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Attorney Docket: PHARM.05/PR

ORAL FORMULATIONSOF CYTIDINE ANALOGS

BACKGROUNDOF THE INVENTION

[0001] Cellular proliferative disorders are responsible for numerousdiseases resulting in

major morbidity and mortality and have been intensively investigated for decades. Cancer now is

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

and proliferative 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 chemical entities that inhibit DNA or RNA synthesis, either through a

competitive inhibition of polymerases or through incorporation of modified nucleotides into

DNAor RNAsequences. Nucleosides may act also as their diphosphates.

[0003] 5-Azacytidine (also known as azacitidine and 4-amino-1-B-D-ribofuranosy]-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 et al., 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 CgH,2N.Os, a relative molecular weight of 244.21 and a structure of:
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[0004]

[0005] Azacitidine (also referred to herein as 5-azacytidine herein) is a nucleoside

analog, more specifically a cytidine analog. Azacitidine is an antagonistofits related natural
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nucleoside, cytidine. Azacitidine, as well as decitabine, 1.e., 5-aza-2’-deoxycytidine, are

antagonists of decitabine’s related natural nucleoside, deoxycytidine. The only structural

difference between the analogs andtheir related natural nucleosidesis the presence of nitrogen at

position 5 of the cytosine ring 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° thiacytidine (Emtriva), N*-pentyloxycarbonyl-5’-deoxy-5-fluorocytidine (Capecitabine), 2’-

cyclocytidine, arabinofuanosyl-5-azacytidine, dihydro-5-azacytidine, N*-octadecyl-cytarabine,

elaidic acid cytarabine, and cytosine 1-$-D-arabinofuranoside (ara-C).

[0007] In general, oral delivery of members of this class of compounds has proven

difficult due to combinations of chemicalinstability, 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 azacitidine, ara-C, decitabine and gemcitabine, an

enzymethoughtto be responsible for a significant portion of drug metabolism is cytidine

deaminase. Strategies to improvethe oral bioavailability of this drug class have included the use

of prodrugs to modify chemical and enzymatic instability, and/or the use of enzymatic inhibitors.

[0008] For example, DeSimoneet al describe the ability of azacitidine to inducefetal

hemoglobin production in baboons when administered via the intravenous (IV), subcutaneous

(SC), or perioral (PO) route. In the case of PO administration the author states that co-

administration of THU (tetrahydrouridine) was necessary to achieve fetal hemoglobin induction,

howeverno specific data is provided on the doses or responses observed without THU.

Azacitidine 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 shownto result in a significant decrease in peripheral

cytidine deaminaseactivity.

[0009] Neil, et al describe the effect of THU on the pharmacokinetics and

pharmacodynamicsofinter peritoneal (1.P.) and peri oral (P.O.) azacitidine when administered to

leukemic mice. Pharmacokinetic parameters were determined using a bioassay that did not

discriminate between azacitidine andits degradation and metabolism products. Inclusion of

THU with IP administration had little effect on the clearance or degradation of azacitidine.

Inclusion of THU with PO administration significantly increased both C,,.x and ty. In both
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acute and chronic IP dosing the inclusion of THU did not influence the pharmacodymamic

effects of azacitidine except at the highest chronic dose which was toxic. Conversely, co-

administration of THU with PO azacitidine resulted in increased efficacy at all doses except the

highest chronic dose which wasagain toxic.

[0010] Dunbar, et al describe the administration of azacitidine via IV and PO routes for

increased production oftotal hemoglobin in a 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 hemoglobinlevels.

[0011] Dover, et al describe administration of azacitidine via the SC and PO routes for

increased production of total hemoglobin, fetal hemoglobin and F cells in sickle cell patients.

Azacitidine oral bioavailability was assessed byclinical response only. Dover reportsthat oral

doses of azacitidine (2 mg/kg/d) alone or THU (200 mg/d) alone did not result in increased F

reticulocyte production. Howeveroral doses of 200 mg/d of THU were observedto result in a

significant suppression of peripheral cytidine deaminase activity for several days post

administration. When azacitidine was co-administered with THU goodclinical response was

observed as determined by total hemoglobin, fetal hemoglobin and F cell levels. In fact

comparable clinical response was observed with doses of 2 mg/kg/d SC without THU versus 0.2

mg/kg/d PO with co-administration of 200 mg/d THU. Oral doses of azacitidine and THU were

prepared by encapsulation at the clinical site. No information was provided with respect to

excipients.

[0012] Efforts to increase bioavailability of this class of compoundshave also been

described in, for example, U.S. Patent Application Publication No. 2004/0162263 (Sands,etal.)

In this publication, delivery of azacitidine in an enteric-coated formulation are disclosed such

that the drugs are preferably absorbed in the upper regions of the small intestine, such as the

jejunum.

[0013] Despite these efforts, a need remains for more effective methods and

compositions which increaseoral bioavailability of this class of compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure | represents a graph showing Absolute Mucosal to Serosal Permeability of

Azacitidine in Human Intestinal Tissue with and without Enzymatic Inhibition.
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[0015] Figure 2 represents a graph showing Relative Mucosal to Serosal Permeability of

Azacitidine in Human Intestinal Tissue with and without Enzymatic Inhibition with Respect to

Atenolol.

[0016] Figure 3 represents a graph showing Absolute Mucosal to Serosal Permeability of

Azacitidine in Human Colonic Tissue with Various Concentrations of TPGS or Labrafil without

Enzymatic Inhibition.

[0017] Figure 4 represents a graph showing Relative Mucosal to Serosal Permeability of

Azacitidine in Human Colonic Tissue with Various Concentrations of TPGS or Labrafil without

Enzymatic Inhibition.

SUMMARYOF THE INVENTION

[0018] 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 amountof a cytidine analog and a drug release

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.

[0019] 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 amountof a cytidine analog and a drug release 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.

[0020] In another embodiment, the present invention includes a methodof increasing 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 amountof 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 andincreases the bioavailability of the cytidine analog.
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