w of the

bacterially degradable coat.

17. The pharmaceutical composition of claim 9, comprising

(a) a drugcore and seal coat, wherein the drug core comprises 5-azacytidine, in an

amountofleast about 20% w/w of the drug core andseal coat, further comprisingat least one of

the following excipients: diluent, binding agent, lubricant, disintegrant, stabilizer and further

comprising a a seal coat, in an amountsufficient to form a sealed drug core; and

(c) a bacterially degradable coat, in an additional amountof between about 2% and about

20% w/w relative to the drug core and seal coat, wherein the bacterially degradable coat

comprises a polymer of 2-hydroxyethyl methacrylic acid cross linked with divinyl azobenzene

(HEMA-DVABpolymer), in an amountof between about 60% and about 95% w/w of the

bacterially degradable coat, and optionally further comprising a plasticizer, in an amountof

between about 5% and about 40% w/w ofthe bacterially degradable coat.

18. The pharmaceutical composition of claim 17, wherein the excipients comprise at

least one of the following: (a) a diluent, wherein the diluent comprises mannitol, in an amount of

about 43% w/w of the drug core andseal coat, (b) a binding agent, wherein the binding agent

comprises microcrystalline cellulose, in an amountof about 30% w/w ofthe drug core andseal

coat; (c) disintegrant, wherein the disintegrant comprises crospovidone,in an amount of about

3% w/w ofthe drug core and seal coat, (d) lubricant, wherein the lubricant comprises magnesium

stearate, in an amount of about 1.8% w/w ofthe drug core and sealcoat, (e) stabilizer, wherein

the stabilizer comprises Vitamin E TPGS, in an amount ofabout 2% w/w of the drug core and
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seal coat, wherein the seal coat comprises hydroxypropyl cellulose, in an amount of about 4%

w/w ofthe drug core and seal coat; and wherein the bacterially degradable coatis in an

additional amount about 6% w/w relative to the drug core and seal coat, and the polymerof 2-

hydroxyethyl methacrylic acid cross linked with divinyl azobenzene (HEMA-DVABpolymer)in

an amount of about 83% w/w of the bacterially degradable coat, and wherein the bacterially

degradable coat further comprises a plasticizer, wherein the plasticizeris triethyl citrate in an

amount of about 17% w/w ofthe bacterially degradable coat.

19. The pharmaceutical composition of claim 1, wherein the cytidine analog is

selected from the group consisting of 5-aza-2’-deoxycytidine (decitabine), 5-azacytidine, 5-aza-

2'-deoxy-2',2'-difluorocytidine, 5-aza-2'-deoxy-2'-fluorocytidine, 2'-deoxy-2',2'-difluorocytidine

(also called gemcitabine), or cytosine 1-B-D-arabinofuranoside(also called ara-C), 2(1H)

pyrimidine riboside (also called zebularine), 2’-cyclocytidine, arabinofuanosyl-5-azacytidine,

dihydro-5-azacytidine, N“octadecyl-cytarabine, and elaidic acid cytarabine.

20. The pharmaceutical composition of claim 19, wherein the cytidine analogis 5-

azacytidine.

21. A methodfor treating a patient having a disease associated with abnormalcell

proliferation, comprising: orally administering to the patient a pharmaceutical composition in
accordancewith claim 1.

22. The method of claim 21, wherein the disease associated with abnormalcell

proliferation is a myelodysplastic syndrome.

23. A method for delivering a cytidine analog comprising administering to a patient in

need thereof an oral formulation of a cytidine analog, wherein the oral formulation of the

cytidine analog comprisesa) a therapeutically effective amountof a cytidine analog and b) a

drug release controlling componentcapable of providing release of the cytidine analog primarily

in the large intestine, wherein after ingestion by a patient the cytidine analogis released

primarily in the largeintestine.
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24. The method of claim 23, wherein the drug release controlling componentis

selected from the group consisting of an enteric component, a time delay component, a

bacterially degradable component, and mixtures thereof.

25, The methodof claim 23, wherein the drug release controlling componentis an

enteric coating, and wherein the enteric coating does not substantially dissolve in aqueous

solution at a pH of above about pH 6.4 for at least about two hours.

26. The methodof claim 23, wherein the drug release controlling component

comprises a time delay component, and wherein the time delay componentdoesnot allow

substantial release of the cytidine analogfor at least about three hours after oral ingestion by a

patient.

27. The methodof claim 23, wherein the drug release controlling component

comprises a bacterially degradable component, wherein patients lack the digestive enzymes

required to degrade the component.

28.|The method of claim 23, wherein the cytidine analog is 5-azacytidine,

29. The method of claim 23, wherein the patient has a myelodysplastic syndrome.

30. A method of formulating a cytidine analog for oral delivery, comprising coating a

therapeutically effective amountofa cytidine analog with a drug release controlling component

capable of providingrelease of the cytidine analog primarily in the large intestine.

31.|The method of claim 30, wherein the drug release controlling componentis

selected from the group consisting of an enteric component, a time delay component, a

bacterially degradable component, and mixtures thereof.
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32. The methodof claim 30, wherein the drug release controlling componentis an

enteric coating, and wherein the enteric coating does not substantially dissolve in aqueous

solution at a pH of above about pH 6.4 for at least about two hours.

33. The methodofclaim 30, wherein the drug release controlling component

comprises a time delay component, and wherein the time delay component does not allow

substantial release of the cytidine analog for at least about three hoursafter oral ingestion by a

patient.

34.|The method of claim 30, wherein the drug release controlling component

comprises a bacterially degradable component, wherein patients lack the digestive enzymes

required to degrade the component.

35. The method of claim 30, wherein the cytidine analogis 5-azacytidine.

36.|Amethodof increasing the bioavailability of a cytidine analog upon

administration to a patient, comprising: (I) providing a controlled release pharmaceutical

composition to a patient, comprising a) a therapeutically effective amountof a cytidine analog

and b) a drug release controlling componentcapable of providing release of the cytidine analog

primarily in the large intestine, wherein after ingestion by a patient the cytidine analogis

released primarily in the large intestine; and (II) ingesting of said composition by the patient,

whereby said composition contacts the biological fluids of the patient's body andincreases the

bioavailability of the cytidine analog.

37. The method of claim 36, wherein the drug release controlling componentis

selected from the group consisting of an enteric component, a time delay component, a

bacterially degradable component, and mixtures thereof.

38. The methodof claim 36, wherein the drugrelease controlling componentis an

enteric coating, and wherein the enteric coating does not substantially dissolve in aqueous

solution at a pH of above about pH 6.4forat least about two hours.
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39, The method of claim 36, wherein the drug release controlling component

comprises a time delay component, and wherein the time delay componentdoesnot allow

substantial release of the cytidine analog for at least about three hours after oral ingestion by a

patient.

40. The method of claim 36, wherein the drug release controlling component

comprises a bacterially degradable component, wherein patients lack the digestive enzymes

required to degrade the component.

41. The method of claim 36, wherein the cytidine analog is 5-azacytidine.

42. The methodofclaim 36, wherein the patient has a myelodysplastic syndrome.
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2'~FLUORO-2‘ -DEOXYTETRAHYDROURIDINES AS CYTIDINE DEAMINASE INHIBITORS

This application claims the benefit of U.S. Provisional Application No. 60/980,397,

filed October 16, 2007, the entire contents ofwhich is hercby incorporated by reference.

FIELD OF THE INVENTION

The present invention provides certain tetrahydrouridine derivative compounds which

arc inhibitors of the enzyme cytidine deaminase, pharmaceutical compositions and kits

comprising such compounds, and methods of making and using such compounds.

BACKGROUND

The enzymes adenosine deaminase (ADA, EC 3.5.4.4) and cytidine deaminase (CDA,

EC 3.5.4.5) function to deaminate natural aminopurine and aminopyrimidine nucleosides,

respectively, in human and other organisms. They mayalso convert active nucleoside-basced

drugs into inactive metabolites. For example, the purine nucleoside drug arabinosyladenine

(fludarabine, ara-A) is deaminated by ADA;the resulting compound, with the parent amino

group replaced with hydroxyl, is inactive as an antitumor agent compared to the parent

compound. Similarly, the antileukemia drug arabinosylcytosine (cytarabine, ara-C) is

metabolically degraded by CDAinto inactive arabinosyluracil.

CDA is a component of the pyrimidine salvage pathway. It converts cytidine and

deoxycytidine to uridine and deoxyuridine, respectively, by hydrolytic deamination (Arch.

Biochem. Biophys. 1991, 290, 285-292; Methods Enzymol. 1978, 51, 401-407; Biochem. J.

1967, 104, 7P). It also deaminates a numberof synthetic cytosine analogs whichareclinically

useful drugs, such as ara-C mentioned above (Cancer Chemother. Pharmacol. 1998,42, 373-

378; Cancer Res. 1989, 49, 3015-3019; Antiviral Chem. Chemother. 1990, 1, 255-262).

Conversion of the cytosine compounds to the uridine derivatives usually confers loss of

therapeutic activity or addition of side-effects. It has also been shown that cancers that

acquire resistance to cytosine analog drugs often overexpress CDA (Leuk. Res. 1990, 14, 751-

754). Leukemic cells expressing a high level of CDA can manifest resistance to cytosine

antimetabolites and thereby limit the antineoplastic activity of such therapeutics (Biochem.

Pharmacol. 1993, 45, 1857-1861). Inhibitors of CDA could therefore be useful adjuvants in

combination chemotherapy.
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Tetrahydrouridine (THU) has been known as an inhibitor of cytidine deaminase for a

numberofyears.

OH

HN

oN

 
Tetrahydrouridine
(THU)

Various reports have suggested that co-administration with THU increases the efficacy and

5 oral activity of cytidinc-basced drugs. For example, THU has been shown to enhancethe oral

activity of anti-leuakemic agent 5-azacytidine in L1210 leukemic mice (Cancer Chemotherapy

Reports 1975, 59, 459-465). The combination of THU plus 5-azacytidine has also been

studied in a baboon sickle cell anemia model (Am. ./. Hematol. 1985, 18, 283-288), and in

humanpatients with sickle cell anemia in combination with orally administered 5-azacytidinc

10 (Blood 1985, 66, 527-532).

NH NH2

a
oN

O OH O

On OH
OH

5-azacytidine §-aza-2'-deoxycytidine ara-C
(decitabine)

\—
=z

Zz  
THU hasalso been shown to enhance the oral efficacy of ara-C in L1210 leukemic

mice (Cancer Research 1970, 30, 2166; Cancer Invest 1987, 5, (4), 293-9), and in tumor-

bearing mice (Cancer Treat. Rep. 1977, 61, 1355-1364). The combination of intravenously-

15 administered ara-C with intravenously-administered THU has been investigated in several

clinical studies in humans (Cancer Treat. Rep. 1977, 61, 1347-1353; Cancer Treat. Rep. 1979,

63, 1245-1249; Cancer Res. 1988, 48, 1337-1342). In particular, combination studies in
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patients with acute myeloid leukemia (AML) and chronic myeloid leukemia (CML) have been

performed (Leukemia 1991, 5, 991-998; Cancer Chemother. Pharmacol. 1993, 31, 481-484).

5-Aza-2'-deoxycytidine (decitabine) is an antineoplastic agent for the treatment of

myelodysplastic syndrome (MDS), with potential utility for the treatment of AML and CML

as well. Like the other cytidine-based drugs, its oral bioavailability and efficacy are limited

by deactivation by CDA. THU has been shown to improve the potency of decitabine in a

sickle cell discasc model in baboons (Am. J. Hematol. 1985, 18, 283-288). In addition,

another known CDA inhibitor, zebularine, has been shown to enhance the efficacy of

decitabine in mice with L1210 leukemia (Anticancer Drugs 2005, 16, 301-308).

Gemcitabine, another cytidine-based antineoplastic drug, has also been studied in

conjunction with CDA inhibitors (Biochem. Pharmacol. 1993, 45, 1857-1861). Co-

administration with THU has been shownto alter the pharmacokinetics and bioavailability of

gemcitabine in mice (Abstr. 1556, 2007 AACR Annual Meeting, April 14-18, 2007, Los

Angeles, CA; Clin. Cancer Res. 2008, 14, 3529-3535).

5-Fluoro-2’-deoxycytidine (fluorocytidine, FdCyd) is another cytidine-based

anticancer drug which is an inhibitor of DNA methyltransferase. The modulation ofits

metabolism and pharmacokinetics by THU in mice has been studied (Clin Cancer Res., 2006,

12, 7483-7491; Cancer Chemother. Pharm. 2008, 62, 363-368).

The results of the aforementioned studies suggest that there is therapeutic utility in the

administration of CDA inhibitors together with cytidine-based drugs such as ara-C, decitabine,

5-azacytidine and others. However, early CDA inhibitors such as THU suffer from drawbacks

that include acid instability (/. Med. Chem. 1986, 29, 2351) and poor bioavailability (/. Clin.

Pharmacol. 1978, 18, 259).

There is therefore an ongoing need for new, potent and therapeutically useful

inhibitors of CDA.

BRIEF SUMMARYOF THE INVENTION 

The present invention provides certain tetrahydrouridine derivative compounds,

pharmaceutical compositions and kits comprising such compounds, and methods of making

and using such compounds. The compounds, compositions, kits and methodsof the invention

may provide certain benefits. For example, the compounds and compositionsof the invention

may inhibit CDA enzymeactivity and/or enhance thehalf-life, bioavailability and/or efficacy

of drugs that are substrates for CDA. Additionally, the compounds, compositions, kits and

-3-
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methods of the invention may exhibit improved aqueous solubility, chemical stability, drug

absorption levels, toxicity levels, shelf-life, reproducibility in manufacturing and formulation,

and therapeuticefficacy.

In one embodiment, the invention provides a compound of Formula I:

or a pharmaceutically acceptable salt of the compound, wherein:

Ri and R> are independently selected from the group consisting of hydrogen, halo, cyano,

nitro, sulfhydryl, hydroxyl, formyl, carboxyl, COO(C, to C¢ straight or branched chain alkyl),

COO(C, to Cs straight or branched chain alkenyl), COO(C, to Ce straight or branched chain

alkynyl), CO(C; to C¢ straight or branched chain alkyl), CO(C; to Cg straight or branched

chain alkenyl), CO(C, to Ce straight or branched chain alkynyl), C) to C¢ straight or branched

chain alkyl, C; to Co straight or branched chain alkenyl, C, to Cg straight or branched chain

alkynyl, C; to Ce straight or branched chain alkoxy, and Cto Cg straight or branched chain

alkenoxy; wherein each occurrence of C; to Ce straight or branched chain alkyl, C, to Ce

straight or branched chain alkenyl, C; to Ce straight or branched chain alkynyl, C, to C¢

straight or branched chain alkoxy, or C, to Cs straight or branched chain alkenoxy may be

independently unsubstituted or substituted with one to four substituents independently

selected from the group consisting of halo, hydroxyl, cyano, nitro, formyl, carboxyl, and
sulfhydryl,

and provided that when one of Ri and R» is -H, then the other is not -H, -OH

or -CH,OH.

In some embodiments, R; and Ry are independently selected from the group

consisting of hydrogen, halo, hydroxyl, cyano, nitro, sulfhydryl, C, to Cs straight or branched

chain alkyl, C, to Cs straight or branched chain alkenyl, C) to Cg straight or branched chain

alkynyl, C, to Cg straight or branched chain alkoxy, and C, to Cg straight or branched chain

alkenoxy; wherein wherein each occurrence of C; to Cg straight or branched chain alkyl, C, to

Ce straight or branched chain alkenyl, C; to Cs straight or branched chain alkynyl, C; to Cs

-4.
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straight or branched chain alkoxy, or C, to Cs straight or branched chain alkenoxy may be

independently unsubstituted or substituted with one ore more halos;

and provided that when one of R; and Rzis -H,then the other is not -H,or -OH.

In some embodiments, R; and R2 are independently selected from the group consisting

5 of hydrogen, halo, C1 to Cg alkyl, C; to Ce alkenyl, C; to Cs alkoxy, and C, to Ce alkenoxy;

wherein each occurrence of C, to Ce straight or branched chain alkyl, C, to Cs straight or

branched chain alkenyl, Ci to Ce straight or branched chain alkoxy and C; to Cg straight or

branched chain alkenoxy may be independently unsubstituted or substituted with one to three

halos;

10 and provided that when oneofR; and R2is -H, then the otheris not -H, or -OH.

In some embodiments, the compound of Formulais:

 
wherein the carbon marked by an asterisk may have an (R)or an (S) configuration.In

some embodiments, a disclosed pharmaceutical composition or method of use may comprise a

15 compound with an (R) configuration an (S) configuration, or a mixture of (R) and (S)

configurations. In some embodiments, Ry and R2 are independently selected from fluoro and

hydrogen, with the proviso that R; and Rz may not both be hydrogen.

In further embodiments, the compound of Formula I has the stereochemistry of either

Ia or Ib:

 
20 la Ib
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In some embodiments, R; and Rz are independently selected from fluoro and hydrogen,

with the proviso that R; and R2 may not both be hydrogen.

In further embodiments, the compound of Formula I is sclected from the group

consisting of Compounds | to 23 and pharmaceutically acceptablesalts thereof:

Compound 5

OH

a)oy
NO» 

Compound 7 Compound 8

 OH

Compound 3

I

HN

O

O

N

 CN

 
Compound 9
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Compound 22 Compound 23

In further embodiments, the compound of Formula I is selected from the group

consisting of Compounds la, 1b, 2a, 2b, 3a, and 3b, and pharmaceutically acceptable salts
thereof.

 
OH

Compound1a Compound 1b  OH QOH

“Wy WYoFNn on A
aF :O F Oo ~ .

OH OH "OH
OH OH OH

5 Compound 2b Compound 3a Compound 3b

Since the compounds ofthe invention may possessat least one chiral center, they may
exist in the form of enantiomers, diastereomers, racemic mixtures, non-racemic mixtures or

other stereoisomers. The present invention encompassesall such possible isomers, as well as

geometric isomers and tautomers.

10 Another aspect of the present invention relates to a pharmaceutical composition
comprising:
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(i) an effective amount of a compoundof the invention as described hercin, including

but not limited to each express embodiment; and

(ii) a pharmaceutically acceptable excipient.

In further embodiments, the pharmaccutical composition further comprises an
effective amountofat least one additional therapeutic agent, such as a CDA substrate drug or

chemotherapeutic agent.

The “effective amount” of the compoundof the invention may vary from 0.1 wt. % to

about 100 wt. %. In some embodiments, the effective amount of the compoundis 0.1 to 20%

w/w. In other embodiments, the effective amount is 1-10% w/w. In yet other embodiments,

the effective amountis 2-5% w/w.

The pharmaceutical compositions of the invention may be formulated for

administration in solid or liquid form, including those adapted for the following: (1) oral

administration, for example, drenches (for example, aqueous or non-aqueous solutions or

suspensions), tablets (for example, those targeted for buccal, sublingual and systemic

absorption), caplets, boluses, powders, granules, pastes for application to the tongue, hard

gelatin capsules, soft gelatin capsules, mouth sprays, troches, lozenges, pcllcts, syrups,

suspensions, elixirs, liquids, emulsions and microemulsions; (2) parenteral administration, for

example, by subcutaneous, intramuscular, intravenous or epidural injection as, for example, a

sterile solution or suspension; (3) topical application, for example, as a cream, ointment,

patch, pad or spray applicd to the skin; (4) intravaginally or intrarectally, for example, as a

pessary, crcam or foam; (5) sublingually; (6) ocularly; (7) transdermally; or (8) nasally. The

pharmaceutical compositions may be formulated for immediate, sustained or controlled
release.

In some embodiments, the pharmaceutical compositions are formulated for oral

administration. In further embodiments, the pharmaceutical compositions are formulated for

oral administration in solid form.

Another embodiment of the present invention relates to a method for inhibiting

cytidine deaminase, comprising administering to a subject in need thereof an effective amount

of a compound or pharmaceutical composition of the invention as described herein, including

but not limited to each express embodiment.

In some embodiments, the subject is a mammal. In further embodiments,the subject is

a human.

Another embodimentof the present invention rclatcs to a method for treating cancer,

comprising administering to a subject in need thereof:

-9-
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(i) an effective amount of a compound or pharmaceutical composition of the

invention as described herein, including but not limited to each express embodiment; and

(ii) a CDAsubstrate drug, including but not limited to each express embodiment
described herein.

In some embodiments, the subject is a mammal. In further embodiments, the subjectis
a human.

In some embodiments, the cancer is selected from hematological cancers and solid

cancers, In further embodiments, the hematological cancer selected from MDS and leukemia,

In further embodiments, the solid cancer is selected from pancreatic cancer, ovarian cancer,

peritoneal cancer, non small cell lung cancer, and breast cancer. In yet further embodiments,

the leukemiais acute mycloid leukemia (AML)or chronic myeloid leukemia (CML).

Another embodiment of the present invention relates to a method for inhibiting

degradation of a CDA substrate drug by cytidine deaminase, comprising administering an

effective amount of a compound or pharmaceutical composition of the invention as described

herein, including but not limited to each express embodiment, to a subject that is undergoing

treatment with the CDA substrate drug. The CDA substrate drug, including but not limited to

each express embodimentdescribedherein.

In some embodiments,the subject is a mammal. In further embodiments, the subjectis
a human.

Another embodimentof the present invention relates to a kit comprising at least one

unit dosage form, which unit dosage form comprises a compound or pharmaceutical

composition of the invention.

The kit may further comprise a container and/or a package suitable for commercial

sale. The container can be in any conventional shape or form as knownin the art whichis

made of a pharmaceutically acceptable material, such as a paper or cardboard box, a glass or

plastic bottle or jar, a re-sealable bag, or a blister pack with individual dosages for pressing
out of the pack according to a therapeutic schedule. More than one container can be used

together in a single package. For example, tablets may be contained in a blister pack whichis
in turn contained within a box.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph that showsthe cffect of Compound 1 on decitabine induced survival

in the L1210 mouse lymphoma model.
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FIG. 2 is a graph that shows the effect of Compound 1a on decitabine induced survival

in the L1210 mouse lymphoma model.

FIG.3 is a graph that showsthe effect of Compound 3a on decitabine induced survival

in the L1210 mouse lymphoma model.

FIG. 4 is a graph that showsthe cffect of Compound 1 on Ara-C (200 mg/kg) induced

survival in the L1210 model.

FIG. 5 is a graph that showsthe effect of Compound 1 on Ara-C (100 mg/kg) induced

survival in the L1210 model.

FIG. 6 is a graph that shows the effect of Compound | on Ara-C (50 mg/kg) induced

survival in the L1210 model.

FIG. 7 is a graph that showsthe effect of Compound | on Ara-C (25 mg/kg) induced

survival in the L1210 model.

FIG. 8 is a graph that shows the effect of Compound 1 on gemcitabine-induced

reduction of tumor volume in the mouse A2780 human ovarian cancer xenograft model. |
FIG. 9 is an ORTEPplot ofthe crystal structure of Compound la.

FIG. 10 is the 'H NMRstructure of THU in D,0.

FIG. 11 is the 'H NMRstructure of THU in D0,in the presenceoftrifluoroacetic acid,

at different times.

FIG. 12 is the 'H NMRstructure of Compoundla in D20.

FIG. 13 is the 'H NMRstructure of Compound la in D20, in the presence of

trifluoroacetic acid, at different times.

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides certain tetrahydrouridine derivative compounds,

pharmaceutical compositions and kits comprising such compounds, and methods of making

and using such compounds. The compounds, compositions, kits and methods of the invention

may provide certain benefits. For example, the compounds and compositions of the invention

may inhibit CDA enzymeactivity and/or enhancethe half-life, bioavailability and/or efficacy

of drugs that are substrates for CDA. Additionally, the compounds, compositions, kits and

methods of the invention may exhibit improved aqueoussolubility, chemical stability, drug

absorption levels, toxicity levels, shelf-life, reproducibility in manufacturing and formulation,

and therapeutic efficacy.
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Definitions

Throughout the specification and claims, the following definitions apply.

As used in the specification and claims, the singular forms "a," "an," and "the" include

plural referents unless the content clearly dictates otherwise. Thus, for example, reference to a

pharmaceutical composition comprising "a compound" may encompass two or more

compounds.

“Alkyl”refers to a saturated straight or branched chain hydrocarbon radical. Examples

include without limitation methyl, cthyl, propyl, iso-propyl, butyl, iso-butyl, tert-butyl, n-

pentyl and n-hexyl. In some embodiments,the alkyl chain is a C; to Cs branched or

unbranched carbon chain. In some embodiments, the alkyl chain is a Cp to Cs branched or

unbranched carbon chain. In some embodiments,the alkyl chain is a C, to C4 branched or

unbranched carbon chain. In some embodiments, the alkyl chain is a C2 to C, branched or

unbranched carbon chain. In some embodiments, the alkyl chain is a C3 to Cs branched or

unbranched carbon chain. In some embodiments, the alkyl chain is a C; to C> branched or

unbranched carbon chain. In some embodiments, the alkyl chain is a C) to C3 branched or

unbranched carbon chain.

“Alkenyl”refers to an unsaturated straight or branched chain hydrocarbonradical

comprisingat least one carbon to carbon double bond. Examples include withoutlimitation

ethenyl, propenyl, iso-propenyl, butenyl, iso-butenyl, zert-butenyl, n-pentenyl and n-hexenyl.
In some embodiments, the alkenyl chain is a C2 to Cs branched or unbranched carbon chain.

In some embodiments,the alkenyl chain is a C2 to Cs branched or unbranched carbon chain.

In some embodiments,the alkenyl chain is a C2 to C4 branched or unbranched carbon chain.

In some embodiments, the alkenyl chain is a C3 to Cs branched or unbranched carbon chain.

“Alkoxy”refers to an alkyl group bonded through an oxygenlinkage.

“Alkenoxy”refers to an alkenyl group bonded through an oxygenlinkage.

“Cycloalkyl”refers to a non-aromatic cyclic alkyl radical.

“Cycloalkenyl”refers to a non-aromatic cyclic alkenyl radical.

“Halo”refers to a fluoro, chloro, bromoor iodo radical.

“Substituted” meansthat at least one hydrogen on a designated group is replaced with

another radical, provided that the designated group’s normal valence is not excccded. With

respect to any group containing one or more substituents, such groups are not intended to

introduce any substitution that is sterically impractical, synthetically non-feasible and/or

inherently unstable.
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“CDA substrate drug” refers to a drug that can be deaminated by CDA. Nonlimiting

examples of a CDA substrate include cytidine analogs, such as decitabine, 5-azacytidine,

gemcitabine, ara-C, troxacitabine, tezacitabine, 5’-fluoro-2’-deoxycytidine, and cytochlor.

“Effective amount” refers to the amount required to produce a desired effect (e.g.,

enhancing the half-life, bioavailability or efficacy of a CDA substrate drug,treating cancer in

a subject, inhibiting cytidine deaminase in a subjcct, or inhibiting degradation of a CDA

substrate drug by cytidine deaminasc).

“Half-life” refers to the period of time required for the concentration or amount of a

compound in a subject to be reduced to exactly one-half of a given concentration or amount.

“Pharmaceutically acceptable” refers to those properties and/or substances that are

acceptable to the patient from a pharmacological and/or toxicological point of vicw, and/or to

the manufacturing pharmaceutical chemist from a physical and/or chemical point of view

regarding composition, formulation, stability, patient acceptance, bioavailability and

compatibility with other ingredients.

“Pharmaccutically acceptable excipient” can mean any substance, not itself a

therapeutic agent, used as a carrier, diluent, adjuvant, binder, and/or vehicle for delivery of a

therapeutic agent to a subject, or added to a pharmaceutical composition to improve its

handling or storage properties or to permit or facilitate formation of a compound or

composition into a unit dosage form for administration. Pharmaceutically acceptable

excipients are well known in the pharmaceutical arts and are described, for example, in

Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton,Pa (¢.g., 20" Ed., 2000),
and Handbook of Pharmaceutical Excipients, American Pharmaceutical Association,

Washington, D.C., (e.g., 1*, 24 and 3Eds., 1986, 1994 and 2000, respectively). As will be

known to those skilled in the art, excipients may provide a variety of functions and may be

described as wetting agents, buffering agents, suspending agents, lubricating agents,

emulsifiers, disintegrants, absorbents, preservatives, surfactants, colorants, flavorants, and

sweeteners. Examples of pharmaceutically acceptable excipients include without limitation:

(1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch and potato

starch; (3) cellulose and its derivatives, such as sodium carboxymethyl cellulose, ethyl

cellulose, cellulose acetate, hydroxypropylmethylcellulose, and hydroxypropylcellulose; (4)

powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and

suppository waxes; (9) oils, such as peanut oil, cottonseedoil, safflower oil, sesameoil, olive

oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as

glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl olcate and ethyl

-13-
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laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum

hydroxide; (15) alginic acid, (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's

solution; (19) ethyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates and/or

polyanhydrides; and (22) other non-toxic compatible substances employed in pharmaceutical
5 formulations.

“Pharmaceutically acceptable salt” refers to an acid or base salt of a compoundof the

invention, which salt possesses the desired pharmacological activity and is neither biologically
nor otherwise undesirable. The salt can be formed with acids that include withoutlimitation

acetate, adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate butyrate, citrate,

10 camphorate, camphorsulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,

ethancsulfonate, fumarate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate,

hexanoate, hydrochloride hydrobromide, hydroiodide, 2-hydroxyethane-sulfonate, lactate,

maleate, methanesulfonatc, 2-naphthalenesulfonate, nicotinate, oxalate, thiocyanate, tosylate

and undecanoate. Examples ofa base salt include withoutlimitation ammoniumsalts, alkali

15 metal salts such as sodium and potassium salts, alkaline carth metal salts such as calcium and

magnesium salts, salts with organic bases such as dicyclohexylamine salts, N-methyl-D-

glucamine, and salts with amino acids such as arginine and lysine. In some cmbodiments, the

basic nitrogen-containing groups can be quarternized with agents including lower alkyl

halides such as methyl, ethyl, propyl and butyl chlorides, bromides and iodides; dialkyl

20 sulfates such as dimethyl, diethyl, dibutyl and diamyl sulfates; long chain halides such as

decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides; and aralkyl halides such as
phenethyl bromides.

“Unit dosage form”refers to a physically discrete unit suitable as a unitary dosage for

humanor other animal subjects. Each unit dosage form may contain a predetermined amount

25 of an active substance(e.g., compound or composition of the invention, CDA substrate drug
and/or other therapeutic agent) calculated to producea desiredeffect.

 
“Isomers” refer to compounds having the same numberand kind of atoms

and hence the same molecular weight, but differing with respect to the arrangement or
configuration ofthe atoms.

30 “Stereoisomers” refer to isomers that differ only in the arrangement of the atoms in

space.

“Diastereoisomers”refer to stereoisomersthat are not mirror images ofcach other.

“Enantiomers” refers to stereoisomers that are non-superimposable mirror images of

one another. Enantiomers include “enantiomerically pure” isomers that comprise substantially
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a single enantiomer, for example, greater than or equal to 90%, 92%, 95%, 98%, or 99%, or

equal to 100% of a single enantiomer.

“Epimers” refer to stereoisomers of a compound that have different configurationsat

only oneof several stereogenic centers.

“Racemic”refers to a mixture containing equal parts of individual cnantiomers.

‘“Non-racemic” refers to a mixture containing unequalparts of individual enantiomers.

A non-racemic mixture may be enriched in the R- or S-configuration, including, without

limitation, about 50/50, about 60/40, and about 70/30 R- to S-enantiomer, or S- to R-

enantiomer, mixtures.

“Optional” or “optionally” means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where the

event or circumstance occurs and instances in which it does not. For example, an alkylthat is

“optionally substituted” encompasses both an alkyl that is unsubstituted and an alkyl that is

substituted.

“Subject” refers to a cell or tissue, in vitro or in vivo, an animal or a human. An

animal or human subject mayalsobereferred to as a “patient.”

“Animal”refers to a living organism having sensation and the powerofvoluntary

movement, and which requires for its existence oxygen and organic food.

“Mammal”refers to a warm-blooded vertebrate animal with hair or fur. Examples

include without limitation members of the human, equine, porcine, bovine, murine, canine or

feline species.

“Treating” in reference to a disease, disorder or condition refers to: (i) inhibiting a

diseasc, disorder or condition, e.g., arresting its development; and/or(ii) relieving a disease,

disorder or condition, e.g., causing regression of the clinical symptoms.

“Preventing” in reference to a disease, disorder or condition refers to preventing a

disease, disorder or condition, e.g., causing the clinical symptomsofthe disease, disorder or

condition not to develop.

“Cancer” refers to an abnormal growth of cells which tend to proliferate in an

uncontrolled way and, in somecases, to metastasize (spread). Specific cancers types include

without limitation the cancers identified in Publication No. US 2006/0014949 and the

following:

— cardiac: sarcoma (eg., such as angiosarcoma, fibrosarcoma,

rhabdomyosarcoma, liposarcoma and the like), myxoma, rhabdomyoma,

fibroma, lipoma and teratoma,
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lung: bronchogenic carcinoma (e.g., such as squamouscell, undifferentiated

small cell, undifferentiated large cell, adenocarcinoma and the like), alveolar

(c.g., such as bronchiolar) carcinoma, bronchial adenoma, sarcoma, lymphoma,

chondromatous hamartoma, mesothelioma;

gastrointestinal:|csophagus (e.g., such as squamous cell carcinoma,

adenocarcinoma, leiomyosarcoma, lymphomaandthe like), stomach (e.g., such

as carcinoma, lymphoma, leiomyosarcomaandthelike), pancreas (e.g., such as

ductal adenocarcinoma, insulinoma, glucagonoma, gastrinoma, carcinoid

tumors, vipoma and the like), small bowel (e.g., such as adenocarcinoma,

lymphoma, carcinoid tumors, Karposi's sarcoma, leiomyoma, hemangioma,

lipoma, neurofibroma, fibroma, and the like), large bowel (e.g., such as

adenocarcinoma, tubular adcnoma, villous adenoma, hamartoma, leiomyoma

and the like);

genitourinary tract: kidney (e.g., such as adenocarcinoma, Wilm's tumor

nephroblastoma, lymphoma, leukemia, andthe like), bladder andurethra(e.g.,

such as squamouscell carcinoma,transitional cell carcinoma, adenocarcinoma

and the like), prostate (e.g., such as adenocarcinoma, sarcoma), testis (e.g.,

such aS seminoma, tcratoma, embryonal carcinoma, teratocarcinoma,

choriocarcinoma, sarcoma, interstitial ccll carcinoma, fibroma, fibroadenoma,

adenomatoid tumors, lipomaandthe like);

liver: hepatoma (¢.g., hepatocellular carcinoma and_the_like),

cholangiocarcinoma, hepatoblastoma, angiosarcoma, hepatocellular adenoma,

hemangioma;

bone: osteogenic sarcoma (e.g., such as osteosarcoma and the like),

fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma, Ewing's

sarcoma, malignant lymphoma(e.g., such as reticulum cell sarcoma), multiple

myeloma, malignant giant cell tumor chordoma, ostcochronfroma(e.g., such as

osteocartilaginous exostoses), benign chondroma, chondroblastoma,

chondromyxofibroma, osteoid osteoma andgiant cell tumors;

nervous system: skull (e.g., such as osteoma, hemangioma, granulorna,

xanthoma, osteitis deformans and the like), meninges (e.g. such as

meningioma, meningiosarcoma, gliomatosis and thelike), brain (e.g., such as

astrocytoma, medulloblastoma, glioma, ependymoma, germinoma[pinealoma],

glioblastoma multiform, oligodendroglioma, schwannoma, retinoblastoma,
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congenital tumors and the like), spinal cord (e.g. such as neurofibroma,

meningioma, glioma, sarcomaandthe like),

— gynecological: uterus (e.g., such as endometrial carcinoma and the like),

cervix (e.g., such as cervical carcinoma, pre-tumor cervical dysplasia and the

5 like), ovaries (e.g., such as ovarian carcinoma [serous cystadenocarcinoma,

mucinous cystadcnocarcinoma, unclassified carcinoma], granulosa-thecal cell

tumors, Sertoli-Leydig cell tumors, dysgerminoma, malignant teratoma, and

the like), vulva (e.g., such as squamous cell carcinoma, intraepithelial

carcinoma, adenocarcinoma, fibrosarcoma, melanoma and the like), vagina

10 (e.g., such as clear cell carcinoma, squamouscell carcinoma, botryoid sarcoma

(embryonal rhabdomyosarcoma], fallopian tubes (carcinoma) andthelike),

— hematologic: blood (c.g., such as myeloid leukemia [acute and chronic], acute

lymphoblastic leukemia, chronic lymphocytic leukemia, myeloproliferative

discases, multiple myeloma, myelodysplastic syndrome and the like),

15 Hodgkin's disease, non-Hodgkin's lymphoma,

— skin: malignant melanoma, basal cell carcinoma, squamous cell carcinoma,

Karposi's sarcoma, moles dysplastic nevi, lipoma, angioma, dermatofibroma,

keloids, psoriasis and the like; and

— adrenal glands: neuroblastoma.

20 Compounds

Oneaspectof the present invention relates to a compound of Formula I:

OH

HN

o*~N

Q Rt
OH

OH

I

or a pharmaceutically acceptable salt of the compound, wherein:

25 Ry, and R, are independently selected from the group consisting of hydrogen, halo, cyano,

nitro, sulfhydryl, hydroxyl, formyl, carboxyl, COO(C, to Ce straight or branched chain alkyl),

COO(C; to Ce straight or branched chain alkenyl), COO(Cto Ce straight or branched chain

alkynyl), CO(Ci to Cs straight or branched chain alkyl), CO(Cto Ce straight or branched
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chain alkenyl), CO(C; to Ce straight or branched chain alkynyl), C; to C¢ straight or branched

chain alkyl, C; to Ce straight or branched chain alkenyl, C; to Cs straight or branched chain

alkynyl, C, to Ce straight or branched chain alkoxy, and C, to Cs straight or branched chain

alkenoxy; wherein each occurrence of C; to Cs straight or branched chain alkyl, C; to Cs

straight or branched chain alkenyl, C, to Ce straight or branched chain alkynyl, C; to Cs

straight or branched chain alkoxy, or C, to Co straight or branched chain alkenoxy may be

independently unsubstituted or substituted with one to four substituents independently

selected from the group consisting of halo, hydroxyl, cyano, nitro, formyl, carboxyl, and

sulfhydryl;

and provided that when one of Ri and R: is -H, then the other is not -H, -OH

or -CH2OH.

In some embodiments, R, and Rz are independently selected from the group

consisting of hydrogen, halo, hydroxyl, cyano, nitro, sulfhydryl, C; to C¢ straight or branched

chain alkyl, C; to Ce straight or branched chain alkenyl, C; to Cs straight or branched chain

alkynyl, C; to Cs straight or branched chain alkoxy, and C, to Cg straight or branched chain

alkenoxy; wherein wherein each occurrence of C; to Cs straight or branched chain alkyl, C, to

Ce straight or branched chain alkenyl, C; to Ce straight or branched chain alkynyl, C, to Cs

straight or branched chain alkoxy, or C, to Cs straight or branched chain alkenoxy may be

independently unsubstituted or substituted with one ore more halos;

and provided that when one of R, and R:is -H,then the otheris not -H, or -OH.

In some embodiments, R, and R; are independently selected from the group consisting

of hydrogen, halo, C; to Cg alkyl, Ci to Co alkenyl, C; to Cs alkoxy, and C; to Cs alkenoxy;

wherein each occurrence of C, to Cg straight or branched chain alkyl, C, to Cs straight or

branched chain alkenyl, C, to Ce straight or branched chain alkoxy and C; to Cs straight or

branched chain alkenoxy may be independently unsubstituted or substituted with one to three

halos; .

and provided that when one of R; and R;is -H, then the otheris not -H, or -OH.

In further embodiments, at least one of R; and R;is halo.

In further embodiments, at least one of R; and R;is fluoro.

In further embodiments, one of Rj and R2is halo, and the other is -H.

In further embodiments, one of Ri and Ris fluoro, and the otheris -H.

In further embodiments, R; and R» are each fluoro,

In further embodiments, onc of R; and R,is halo, and the other is -CN.

In further embodiments, onc of Ry; and Rz is fluoro, and the other is -CN.
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In further embodiments, one of Ry and R2is halo, and the other is -NOz.

In further embodiments, one of R; and R2is fluoro, and the other is -NO2.

In further embodiments, one of Ry and R>is halo, and the other is -SH.

In further embodiments, one of R, and R, is fluoro, and the other is -SH.

In further embodiments, one of R; and R2is halo, and the other is -OH.

In further embodiments, one of R; and R;is fluoro, and the other is -OH.

In further embodiments, one of R; and R2is halo, and the other is -CHO.

In further embodiments, one of Ry and R;is fluoro, and the other is -CHO.

In further embodiments, one of Ry and Rz2is halo, and the other is -COOH.

In further embodiments, one of Ry and R;is fluoro, and the other is -COOH.

In further embodiments, one of R; and R2is halo, and the other is -COOR,, wherein Rx

selected from the group consisting of C, to Cg, straight or branched chain alkyl, C; to C¢

straight or branched chain alkenyl, and C, to Cs straight or branched chainalkynyl.

In further embodiments, one of R; and R2 is fluoro, and the other is -COOR,, wherein

R, selected from the group consisting of C; to Ce straight or branched chain alkyl, C to Cs

straight or branched chain alkenyl, and C; to Cg straight or branched chain alkynyl.

In further embodiments, one of R; and R2 is halo, and the other is -COR,, wherein R,

selected from the group consisting of C, to Ce. straight or branched chain alkyl, C; to C¢

straight or branched chain alkenyl, and C, to Cg straight or branched chain alkynyl.

In further embodiments, one of R; and R:is fluoro, and the other is -COR,, wherein Rx

selected from the group consisting of C, to Cs straight or branched chain alkyl, C; to Ce

straight or branched chain alkenyl, and C; to Ce straight or branched chain alkynyl.

In further embodiments, one of R; and R;is halo, and the other is -C; to Ce straight or

branched chain alkyl.

In further embodiments, one of R; and R;is fluoro, and the other is -C, to Ce straight

or branched chain alkyl.

In further embodiments, one of R, and R2is halo, and the other is -C; to C¢ straight or

branched chain alkenyl.

In further embodiments, one of R; and R;is fluoro, and the other is -C; to C¢ straight

or branched chain alkenyl.

In further embodiments, one of R; and R2is halo, and the other is -C; to C¢ straight or

branched chain alkoxy.

In further embodiments, one of Ry and R; is fluoro, and the other is -C, to C¢ straight

or branched chain alkoxy.
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In further embodiments, one of R; and Rzis halo, and the other is -C, to Cs straight or

branched chain alkenoxy.

In further embodiments, one of Ri and Rzis fluoro, and the otheris -C, to C¢ straight

or branched chain alkenoxy.

5 In further embodiments, at least one of Ri and Ro is -C, to C¢ straight or branched

chain alkyl substituted with halo.

In further embodiments,one of Ry and R2is -C, to Ce straight or branched chain alkyl

substituted with halo, and the other is -H.

In further embodiments, one of R; and R; is -C, to Cg straight or branched chain alkyl
10 substituted with fluoro, and the otheris -H.

In further embodiments, at least one of Ri and R:2 is -C, to Ce straight or branched

chain alkenyl substituted with halo.

In further embodiments, one of Ri and R2 is -C; to Cg straight or branched chain

alkenyl substituted with halo, and the other is -H.

15 In further embodiments, one of R, and R2 is -C; to Cs straight or branched chain

alkenyl substituted with fluoro, and the other is -H.

In further embodiments,at least one of Ri and Rzis/are -C, to C¢ straight or branched

chain alkoxy substituted with halo

In further embodiments, one of Ri and Rz is -C; to Cs alkoxy substituted with halo,
20 and the otheris -H.

In further embodiments, one of R,; and R» is -C, to Cg straight or branched chain

alkoxy substituted with fluoro, and the otheris -H.

In further embodiments, at least one of R, and R2 is -C; to Ce straight or branched

chain alkenoxy substituted with halo.

25 In further embodiments, one of R; and R» is -C, to Cg straight or branched chain

alkenoxy substituted with halo, and the otheris -H.

In further embodiments, one of R; and Ris -C; to Cs straight or branched chain

alkenoxy substituted with fluoro, and the otheris -H.

 
In some embodiments, the compound of Formulais:
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wherein the carbon marked by an asterisk may have an (R) or an (S) configuration. In

some embodiments, a disclosed pharmaceutical composition or method of use may comprise a

compound with an (R) configuration an (S) configuration, or a mixture of (R) and (S)

5 configurations. In some embodiments, R, and R2 are independently selected from fluoro and

hydrogen, with the proviso that R; and R2 maynot both be hydrogen.

In further embodiments, the compound of Formula I has the stereochemistry of either

la or Ib:

 
10 In further embodiments, the compound of Formula I is selected from the group

consisting of Compounds | to 23 and pharmaceutically acceptable salts thercof:

 
OH OH

“) 1.AN oy
O a

OH
OH

Compound1 Compound 2 Compound 3

-21-

~Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0283



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0284

 
WO 2009/052287 PCT/US2008/080163

 
Compound 6

OH

“WyAy wv

/ NO2
OH

OH

Compound 7 Compound 9

OH OH

HN

O” ~N   
Compound 10 Compound 11 Compound 12
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Compound 13 Compound 14 Compound15

OH OH OH

“ ~ i.on O7>N on
 
 
 

wF
COOH 
 

 
 

4,

OH

OH

Compound 16

Compound21

Compound 22 Compound 23
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In further embodiments, the compound of Formula I is selected from the group

consisting of Compoundsla, 1b, 2a, 2b, 3a, 3b, and pharmaceutically acceptablesalts thereof.

OH

 
Compound 1a

OH 
Compound 2b Compound 3a Compound 3b

Since the compounds ofthe invention may possessat least one chiral center, they may
5 exist in the form of enantiomers, diastereomers, racemic mixtures, non-racemic mixtures or

other stereoisomers. The present invention encompassesall such possible isomers, as well as

geometric isomers and tautomers.

Stereoisomers may be prepared or isolated by known methods. For example,

diastereoisomers may be separated by physical separation methods such as fractional

10 crystallization and chromatographic techniques, and enantiomers may be separated from each

other by the selective crystallization of the diastereomeric salts with optically active acids or

bases or by chiral chromatography. Pure stereoisomers mayalso be prepared synthetically

from appropriate stereochemically pure starting materials, or by using stereoselective
reactions.

15 Pharmaceutical Compositions

Another aspect of the present invention relates to a pharmaceutical composition

comprising:
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(i) an effective amount of a compoundofthe invention as described herein, including

but not limited to each express embodiment, and

(ii) a pharmaceutically acceptable excipient.

In further embodiments, the pharmaceutical composition further comprises an

effective amountofat least one additional therapeutic agent, such as a CDA substrate drug or

chemotherapeutic agent.

The CDA substrate drug may be any drug that can be deaminated by CDA.

Nonlimiting examples of a CDA substrate include cytosine and cytidine analogs, such as

decitabine, 5-azacytidine, gemcitabine, ara-C, troxacitabine, tezacitabine, 5’-fluoro-2’-

deoxycytidine, cytochlor, and the compoundsdisclosed in US Publication No. 2006/0014949.

In some embodiments, the CDA substrate drug is decitabine. In other cmbodiments, the CDA

substrate drug is 5-azacytidine. In yet other embodiments, the CDA substrate drug is

gemcitabine. In yet other embodiments, the CDA substrate drugis ara-C.

Examples of a chemothcrapeutic agent include without limitation:

alkylating agents (e.g., which may include doxorubicin, cyclophosphamide,

estramustine, carmustine, mitomycin, bleomycin andthelike);

antimetabolites (e.g., which may include 5-Fluoro-Uracil, capecitabine, gemcitabine,

nelarabine, fludarabine, methotrexate and thelike);

platinating agents (e.g., which may includecisplatin, oxaliplatin, carboplatin and the

like);

topoisomerase inhibitors (e.g., which may include topotecan,irinotecan, etoposide and

the like);

tubulin agents (e.g., which may include paclitaxel, docetaxel, vinorelbine, vinblastinc,

vincristine, other taxanes, epothilones, and thelike);

signalling inhibitors (e.g., kinase inhibitors, antibodics, farnesyltransferase inhibitors,

and thelike); and

other chemotherapeutic agents (c.g, tamoxifen, anti-mitotic agents such as polo-like

kinase inhibitors or aurora kinase inhibitors, and thelike).

The “effective amount” of the compoundof the invention may vary from 0.1 wt. % to

about 100 wt. %. In some embodiments, the effective amount of the compoundis 0.1 to 20%

w/w. In other embodiments, the effective amount is 1-10% w/w. In yet other embodiments,

the effective amountis 2-5% w/w.

The pharmaceutical compositions of the invention may be formulated for

administration in solid or liquid form, including those adapted for the following: (1) oral
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administration, for example, drenches (for example, aqueous or non-aqueous solutions or

suspensions), tablets (for example, those targeted for buccal, sublingual and systemic

absorption), caplcts, boluses, powders, granules, pastes for application to the tongue, hard

gelatin capsules, soft gelatin capsules, mouth sprays, troches, lozenges, pellets, syrups,

suspensions, elixirs, liquids, cmulsions and microemulsions; (2) parenteral administration, for

example, by subcutaneous, intramuscular, intravenous or epidural injection as, for example, a

sterile solution or suspension; (3) topical application, for example, as a cream, ointment,

patch, pad or spray applied to the skin; (4) intravaginally or intrarectally, for example, as a

pessary, cream or foam;(5) sublingually; (6) ocularly; (7) transdermally; or (8) nasally. The

pharmaceutical compositions may be formulated for immediate, sustained or controlled

release.

In some embodiments, the pharmaccutical compositions are formulated for oral

administration. In further embodiments, the pharmaccutical compositions are formulated for

oral administration in solid form.

Pharmaceutical compositions of the invention can be prepared using known materials

and techniques, which may include but are not limited to mixing and/or blending the

compound of the invention with the pharmaceutically acceptable excipient and optional

therapeutic agent(s).

Methods

Another aspect of the present invention relates to a method for inhibiting cytidine

deaminase, comprising administcring to a subject in need thereof an effective amount of a

compound or pharmaceutical composition of the invention as described herein, including but

notlimited to each express embodiment.

In some embodiments, the subject is a mammal. In further embodiments, the subjectis
a human.

Another aspect of the present invention relates to a method for treating cancer,

comprising administering to a subject in need thereof:

(i) an cffcctive amount of a compound or pharmaceutical composition of the

invention as described herein, including but not limited to each express embodiment; and

(ii) a CDAsubstrate drug, including but not limited to each express embodiment

described herein.

In some embodiments, the subject is a mammal. In further embodiments, the subject is
a human.
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In some embodiments, the cancer is selected from hematological cancers and solid

cancers. In further embodiments, the hematological cancer selected from MDSand Icukemia.

In further embodiments, the solid cancer is selected from pancreatic cancer, ovarian cancer,
peritoneal cancer, non small cell lung cancer, and breast cancer. In yet further embodiments,

the leukemia is acute myeloid leukemia (AML) or chronic myeloid leukemia (CML).

Anotheraspect of the present invention relates to a method for inhibiting degradation

of a CDA substrate drug by cytidine deaminase, comprising administering an effective amount

of a compoundor pharmaceutical composition of the invention as describedherein, including

but not limited to each express embodiment,to a subject that is undergoing treatment with the

CDA substrate drug. The CDA substrate drug, including but not limited to cach express

embodiment described herein.

In some embodiments, the subject is a mammal. In further embodiments, the subject is

a human.

Administration of the compound or composition of the invention may be via any

accepted mode knownto oneskilled in the art, for example, orally, parenterally, by inhalation

spray, topically, rectally, nasally, buccally, vaginally, intraoccularly, intrapulmonarily, or via

an implanted reservoir. The term "parenterally" includes without limitation subcutancously,

intravenously, intramuscularly, intraperitoncally, intrathecally, _intraventricularly,

intrasternally, intracranially, by intraosseous injection and by infusion techniques.

Any administration regimen well known to those skilled in the art for regulating the

timing and sequence of drug delivery can be used and repeated as necessary to effect

treatment in the methods of the invention. For example, the compound or composition of the

invention may be administered 1, 2, 3 or 4 times daily, by a single dose, multiple discrctc

doses or continuousinfusion.

The compound or composition of the invention may be administered prior to, at

substantially the same time with, or after administration of the CDA substrate drug. The

administration regimen may include pretreatment and/or co-admuinistration with at least one

additional therapeutic agent. In such case, the compound or composition of the invention,

CDA substrate drug and at least one additional therapeutic agent may be administered

simultaneously, separately, or sequentially.

Examples of administration regimens include without limitation:

administration of each compound, composition, CDA substrate drug, and/or

therapeutic agent in a sequential manner; and
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co-administration of each compound, composition, CDA substrate drug, and/or

therapeutic agent in a substantially simultaneous manner(e.g., as in a single unit dosage form)

or in multiple, separate unit dosage forms for each compound, composition, CDA substrate

drug, and/or therapeutic agent.

It will be appreciated by those skilled in the art that the “effective amount”or “dose

level” will depend on various factors such as the particular administration mode,

administration regimen, compound, and composition selected, and the particular disease and

patient being treated. For example, the appropriate dosc level may vary depending upon the

activity, rate of excretion and possible toxicity of the specific compound or composition

employed; the age, body weight, general health, gender and diet of the paticnt being treated;

the frequency of administration; the other therapeutic agent(s) being co-administered; and the

type and severity of the disease.

The present invention contemplates dose levels on the order of about 0.001 to about

10,000 mg/kg/d. In some embodiments, the dose level is about 0.1 to about 1,000 mg/kg/d.

In other embodiments, the dose level is about 1 to about 100 mg/kg/d. In yet other

embodiments, the dose level is about 1 to about 50 mg/kg/d. In yet other embodiments, the

dose level is about 1 to about 25 mg/kg/d. Appropriate dose levels, mode of administration,

and administration regimen may be ascertained by those skilled in the art using known
techniques.

Kits

Another aspect of the present invention relates to a kit comprising at least one unit

dosage form, which unit dosage form comprises a compound or pharmaceutical composition
of the invention.

The kit may further comprise a container and/or a package suitable for commercial

sale. The container can be in any conventional shape or form as knownin the art whichis

made of a pharmaceutically acceptable material, such as a paper or cardboard box, a glass or

plastic bottle or jar, a re-sealable bag, or a blister pack with individual dosages for pressing
out of the pack according to a therapeutic schedule. More than one container can be used

togetherin a single package. For example, tablets may be contained in a blister pack which is
in turn contained within a box.

The kit may further comprise information. The information may be provided on a

readable medium. The readable medium may comprise a label. The information may be

directed towards a physician, pharmacist or patient. The information may indicate that the

unit dosage form may cause one or more adverse effects. The information may comprise
- 28 -
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instructions for administering the unit dosage form, such as in a manner described herein.

Thesc instructions may be providedin a variety of ways. For example, the information may

include a table including a variety of weights or weight ranges and appropriate dosages for

each weight or weight range.

The information can be associated with the container, for example, by being: written

on a label(e.g., the prescription label or a separate label) adhesively affixed to a container,

included inside a container as a written package insert; applied directly to the container such

as being printed on the wall of a boxorblister pack; or attached as by beingtied or taped, for

exampleas an instructional card affixed to the neckof a bottle via a string, cord or otherline,

lanyard or tether type device.

It will be apparent to those skilled in the art that specific embodiments of the present

invention may be directed to one, someorall of the above-indicated aspects as well as other

aspects, and may encompass one, some or all of the above- and below- indicated

embodiments, as well as other embodiments.

Other than in the working examples, or where otherwise indicated, all numbers

expressing quantities of ingredients, reaction conditions, and so forth used in the specification

and claims are to be understood as being modified by the term “about”. Accordingly, unless

indicated to the contrary, such numbers are approximations that may vary depending upon

the-desired properties sought to be obtained by the present invention. At the very least, and

not as an attempt to limit the application of the doctrine of equivalents to the scope of the

claims, each numerical parameter should be construed in light of the number of significant

digits and ordinary rounding techniques.

While the numerical ranges and parameters setting forth the broad scope of the

invention are approximations, the numerical values set forth in the working examples arc

reported as precisely as possible. Any numerical value, however, inherently contains certain

errors necessarily resulting from the standard deviation found in their respective testing

measurements.

EXAMPLES

The following examplesareillustrative of the present invention and are not intended to

bc limitations thereon.
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Synthesis ofCompounds

Compound of the invention can be prepared as described herein and/or by the

application or adaptation of known methods. It will be appreciated by thoseskilled in the art

that one or more of the reactants, steps and/or conditions described in the reaction schemes

5 may require adjustment to accommodateothersubstituents at R; and Ro.

Example1:

Scheme1. Synthesis of difluorotetrahydrouridine derivatives (Compounds 1a and 1b)

NH> O

H
eXN 1) Ho/Rh/Alumina (24h) ct 3 eq NaBH
N : 4O ma 2) Ho/Rh/Alumina (72h) 0 N~V MeOH
oe oO O

61% . Vr: F Y 0 °C-—->rt, 4h
HO HO HO HG

  

24 25

OH OH

(he oe on)
Ae? © Nee Ne

HO HO 46 HO 46

1a (29%) 1b (31%) 26 (17%)

2°2°-DiKluoro-DiHydro-Uridine (DFDHU, 25). Gemcitabine 24 (3.0 g, 11.4 mmol) is

10 dissolved in H2O (50 mL). Rhodium on alumina (900 mg) is added to the solution and the

mixture is hydrogenated overnight at 40 psi. The next day, the mixture is filtered, the wateris

removed in vacuo and the resulting sticky solid is dissolved in HO again. Rhodium on

aluminais added to the solution (900 mg) and the material is hydrogenated overnight at 40 psi. 
The rhodium is filtered off and the resulting filtrate is concentrated to afford a crude mixture

15 of difluorodihydrouridine (5, DFDHU) and ~10% of difluorotetrahydrouridine 1a and 1b

(DFTHU). The crude mixture is purified on reverse phase HPLC (reverse phase Cis @ 5%

CH3CN/H20)to afford 1.84 g (61%, 14.5 minutes) of DFDHU 25 and 175 mg (17%, 1a, 9.5

minutes and 1b, 13.9 minutes) of the epimers of DFTHU. Theabsolute configuration of C-4

for compound la is determined by single crystal X-ray diffraction, and is consistent with

20_literature precedents on the crystal structure of cytidine deaminase in complex with a single
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epimer of tetrahydrouridine. "HNMRof5: 6.00 (dd, 1H), 4.20 (q, 1H), 3.92-3.72 (m, 3H),

3.64 (m, 1H), 3.43 (m, 1H), 2.68 (t, 2H).

2°2?-DiFluoro-[etralydroUridine (DFTHU, la and Ib). The DFDHU 25 (1.2 g, 4.9

mmol) is dissolved in 30 mL of MeOH and cooled to 0°C. Sodium borohydride (540 mg,

5 14.6 mmol) is added portion-wise to the solution and the reaction is slowly warmed to room

temperature. After 4 hours of stirring at room temperature(r.t.), the MeOH is removed in
vacuo and the residue is dissolved in 15 mL of H2O. The solution is neutralized with 2.0 N

HCI to pH 7. Thesolution is then purificd via prep HPLC (reverse phase Cis @ 5%

CH3CN/H,0). The salts come out at 5.2 minutes. One peak is apparent at 7.5 minutes (12%).

10 One epimer of the DFTHU 1a comesoutat 9.5 minutes (350, 29%). The other epimer Ib

comesout at 14.3 minutes (370 mg, 31%). The deoxygenated product 26 elutes at 17 minutes

(200 mg, 17%).

ta 'HNMR(D,0,9.5 minutes): 6.03 (dd, 1H), 5.04 (bs, 1H), 4.20 (q, 1H), 3.90-3.71 (m, 3H),

3.53 (dt, 1H), 3.30 (dt, 1H), 1.92-1.75 (m, 2H). Anal. Caled. for CoHj4N2OsF2 (0.15 H20): C,

15 39.90; H, 5.32; N, 10.34. Found: C, 39.87; H, 5.41; N, 10.26.

1b 'HNMR(D.0, 14.3 minutes): 5.97 (dd, 1H), 5.03 (bt, 1H), 4.16 (q, 1H), 3.91-3.68 (m, 3H),

3.41 (dt, 1H), 3.20 (dt, 1H), 1.95-1.80 (m, 2H). Anal Caled. for CoHiaN2OsF2 (0.60 H20): C,

38.74: H, 5.49; N, 10.04. Found: C, 38.55; H, 5.36; N, 9.87.

26 'H NMR (D20) 6 5.99 (dd, J = 15 Hz, 6 Hz, 1H), 4.17 (1m, 1H), 3.89 (m, 1H), 3.75 (m,

20 2H), 3.42 (m, 1H), 3.21 (t, J=6 Hz, 2H), 3.18 (m, 1H), 1.86 (m, 2H).
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Example 2:

Scheme 2. Synthesis of 2’(R)-fluoro-2’deoxy-tetrahydrouridines (Compounds2a and 2b)

  

O O

ot etH
N H2/Rh/Alumina N

O \ 2 O as MeOH/NaBHy
tt IF O 64% fF =

HO HO HO HO

27 28

a“ OH 7NH\ NH Che oN
Seb FB etO O

oF ar HO,
HO Hd HO H6

On

2a (46%) 2b (21%) 29 (9%)

2°(R)-Fluoro-2’deoxy-DiHydroUridine [(R)-FDHU,28]. 2’-Fluoro-2’-deoxyuridine 27 (1.2

5g, 4.9 mmol) is dissolved in H2O (30 mL) with a few drops of concentrated ammonium

hydroxide (5 drops). Rhodium on alumina (300 mg) is added to the solution and the mixture

is hydrogenated overnight at 40 psi. The next day, the mixture is filtered and the filtrate is

concentrated andpurified via prep HPLC (reverse phase Cg @ 5% CH3CN/H,0). The major

productis 28, (R)-FDHU,whichelutes at 9.2 minutes (780 mg, 64%). Someresidual starting

10=material 7a (5.5 minutes, 95 mg, 8%) and a minor amount of the FTHU 2a and 2b (7.2

minutes, 50 mg, 4% and 8.6 minutes, 45 mg, 4%) are isolated. 'HNMR 28 (D20): 5.83 (dd,

1H), 5.07 (dd, 1H), 4.18 (q, 1H), 3.90-3.78 (m, 2H), 3.65 (dt, 1H), 3.52-3.35 (m, 2H), 2.64 (t,
2H).

2°(R)-Fluoro-2’-deoxy-TetraHydroUridine ((R)-FTHU, 2a and 2b). The (R)-FDHU (600

15. mg, 2.4 mmol) is dissolved in 20 mL of MeOH andcooled to 0 °C. Sodium borohydride (355

mg, 9.6 mmol) is added portion-wise to the solution and the reaction is slowly warmed to

room temperature overnight. The MeOHis removed in vacuo and the residue is dissolved in

10 mL of HO. The solution is neutralized with 2.0 N HCl to pH 7. Thesolution is then

purified via prep HPLC (reverse phase Cjz3 @ 5% CH3CN/H)O). The desired product 2a

20 elutes at 7.2 minutes (275 mg, 46%) followed by the other epimer 2b at 8.6 minutes (125 mg,

21%) and someresidualstarting material at 9.2 minutes and the fully reduced material 29 (50

-32-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0294



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0295

10

15

WO 2009/052287 PCT/US2008/080163

mg, 9%) at 14.9 minutes. The stereochemistry at C-4 for 2a and 2b are assigned based on

literature precedents on the crystal structure of cytidine deaminase in complex with a single

epimeroftetrahydrouridine.

2a (7.2 minutes): 'HNMR (DMSO-d,): 7.21 (d, 1H), 5.93 (dd, 1H), 5.59 (d, 1H), 5.39 (d, 1H),

4.99-4.75(m, 3H), 3.95 (m, 1H), 3.62-3.21 (m, 5H), 1.69 (m, 2H); '*CNMR:153.12, 91.2 (d),
85.93 (d), 81.36, 71.30, 68.3 (d), 60.43, 34.13, 28.66. Anal. Caled. for CoHisN20sF (0.5 H20):

C, 41.70; H, 6.22; N, 10.81. Found: C, 41.67; H, 6.26; N, 10.76.

2b (8.6 minutes): (HNMR (DMSO-ds): 7.15 (d, 1H), 5.95 (dd, 1H), 5.58 (d, 1H), 5.40 (d, 14),

5.00-4.75 (m, 3H), 3.92 (m, 2H), 3.61-3.29 (m, 5H), 2.98 (m, 1H), 1.80-1.65 (m, 2H);

BCNMR:154.02, 92.24 (d), 86.62 (d), 81.63, 71.73, 68.86 (d), 60.89, 35.08, 29.00.

29 (14.9 minutes): ‘HNMR (D20): 5.93 (dd, 1H), 5.07 (d, 1H), 4.61 (m, 1H), 4.24 (m, 1H),

3.96-3.65 (m, 3H), 3.35-3.14 (m, 3H), 2.12-1.79 (m, 2H).

Example 3:

Scheme3. Synthesis of 2°(S)-fluoro-2’deoxy-tetrahydrouridines (Compounds3a and 3b)

O O

iv
NH NH

NV H/Rh/Alumina NV MeOH/NaBH4
nF 100% nF

HO 46 HO 46

30 31

C\H
+ N

O Yt
F

HO 6
 

3a (14%) 3b (21%) 32 (trace)

2°($)-fluoro-2’deoxy-dihydrouridine [(S)-FDHU, 31]. Compound 30 (1.2g, 4.0 mmol) is

dissolved in HzO (40 mL). Rhodium on alumina (200 mg) is added to the solution and the

mixture is hydrogenated overnight at 50 psi. The next day, the mixture is filtered through a

pad of celite and concentrated in vacuo. The desired product 31 is obtained in quantitative
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yicld (>1.0 g). 'HNMR (D20): 6.08 (dd, 1H), 5.09 (dt, 1H), 4.28 (m, 1H), 3.85-3.80 (m, 2H),
3.72 (m, 2H), 3.51 (m, 1H), 2.65 (t, J = 9 Hz, 2H).

2°(S)-fluoro-2’deoxy-tetrahydrouridine [(S)-FTHU, 3a and 3b]. Compound 31 (1.12 mg,

4.55 mmol) is dissolved in 28 mL of McOHand cooled to 0°C. Sodium borohydride (475 mg,

12.55 mmol)is added portion-wise to the solution andthe reactionis allowed to continue for 1

hour and 15 minutes. The MeOHis removed in vacuo and theresidue is dissolved in 15 mL

of 5% CH3CN/H20. The solution is neutralized with 2.0 N HCl to pH 7 (~3 ml). The

solution is then purified via prep HPLC (reverse phase Cig Phenomenex Luna with a 5%

CH3CN/H20(isocratic eluent andrefractive index detector). The desired product 3a elutesat

9.3 minutes (163 mg, 14%) followed by the other epimer 3b at 13.4 minutes (236 mg, 21%),

someresidual starting material (not quantified), as well as the fully reduced product 32 (not

quantified) are detected. Stereochemistry at C-4 for 3a and 3b are assigned basedonliterature

precedents on the crystal structure of cytidine deaminase in complex with a single epimer of

tetrahydrouridine.

3a (9.3 minutes): HNMR (D20) 8 6.12 (dd, 1H), 5.04 (dt, 1H), 5.03 (m, 1H), 4.27 (m, 1H),
3.83-3.59 (m, 4H), 3.34 (m, 1H), 1.86 (m, 2H). '“CNMR:157.9, 98.6 (d), 83.9 (d), 82.5, 75.7
(d), 74.0, 62.6, 37.5, 30.0. Anal. Caled. for CpHisN2OsF (0.25 H20): C, 42.44; H, 6.13; N,
11.00. Found: C, 42.49; H, 6.09; N, 10.82.

3b (13.4 minutes): "HNMR (D20) 8 6.07 (dd, 1H), 5.02 (dt, 1H), 5.02 (t, 1H), 4.26 (dt, 1H),
3.84-3.66 (m, 4H), 3.35 (m, 1H), 1.86 (m, 2H); “CNMR: 157.8, 98.2 (d), 84.4, 82.0, 75.7,

74.0, 62.4, 38.4, 29.3. Anal. Caled. for CoHisN2OsF (0.4 H20): C, 41.96; H, 6.19; N, 10.87.

Found: C, 41.99; H, 6.15; N, 10.91.

Example 4:

CDA enzymatic activity

The ability of the compounds of the invention to inhibit the enzymatic activity of CDA

may be demonstrated using the following assay method.

The procedure to determine CDA enzymatic activity is based on published

methodologies (for example, Cacciamani, T. et al., Arch. Biochem. Biophys. 1991, 290, 285-

92; Cohen R.et al., J. Biol. Chem., 1971, 246, 7566-8; Vincenzetti S. et al., Protein Expr.

Purif. 1996, 8, 247-53). The assay follows the change in absorbance at 286 nm of the CDA-

catalyzed deamination ofcytidine to form uridine. The reaction is carried out in potassium

phosphate buffer (pH 7.4, 20 mM,containing 1 mM DTT)inatotal volumeof 200 ul in a 96-

well plate format. The final reaction mixture contains cytidine (50 uM) and purified human

recombinant CDA. Purified enzymeis diluted so as to produce an absorbance change of
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approximately 2 milli-absorbance units / minute. Base line measurements of absorbance

change over time are made before CDA addition to insure no change of absorbance in the

absence of CDA. After CDA addition, absorbance change is monitored for 20 - 30 minutes.

Whenpotential inhibitors are present, cight concentrations of each in the 0.1 nM — 1 mM

5 range are tested in order to obtain ICs» valucs. The slope of the change of absorbance over

time for samples containing both cytidine and CDA but no inhibitor (totals) is normalized to

100%. CDA enzymatic activity left in the presence of a compound expressed as percent of

total activity is subtracted from 100% in order to obtain percent inhibition at varying

compound concentrations.

10 Using the above described assay, the inhibitory potency of Compounds 1 and 2 are

evaluated. The ICso values of the compoundsare sct forth in Table 1. “la” and “1b” denote

single stereoisomers; “1” denotes an epimeric mixture.

Table 1. Inhibitory Potency of Test Compounds

i

5000 + 2000

2000 + 3000

400 + 80

4000 + 700

2000 + 1000

EnhancementofEfficacy ofCDA Substrate Drugs

15 The ability of the compounds of the invention to enhance the efficacy of CDA

  
 
 

 

 
 
  
 
 
 
  
  

 
 
 

  
substrate drugs may be demonstrated in the L1210 mouse lymphoma model.
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Example 5:

The effect of CDA inhibitor, Compound 1, on decitabine (0.1mg/kg) induced survivalin the
£1210 survival model

Methods

5 30 CD2F16-7 weeks old female mice are randomly separated into 6 groups:

L1210i.v and Vehicle + Vehicle p.o. x 2 for 4 days

L1210iv. and Vehicle + Compound I 10 mg/kg p.o. x 2

for 4 days

L1210i.v. and Vehicle + 0.1 mg/kg decitabinep.o. x 2 for

4 days

L1210 iv. and Compound 1 | mg/kg + 0.1 mg/kg

decitabine p.o. x 2 for 4 days

L1210 Lv. and Compound 1 10mg/kg + 0.1 mg/kg

decitabine p.o. x 2 for 4 days

L1210 iv. and Vehicle + 0.1 mg/kg decitabine i.p. x 2 for

4 days

  
L1210 Intravenous (i.v.) Injection: Prior to experiment, L1210 cells are passcd at least 3

times in CD2F1 female mice. The mice are injected intraperitoneally (i.p.) with L1210 ascites

one prior weekto sacrifice using COz, Each mouseis placed onits back, its belly surface is

cleaned with alcohol wipes and a small incision is madeinto its peritoneal cavity. 2 ml ofice

10 cold 2.1% bovine serum albumin (BSA) in saline is injected into the cavity. Fluid is

withdrawn from the cavity, transferred with an 18G 3 cc syringe into a cleansterile tube, and

kept on ice. The fluid is diluted 1:10 in 2.1% BSA in saline and one drop of zap-o-globin is

added to 2 ml of diluted ascites. Diluted ascites (dilute 1:10 again) arc counted on a

hematocytomer and the numberofcells/ml is calculated. A stock of ascites in BSA solution is

15 diluted to 1x10* cells/0.1 ml. Mice are injected with 0.1 ml of cell solution with a 27G necdle.

Dose Solution Preparation: When appropriate, mice are dosed with a vehicle or Compound 1
p.o 30 minutes prior to decitabine.

Compound1is prepared at 1 mg/mlin phosphate buffer saline (PBS) and then diluted

to 0.1 mg/ml in PBSfor the lower dose.
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Decitabine is prepared at a | mg/ml stock in PBS and diluted appropriately to achicve

a 0.01 and 0.02 mg/mldosingsolution.

Dosing Scheme: Decitabine is prepared fresh twice a day. All dosc solutionsare stored on

ice while dosing. Mice are dosed i.p. or orally (p.o.) twice a day (8 hours apart) for 4

consecutive days. Final dosing scheme and total decitabine and Compound 1 doses are

outlined in Table 2.

Compound1|Vehicle 0 mg/kg 10 mg/kg 80 mg/kg

0.1 mg/kg p.o.|0.8 mg/kg|Vehicle 0 mg/kg

Decitabine /|0.1 mg/kg p.o.|0.8 mg/kg 1 mg/kg 40 mg/kg

Compound1

Decitabine /|0.1 mg/kg p.o.|0.8 mg/kg 10 mg/kg 80 mg/kg

Compound1

Survival and Autopsy: Mice are observed for survival and weighed daily (Mondayto Friday)

Table 2. Dosing Scheme

 
  

  Cumulative|Compound ||Cumulative Decitabine  

 
Group   Dose Compound | 

   
 
 

 
 

# Dose Decitabine

(route Dose Dose

administered)

  
 

  
  

  
  

for the duration of the study (30 days). Dead mice are autopsied and observed for the

presence of tumors in organs. Tumor deaths are determined by liver weights greater than 1.6

g and spleen weights greater than 150 mgas per Coveyet al., Eur. J. Cancer Oncol. 1985.

Mice dosed with decitabine or decitabine plus Compound 1 live longer than mice

dosed with vehicle control or Compound 1 alone (FIG. | and Table 3; p<0.05). A trend for a

dose response is observed with Compound 1 in combination with decitabine.

Decitabine (0.1 mg/kg) p.o. is less effective than 0.1 mg/kg decitabine 1-p., but not

significantly different (Table 3; FIG. 1, p=0.052).

Co-administration of 10 mg/kg Compound 1 with 0.1 mg/kg decitabine p.o.

significantly enhances survival compared to 0.1 mg/kg decitabine p.o. alone (p=0.0031) and

0.1 mg/kg decitabine ip. (p=0.016, Table 3, FIG. 1). Co-administration of 1 mg/kg

Compound 1 with 0.1 mg/kg decitabine p.o. significantly enhances survival compared to 0.1
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mg/kg decitabine p.o. alone (p=0.0031), but not compared to 0.1 mg/kg decitabine Lp.
(p=0.13; Table 3, FIG. 1).

Table 3 lists the meansurvival of each treatment group and the percent ILS (increased

life span) compared to the vehicle group. All treated groups live significantly longer than

vehicle controls and CDAinhibitor alone groups (p<0.05).

Table 3 lists the weights ofthe livers and spleens of mice on autopsy. All mice except
for the one 0.1 mg/kg decitabine ip. mouse died a ‘tumor burden’ related death as indicated

by the liver weights greater than 1 g and the spleen weights greater than 80 mg (Covey et al.,
 supra). The weights ofliver and spleen from 3 control mice are 0.97+0.08g and 0.0840.02¢.

Gross observationsare noted concerning the overall appearanceof the peritoneal and thoracic
cavities.

Table 3. Effect of Decitabine and Compound1 on Survival and Liver and Spleen

Weights in L1210 IV Survival Model

   *% ILS

(Increased

Life Span)

Mean

  
 
    

 
 

MeanLiver Mean Spleen

wts, (g)+ SD wts. (g)+SD

TT a
a

* % ILS = mean survival of experimental (days) — mean survival of control (days) X 100

Survival

(days) + SD  
 

 
 

 
  

 a

 
 

 

mean survival of control (days)

FIG. | is a graph that shows the effect of Compound | on decitabine (DAC)induced survival

in the L1210 mouse lymphoma model.

Example 6:

The effect of CDA inhibitor, Compound la, on decitabine (0. Img/kg) induced survival in
the L1210 survival model

Compoundla is evaluated in the L1210 model following the protocol of Example 5. Mice

dosed with decitabine (“DAC”), and DAC plus Compound 1a,live longer than those receiving
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vehicle control and CDA inhibitor alone (FIG. 2; p < 0.05). In combination with DAC, 10

mg/kg Compound 1a is more effective at extending survival than the lower doses.

Example 7:

The effect of CDA inhibitor, Compound 3a, on decitabine (0.1mg/kg) induced survival in
the L1210 survival model

Compound 3a is evaluated in thc L1210 model following the protocol of Example 5. Mice

dosed with decitabine (“DAC”), and DAC plus Compound 3a live longer than vehicle

controls and CDAinhibitor alone (FIG. 3; p < 0.05).

Example 8:

The effect of CDA inhibitor, Compound I on cytarabine (ara-C) induced survival in the

£1210 survival model

50 CD2F1 6-7 weeks old female mice arc randomly separated into 10 groups. (N = 5

mice/group):

——————
L1210 iv. and Vch + Veh (PBS)p.o. x 2 for 4 days

L1210 iv. and Veh + Ara-C 200 mg/kg p.o. x 2 for 4

    days

L1210i.v. and Veh + Ara-C 100 mg/kg p.o. x 2 for 4

 

  
  
  
 

days

L1210i.v. and Veh + Ara-C 50 mg/kg p.o. x 2 for 4

days

L1210i.v. and Compound 1 10 mg/kg + Ara-C

200me/kg x 2 for 4 days

L1210i.v. and Compound 1 10 mg/kg + Ara-C

100meg/kg x 2 for 4 days

L1210i.v. and Compound 1 10 mg/kg + Ara-C 50

me/kg x 2 for 4 days

L1210i.v. and Compound 1 10 mg/kg + Ara-C 25mg/kg

 

 

  
  
 x 2 for 4 days
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L12101.v. and Compound | 10 mg/kg + Veh p.o. x 2 for

4 days 
L1210 IVinjection: CD2F1 female miceare injected i.p. with L1210 ascites one prior week

to sacrifice (CO2). L1210 cells are passed at least 3 times in vivo prior to experiment. The

mouse is placed on its back, belly surface cleaned with alcohol wipes and a small incision

made into peritoneal cavity. 2 ml of ice cold 2.1% BSAin salineis injected into cavity and

then fluid withdrawnandtransferred with an 18G 3ccsyringeinto a cleansterile tube and kept
on ice. Thefluid is diluted 1:10 in 2.1% BSA in saline and one drop of zap-0-globin is added

to 2 mlof diluted ascites. Diluted ascites (dilute 1:10 again) are counted on a hematocytomer
and the numberofcells/ml is calculated. Stock of ascites in BSA solutionis diluted to 1x104

cells/0.1 ml. Mice are injected with 0.1 ml of cell solution with 27G needlc. Total iv.

injections take about 50 minutes.

Dose Solution Preparation: When appropriate mice are dosed with vehicle or Compound 1

p.o. 30 minutes prior to Ara-C. Compound | is prepared at 1 mg/ml in PBS and Ara-C is

preparedat a 20 mg/ml stock in PBSandthen diluted appropriately for lower doses.

Dosing Scheme: Compound 1 is prepared at the beginning ofthe study and stored at 4°C,

Ara-C is preparcd fresh twice a day. All solutions are stored on ice while dosing. Mice are

dosedorally twice a day (8 hours apart) for 4 consecutive days. Final dosing schemeandtotal
Ara-C and Compound1 doseis outlined in Table 4.

™

1 Veh

Table 4. Dosing Scheme

Ara-C Dose Cumulative Cumulative

Ara-C Dose

Compound |

(route adm.) Dose Compound 1 Dose

Compound |

200 mg/kg p.o.
100 mg/kgp.o.
50 mg/kg p.o.
25 mg/kg p.o.

200 mg/kg p.o.
100mg/kg p.o.
50 mg/kg p.o.
25 mg/kg p.o.

3

4

5

6

7

8

9

10
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Survival and Autopsy: Miceare observedfor survival and weighed daily (Mon-Fri) for the

duration of the study (45 days). Dead mice are autopsied and observed for the presence of

tumors in organs. Tumordeaths are determined by liver weights greater than 1.6 g and spleen

weights greater than 150 mg as per Coveyet al., supra.

5 Mice dosed with Ara-C alone (50 mg/kg, 100 mg/kg and 200 mg/kg) and Ara-C plus

Compound | live longer than mice treated with vehicle control and CDA inhibitor alone

(FIG.’s 4-7; p<0.05). Compound 1 alone has no effect on survival compared to vehicle

controls (FIG. 4).

25 mg/kg Ara-C alone has no effect at extending survival compared to micetreated

10 with vehicle and 10 mg/kg Compound | . 50, 100 and 200 mg/kg Ara-C significantly enhance

survival (days) in a dose dependent manner compared to mice in the control group. Co-

administration of 10 mg/kg Compound 1 with Ara-C p.o. significantly enhances survival

comparedto the survival time of mice treated with the same doseofAra-C alone(FIG.’s 4-7).

15 Example 9:

Effect of Compound 1 on gemcitabine-induced reduction of tumor volume in the mouse

A2780 human ovarian cancer xenograft model

The oral efficacy of gemcitabine is tested in combination with Compound | in the human

ovarian cancer xenograft A2780. Female NCr nu/nu 5-6 week old mice are implanted

20 subcutaneously with 30 to 60 mg tumor fragments. On day |! when the tumors are

approximately 200 mm’, treatmentstarts as described in Table 5.

Table 5. Dosing Scheme

Gemcitabine Schedule|Compound 1 Schedule

Vehicle (saline) PO; q3dx4
  
 
 

 
 
 Compound 1 PO 10 mg/kg q3dx4

 
 
 

Gemcitabine PO 10 mg/kg; q3dx4

PO 10 mg/kg; q3dx4

PO 30 mg/kg; q3dx4

PO 30 mg/kg; q3dx4

  
 

 Gemcitabine/Compound 1* PO 10 mg/kg q3dx4

 
 

Gemcitabine

  Gemcitabine/Compound1* PO 10 mg/kg q3dx4

¢ Compound1is dosed approximately 30 min prior to Gemcitabine

Tumor volumeis followed throughout the experiment. Tumor volume is measured

25 three times weekly. Tumor burden (mg = mm”) is calculated from caliper measurements by
-4| -
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the formula for the volume ofa prolate ellipsoid (LxW’)/2 where L and W are the respective
orthogonal length and width measurements (mm).

The primary endpoints used to evaluate efficacy in the A2780 model are complete and

partial tumor regressions, tumor growth delay and the number of tumorfree survivors at the

end of the study. A complete response (CR) is defined as a decrease in tumor size to an

undetectable size (< 50mm’), A partial response (PR) is defined as >50% decrease in tumor

mass form starting tumorsize. A tumorthat achicves a CR or PR duringthe study butstarts

to grow again is still considered a CR or PR. Tumorfree survival (TFS) at the end of the

study wouldbe no detectable tumor (<S0 mm’) at study termination (day 74). Tumor growth
delay (TGD)is defined in this experiment as the median number of days for the treatment

group comparcdto the control group to reach 750 mm’.

Oral administration of 10 mg/kg PO q3dx4 gemcitabine is not very effective in this

model with a tumor growth delay of 6.1 days (notstatistically significant), with no CRs, PRs

or tumor free survivors at termination of the experiment at day 74. When 10 mg/kg

Gemcitabine is dosed in combination with Compound1, significant delay of tumor growth is

observed compared to this dose of gemcitabine alone (19.2 days; p<0.05 compared to Gem

alone) with 75% of tumorsdisplaying CR, but there are no TFS at the end of the experiment.

In FIG. 8 (Tumor Volume vs Time (days) post treatmentstart, it is apparent that Compound 1

alone has no effect on tumor growth, while combination treatment with Compound 1 and

gemcitabine is more effective than gemcitabine alonc.

Oral administration of 30 mg/kg PO q3dx4 (MTD) gemcitabine is effective in

producingastatistically significant tumor growth delay of 22 days with 63% CRs but no TFS.

Combination chemotherapy with gemcitabine (30 mg/kg PO) plus Compound 1 produced a

statistically significant tumor growth delay of > 57 days and 100% CRand a 50% incidence of

TFS at day 74, termination of the experiment.

Table 6. Effect of Combination treatment Gemcitabine and Compound 1 on Tumor

Growth delay in the A2780 Ovarian cancer model

a
A 

   
 }TGD|

esetconePR

A

-42-
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30 mg/kg Gemcitabine|22 days|<0.05 compared to Untreated control

30 mg/kg Gemcitabine|> 57 days|<0.05 compared to 30 mg/kg Gem alone

+ Compound 1

Example 10:

    
 

  

 

Solid state characterization ofCompound la

Data Collection

A colorless prism crystal of Compound la (F905N2CoH14) having approximate

dimensions of 0.48 x 0.43 x 0.32 mm is mounted in a loop. All measurements are made on a

Rigaku RAXIS SPIDER imaging plate area detector with graphite monochromated Cu-Ko

radiation.

Indexing is performed from 5 oscillations that are exposed for 60 seconds. The

crystal-to-detector distance is 127.40 mm.

Cell constants and an orientation matrix for data collection correspond to a primitive

trigonalcell (laue class: -3m1) with dimensions:

H
9.78961(18) A

c = 20.4588(7) A

a
|

V = 1698.02(7) A3

For Z = 6 and F.W.= 268.22, the calculated density is 1.574 g/em3. Based on the systematic

absencesof:

0001: 14 3n

and the successful solution and refinement of the structure, the space group is determined to

be:

P3121 (#152)

The datais collected at a temperature of -123 + 19°C to a maximum 20 value of 136.49.

A total of 111 oscillation images are collected. A sweep of data is done using @ scans from

20.0 to 200.0° in 5.0° steps, at y=0.0° and @ = 180.0°. A second sweep is performed from

-43-
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20.0 to 200.09 in 5.0° steps, at y=54.0° and o = 180.09. A third sweep is performed from

20.0 to 185.0 in 5.0° steps, at y=54.0° and o = 90.09,anda final sweep is performed using @

scans from 20.0 to 50.0° in 5.0° steps, at y=0.0° and = 0.0°. The exposurerate is 12.0

[sec]. The crystal-to-detector distance is 127.40 mm. Readoutis performedin the 0.100
mm pixel mode.

Data Reduction

Ofthe 11772 reflections that are collected, 2052 are unique (Rint = 0.038); equivalent

reflections are merged.

The linear absorption coefficient, 1, for Cu-Ko radiation is 13.035 cm7!. An empirical

absorption correction is applied which results in transmission factors ranging from 0.540 to

0.659. The data is corrected for Lorentz andpolarization effects. A correction for secondary

extinction (Larson, A.C., Crystallographic Computing 1970, 291-294; equation 22, with V

replaced by the cell volume) is applied (coefficient = 0.005900).

Structure Solution and Refinement

The structure is solved by direct methods (SIR92: Larson, A.C.,./. Appl. Cryst., 1994,

27, 435) and expanded using Fourier techniques(DIRDIF99: Beurskens, P.T. et al, The

DIRD-99 Program System. Technical Report of the Crystallography Laboratory, 1999,

University of Nijmegen, The Netherlands). The non-hydrogen atoms are refined

anisotropically. Some hydrogen atomsare refined isotropically andthe rest are refined using

the riding model. Thefinal cycle offull-matrix least-squares refinement (least squares weights

= Lw(Fo2-Fe2)2) on F2 is based on 2052 observed reflections and 181 variable parameters

and converges (largest parameter shift is <0.01 times its esd) with unweighted and weighted
agreementfactors of:

R1 = ||Fo|- |Fel| / E |Fo| = 0.0303

wR2 = [ 2 ( w (Fo2 - Fe2)2 )/ © w(Fo2)2]1/2 = 0.0733

The standard deviation of an observation of unit weight (standard deviation =

[Zw(Fo2-Fe2)2/(No-Ny)]!/2, No = number of observations, Ny = numberofvariables) is 1.10.
Unit weights are uscd. The maximum and minimum peaks on the final difference Fourier

map correspond to 0.22 and -0.22 e7/A3, respectively. The absolute structure is deduced

based on Flack parameter, 0.0(1), refined using 839 Friedel pairs (Flack, H. D., Acta Cryst.
1983, 439, 876-881.

-~ 44.
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Neutral atom scattering factors are taken from Cromer, D. T. e¢ al., International

Tables for X-ray Crystallography 1974, IV, Table 2.2 A. Anomalous dispersion effects are

included in Fealc (Ibers, J. A. et al., Acta Crystallogr. 1964, 17, 781); the values for Af and

Af" are those of Creagh, D. C.et al.., International Tablesfor Crystallography 1992, C, Table

4.2.6.8, 219-222. The values for the mass attenuation coefficients are those of Creagh, D. C.

et al.. International Tables for Crystallography 1992, C, Table 4.2.4.3, 200-206. All

calculations are performed using the CrystalStructure 3.8 crystallographic software package

except for refinement, which is performed using SHELXL-97.

Experimental Details

Empirical Formula

Formula Weight

Crystal Color, Habit

Crystal Dimensions

Crystal System

Lattice Type

Indexing Images

Detector Position

Pixel Size

Lattice Parameters

Space Group

Z value

Dealc

F000

[(CuKa)

Diffractometer

Radiation

Detector Aperture

A. Crystal Data

F205N2C9H 14

268.22

colorless, prism

0.48 X 0.43 X 0.32 mm

trigonal

Primitive

5 oscillations @ 60.0 seconds

127.40 mm

0.100 mm

a= 9.78961(18) A

c= 20.4588(7) A

V = 1698.02(7) A3

P3121 (#152)

6

1.574 g/em3

840.00

13.035 cm!

B. Intensity Measurements

-45 -

Rigaku RAXIS-SPIDER

CuKo (A = 1.54187 A)

graphite monochromated

460 mm x 256 mm
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Data Images

w Oscillation Range (~=0.0, 6=180.0)

@ Oscillation Range (y¥=54.0, 6=180.0)

@ Oscillation Range (7=54.0, ¢=90.0)

@ Oscillation Range (y=0.0, o=0.0)

Exposure Rate

Detector Position

Pixel Size

20Max

No. of Reflections Measured

Corrections

PCT/US2008/080163

111 exposures

20,0 - 200.0°

20.0 - 200.0°

20.0 - 185.00

20.0 - 50.0°

12.0 sec./°

127.40 mm

0.100 mm

136.40

Total: 11772

Unique: 2052 (Rint = 0.038)

Friedel pairs: 839

Lorentz-polarization

Absorption

(trans. factors: 0.540 - 0.659)

Secondary Extinction

(coefficient: 5.90000e-003)

C. Structure Solution and Refinement

Structure Solution

Refinement

Function Minimized

Least Squares Weights

20Max cutoff

Anomalous Dispersion

No. Observations (All Reflections)

No. Variables

Reflection/Parameter Ratio

Residuals: R1 (>2.000(1))

Residuals: R (All Reflections)

- 46 -

Direct Methods (SIR92)

Full-matrix least-squares on F2

Y w (Fo2 - Fc2)2

w= 1/[ 62(Fo2) + (0.0317 - P)2

+ 0.6904 - P ]

where P = (Max(Fo2,0) + 2Fe2y/3

136.49

All non-hydrogen atoms

2052

181

11.34

0.0303

0.0329
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Residuals: wR2 (All Reflections)

GoodnessofFit Indicator

Flack Parameter (Friedel pairs = 839)

MaxShift/Error in Final Cycle

5 Maximum peakin Final Diff. Map

Minimumpeakin Final Diff. Map

PCT/US2008/080163

0.0733

1.099

0.0(1)

<0.001

0.22 e/A3

-0.22 e/A3

An ORTEPplot (Michael N. Burnett and Carroll K. Johnson, ORTEP-III: Oak Ridge Thermal

Ellipsoid Plot Program for Crystal Structure Illustrations, Oak Ridge National Laboratory

Report ORNL-6895, 1996) of the determined structure of Compound 1a is shown in FIG.9.

10 Example 11:

Enhancementofacid stability ofCompound la compared to THU

The stability of Compound la and tetrahydrouridine (THU) in acid solution are

evaluated by 'H NMRspectroscopy.

HO

Compound1a

 

OH

TFA/D2O an
\ NHomen t

O

LAOH
HO OH

TH-pyranose

TFA/D20

15 Tetrahydrouridine (THU, 5 mg) is dissolved in D,O (0.75 mL). The "HNMR (D,0, 300
MHz, 27° C) spectrum is shown in FIG. 10. To this same sample is added one drop of

deuterated TFA followed by an immediate 'HNMRspectrum (FIG. 10). Even atthis earliest

time point, the peak at 5.4 ppm (~10% conversion by integration) is indicative of the ring

expansion to the TH-pyranose. Overthe next several hours, spectra (D20, 300 MHz, 27° C)

20 are taken as shown in FIG. 11. After 4 hours, the TH-pyranose is more prevalent indicating

about 60% conversion. At 72 hours, the conversion is almost entirely complete (>80%).

-47 -
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Notable changesin the region from 4.0-4.5 are also indicative of THU decomposition and the

TH-pyranose formation.

Compound1a (5 mg)is dissolved in D20 (0.75 mL). The 'HNMRspectrum (D20, 300 MHz

27° C) is shown in FIG. 12. To this same sample is added one drop of deuterated TFA

2

followed by an immediate "HNMR spectrum (FIG. 12). After the first time point, the only
notable change is the epimerization of the aminal which is noted by the extra peaks at 5.92

and 5.93. After 4 hours and 72 hours (FIG. 13), there arc no other notable changes in the

spectra (D2O, 300 MHz, 27° C). These results indicate that no pyranose formation occurs with

Compound 1a under these conditions.

Certain Embodiments ofthe Invention

1, A compound of formula I

Oo N

Ry
OQ Ro

OH

OH

or a pharmaceutically acceptable salt of the compound, wherein:

R; and R» are independently selected from the group consisting of hydrogen, halo, cyano,

nitro, sulfhydryl, hydroxyl, formyl, carboxyl, COO(C; to C¢ straight or branched chain alkyl),

COO(C, to Cg straight or branched chain alkenyl), COO(C, to Ce straight or branched chain

alkynyl), CO(C; to Ce straight or branched chain alkyl), CO(C, to Ce straight or branched

chain alkenyl), CO(C; to Ce straight or branched chain alkynyl), C; to C¢ straight or branched

chain alkyl, C, to Cg straight or branched chain alkenyl, C, to Cs straight or branched chain

alkynyl, C; to Cg straight or branched chain alkoxy, and C; to Cg straight or branched chain

alkenoxy; wherein each occurrence of C; to Ce straight or branched chain alkyl, C; to Cs

straight or branched chain alkenyl, C; to Cs straight or branched chain alkynyl, C; to Cs

straight or branched chain alkoxy, or C; to C¢ straight or branched chain alkenoxy may be

independently unsubstituted or substituted with one to four substituents independently

selected from the group consisting of halo, hydroxyl, cyano, nitro, formyl, carboxyl, and

sulfhydryl;

- 48 -
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and provided that when one of Ri and R; is -H, then the other is not -H, -OH

or -CH20H.

2. A compound of embodiment 1, wherein Ry and Rz are independently selected

from the group consisting of hydrogen, halo, hydroxyl, cyano, nitro, sulfhydryl, C; to Cg

straight or branched chain alkyl, C; to Cg straight or branched chain alkenyl, C; to Cg straight

or branched chain alkynyl, C, to Cg straight or branched chain alkoxy, and C; to C¢ straight or

branched chain alkenoxy; wherein wherein each occurrence of C; to Cs straight or branched

chain alkyl, C; to Cg straight or branched chain alkenyl, C; to Cs straight or branched chain

alkynyl, C, to Ce straight or branched chain alkoxy, or C; to Cg straight or branched chain

alkenoxy may be independently unsubstituted or substituted with one ore more halos;

and provided that when one of Rand R;is -H, then the otheris not -H, or -OH.

3. A compound of embodiment 1, wherein R, and R, are independently selected

from the group consisting of hydrogen, halo, C; to Cg alkyl, Ci to Cs alkenyl, C; to Cs alkoxy,

and C, to Cs alkenoxy; wherein each occurrence of C, to Ce straight or branched chain alkyl,

C, to Ce straight or branched chain alkenyl, C, to Ce straight or branched chain alkoxy and C;

to C, straight or branched chain alkenoxy may be independently unsubstituted or substituted

with one to three halos;

and provided that when one of Ry and R;is -H,then the otheris not -H, or -OH.

4, The compound of embodiment1, wherein at least one of Ry and R;is halo.

5. The compound of embodiment1, wherein at least one of Ri and R:is fluoro.

6. The compound of embodiment 1, wherein one of Ry and R; is halo, and the

other is -H.

7. The compound of embodiment 1, wherein one of Ri and Rzis fluoro, and the

other is -H.

8. The compoundof embodiment 1, wherein R, and R2are each fluoro.

9. The compound of cmbodiment I, wherein one of Ry; and Rz is halo, and the

other is -CN.

10. The compound of embodiment 1, wherein one of Ri and Rzis fluoro, and the

other is -CN.

11. The compound of embodiment 1, wherein one of R, and R» is halo, and the

other is -NO>.

12. The compound of embodiment 1, wherein one of Ri and Rzis fluoro, and the

other is -NO>.

- 49.
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13.|The compound of embodiment 1, wherein one of R; and R» is halo, and the

other is -SH.

14. The compound of embodiment 1, wherein one of R; and R>is fluoro, and the
otheris -SH.

15. The compound of embodiment 1, wherein one of Ry and R2is halo, and the
other is -OH.

16.|The compound of embodiment 1, whercin one of Ry and R2is fluoro, and the
other is -OH.

17. The compound of embodiment 1, wherein one of R, and R; is halo, and the
other is -CHO.

18. The compound of embodiment 1, wherein one of R; and R; is fluoro, and the
other is -CHO.

19. The compound of embodiment 1, wherein one of Ri and R2 is halo, and the
other is -COOH.

20. The compound of embodiment 1, wherein one of R; and R: is fluoro, and the
other is -COOH.

21. The compound of embodiment 1, wherein one of R; and R32 is halo, and the

other is -COOR,, and wherein Rx selected from the group consisting of C; to Cs straight or

branched chain alkyl, C; to Cg straight or branched chain alkenyl, and C; to Ce straight or
branched chain alkynyl.

22. The compound of embodiment 1, wherein one of R, and R;is fluoro, andthe

other is -COOR, and wherein R, selected from the group consisting of C, to Cs straight or

branched chain alkyl, C; to Ce straight or branched chain alkenyl, and C; to Ce straight or
branched chain alkynyl.

23.|The compound of embodiment 1, wherein one of Ry and R;is halo, and the otheris -

COR,, and wherein Rx selected from the group consisting of C, to Ce straight or branched

chain alkyl, C; to C¢ straight or branched chain alkenyl, and C; to Ce straight or branched
chain alkynyl.

24. The compound of embodiment |, wherein one of R; and R; is fluoro, and the otheris -

COR,, and wherein R, selected from the group consisting of C, to Ce straight or branched

chain alkyl, C; to Ce straight or branched chain alkenyl, and C; to Cs straight or branched

chain alkynyl.

25. The compound of embodiment 1, wherein one of R; and R> is halo, and the

other is -C; to Cs straight or branchedchain alkyl.

- 50 -

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0312



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0313

15

20

25

30

WO 2009/052287 PCT/US2008/080163

26.|The compound of embodiment 1, wherein one of Ri and Rzis fluoro, and the

other is -C, to C¢ straight or branched chain alkyl.

27. The compound of embodiment 1, wherein one of R, and R»is halo, and the

other is -C; to Cs straight or branched chain alkenyl.

28. The compound of embodiment 1, whercin one of R; and Rzis fluoro, and the

other is -C; to Co straight or branched chainalkenyl.

29. The compound of embodiment 1, wherein one of Ri and Ro is halo, and the

other is -C, to Cg straight or branched chain alkoxy.

30.|The compound of embodiment 1, wherein one of R; and Rzis fluoro, and the

other is -C; to C¢ straight or branched chain alkoxy.

31.|The compound of embodiment 1, wherein one of R; and R2is halo, and the

other is -C; to Cg straight or branched chain alkcnoxy.

32. The compound of embodiment 1, wherein one of Ry and R2is fluoro, and the

other is -C; to Ce straight or branched chain alkenoxy.

33. The compound of embodiment1, wherein at least one of Ri and R2is -C) to Ce

straight or branched chain alkyl substituted with halo.

34.|The compound of embodiment 1, wherein one of R; and R,is -C; to Cg straight

or branched chain alkyl substituted with halo, and the otheris -H.

35. The compound of embodiment1, wherein one of R; and Rz is -C; to Ce straight

or branched chain alkyl substituted with fluoro, and the otheris -H.

36. The compound of embodiment 1, wherein at least one of Ri and R> is -C; to Ce.

straight or branched chain alkenyl substituted with halo.

37, The compound of embodiment 1, wherein one of Ri and R2 is -C to Ce straight

or branched chain alkenyl substituted with halo, and the otheris -H.

38. The compound of embodiment 1, wherein one of R; and R;is -C, to C¢ straight

or branched chain alkenyl substituted with fluoro, and the otheris -H.

39.|The compound of embodiment 1, wherein at least one of R; and R2is/are -C; to

Ce straight or branched chain alkoxy substituted with halo

AO. The compound of embodiment 1, wherein one of Ry, and R;is -C; to Cg straight

or branched chain alkoxy substituted with halo, and the other is -H.

4], The compound of embodiment |, wherein one of Ry and R»is -C; to Cs straight

or branched chain alkoxy substituted with fluoro, and the other is -H.

42. The compound of embodiment1, wherein at least one of Ry and R;is -Cto Cs

straight or branched chain alkenoxysubstituted with halo.

-5]-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0313



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0314

WO 2009/052287 PCT/US2008/080163

43.|The compound of embodiment 1, wherein one of R; and Rz is -C, to Cs straight

or branched chain alkenoxy substituted with halo, and the otheris -H.

44. The compound of embodiment |, wherein one of Ri and Ro is -C, to Cg straight

or branched chain alkenoxy substituted with fluoro, and the other is -H.

5 45. The compoundof any one of embodiments | to 44, wherein the compound of

Formula I has the stereochemistry ofeitherIa orIb:

 
46, The compound of embodiment 1, wherein the compound is selected from

Compounds| to 23:

 
Compound 1 Compound 2 Compound 3

 
10 Compound 4 Compound § Compound 6
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Compound 16 Compound 17 Compound 18
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OH

i.on 
 

 
Compound 19 Compound 21

Compound 22 Compound 23

47, The compound of embodiment 1, wherein the compoundis selected from the

group consisting of la, 1b, 2a, 2b, 3a, and 3c:

 
OH OH

OH OH

“y WY
o7 ~N O* ~N

O F oo yF

“On "OH
OH OH

 
Compound 2b Compound 3a Compound 3b
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48. A pharmaceutical composition comprising:

(i) an effective amount of a compound of any one of embodiments | to 47 or a

pharmaceutically acceptable salt thereof, and

(ii)|apharmaceutically acceptable excipient.

5 49. <A method for inhibiting cytidine deaminase, comprising administering to a

subject in need thereof an effective amount of a compound or pharmaceutical composition of

any one of embodiments1 to 47.

50. A methodfor treating cancer comprising administering to a subject in need

thereof:

10 (i) an effective amount of a compound or pharmaceutical composition of any one

of embodiments | to 48; and

(ii)|aCDAsubstrate drug.

51. A method for inhibiting degradation of a CDA substrate drug by cytidine

deaminase, comprising administering an cffcective amount of a compound or pharmaceutical

15 composition of any one of embodiments | to 48 to a subject that is undergoing treatment with

the CDA substrate drug.

52.|The method of any one of embodiments 49 to 51, wherein the CDA substrate

drug is selected from decitabine, 5-azacytidine, gemcitabine, ara-C, troxacitabine,

tezacitabine, 5’-fluoro-2’-deoxycytidine, and cytochlor.

20 53. The method of any one of embodiments 49 to 52, wherein the compound of

claim 1 is administered prior to the CDA substrate drug.

54.|The method of any one of embodiments 49 to 52, wherein the compound of

claim 1 is administered at substantially the same time with the CDA substrate drug.

55. The method of any one of embodiments 49 to 52, wherein the compound of

25 claim 1 is administered after the CDA substrate drug.

56.|The method of any one of embodiments 49 to 55, wherein the subject is a

mammal.

57, The method of any one of embodiments 49 to 55, wherein the subject is a

human.

30 58. The method of any one of embodiments 50 and 52 to 57, wherein the cancer is

selected from hematological cancers and solid cancers.

59. The method of any one of embodiments 50 and 52 to 57, wherein the canceris

a hematological cancer selected from MDSand leukemia.

60. The method of embodiment 59, wherein the leukemia is AML or CML.
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61. The method of embodiment 58, where the cancer is a solid cancer selected

from pancreatic cancer, ovarian cancer, peritoneal cancer, non smallcell lung cancer, and
breast cancer.

62. A kit comprising at least one unit dosage form, wherein the unit dosage form

5 comprises a compoundor pharmaceutical composition of any one of embodiments 1 to 48.

63.|A compound of FormulaI, or a pharmaceutically acceptablesalt thereof:

 
whercin the carbon markedbyanasterisk may have an (R)or an (S) configuration; and

10 wherein R; and R, are independently selected from fluoro and hydrogen, with the proviso that
Ry and Rz maynot both be hydrogen.

64.|A compound of FormulaI selected from the group consisting of

OH OH OH*

HN

oN 
Compound 1 Compound 2 Compound 3

wherein each carbon atom marked with a * has a stereochemical configuration selected from

15 the group consisting of an (R) configuration, an (S) configuration or a mixture of (R) and (S)
configurations; and pharmaceutically acceptable salts thereof.

65. The compound of embodiment 64, wherein the compound is Compound1.

66. The compound of embodiment 65, wherein Compound | hasa stereochemistry
represented by Compound Ia:
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Compound 1a,

67.|The compound of embodiment 65, wherein Compound | has a stereochemistry

represented by Compound 1b:

 
Compound1b.

5 68.|The compound of embodiment 64, wherein the compound is Compound2.

69. The compound of embodiment 68, wherein Compound 2 hasa stereochemistry

represented by Compound2a:

QH

weAN

 
OH

Compound2a,

70.|The compound of embodiment 68, wherein Compound 2 has a stereochemistry

10 represented by Compound 2b:
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Compound 2b.

71. The compound of embodiment 64, wherein the compound is Compound3.

72. The compound of embodiment 71, wherein Compound3 has a stereochemistry
represented by Compound 3a:

OH

"ioy
ww0

OH
OH

5 Compound3a.

73. The compound of embodiment 71, wherein Compound 3 hasa stereochemistry
represented by Compound3b:

OH

Compound 3b.

74.|A pharmaceutical composition comprising a compound of embodiment 64 ora

10 pharmaceutically acceptable salt thereof, and a pharmaccutically acceptable excipient.

75. The pharmaceutical composition of embodiment 74, further comprising a CDA
substrate drug.
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76. The pharmaceutical composition of embodiment 75, wherein the CDA

| substrate drug is selected from the group consisting of decitabine, 5-azacytidine, gemcitabine,
ara-C, troxacitabine, tezacitabine, 5’-fluoro-2’-deoxycytidine, and cytochlor.

77. Amethodfor treating cancer, comprising the stepsof:

5 (i) administering to a mammal in needthereofa first pharmaceutical composition

comprising an effective amount of a compound of embodiment64; and

(ii) administering to a mammal in need thereof a second pharmaccutical

composition comprising a CDA substrate drug.

78. The method of embodiment 77, wherein the CDA substrate drug is selected

10 from the group consisting of decitabine, 5-azacytidine, gemcitabine, ara-C, troxacitabine,

tezacitabine, 5’-fluoro-2’-deoxycytidinc, and cytochlor.

79.|The method of embodiment 77, wherein said cancer is a cancer being treated

with a CDAsubstrate drug.

80.|The method of embodiment 77, wherein the cancer is selected from the group

15 consisting of hematological cancers and solid cancers,

81. The method of embodiment 80, whercin the cancer is a hematological cancer

selected from the group consisting of myelodysplastic syndrome and leukemia.

82. The method of cmbodiment 81, wherein the leukemia is acute myeloid

leukemia or chronic mycloid leukemia.

20 83. The method of embodiment 80, where the cancer is a solid cancer selected

from the group consisting of pancreatic cancer, ovarian cancer, peritoneal cancer, non small

cell lung cancer, and metastatic breast cancer.

84. A method for inhibiting degradation of a CDA substrate drug by cytidine

deaminase, comprising administering an effective amount of a pharmaceutical composition

25 comprising a compound of cmbodiment 64 to a mammalthat is undergoing treatment with

said CDA substrate drug.

85. The method of embodiment 84 wherein the CDA substrate drug is selected

from the group consisting of decitabine, 5-azacytidine, gemcitabine, ara-C, troxacitabine,

tezacitabine, 5’-fluoro-2’-deoxycytidine, and cytochlor.

30 86. A compound of embodiment 64 for use in inhibiting cytidine deaminase in a

subject in need thereof.

87. Use of a compound of embodiment 64 for the manufacture of a medicamentfor

inhibiting cytidine deaminase in a subject in need thereof.

-59-

Apotex v. Cellgene - IPR2023-00512
Petitioner Apotex Exhibit 1022-0321



Apotex v. Cellgene - IPR2023-00512 
Petitioner Apotex Exhibit 1022-0322

10

15

20

25

30

WO 2009/052287 PCT/US2008/080163

88. A compound of embodiment64 for use in treating cancer in a subject being

treated with a CDA substrate drug.

89. Use of a compound of embodiment64 for the manufacture of a medicamentfor

treating cancer in a subject being treated with a CDA substrate drug.

90.|A compound of embodiment64foruse in inhibiting degradation of a CDA

substrate drug by cytidine deaminase in a mammalthat is undergoing treatment with the CDA

substrate drug.

91. Use of a compound of embodiment 64 for the manufacture of a medicamentfor

inhibiting degradation of a CDA substrate drug by cytidine deaminase.

92.|The method of embodiment 77, wherein the compound of embodiment 64 is

administered prior to the CDA substrate drug.

93. The method of embodiment 77, wherein the compound of embodiment 64 is

administered at substantially the same time with the CDA substrate drug.

94, The method of embodiment 77, wherein the compound of embodiment 64 is

administered after the CDA substrate drug.

95. A pharmaceutical composition comprising a compound of claim 2 or a

pharmaceutically acceptable salt thereof, and decitabine; and a pharmaceutically acceptable
excipient.

96. A methodfor treating cancer, comprising the stepsof:

(i) administering to a mammalin need thereofa first pharmaceutical composition

comprising an effective amount of a compoundofclaim 2; and

(ii) administering to a mammal in necd thereof a second pharmaceutical

composition comprising decitabine.

While the present invention has been described with reference to the specific

embodiments thercof, it should be understood by those skilled in the art that various changes

may be made and equivalents may be substituted without departing from the true spirit and

scope of the invention. In addition, many modifications may be made to adapt a particular

situation, material, composition of matter, process, process step or steps, to the spirit and

scope ofthe present invention. All such modifications are intended to be within the scope of

the claims appendedhereto.

All patents and publications cited above are hereby incorporated by reference.
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WHAT IS CLAIMEDIS:

L. A compoundof FormulaI, or a pharmaceutically acceptable salt thereof:

 
5 wherein the carbon marked by an asterisk may have an (R) or an (S) configuration; and

whercin Ry and R; are independently selected from fluoro and hydrogen, with the proviso that

R, and R2 maynot both be hydrogen.

2. A compound of Formula I selected from the group consisting of

 
Compound 1 Compound 2 Compound 3

10 wherein each carbon atom marked with a * has a stereochemical configuration selected from

the group consisting of an (R) configuration, an (S) configuration or a mixture of (R) and(S)

configurations; and pharmaceutically acceptable salts thereof.

3. The compoundofclaim 2, wherein the compound is Compound I.

4. The compound of claim 3, wherein Compound 1 has a stereochemistry

15 represented by Compound la:
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Compound1a.

5. The compound of claim 2, wherein Compound 1 has a stereochemistry

represented by Compound |b:

 
Compound 1b.

5 6. The compoundofclaim 2, wherein the compound is Compound2.

7. The compound of claim 6, wherein Compound 2 has a stereochemistry

represented by Compound2a:

 
Compound 2a.

8. The compound of claim 6, wherein Compound 2 has a stereochemistry

10 represented by Compound 2b:
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Compound 2b.

9, The compoundofclaim 2, wherein the compound is Compound3.

10. The compound of claim 9, wherein Compound 3 has a stereochemistry

represented by Compound3a:

5 Compound 3a.

11. The compound of claim 9, wherein Compound 3 has a stereochemistry

represented by Compound3b:

OH

Compound 3b

12. A pharmaceutical composition comprising a compound of claim 2 or a

10 pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.
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13.|The pharmaceutical composition of claim 12, further comprising a CDA
substrate drug.

14. The pharmaceutical composition of claim 13, wherein the CDA substrate drug
is selected from the group consisting of decitabine, 5-azacytidinc, gemcitabine, ara-C,

troxacitabine, tezacitabine, 5’-fluoro-2’-deoxycytidine, and cytochlor,

15. A pharmaceutical composition comprising a compound of claim 2 or a

pharmaceutically acceptable salt thereof, and decitabine; and a pharmaceutically acceptable
excipient.

16. A methodfor treating cancer, comprisingthe stepsof:

(i) administering to a mammalin needthereofa first pharmaceutical composition
comprising an effective amount of a compoundofclaim 2; and

(ii) administering to a mammal in need thereof a second pharmaceutical

composition comprising a CDA substrate drug.

17, The method of claim 16, wherein the CDA substrate drug is selected from the

group consisting of decitabine, S-azacytidine, gemcitabine, ara~C, troxacitabine, tezacitabine,

5’-fluoro-2’-deoxycytidine, and cytochlor.

18. A methodfor treating cancer, comprisingthe steps of:

(i) administering to a mammalin need thereofa first pharmaceutical composition
comprising an effective amount of a compoundofclaim 2; and

(ii) administering to a mammal in need thereof a second pharmaccutical
composition comprising decitabine.

19. The method of claim 17, wherein said cancer is a cancer being treated with a
CDAsubstrate drug.

20, The method of claim 17, wherein the cancer is selected from the group
consisting of hematological cancers andsolid cancers.

21. The method ofclaim 20, wherein the cancer is a hematological cancer sclected

from the group consisting of myclodysplastic syndrome and leukemia.

22. The method of claim 21, wherein the leukemia is acute myeloid leukemia or
chronic myeloid leukemia.
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23. The method of claim 20, where the cancer is a solid cancer selected from the

group consisting of pancreatic cancer, ovarian cancer, peritoneal cancer, non small cell lung

cancer, and metastatic breast cancer.

24. A method for inhibiting degradation of a CDA substrate drug by cytidine

deaminase, comprising administering an effective amount of a pharmaceutical composition

comprising a compoundof claim 2 to a mammalthat is undergoing treatment with said CDA

substrate drug.

25. The method of claim 24 wherein the CDA substrate drug is selected from the

group consisting of decitabine, 5-azacytidine, gemcitabine, ara-C, troxacitabine, tezacitabine,

5’-fluoro-2’-deoxycytidine, and cytochlor.

26.|Acompoundofclaim 2 for use in inhibiting cytidine deaminase in a subject in

need thereof.

27. Use of acompoundofclaim 2 for the manufacture of a medicament for

inhibiting cytidine deaminasein a subject in needthereof.

28.|Acompoundof claim 2 for use in treating cancer in a subject being treated

with a CDA substrate drug.

29. Use of acompoundof claim 2 for the manufacture of a medicamentfor treating

cancerin a subject being treated with a CDA substrate drug.

30.|Acompoundofclaim2for usc in inhibiting degradation of a CDA substrate

drug by cytidine deaminasc in a mammalthat is undergoing treatment with the CDA substrate

drug.

31. Use of a compoundofclaim 2 for the manufacture of a medicament for

inhibiting degradation of a CDA substrate drug by cytidine deaminase.
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mature cocytes and sperm are wiped oul with a genome-
wide wave of demethylation. Then, selective de novo
methylation takes place, sparing the housekeeping genes
and those that need to be active during embryogenesis.

Los Angeles Finally, tissue-specific genes are demethylated in
CA 90033 association with the onset of their activity, which
USA presumably feads to tissue differentiation, DNA
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In recent years the importance of epigenetic changes in
carcinogenesis has been unfolding. Ir is now clear that the fifth
base of the genome. methyleytasine, plays a critical rele in the
control of gene expression during normal development and
carcinogenesis. Efforts to decrease methylation in neoplasias as a
therapeutic strategy have been productive in hematologic
malignancies but disappointing in solid tumors. The following is a
review oftheclinical experience with the agents 5-azacytidine and
5-aza-2'-deoxycytidine in solid malignancies and a discussion of
the difficulties encountered.

Keywords 5-Azacytidine, 5-aza-2-deoxycyUdine, clinical trials,
DNA methylation, solid turner

DNA methylation
Methylation occurs after DNA replication by the addition
of a methyl group from S-adenosylmethionine (SAM) to
the 5'-position of cytosine residues. Approximately 3 to 4%
of cytosines in mammalian DNA are methylated. Most of
the 5-methylcytosine residues in eukaryotic DNA are
found in the dinucleotide sequence 5'-CpG-3' [le]. CpG
dinucleotides are scarce throughout mammalian DNA,
except in the so-called CpG islands, where their frequency
is normal or higher than’ expected. Spontancous
deamination of 5-methylcytosine leads to thymine and
thus methylated CpG sites are highly mutagenic. In fact,
although CpG dinucleotides are only found at one-fifth of
the expected frequency in human DNA, more than 30% of
all known disease-related point mutalions are found at
these sites [2¢,3e].

This raises the question of why the [fifth base of the
genome is maintained. The essential function of
methylated cytosine residues appears lo be to modify
protein-DNA Interactions and thereby suppress gene
transcription. CpG islands are often located in the
promoler regions of genes and it has been shown that
methylation of their cylosine residues effectively switches
off the downstream gene {4ee]. Like genetic mutations, a
methylation pattern is information that is stable and
reproduced with cach round of cell division, but unlike
genelic mutations, it can be readily reversed. This
property makes DNA methylation an essential tool
during embryonic development. Shortly—after
fertilization, Lhe methylalion patterns observed in the

methylation is also involved in the inactivation of the x
chromosomein females and in parental imprinting, anc it
probably contributes to the aging process [5e,6].

Changes in methylation are among the most common
genomic alterations found in neoplasia. On one hand, there
is global hypomethylation of the DNA leading to
chromosomal instability and an increased rate of genetic
mutations [7e]. On the other, there is hypermethylation of
CpG islands located in the promoters of tumor suppressor
genes such as p16, pl5, VHE and Ré, that renders them silent
and provides a growth advantage for the cell [8]. In this
regard, it is interesting to note that the establishment of
immortal cell Hines in vitro is also associated with de neve

methylation of CpG islands [9¢,10}]. Other genes known to
contribule fo tumorigenesis such as the DNA-repair gene
MLHI {it}, E-cadherin [12]. cyclooxygenase-2 [13.14] and
estrogen receptor @ ([15,16,17] arc also silenced by
methylation of CpG islands in their upstream promoters.
Additionally. it appears that resistance to chemotherapeutic
agents may be mediated by methylation of genes in the
apoptotic pathway. For example. the restoration of Apaf-]
expression in highly chemoresistant melanoma cell lines
after treatment. with 5-aza-2’-deoxycytidine, led to a marked
enhancement. in their sensitivity to adriamycin and a rescuc
of the apoptotic defects associated with Apaf-1 silencing
|18ee]. If these epigenetic changes could be reversecl, we
would potentially be able to re-establish antiproliferation,
differentiation and chemotherapy sensilivily pathways in
malignant cells.

S-Azacylidine and S-aza-2’-cleoxycytidine—(decilabine;
SuperGenInc: Figure 1) are pyrimidine analogs that result
from substituting nitrogen at the fifth carbon position of the
nucleosides cytidine and 2'-deoxcytidine, respectively.
Whenthey are incorporated into replicating DNA they form
a covalent complex with DNA methyltransierase | (DNMTHI,
responsible for reproducing the methylation patterns in the
daughter strands) and deplete the cell of this enzymatic
activity leading to the synthesis of hypomethylated strands
{19¢]. At high concentrations these drugs are cytotoxic bulat
lower concentrations they induce differentiation of cell lines
{20}. [t is believedl that the changes observed in cells treatecl
with these drugs are a consequence of their induction of
DNA demethylalion and ensuing activation of silent genes,
although sore evidence suggests that covalent binding of
the enzyme to the drug-substituted DNA is the primary
mechanism of clrug-inckced toxicity [2]e22e], Both
compounds have been tested in clinical trials and found to
have significant antitumoractivity.
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Figure 1. Structures of 5-azacytidine and 5-aza-2'-deoxycytidine. 
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Clinical experience in hematologic diseases
Both 5-azacylidine and 5-aza-2'-deoxycytidine, at doses
ranging frorn 500 lo 1500 mg/m’, have proved effective in
the treatment ofrelapsed or refractory acute leukemias and
in the blast crisis of chronic mycloid leukemia. At low doses
(50 to 150 mg/m’) they have shown activity in
myelodysplastic syndrome (MDS), leading to trilineage
responses int some patients [23]. A randornized phaseII trial
of low-dose 5-azacytidine administered subcutaneously
demonstrated a decreased probability of transformation to
acule myeloid leukemia in high risk MDS patients, an
improvement in quality of life and a trend towards
improvedsurvival [24]. There have been several reports of
increase in fetal henroglobin in patients with severe [-
thalassemia and sickle cell anemia treated with the cytidine
analogs. although progress in non-malignant diseases has
been hampered by the potential risk of carcinogenicity that
these drugs carry [22¢.25¢].

Clinical experience in solid tumors
5-Azacytidine
Clinicaltrials with $-azacyUdine are suinmarized in Table 1.
An initial phase I trial was reported in 1972 by Weiss et al
[26] using doses of 0.55 to 2.4 mg/kg/day for 10 to 15 days.
Thirteen of thirty treated patients were reported to have had
a partial response (two of six colon cancers, seven of eleven
breast cancers and two of five melanomas amongst them).
Remissions commonly occurred carly in the treatment
course and lasted an average of 6 wecks. Re-induction of
remissions was possible in lwo palients with breast cancer
who had relapses al 8 to 10 weeks. A maintenance regimen
using 2.4 mg/ky twice a week was given fo responding
patients and two of these remained in remissionforat least 6
months.

Following these encouraging results, several phase II trials
were conducted. At the Mayo Clinic, 29 patients with
advanced gastrointestinal cancer were Lreated with 500 to
750 mg/m’ per course [27]. Nausea and vomiting were so
severe, however, that three different administration
schedules were (ried in an allempt ta decrease the
symptoms. The drug was given once-daily for 5 days, once-
daily for 10 days and Iwice-daily for 5 days. The latter was
the better-tolerated regimen but was still seriously
emetogenic. Only one partial response lasting 5 weeks was
observed. A cooperative phase I] study in 31 patients with
breast cancer using 60 mg/m’/day of intravenous 5-
azacylidine for 10 days (followed by a maintenance dose of
100 mg/m‘ twice weekly after bone marrow recovery) [28]
yielded only four disease stabilizations and two partial

responses fasting a mean of5.5 months. Anothersmall phase
Il trial was reported in 1982 [29], where eight patients with
osteogenic sarcomas and seven with skeletal Ewing's
sarcoma were treated with £50 to 200 mg/m’/clay every 8h
for § days: no objective responses were seen.

Several farge studies involving a spectrumof solid tumors
nave been published. The Southwest Oncology Group treated
191 patients with S-azacytidine intravenously (225
mp/m‘/day) for 5 days every 3 weeks [30]. Because of
myelosuppression, however, this dose hac to be recuced
initially to 175 and then to 150 mg/m‘, Two patients with
adenocarcinoma of the lung, one with squamous cell
carcinoma of the lung and two with embryonal carcinoma of
the testicle had partial responses lasting from 28 to 77 days.
Five renal. one breast, two colon and two pancreatic
adenocarcinomas plus single malignancies arising from six
other primary sites. were stabilized for 39 to 255 days. 6%OF
patients dicd and 11% refused further therapy because of the
drug's severe gastrointestinal toxicity. The Central Oncology
Group administered 5-azacytidine (1.6 mg/kg/day) for 10
days to 221 patients [31]. In an allempt to decrease the
uncontrollable nausea and vomiting inducect on the cay of
treatment. 29 patients received the drug as an 18 to 24 h
infusion. The degrees of leukopenia and thrombocytopenia
were greater with the slow infusion. Stomatitis as well as an
erythematous rash appeared, but nausea ancl vomiting, were
minimal. Although 19 partial responses were reported (one
lung, six breast, three lymphoma and nine miscellaneous
tumors), they were mainly of non-visceral disease and short-
lived (mean of 5 weeks). The Southeastern Caneer Study
Group[32] tried a biweekly regimenof 150 mg/m’ (50 mg/m’
in lymphoma patients) of 5-azacytidine in 91 patients with
disseminated malignancies, but only obtained two partial
responses fone large cell carcinoma of the lung anc one
melanoma). In ail of these trials, all of the patients that
received the drug as an intravenous bolus suffered severe
nausca and vomiting that was unresponsive to anticmetics,
and frequently accompanicd by diarrhea. Loukupenia and
thrombocylopenia were dose-related and occurredlate in the
course oftreatment.

A small study comparing intravenous and subcutaneous
administration of 5-azacytidine in humans had shown that
plasmalevels were similar after I h and that the drug tended
to concentrate in tumor tissue regardless of the route used
[33]. Bascd on these results, another phase I trial was
conducted using 275 to 850 mg/m’ administered
subcutaneouslydaily for 10 days followed by 35 to 90 mg/m’
weekly in those who responded [34}. [8 Patients were
evaluable for toxicity. Nausea, vomiting and diarrhea were
mildin this trial. however, severe hepatic toxicity occurred in
five patients (all with significant hepatic metastalic disease), of
whichthree died in hepatic coma. The platelet counts ofthree
patients dropped to < 50,000/mm', and two died as a direct
consequence. Only two partial responses were observed
whichlasted 2 and 3 months, respectively.

 

One stucy investigated the benefits of administering 5-
azacytidine with pyrazofurin (PF; an inhibitor of the enzyme
orotidylate decarboxylase in the de novo pyrimidine
biosynthesis pathway) after significant synergism of these
drugs had been demonstrated in cell cultures [35]. 5-
Azacytidine was given as a continuous intravenous infusion
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Table 1. Clinicaltrials of 5-azacytidine in solid tumors.

  

Study Numberof Dose Schedule Objective _—- Reference
patients responses

- one (Evaluable) _—
Phase |: Breast, colon, melanoma, 30 0.55 to 2.4 m@/kgivbolus—qd x 10 to 15 days 43 PR [26]
lung. soft tissue sarcamas, ovary,
pancreas, lymphoma : , /

Phase! Colon, one pancteas 29 500to 750 mgim*iv Bolus. qd x 5 days; ad x 10 1PR [27]
and one gastric . ttotal dose per course) days: bid x 5 days

PhaseI: Ovary, breast, tanail, 13 275 to 850 mg/m*-sc qd x 10 days 34
lung, hepatoma, renal, colon, (M: 35 to 90 mg/m’) (M: once a week) 2PR
melanoma; chordoma : :

Phase I: Breast 27 ~ 60 mg/mi/day iv bolus-- qd x 10 days 2PR 28}
(M: 100 rng/m’) . (M: biweekly) 4Sp

Phase Hi: Solid tumors’ 167 150 to 225 mgmiv bolus) qd x 6 days ~ .. SPR -. [30]
: oo, : 3 every 3 weeks 16SD

Phase Hl Solid tumors? | 477 4.6 mg/kg iv bofus/48 to qdx.10 days 19 PR 34]
Me 24-h infusion -

: (M: 2.4 mg/kg} (M: biweekly)

Phase ik: Solid tumors’: 91 150 mgim‘iv bolus. | Biweekly x 6 days 2PR {32}
Phase |: In combination with 6 30 to 60 mg/m’ _qd x 5 days. “no'responses [35]
pyrazofurin continuousiv infusion. . :

PhaseIE: Sarcomas ofthe bone = 14 - 150 mgfm?iv over 3 hy Every 8 h x.5 days no responses [29]

M maintenance, qd once daily, PR partial response, SD stable disease.
‘Tumor and number of patients shown in parentheses: Pancreas (adenocarcinoma (6) and islet cell carcinoma (1)); lung (adenocarcinoma (12),
squamous cell carcinoma (14) and undifferentiated cell carcinoma (12)), colorectal (15); kidney (17), breast (14); testicle (embryonal cell carcinoma
(2), teratocarcinoma (1), choriocarcinoma (1)); urinary bladder (2); primary liver carcinoma (4), palate adenocarcinoma (1); parotid adenocarcinoma
(3); uterus adenocarcinoma(1); cervix squamouscell carcinoma (4); ovary (5); non-Hodgkin's lymphoma (4); sarcoma (7); melanoma (13); tongue
squamous cell carcinoma (2); nasal antrum (1); esophagus squamous cell carcinoma (3); stomach adenocarcinoma (7); skin squamous cell
carcinoma(1): larynx squamouscell carcinoma (1); gall bladder (1); unknown primary (adenocarcinoma(8) and undifferentiated cell carcinoma (4)).
“Tumor and number of patients shown in parentheses: Lung (24); breast (29); large intestine (26); melanoma (12); Hodgkin's disease (6);
non-Hodgkin's lymphoma (8); miscellaneous (59)
*Tumor and number of patients shown in parentheses: Breast (6); renal (10); other urogenital (3); colon (7); pancreas (2), stomach (3);
rectum (1); lung (unspecified (2), squamouscelf (6), adenocarcinoma (11), undifferentiated (5), small cell (2), large cell (2)); melanoma (10);
head and neck (14); soft tissue sarcomas(3); lymphomas (4).

 

for 5 days immediately following the injection of PF. PF
doses ranged from 50 to L00 mg/m’ and 5-azacylidine doses
ranged from 30 to 60 mg/m’. The most commonsideeffect
was skin rash, which was dose-related, and when severe

was accompanied by stomatitis, proctitis and cyslilis. Six
patients wilh solid tumors were entered into the trial but no
objective responses were observed.

5-Aza-2'-deoxycytidine
Clinical trials with 5-aza-2'-cleoxycytidine in solid tumors are
summarized in Table 2. The first phase | (rial conclucted with
$-aza-2'-deoxycytidine used a schedule consisting of three
consccutive J-h infusions separated by 7 h [36], a schedule
dictated by the instability of 5-aza-2'-deoxycytidine in
aqueous solution and its short half-life. The starting dose was
25 mg/m’. The dose-limiting toxicity consisted of reversible
myclosuppression, with the white blood cell count nadir
delayed to days 22 to 33 of treatment. Platelet nadir was
observed between days 14 and 22. The maximumtuleraled
dose was 100 mg/m’ x 3. One partial response was observed
in a patient with a locally recurrent undifferentiated
carcinoma of the ethmoid sinus who conlinued 5-aza-2'-

cleoxycylictine treatrnenl every 5 to 6 weeks and, after surgery
of a residual lymph node mcetastatasis, remained free of

disease at 1a months. Based on these results, the EORTC

conducted phase IT trials with 5-aza-2'-deoxycytidine in
patients wilh melanoma andcolorectal, renal and head and
neck cancers, using the same schedule evaluated in the phase
I study, at a dose of 75 mg/m’ [37]. Of 82 evaluable patients,
only one short-lived partial response was observed in a
patient with malignant melanoma, Tumorstabilization was
reported in 22% of the patients with melanoma, in 15%of the
patients with head and neck cancer, in 14% of the patients
with renal cell carcinoma and in 7%of the paticnts with
colorectal carcinoma. Despite the lack of significant activity in
these studies, the EORTC used the same schedule and dose in

14 patients with non-seminomatous testicular cancer, because
of the postulated aclivity of 5-aza-2-deoxycylidine as a
differentiating agent, but no objective responses were seen
[38]. The same dose and schedule were also uscd in three
other phase JItrials in patients with uterine cervical cancer (n
= 14), ovarian cancer (n = 21) and prostate cancer (n = 12). No
responses were seen in the uterine cervical cancer group but
stabilization of disease was observed in two patients with
ovarian cancer and two patients with prostate cancer [39-41].
The most common non-hematologic toxicity encountered in
all trials with this regimen was mild-to-moderate nausea
and vomiting.
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Table 2. Clinical trials of 5-aza-2'-deoxycytidine in solid tumors.

 

Study Numberof Dose Schedule _ Objective. Reference |
‘ patients: ne responses.

: _(Evaluable)
Phase | 20 25 ta 160 mg/m’ Every 3 to 6 weeks 1PR [36]
o8 over 1h every Shx 2fo 3 mee /

Phase JI: Melanoma, colorectal, 82 75 mg/m’ over th Every 5 weeks. “4 PRand 13 50 [37]
renal and squamous ceil cancer: : every 8hx 3. oe
of the head and neck

PhageIl; Ovarian caticer 2 75 mgm over 1h Every § weeks 28D - 140]
7 avery hx 3 . L Lo

PhaseIl: Cancer'of the uterine 14 75 mg/mover4A Every 5.weeks no respanses © 39]
eervix : every 8x3 : :

PhaseIl: Non-seminomatous . : 14 75 mg/m? over Th | Every 5 weeks no responses (38]
testicular cancer : every 6x3 : es :
Phase-W/it Non-small celltung > 9 200 to 660 mg/m’ x 1 Every 5 to 7 weeks’ 48D [43]
eancer. . . aver&h o, ce ;

Phase Il: Prostate cancer 42 75 maim’ over 1h Every 5 to. & weeks 28D 44]
“ ‘ every 8 hx. | : -
Phase | . 24 45 to 120 mgm? Every3weeks «1 PRand2 47]

: : ‘ . over th + 33-mgim’ Ss... minor responses
cisplatin every 24h-x3

PhaseIf: Non-small cell jung oo “14 87 mgim’ over1h+33 ‘Every 3 weeks ~ 3 reiinor [47]
cancer . . -mg/m’ cisplatin every 24 responses

: : AX a

Phase |” ag 20 to 40 mg/miiday Every 5 weeks noresponses [44]
: : aver 72h oo .

  

Bath in vitra and in vive data [42] suggested thal the
cytoloxicily of 5-aza-2'-deoxycytidine was dose- and time-
dependent. Therefore, alternative schedules of
administration were explored. In 1997 Momparler ct al
conducted a phase I/IE trial in previously untreated
paticnts with stage [V non-small cell lung cancer, using an
8-h intravenous infusion of 5-aza-2'-deoxycytidine at a
dose of 200 to 660 mg/m’. They reported an increase in
survival time with the numberof cycles administered and
one long-term survivor. They concluded that 5-aza-2’-
deoxycytidine has a delayed action on tumor growth that
may require several cycles of treatment before becoming
evident [43]. Our group conducted a phase | trial using a
72-h continuous intravenous infusion of doses between 20

and 40 mg/m‘/cday. All of the patients were heavily
pretreated andonly oneofthe 19 wasable to receive more
than one cycle of treatment. No objective tumor responses
were observed [44].

In vitro studies have demonstrated synergistic

cytotoxicily using 5-aza-2'-deoxycytidine and cisplatin, 4-
hydroperoxycyclophosphamide (a—derivative of
cyclophosphamide} and topotecan [45,46]. Based onthese
results, a phase } trial was conducted by Schwartsmannet
al [47] using cisplatin (33 mg/m‘) plus 5-aza-2’-
deoxycytidine (45 to 120 mg/in’) as a 2-h infusion on
days | to 3. One partial response was observed in a
patient with acvanced cervical cancer. A follow-up early
phase U evaluation in 14 patients with inoperable non-small

cell lung cancer used 5-aza-2'-deoxycytidine (67 mg/m}
andcisplatin (83 mg/m’) on days | to 3. Only three short
lasting minor regressions were observed [17].

Detection of DNA methylation
To clinically assess the utility of alterations in DNA
mettylation, it is important ta accurately measure the
changes in methylation that occur after trealment with
demethbylating agents. Until recently, the techniques
available for this have been difficult to apply to clinical
samples.

Initial protocols to detect changes in DNA methylation
employed digestion of genomic DNA with methylalion-
sensitive restriction enzymes(characterized by their inability
to cleave sequences that contain methylated CpG
dinucleotides) followed by Southern biol analysis [le]. The
main drawbacksto this method included a requirement for

large amounts of DNA (> 5 pg) and that the extent of
analysis was limited lo the CpG sites present in Lhe
recognition sites of the available cnzymes. Later on, PCR
amplification was applied using primers that flanked the
restriclion sites that were methylation sensitive. Although
the sensilivity of the assay increased, this method could sul
only be used to assess CpG methylation at methylalion-
sensitive restriclion sites, and it had the potential of
generating false positive results if the cleavage of the
unmethylated DNA was incomplete [48].
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Genomic sequencing was also used to defect 4-
micthylcytosine residues, identified as a lack of bancts in all
tracks of a sequencing gel. However, interpretation was
frequently complicatec! by close spacing of the bands or by
background cleavage ladders [t+]. In 1992, Frommer et al
{49] described the bisulfite genomic sequencing Lechnique
based on treatment of single stranded DNA with sodium
bisulfite to deaminate cytosine to uracil muchfaster than 5-
methylcytosine to thymine, so that methylated cytosine
residucs are fief intact. The bisulfite-treated DNA was

amplified by PCR and the products sequenced. The 5-
methylcytosine residues on the original sample appearecl as
the only remaining cylosines on the sequencing gel, since
unmethylated cylosines were transformed to uracil by the
bisulfite. This approach could be applied to small amounts
of DNA: even DNA obtained from paraffin-embedded
tissue samples. However, without cloning the amplified
producls, a labor-intensive and time-consuming process,
this method was less sensitive than Southern analysis.
Nevertheless, bisulfite treatment of genomic DNA provided
the basis for multiple newstrategies for the assessment of
DNA methylation.

Herman et al [50] described the methylation-specific PCR
protocol in which they used three sets of primers designed
specifically to amplify three types of bisuffite-treated DNA:
methylated, unmethylated and DNA that had not been
modified. The PCR products were compared on
polyacrylamide gels stained with ethidium bromide.
providing semiquantitative results. This method was highly
sensitive, capable of detecting even 0.1% of methylated DNA
in a sample, and significantly less time consuming than
genomic sequencing. Gonzalgo and Jones [48] developed the
methylation-sensitive single nucleotide primer extension
assay in which the PCR product fromthe bisulfite-converted
DNA amplification wasisolated from an agarose gel ancl usec]
as a template for a second PCR reaction. The second PCR
reaction utilized “P-labeled dNTPs and internal primers that
terminated immecliately §' of the single nucleotide of interest.
The radiolabeled products were electrophoresed resulting in
two bands; the C band represented the methylated cytosine
residues and the T band represented the unmethylated
cytosine residues. Phosphorimage analysis allowed for
quantitation of cach band. At the same time, Xiong and Laird
{51} reported a combined bisulfite restriction analysis, that
involved a standard sodiumbisulfite PCR treatment, followed

by the digestion of the purified PCR products using a
restriction enzyme with CpG in its recognition sequence. In
this way, cleavage only occurred if the CpG sequence had
been retained during the bisulfite conversion,ie, if the original
C residue was methylated. Different restriction enzymes
detected different levels of DNA methylation, depending on
the number of CpG dinucleotides contained inits recognition
sequence. Gel electropharesis, oligo hybridization and
phosphorimage analysis allowed quantitation of the level of
methylation present. Although these methods were rapid,
offered quantitative results and were compatible with paraffin
embedded tissues, they still, required cumbersome
manipulations anc were nol easily applicable to large
numbers of specimens.

Finally, Eads et al {52} developed a high-throughput
quantitative assay for the analysis of DNA methylation,
called MethyLight. This technique begins with sodium

bisulfite conversion of the sample DNA, which is then
amplified by PCR using three  metiylalion-specific
oligonucleotides: a probe with a 5’-fluorescent reporter dyc
and a 3'-quencher dye, and two locus-specific PCR primers
that flank the probe. During the PCR reaction, the nuclease
activity of the Taq DNA polymerase cleaves the probe and
the reporteris released resulting in a fMuorescent signal that
is proportional to the amount of PCR product generated and
measurable with a real-time fluorescence instrumentation.

This technology has made possible the rapid screening of
Jarge numbers of human tumors for the methyJation state of
a particular locus [53] but cannol offer information on longer
regions of DNA.

The ideal technique to analyze the biological activity of
demethylating agents in clinical trials should be able to
combine the high-resolution information of the methylation
stale of a large area of DNA sequence, like bisulfite
sequencing, with the sensitivity. accuracy andefficiency of
high-throughput technology.

Future directions

Since DNA methylation plays an important role in the
regulation of gene—expression, modulating it
pharmacologically is a very attraclive therapeutic Larget. 5-
Azacytidine and 5-aza-2'-dcoxycytidine have not been
dramatically successful, and pose significant restrictions on
dosing schedule adjustments because oftheir instability in
aqueous solution and their side effects. Development of new
drugs without these limitations is a subject of active research.
Other approaches to inhibit DNMT1, the enzyme responsible
for the replication of the DNA methylation pattern, are being
explored, inclucling the use of modified oligonucleotides that
directly antagonize the enzyme {54].—Antisense
oligonucleotides have been testecl in the laboratory [55} and
clinical trials have moved ahead [56e}. Combinations of
demethylating agents with synergistic drugs, such as the
histone deacetylase inhibitors (trichostatin A [57] and 4-
phenylbutyrate [58]}), or targeting specific signal transduction
pathways that render cells sensitive to chemotherapy agents.
are other strategies that should be furtherinvestigated,
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