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COMPOSITION AND METHOD FOR DELIVERY OF
HYDROPHOBIC ACTIVE AGENTS

This application is being filed as a PCT International Patent application on

November 5, 2013 in the name of SurModics, Inc., a U.S. national corporation,

applicant for the designation of all countries and Joseph Ventura, a U.S. Citizen,

Shannon Wadman, a U.S. Citizen, Joram Slager, a Citizen of the Netherlands, Joseph

Schmidt McGonigle, a U.S. Citizen, and Robert W. Hergenrother, a U.S. Citizen,

inventors for the designation of all countries, and claims priority to U.S. Provisional

Patent Application No. 61/722,735, filed November 5, 2012, and U.S. Provisional

Patent Application No. 61/740,713, filed December 21, 2012, the contents of which

are herein incorporated by reference in their entireties.

Field of the Invention

The present invention relates to compositions and methods for delivering

biologically active agents to a patient. More specifically, the present invention relates

to compositions and methods for local administration of hydrophobic active agents to

a patient.

Back2round of the Invention

Generally, the initial focus during development of a biologically active agent

is the physiochemical properties of the pharmaceutical compound, in particular the

therapeutic function of the compound. Once the biological activity of the active agent

is defined, the design focus typically shifts to the systems and formulations by which

the active agent is delivered. In particular, one focus during development of delivery

systems and formulations is the provision of a system or formulation in which

therapeutic titers of the active agent are able to reach the appropriate anatomical

location or compartment after administration.

The phrase "route of administration" refers to the path by which an active

agent is brought into contact with the body and is determined primarily by the

properties of the active agent and by the therapeutic objectives. The route of

administration that is chosen for a particular active agent may have a profound effect

upon the speed and efficiency of the active agent upon administration.



In general, routes of administration can be classified by whether the effect is

local or systemic. For local delivery, an active agent is applied directly to the tissue

or organ for which treatment is sought. The effect of local delivery is limited

primarily to the tissue or organ to which the active agent is applied. For example,

local delivery may be accomplished through the use of compositions such as

liniments, lotions, drops, ointments, creams, suppositories, emulsions, solutions,

suspensions and the like. Local delivery can also be accomplished using special

delivery devices such as catheters, syringes or implantables designed to convey drug

to a specific region in the body. In contrast, an active agent administered systemically

enters the blood or lymphatic supply and may be felt some distance from the site of

administration. For systemic delivery, oral and parenteral routes are typically used.

However, there is still a need in the art for simple, inexpensive delivery

systems which are easily prepared and which can deliver a broad range of active

agents to their intended targets, especially in the case of hydrophobic active agents.

Summary of the Invention

Disclosed herein is a delivery composition for administration of a hydrophobic

active agent, along with kits that include the delivery compositions, methods of

making the delivery composition, and methods of using the delivery composition. In

particular the invention provides a delivery composition for local administration of a

hydrophobic active agent.

In one embodiment, the delivery composition includes a cationic delivery

agent, a therapeutically effective amount of the hydrophobic active agent; and a

pharmaceutically acceptable aqueous carrier. In one embodiment, the hydrophobic

active agent is combined with the pharmaceutically acceptable aqueous carrier to

form a suspension. In another embodiment, the cationic delivery agent is dissolved in

the pharmaceutically acceptable carrier to form a solution. In a more particular

embodiment, the cationic delivery agent includes polyetheyleneimine (PEI), for

example, dissolved PEI, more particularly, branched PEI. In one embodiment, the

cationic delivery agent includes branched PEI with a molecular weight of at least

about 25 kD and up to about 5000 kD, at least about 70 kD and up to about 4000 kD,

at least about 100 kD and up to about 3000 kD, or at least about 500 kD and up to

about 1000 kD. In one embodiment, the branched PEI has a ratio of

primary:secondary:tertiary amines between about 1:3:1 and about 1:1:1, or between



about 1:2:1 and about 1:1:1. In one embodiment, the delivery composition includes

cationic delivery agent:hydrophobic active agent at a ratio of at least about 1:1 and up

to about 1:25, at least about 1:2 and up to about 1:20, or at least about 1:5 and up to

about 1:10. In another embodiment, the delivery composition includes at least about

0.05 mg/ml, 0.1 mg/ml, 0.5 mg/ml or 1 mg/ml and up to about 25 mg/ml cationic

delivery agent and at least about 5 mg/ml and up to about 125 mg/ml hydrophobic

active agent. In another embodiment, the aqueous carrier includes water. In another

embodiment, the delivery composition has a pH between 5 and 9, 6 and 8, or 7 and 8.

In one embodiment, the hydrophobic active agent is an antiproliferative, analgesic,

anti-inflammatory, anti-arrhythmic, anti-bacterial, anti-coagulant, anti-hypertensive,

anti-muscarinic, anti-neoplastic, beta-blocker, cardiac inotropic agent, corticosteroids,

lipid regulating agents, anti-anginal agents, or combinations thereof. In a more

particular embodiment, the hydrophobic active agent is an antiproliferative selected

from paclitaxel, sirolimus (rapamycin), everolimus, biolimus A9, zotarolimus,

tacrolimus, and pimecrolimus and mixtures thereof.

The invention also provides a method of making the delivery compositions. In

one embodiment, the method includes combining the hydrophobic active agent with a

pharmaceutically acceptable aqueous carrier to form an active agent suspension; and

adding the cationic delivery agent to the active agent suspension to form the delivery

composition. In one embodiment, the method includes a step of crystallizing the

hydrophobic active agent before combining the hydrophobic active agent with the

aqueous carrier to form the active agent suspension. In another embodiment, the

method includes a step of combining the cationic delivery agent with an aqueous

solution to form a cationic delivery agent solution before adding the cationic delivery

agent to the active agent suspension. In one embodiment, the pH of the cationic

delivery agent solution is adjusted to a pH between 5 and 9 before adding the cationic

delivery agent to the active agent suspension.

In another embodiment, the method of making the delivery composition

includes combining the hydrophobic active agent with the cationic delivery agent to

form an active agent mixture; and combining the active agent mixture with the

aqueous carrier to form the delivery composition. In one embodiment, the method

includes a step of crystallizing the active agent mixture before combining the mixture

with the aqueous carrier.



The invention also provides kits that include a therapeutically effective

amount of hydrophobic active agent; and cationic delivery agent. The kit components

(i.e., the hydrophobic active agent and/or the cationic delivery agent) can be included

in the kit as solids or as aqueous solutions, either individually or combined. The solid

kit component can be either crystalline or amorphous.

The invention also provides methods for local administration of a

therapeutically or prophylactically effective amount of a hydrophobic active agent to

a tissue or organ of a patient.

Brief Description of the Fi2ures

The invention may be more completely understood in connection with the

following drawings, in which:

FIG. 1 is a graph showing the amount of paclitaxel adhered and/or transferred

to different surfaces with or without seeded endothelial cells in the presence or

absence of PEL

FIG. 2 is a graph showing the amount of paclitaxel transferred to Matrigel™

surfaces with or without seeded endothelial cells in the presence or absence of PEL

FIG. 3 is a graph showing delivery of paclitaxel to endothelial cells and tissues

using cells grown on Matrigel™ coated cell culture plates in the presence or absence

of PEI and other excipients such as radio-opaque iopromide.

FIG. 4 is a graph showing the amount of paclitaxel transferred to Matrigel™

surfaces in the presence of varying concentrations of heparin in the presence or

absence of PEI.

FIG. 5 is a graph showing the amount of paclitaxel transferred to

Matrigel™/HCAEC surfaces in the presence of varying concentrations of heparin in

the presence or absence of PEI.

FIG. 6 is a graph showing the influence of molecular weight in adhesion of

paclitaxel to surfaces with or without seeded endothelial cells.

While the invention is susceptible to various modifications and alternative

forms, specifics thereof have been shown by way of example and drawings, and will

be described in detail. It should be understood, however, that the invention is not

limited to the particular embodiments described. On the contrary, the intention is to

cover modifications, equivalents, and alternatives falling within the spirit and scope of

the invention.



Detailed Description of the Invention

The embodiments of the present invention described herein are not intended to

be exhaustive or to limit the invention to the precise forms disclosed in the following

detailed description. Rather, the embodiments are chosen and described so that others

skilled in the art can appreciate and understand the principles and practices of the

present invention.

All publications and patents mentioned herein are hereby incorporated by

reference. The publications and patents disclosed herein are provided solely for their

disclosure. Nothing herein is to be construed as an admission that the inventors are

not entitled to antedate any publication and/or patent, including any publication and/or

patent cited herein.

The invention described herein provides compositions and methods for

delivery of an active agent to a patient. The compositions are referred to herein as

"delivery compositions." As used herein, the term "route of administration" refers to

the path by which an active agent is brought into contact with the body. The

particular route of administration used with a particular active agent is determined

primarily by properties of the active agent and by therapeutic objectives. In one

embodiment, the invention provides compositions and methods for local

administration of an active agent to a patient. As used herein, the term "local

administration" refers to a route of administration in which a therapeutically effective

amount of an active agent is applied directly to the tissue or organ for which treatment

is sought, wherein the therapeutic effect of the active agent is limited primarily to the

tissue or organ to which the active agent is applied. One advantage of local

administration of an active agent is the ability to attain a pharmaceutically relevant

concentration of active agent at a desired site, while reducing the risk of systemic

toxicity. It is noted that some active agent may disperse from the local site of

administration during local delivery. In general, less than about 50%, 40%, 30%,

20%, 10%, 5%, 4%, 3%, 2% or 1% of the active agent disperses from the site of

administration during local administration. In contrast, for systemic delivery, the

active agent is administered at a convenient access site, for example, intravascularly,

intramuscularly, or orally and travels through the blood stream to the tissues or organs

for which treatment is sought. In systemic delivery, more than 50% of the active

agent disperses from the site of administration during systemic administration.



In a more particular embodiment, the invention provides compositions and

methods for local delivery of a therapeutic amount of a hydrophobic active agent to a

tissue or organ of a patient. In one embodiment, the invention provides a composition

for local delivery of a hydrophobic active agent, wherein the composition includes the

hydrophobic active agent and a cationic delivery agent. Suitable cationic delivery

agent delivery and hydrophobic therapeutic agents are described in greater detail

below. In another embodiment, one or more additives may be included in the delivery

composition. Exemplary additive components are described in greater detail below.

Hydrophobic Active A2ents

In one embodiment, the delivery composition includes one or more

hydrophobic active agents. In general, the term "hydrophobic active agent" refers to

an active agent having solubility in water of less than about 100 g/mL at 25 °C and

neutral pH, less than about 10 g/mL at 25 °C and neutral pH, or less than about 5

g/ml at 25 °C and neutral pH. In one embodiment, the hydrophobic active agent is

crystalline. In general, the term "crystalline" refers to a thermodynamically stable

solid form of an active agent having "long range molecular order" in which the

molecules are packed in a regularly ordered, repeating pattern. In another

embodiment, the hydrophobic active agent is amorphous. The term "amorphous"

refers to a solid form of an active agent in which the molecules do not have "long

range molecular order", but rather are randomly arranged or retain only a "short range

molecular order" typical of liquids. In general, crystalline forms of an active agent

tend to have a higher level of purity and more stability than amorphous forms of the

same active agent. Additionally, the crystalline form of an active agent tends to be

more soluble than the amorphous form. One of skill in the art is aware of methods for

determining whether an active agent is in a crystalline or amorphous form, for

example, using x-ray diffraction.

The amount of hydrophobic active agent included in the delivery composition

can vary depending upon many factors including the desired therapeutic outcome.

However, the composition of the invention generally includes at least about 1 mg/ml,

2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, or 10 mg/ml, 15 mg/ml, 20 mg/ml, or 25 mg/ml

or up to about 25 mg/ml, 50 mg/ml, 75 mg/ml, 100 mg/ml, 125 mg/ml or 150 mg/ml

hydrophobic active agent.



It will be appreciated that hydrophobic active agents can include agents having

many different types of activities. In some embodiments, hydrophobic active agents

can include, but are not limited to, antiproliferatives such as paclitaxel, sirolimus

(rapamycin), everolimus, biolimus A9, zotarolimus, tacrolimus, and pimecrolimus

and mixtures thereof; analgesics and anti-inflammatory agents such as aloxiprin,

auranofin, azapropazone, benorylate, diflunisal, etodolac, fenbufen, fenoprofen

calcim, flurbiprofen, ibuprofen, indomethacin, ketoprofen, meclofenamic acid,

mefenamic acid, nabumetone, naproxen, oxyphenbutazone, phenylbutazone,

piroxicam, sulindac; anti-arrhythmic agents such as amiodarone HCl, disopyramide,

flecainide acetate, quinidine sulphate; anti-bacterial agents such as benethamine

penicillin, cinoxacin, ciprofloxacin HCl, clarithromycin, clofazimine, cloxacillin,

demeclocycline, doxycycline, erythromycin, ethionamide, imipenem, nalidixic acid,

nitrofurantoin, rifampicin, spiramycin, sulphabenzamide, sulphadoxine,

sulphamerazine, sulphacetamide, sulphadiazine, sulphafurazole, sulphamethoxazole,

sulphapyridine, tetracycline, trimethoprim; anti-coagulants such as dicoumarol,

dipyridamole, nicoumalone, phenindione; anti-hypertensive agents such as

amlodipine, benidipine, darodipine, dilitazem HCl, diazoxide, felodipine, guanabenz

acetate, isradipine, minoxidil, nicardipine HCl, nifedipine, nimodipine,

phenoxybenzamine HCl, prazosin HCL, reserpine, terazosin HCL; anti-muscarinic

agents: atropine, benzhexol HCl, biperiden, ethopropazine HCl, hyoscyamine,

mepenzolate bromide, oxyphencylcimine HCl, tropicamide; anti-neoplastic agents

and immunosuppressants such as aminoglutethimide, amsacrine, azathioprine,

busulphan, chlorambucil, cyclosporin, dacarbazine, estramustine, etoposide,

lomustine, melphalan, mercaptopurine, methotrexate, mitomycin, mitotane,

mitozantrone, procarbazine HCl, tamoxifen citrate, testolactone; beta-blockers such as

acebutolol, alprenolol, atenolol, labetalol, metoprolol, nadolol, oxprenolol, pindolol,

propranolol; cardiac inotropic agents such as amrinone, digitoxin, digoxin,

enoximone, lanatoside C, medigoxin; corticosteroids such as beclomethasone,

betamethasone, budesonide, cortisone acetate, desoxymethasone, dexamethasone,

fludrocortisone acetate, flunisolide, flucortolone, fluticasone propionate,

hydrocortisone, methylprednisolone, prednisolone, prednisone, triamcinolone; lipid

regulating agents such as bezafibrate, clofibrate, fenofibrate, gemfibrozil, probucol;

nitrates and other anti-anginal agents such as amyl nitrate, glyceryl trinitrate,

isosorbide dinitrate, isosorbide mononitrate, pentaerythritol tetranitrate.



Other hydrophobic active agents include, but are not limited to, active agents

for treatment of hypertension (HTN), such as guanethidine.

In a particular embodiment, the hydrophobic active agent includes paclitaxel,

sirolimus (rapamycin), everolimus, biolimus A9, zotarolimus, tacrolimus, and

pimecrolimus and mixtures thereof.

In one embodiment, the hydrophobic active agent includes chemotherapeutics,

exemplified by the family of fluorouracils (e.g. 4-FU and 5-FU) and Carmustine (bis-

chSoroethyinitrosourea; BCNU).

In one embodiment, the hydrophobic active agent is combined with a cationic

delivery agent in solution. In another embodiment, solid hydrophobic active agent,

amorphous or crystalline, is combined with pure or neat cationic delivery agent,

amorphous or crystalline, to form a mixture. In other embodiments, the hydrophobic

active agents is conjugated to a cationic delivery agent. The conjugation can include

a hydrophobic active agent covalently bonded to the cationic delivery agent. In some

embodiments wherein the hydrophobic agent is conjugated to the cationic delivery

agent a linking agent can be used to attach the hydrophobic agent to the cationic

delivery agent. Suitable linking agents include, but are not limited to, polyethylene

glycol, polyethylene oxide and polypeptides of naturally-occurring and non-naturally

occurring amino acids. In some embodiments, linking agents can be biodegradable

or cleavable in vivo to assist in release of the hydrophobic active agents. Exemplary

linking agents can further include alkane or aromatic compounds with heteroatom-

substitutions such as N, S, Si, Se or O.

Cationic Delivery A2ents

In one embodiment, the delivery composition includes a hydrophobic active

agent and cationic delivery agent. While not wishing to be bound by theory, it is

believed that the charge provided by the cationic delivery agents results in the

composition being electrostatically attracted to negative charges and/or polar groups

associated with the lipid bilayer present on or in a tissues or organs of a patient or

charged/polar groups associated with the extracellular matrix (e.g, collagen,

fibronectin, laminin, etc.). Consequently, combining an active agent, particularly a

hydrophobic active agent with a cationic delivery agent in a composition for local

administration helps retain the hydrophobic active agent near the site of

administration. It is also thought that the cationic delivery agent may increase tissue



permeability, thereby enhancing uptake of the active agent by the target tissue and/or

organ.

In general, the upper limit for the amount of cationic delivery agent that is

included in the delivery composition is guided by the toxicity limit for the given

cationic delivery agent or the solubility of the cationic delivery agent in the aqueous

carrier used in the composition. However, in one embodiment, the ratio of cationic

delivery agent:hydrophobic active agent can be up to 1:1. The lower limit for the

amount of cationic delivery agent that is included in the composition is guided by the

efficacy of the composition. In general, the inventors have found that a ratio of

cationic delivery agent:hydrophobic active agent of 1:50 has limited efficacy.

Consequently, the composition generally has a ratio of cationic delivery agent:

hydrophobic active agent of at least 1:25. In one embodiment, the ratio of cationic

delivery agent:hydrophobic active agent is between about 1:1 and about 1:25. In

another embodiment, the ratio of cationic delivery agent:hydrophobic active agent is

at least about 1:2, 1:5 or 1:10 and up to about 1:10, 1:15, 1:20 or 1:25. In one

embodiment, the composition of the invention includes at least about 0.1 mg/ml, 0.5

mg/ml, 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, or 5 mg/ml and up to about 5 mg/ml, 10

mg/ml, 15 mg/ml, 20 mg/ml or 25 mg/ml cationic delivery agent.

Cationic delivery agents used in embodiments herein include compounds

containing a portion having a positive charge in aqueous solution at neutral pH along

with a portion that can exhibit affinity for hydrophobic surfaces (such as hydrophobic

or amphiphilic properties) and can therefore interface with hydrophobic active agents.

In some embodiments, cationic delivery agents used in embodiments herein can

include those having the general formula X-Y, wherein X is a positively charged

group in aqueous solution at neutral pH and Y is a moiety exhibiting hydrophobic

properties. In some embodiments, the cationic delivery agent can include a

hydrophilic head and a hydrophobic tail, along with one or more positively charged

groups, typically in the area of the hydrophilic head.

Cationic delivery agents can specifically include cationic lipids and net neutral

lipids that have a cationic group. Exemplary lipids can include, but are not limited to,

36-[N-(N',N'-dimethylaminoethane)-carbamoyl]cholesterol hydrochloride (DC-

cholesterol); l,2-dioleoyl-3-trimethylammonium-propane (DOTAP);

dimethyldioctadecylammonium (DDAB); l,2-dioleoyl-sn-glycero-3-

ethylphosphocholine (EPC); l,2-di-0-octadecenyl-3-trimethylammonium propane



(DOTMA); l,2-di-(9Z-octadecenoyl)-3-dimethylammonium-propane (DODAP); 1,2-

dilinoleyloxy-3-dimethylaminopropane (DLinDMA) and derivatives thereof.

Additional lipids can include, but are not limited to, l,2-dioleoyl-sn-glycero-3-

phosphoethanolamine (DOPE); cholesterol; l,2-dioctadecanoyl-i«-glycero-3-

phosphocholine (DSPC); l,2-distearoyl-sn-glycero-3-phosphoethanolamine (DSPE).

Cationic delivery agents can specifically include cationic polymers. Cationic

delivery agents can also include polycation-containing cyclodextrin, histones,

protamines, cationized human serum albumin, aminopoly saccharides such as

chitosan, peptides such as poly-L-lysine, poly-L-ornithine, and poly(4-hydroxy-L-

proline ester, and polyamines such as polyethylenimine (PEI; available from Sigma

Aldrich), polypropylenimine, polyamidoamine dendrimers (PAMAM; available from

Sigma Aldrich), cationic polyoxazoline and poly(beta-aminoesters). Cationic

delivery agents can also specifically include cationic lipidoids (as described by K.T.

Love in the publication PNAS 107, 1864-1869 (2010)). Other exemplary cationic

polymers include, but are not limited to, block copolymers such as PEG-PEI and

PLGA-PEI copolymers.

In one embodiment, the cationic delivery agent includes polyethyleneimine

(PEI). PEI is a basic cationic aliphatic polymer which can be linear or branched.

Linear PEI is a solid at room temperature and includes predominantly secondary

amines. Branched PEIs are liquid at room temperature and include primary, secondary

and tertiary amino groups. The ratio of primary:secondary:tertiary amino groups

reflects the amount of branching, wherein the relative amount of secondary amino

groups decreases as the amount of branching increases. In one embodiment, PEI

includes primary: secondary: tertiary amino groups at a ratio of between about 1:3:1

and 1:1:1, or between about 1:2:1 and 1:1:1. In another embodiment, PEI includes

primary:secondary:tertiary amino groups at a ratio of between about 1:2:1 and 1:1:1,

1:1.1:1, 1:1.2:1, 1:1.3:1, 1:1.4:1, 1:1.5:1, 1:1.6:1, 1:1.7:1, 1:1.8:1, or 1:1.9:1. In

another embodiment, PEI is linear and includes predominantly secondary amines. In

one embodiment, branched PEI includes no more than about 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, or 75% secondary amine groups. In other embodiments,

PEI includes one or more quaternary amine groups.

In one method, PEI is synthesized from monomers that include a three-

membered ring in which two corners of the molecule have (-CH2-) linkages and the

third corner includes a secondary amine group (=NH). In the presence of a catalyst



the three-membered ring is converted into a highly branched polymer with about 25%

primary amine groups, 50% secondary amine groups, and 25% tertiary amine groups.

The branched polymers can be copolymerized to produce PEI having a variety of

molecular weights, from 2kD up to 5000kD. In one embodiment, PEI has a molecular

weight of at least about 25 kD, 50 kD, 70 kD, 75 kD, 100 kD, 150 kD, 200 kD, 250

kD, 300 kD, 350 kD, 400 kD, 450 kD, 500 kD, 550 kD, 600 kD, 650 kD, 700 kD, 750

kD, 800 kD, 850 kD, 900 kD, 950 kD or 1000 kD and up to about 1000 kD, 1500 kD,

2000 kD, 2500 kD, 3000kD, 3500 kD, 4000 kD, 4500 kD or 5000 kD. Methods for

synthesizing linear PEI are also known.

The inventors have found that linear PEI is not as effective as a cationic

delivery agent for hydrophobic active agents when compared to branched PEI. This

could be because linear PEI is less soluble in aqueous carriers, such as water, than

branched PEI. In general, linear PEI is only soluble in aqueous solutions such as

water when it is heated to a temperature of at least about 50°C. Branched PEI is

generally soluble in aqueous carriers such as water and a 5% aqueous solution of PEI

typically has a pH between about 10 and 12. As the pH of a solution or suspension

containing PEI is changed, the nature of the PEI molecule also changes. In particular,

when the pH of a solution or suspension of PEI is between about 5 and about 9, the

stability of the solution can be improved. The pH of a PEI solution can be adjusted by

titrating with an acid, such as hydrochloric acid (HCl) having a concentration between

about 1M and about 10 M. Advantageously, a solution with a pH between about 5

and about 9 is well suited for use in vivo. Branched PEI is highly soluble or miscible

in water. The solubility limit for branched PEI depends on the amount of branching

and molecular weight. In one embodiment, branched PEI has a solubility of at least

about 0.01 mg/ml, 0.1 mg/ml, 1 mg/ml, 5 mg/ml, 10 mg/ml, 25 mg/ml or 50 mg/ml,

and up to about 25 mg/ml, 50 mg/ml, 75 mg/ml, 100 mg/ml, 150 mg/ml or 200 mg/ml

at room temperature (i.e., between about 20°C and about 25°C). Generally, PEI is

used as a cationic delivery agent in an aqueous solution having a concentration of at

least about 0.1 µg/ml, 0.2 µg/ml, 0.3 µg/ml, 0.4 µg/ml, 0.5 µg/ml, and up to about 0.6

µg/ml, 0.7 µg/ml, 0.8 µg/ml, 0.9 µg/ml or 1 µg/ml, wherein the aqueous solution is

buffered to a pH of at least about 5, 6 or 7 or up to about 7, 8 or 9.

In other embodiments of the present disclosure, cationic delivery agents

having a positive charge in aqueous solutions at neutral pH include the following

Compounds (A-I):
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Compound I

Additionally, other cationic delivery agents include structures of the general

Formula I :

Formula I

Table 1. Values for Variables x + z , y and R for Compounds J-R of Formula I .

Methods for making cationic delivery agents, such as those listed above, are

described in more detail in U.S. Patent Application Serial No. 13/469,844, entitled

"DELIVERY OF COATED HYDROPHOBIC ACTIVE AGENT PARTICLES," the

disclosure of which is hereby incorporated by reference herein in its entirety. In

general, cationic delivery agents, such as those listed above, can generally be prepared

by the reaction of an appropriate hydrophobic epoxide (e.g. oleyl epoxide) with a

multi-functional amine (e.g. propylene diamine). Details of the synthesis of related

cationic delivery agents are described by K.T. Love in the publication PNAS 107,

1864-1869 (2010) and Ghonaim et al., Pharma Res 27, 17-29 (2010).

It will be appreciated that polyamide derivatives of PEI (PEI-amides) can also

be applied as cationic delivery agents. PEI-amides can generally be prepared by



reacting PEI with an acid or acid derivative such as an acid chloride or an ester to

form various PEI-amides. For example, PEI can be reacted with methyl oleate to

form PEI-amides.

In yet other embodiments cationic delivery agents can include moieties used to

condense nucleic acids (for example lipids, peptides and other cationic polymers). In

some instances these cationic delivery agents can be used to form lipoplexes and

polyplexes.

Additional Components

In other embodiments, the delivery composition of the invention can include

one or more additional components, such as a diluent, excipient, adjuvant, emulsifier,

buffer, stabilizer, preservative, and the like. In one embodiment, the delivery

composition includes one or more contrast agents, for example, an iodinated

radiocontrast agent.

In another embodiment, the delivery composition of the invention can include

one or more agents that enhance tissue penetration, including, but not limited to

zonulin, propylene glycol, mono-, di- or tri-glycerides etc.

Exemplary additive components can further include compounds that stabilize

poorly water soluble pharmaceutical agents. Exemplary additive components

providing such stabilization include biocompatible polymers, for example albumins.

Additional additive components are described in US 7,034,765 (De et al.), the

disclosure of which is incorporated herein by reference. Stabilization of suspensions

and emulsions can also be provided by compounds, for example, such as surfactants

(e.g. F68).

Other additives include saccharides. Saccharides can include

monosaccharides, disaccharides, trisaccharides, oligosaccharides, and

polysaccharides. Polysaccharides can be linear or branched polysaccharides.

Exemplary saccharides can include but are not limited to dextrose, sucrose, maltose,

mannose, trehalose, and the like. Exemplary saccharides can further include, but are

not limited to, polysaccharides including pentose, and/or hexose subunits, specifically

including glucans such as glycogen and amylopectin, and dextrins including

maltodextrins, fructose, mannose, galactose, and the like. Polysaccharides can also

include gums such as pullulan, arabinose, galactan, etc.



Saccharides can also include derivatives of polysaccharides. It will be

appreciated that polysaccharides include a variety of functional groups that can serve

as attachment points or can otherwise be chemically modified in order to alter

characteristics of the saccharide. As just one example, it will be appreciated that

saccharide backbones generally include substantial numbers of hydroxyl groups that

can be utilized to derivatize the saccharide. Saccharides can also include copolymers

and/or terpolymers, and the like, that include saccharide and/or saccharide subunits

and/or blocks.

Polysaccharides used with embodiments herein can have various molecular

weights. By way of example, glycogen used with embodiments herein can have a

molecular weight of greater than about 250,000. In some embodiments glycogen used

with embodiments herein can have a molecular weight of between about 100,000 and

10,000,000 Daltons.

Refinement of the molecular weight of polysaccharides can be carried out

using diafiltration. Diafiltration of polysaccharides such as maltodextrin can be

carried out using ultrafiltration membranes with different pore sizes. As an example,

use of one or more cassettes with molecular weight cut-off membranes in the range of

about IK to about 500 K can be used in a diafiltration process to provide

polysaccharide preparations with average molecular weights in the range of less than

500 kDa, in the range of about 100 kDa to about 500 kDa, in the range of about 5 kDa

to about 30 kDa, in the range of about 30 kDa to about 100 kDa, in the range of about

10 kDa to about 30 kDa, or in the range of about 1 kDa to about 10 kDa.

It will be appreciated that polysaccharides such as maltodextrin and amylose

of various molecular weights are commercially available from a number of different

sources. For example, Glucidex™ 6 (avg. molecular weight -95,000 Da) and

Glucidex™ 2 (avg. molecular weight -300,000 Da) are available from Roquette

(France); and MALTRIN™ maltodextrins of various molecular weights, including

molecular weights from about 12,000 Da to 15,000 Da are available from GPC

(Muscatine, Iowa). Examples of other hydrophobic polysaccharide derivatives are

disclosed in US Patent Publication 2007/0260054 (Chudzik), which is incorporated

herein by reference.

In another embodiment, the composition includes one or more amphiphilic

additive. Amphiphilic compounds include those having a relatively hydrophobic

portion and a relatively hydrophilic portion. Exemplary amphiphilic compounds can



include, but are not limited to, polymers including, at least blocks of,

polyvinylpyrrolidone, polyvinyl alcohol, polyethylene glycol, polyoxazolines (such as

poly(2-alkyloxazoline) and derivatives) and the like. Exemplary amphiphilic

compounds can specifically include poloxamers. Poloxamers are nonionic triblock

copolymers composed of a central hydrophobic chain of polyoxypropylene flanked by

two hydrophilic chains of polyoxyethylene. Poloxamers are frequently referred to by

the trade name PLURONIC®. It will be appreciated that many aspects of the

copolymer can be varied such the characteristics can be customized. One exemplary

poloxamer is PLURONIC® F68 (non-ionic, co-polymer of ethylene and propylene

oxide commercially available from BASF Corporation; also designated as F68 and

poloxamer F68), which refers to a poloxamer having a solid form at room

temperature, a polyoxypropylene molecular mass of approximately 1,800 g/mol and

roughly 80% polyoxyethylene content, with a total molecular weight of

approximately 8,400 g/mol, the copolymer terminating in primary hydroxyl groups.

In yet other embodiments, additive components can further include additives

that effectively reverse the effect of drug uptake in tissue. Exemplary components

that induce this reversal effect include heparin and heparin derivatives. Other

negatively charged additive components that can complex with the cationic delivery

agent of the present disclosure can also provide this reversal effect.

Aqueous carrier

In one embodiment, the delivery composition includes a hydrophobic active

agent and a cationic delivery agent in a pharmaceutically acceptable aqueous carrier.

As used herein, a "pharmaceutically acceptable carrier" refers to a carrier or diluent

that does not cause significant irritation to an organism and does not abrogate the

biological activity and properties of the administered composition. In one

embodiment, the aqueous carrier includes water or buffered saline. In a more

particular embodiment, the aqueous carrier includes deuterium-depleted water

(DDW). In one embodiment, the hydrophobic active agent and/or the cationic

delivery agent are suspended in water. In one embodiment, the carrier includes a

minor amount (e.g., less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,

2% or 1%) of a biocompatible solvent. As used herein, the term "biocompatible

solvent" refers to a solvent that is considered non-toxic and does not elicit an

immunological response at the amounts included in the carrier. Examples of



biocompatible solvents include, but are not limited to, ethanol, ethyl lactate, acetone,

dimethylsulfoxide (DMSO), and combinations thereof. In one embodiment, the

hydrophobic active agent is suspended in water as a coated therapeutic agent. In one

embodiment, a mixing or agitation step can be performed in order to allow the

hydrophobic active agent to interface with the cationic delivery agent. In some

embodiments, the cationic delivery agent surrounds and/or encapsulates the

particulate hydrophobic active agent to form a coated active agent particle.

In one embodiment, the pH of the composition is adjusted to at least about 5, 6

or 7 and up to about 7, 8 or 9.

Method of Making

In one embodiment, the invention is directed towards methods of making the

delivery compositions described herein. In one embodiment, the delivery

composition includes a hydrophobic active agent and a cationic delivery agent in an

aqueous carrier. In a more particular embodiment, the cationic delivery agent

includes PEL In another embodiment, the cationic delivery agent includes branched

PEL In a specific embodiment, the hydrophobic active agent is paclitaxel, sirolimus

(rapamycin), everolimus, biolimus A9, zotarolimus, tacrolimus, and pimecrolimus

and mixtures thereof.

In some embodiments, the hydrophobic active agent can be processed, for

example, by milling of the active agent. In some embodiments, processing of the

hydrophobic active agent can include crystallization. In other embodiments,

processing of the hydrophobic active agent can include lyophilizing of the active

agent.

In one embodiment, the hydrophobic active agent is suspended in an aqueous

carrier such as water. By combining the hydrophobic active agent and a cationic

delivery agent, coated active agent particles can be formed. By way of example, a

cationic agent, in water or other aqueous solvent, can be added to a hydrophobic

active agent suspension. In some embodiments, a mixing or agitation step can be

performed in order to allow the hydrophobic active agent to interface with the cationic

agent. In some embodiments, the cationic agent will surround or encapsulate the

particulate hydrophobic active agent. In one embodiment, the hydrophobic active

agent has a particle size of at least about 0.1 µιη, 0.2 µιη, 0.3 µιη, 0.4 µιη, 0.5 µιη or 1

µιη and less than about 10 µιη, 5 µιη, 4 µιη, 3 µιη, 2 µιη or 1 µιη.



In one embodiment, an active agent solution or suspension is first made by

combining a hydrophobic active agent with an aqueous solvent to form an active

agent solution or suspension. After the active agent solution or suspension is formed,

the cationic delivery agent is added to form a delivery composition. In one

embodiment, the hydrophobic active agent is crystallized before it is combined with

the aqueous solvent to form the active agent solution or suspension. In another

embodiment, the hydrophobic active agent is amorphous when it is combined with the

aqueous solvent to form the active agent solution or suspension. In another

embodiment, the cationic delivery agent is combined with an aqueous solvent to form

a cationic delivery agent solution before the cationic delivery agent is combined with

the active agent solution or suspension. In one embodiment, the pH of the cationic

delivery agent solution is buffered to between about 5 and 9 before the cationic

delivery agent is added to the active agent solution or suspension.

In another embodiment, the delivery composition is made by combining the

hydrophobic active agent and the cationic delivery agent to form an active agent

mixture. In one embodiment, the active agent mixture comprises solid hydrophobic

active agent and pure or neat cationic delivery agent. In one embodiment, the solid

hydrophobic active agent is crystalline. In another embodiment, the solid

hydrophobic active agent is amorphous. In one embodiment, the method includes a

step of crystallizing the hydrophobic active agent before it is combined with the

cationic delivery agent. In another embodiment, the hydrophobic active agent is

amorphous when it is combined with the cationic delivery agent. In one embodiment,

the method includes a step of crystallizing the mixture of solid hydrophobic active

agent and pure or neat delivery agent before combining the mixture with an aqueous

carrier to form the delivery composition. In another embodiment, a mixture

containing crystalline hydrophobic active agent and pure or neat delivery agent is

combined with the aqueous carrier to form the delivery composition. In general, when

solid hydrophobic active agent and solid hydrophobic cationic delivery agent are

combined to form a mixture, the ratio of solid hydrophobic active agent:cationic

delivery agent is less than about 1:5 to prevent the cationic delivery agent from

solubilizing the hydrophobic active agent.



Kits and Articles of Manufacture

Another embodiment of the invention is directed towards kits and articles of

manufacture. In particular, the present invention provides kits or packages including

the delivery compositions described herein. In one embodiment, the invention

provides a kit that includes one or more of the components of the delivery

composition. As used herein "components of the delivery composition" can refer to

one or more hydrophobic active agents, one or more cationic delivery agents, one or

more pharmaceutically acceptable aqueous carriers, and any other additive, diluent,

excipient, adjuvant, emulsifier, buffer, stabilizer, preservative included in the delivery

composition. In one embodiment, the kit includes one or more hydrophobic active

agents and one or more cationic delivery agent and instructions for combining the

hydrophobic active agent and cationic delivery agent to form a delivery composition

suitable for local administration. In one embodiment, the cationic delivery agent

includes PEL In another embodiment, the cationic delivery agent includes branched

PEL In a specific embodiment, the hydrophobic active agent is paclitaxel, sirolimus

(rapamycin), everolimus, biolimus A9, zotarolimus, tacrolimus, and pimecrolimus

and mixtures thereof.

In one embodiment, the kit includes at least about 1 mg/ml and up to about 25

mg/ml cationic delivery agent and at least about 5 mg/ml and up to about 125 mg/ml

hydrophobic active agent, wherein the components are packaged individually, or

combined, for example as a mixture of solids or as a liquid solution or suspension. In

one embodiment, the kit includes at least about 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml,

5 mg/ml, or 10 mg/ml, 15 mg/ml, 20 mg/ml, or 25 mg/ml or up to about 25 mg/ml, 50

mg/ml, 75 mg/ml, 100 mg/ml, 125 mg/ml or 150 mg/ml hydrophobic active agent. In

one embodiment, the kit includes at least about 0.1 mg/ml, 0.5 mg/ml, 1 mg/ml, 2

mg/ml, 3 mg/ml, 4 mg/ml, or 5 mg/ml and up to about 5 mg/ml, 10 mg/ml, 15 mg/ml,

20 mg/ml or 25 mg/ml cationic delivery agent. In one embodiment, the kit includes

cationic delivery agent:hydrophobic active agent at a ratio of at least 1:25, for

example, between about 1:1 and about 1:25, or at least about 1:2, 1:5 or 1:10 and up

to about 1:10, 1:15, 1:20 or 1:25.

A number of packages or kits are known in the art for the use in dispensing

pharmaceutical agents. The components of the delivery composition (for example, the

hyrophobic active agent, the cationic delivery agent, the pharmaceutically acceptable

aqueous carrier and/or any other additives) may be individually formulated or co-



formulated and filled into suitable containers such as syringes, ampoules, or vials. It

is envisioned that the aqueous carrier also may be provided in another container in the

kit. The kits of the present invention also will typically include a means for containing

the vials in close confinement for commercial sale such as, for example, injection or

blow-molded plastic containers into which the desired vials are retained. In one

embodiment, the kit includes an instrument for administration of the delivery

composition, such as an inhalant, syringe, pipette, eye dropper, measuring spoon, or

other such instrument, which can be used to apply the delivery composition to the

desired tissue or organ of the patient.

In one embodiment, the kit provides one or more of the components of the

delivery composition and instructions for combining the components for

administration. In one embodiment, one or more of the components of the delivery

composition in the kit is provided in dried or lyophilized forms. In one embodiment,

the hydrophobic active agent, the cationic delivery agent, or both are provided as

dried solids, individually or as a mixture. In another embodiment, the hydrophobic

active agent, the cationic delivery agent, or both are provided as lyophilized solids,

individually or as a mixture. In one embodiment, the hydrophobic active agent, the

cationic delivery agent, or both are provided as amorphous solids, individually or as a

mixture. In another embodiment, the hydrophobic active agent, the cationic delivery

agent, or both are provided as crystalline solids, individually or as a mixture. When

one or more components are provided as a dried solid, reconstitution generally is by

the addition of a suitable aqueous carrier. In one embodiment, the aqueous carrier is

water.

In another embodiment, one or more of the components of the delivery

composition is provided as a solution or suspension. In one embodiment, the

hydrophobic active agent, the cationic delivery agent, or both are provided as a

solution or suspension, individually or as a mixture. For example, if individually

provided, two solution components can be separated in a dual delivery syringe for

ease of delivery to the site (for example dual delivery syringes and mini-dual delivery

syringes available from Plas-Pak, Inc, Norwich, CT). In some instances, contents of a

dual delivery syringe can be lyophilized to provide for a dual delivery syringe that

contains a solution or suspension in one side and a dry powder in the other.

Alternatively, the dual delivery syringe can contain lyophilized dry powder in both

sides of the dual syringe. It is well known in the art that the lyophilized powder can be



reconstituted at the point of use with physiologically acceptable fluid, such as

phosphate buffered saline (PBS).

Irs one embodiment, one or more of the components of the delivery

composition are provided as a dried solid in a container, individually or as a mixture,

for example, as a crystallized solid or an amorphous solid, and are reconstituted with a

pharmaceutically acceptable carrier prior to administration. In other embodiments,

one or more of the components of the delivery composition are provided in as a

liquid, in a container, individually or as a mixture, that may be administered with or

without dilution. In one embodiment, one of the components of the delivery

composition may be provided in solid form, which, prior to administration to a

patient, is reconstituted with an aqueous liquid and another component of the delivery

composition may be provided as a liquid solution or suspension, wherein the

components are combined prior to administration. Each container may contain a unit

dose of the active agent(s).

Methods of Use

The invention also provides a method for delivering a therapeutically effective

amount of a hydrophobic active agent to a tissue, organ or organ system of a patient.

In a more particular embodiment, the invention provides a method for local delivery

of a therapeutically effective amount of a hydrophobic active agent to a solid tissue or

organ of a patient. While not wishing to be bound by theory, it is believed that

combining the hydrophobic active agent with a cationic delivery agent such as PEI

improves adhesion of active agent to the tissue or organ surface, thereby increasing

bioavailability and uptake of the hydrophobic active agent by tissue or organ to which

it is applied. The cationic delivery agent may also disrupt some of the junctions

between cells to increase permeability and allow the active agent to penetrate into the

tissue or organ. It appears that the ability of the cationic delivery agent to improve

therapeutic performance is most pronounced when used in combination with

hydrophobic active agents. It is believed that more soluble hydrophilic active agents

are more easily washed away from the surface of the tissue or organ by physiological

fluids.

As used herein, the term "tissue" refers to an ensemble of similar cells from

the same origin, that together carry out a specific function. Animal tissues can be

grouped into four basic types: connective, muscle, nervous, and epithelial. Connective



tissues are fibrous tissues made up of cells scattered throughout an extracellular

matrix. Connective tissue helps maintain the shape of organs and helps holds them in

place. Bone is an example of connective tissue. Muscle tissue functions to produce

force and cause motion, either locomotion or movement within internal organs.

Muscle tissue can be separated into three categories: visceral or smooth muscle,

which is found in the inner linings of organs; skeletal muscle, in which is found

attached to bone providing for gross movement; and cardiac muscle which is found in

the heart. Nervous tissue functions to transmit messages in form of impulses. In the

central nervous system, nervous tissue forms the brain and spinal cord. In the

peripheral nervous system, nervous tissue forms the cranial nerves and spinal nerves.

Epithelial tissue helps to protect organisms from microorganisms, injury, and fluid

loss. The cells comprising an epithelial layer are linked via semi-permeable, tight

junctions; hence, this tissue provides a barrier between the external environment and

the organ it covers. In addition to this protective function, epithelial tissue may also be

specialized to function in secretion and absorption. Epithelial tissues include cells

that cover organ surfaces such as the surface of the skin, the airways, the reproductive

tract, and the inner lining of the digestive tract.

As used herein, the term "organ" refers to a functional grouping of one or

more tissues. Functionally related organs may cooperate to form organ systems.

Examples of organs and organ systems found in mammals include, but are not limited

to: the cardiovascular system, which includes organs such as the heart and blood

vessels; the digestive system, which includes organs such as salivary glands,

esophagus, stomach, liver, gallbladder, pancreas, intestines, colon, rectum and anus;

the endocrine system, which includes endocrine glands such as the hypothalamus,

pituitary gland, pineal body or pineal gland, thyroid, parathyroid and adrenal glands;

the excretory system, which includes organs such as kidneys, ureters, bladder and

urethra; the immune system, which includes tonsils, adenoids, thymus and spleen; the

integumentary system, which includes skin, hair and nails; the muscular system,

which includes voluntary and involuntary muscles; the nervous system, which

includes brain, spinal cord and nerves; the reproductive system, which includes the

sex organs, such as ovaries, fallopian tubes, uterus, vagina, mammary glands, testes,

vas deferens, seminal vesicles, prostate and penis; the respiratory system, which

includes the pharynx, larynx, trachea, bronchi, lungs and diaphragm; and the skeletal

system, which includes bones, cartilage, ligaments and tendons. As used herein, the



terms "tissue" and "organs" refer to solid tissues or organs, rather than blood or other

biological liquids such as spinal fluid, amniotic fluid or peritoneal fluid.

As used herein, an "individual" or a "patient" is a vertebrate, for example, a

mammal. The term "mammal" can also refer to any animal classified as a mammal,

including humans, domestic and farm animals, and zoo, sports, or pet animals, such as

dogs, horses, cats, cows, etc. In a more particular embodiment, the mammal is human.

The term "effective amount" refers to an amount effective, at dosages and for

periods of time necessary, to achieve the desired therapeutic or prophylactic result. A

"therapeutically effective amount" of the delivery composition of the invention may

vary according to factors such as the disease state, age, sex, and weight of the

individual, and the ability of the substance/molecule, agonist or antagonist to elicit a

desired response in the individual. A therapeutically effective amount is also one in

which any toxic or detrimental effects of the composition are outweighed by the

therapeutically beneficial effects. A "prophylactically effective amount" refers to an

amount effective, at dosages and for periods of time necessary, to achieve the desired

prophylactic result. Typically but not necessarily, since a prophylactic dose is used in

subjects prior to or at an earlier stage of disease, the prophylactically effective amount

may be less than the therapeutically effective amount.

In one embodiment, the invention provides a method for treating a tissue or

organ of a patient. As used herein, the terms "treat", "treating" and "treatment" refer

to clinical intervention in an attempt to alter the natural course of the individual or cell

being treated, and can be performed either for prophylaxis or during the course of

clinical pathology. Desirable effects of treatment include preventing occurrence or

recurrence of disease, alleviation of symptoms, diminishing of any direct or indirect

pathological consequences of the disease, decreasing the rate of disease progression,

amelioration or palliation of the disease state, and remission or improved prognosis.

As used herein, the terms "prevent", "preventing" and "prevention" refer to a method

for preventing an organism from acquiring a disorder.

The delivery composition may be a topical, syringable, or injectable

formulation; and is suitable for local delivery of the active agent. For topical

administration, the delivery composition is applied directly where its action is desired.

Methods for topical delivery include the use of ointments, creams, emulsions,

solutions, suspensions and the like. In other embodiments, the delivery composition

is administered by application through a cannula, by injection, or as part of a lavage.



Compositions for these types of local delivery can include solutions, suspensions and

emulsions.

Examples of local administration include, but are not limited to, epicutaneous

administration (i.e., application onto the skin); inhalation, for example, with asthma

medications; as an enema for local administration to the bowel; ocular, for example,

as eye drops for local administration to the conjunctiva; aural, for example, as ear

drops; or intranasal. In other embodiments, an active agent can be administered

locally from a device such as a balloon catheter. In another embodiment, local

administration includes the lavage of an open wound, the lavage containing delivery

compositions described herein with antimicrobials or other wound healing

medicaments. In a more particular embodiment, local administration includes oral

lavage, for example, a mouthwash.

In some embodiments, the delivery composition can be administered using a

balloon catheter. The delivery composition can be infused through a lumen or lumens

of a balloon catheter to administer the composition to the desired site where the drug

effect is warranted. For example, the site can be a segment of an artery, vein or

neurovascular. The method allows for isolation and subsequent perfusion of the

target organ (e.g. for tumor treatment). One specific embodiment of administration

can be the use of a dual occlusion balloon (e.g. TAPAS balloon system available from

Spectranectics International, BV, Leusden, The Netherlands) for precise targeting of a

treatment area (e.g. intra-arterially). Use of delivery compositions as disclosed herein

can increase targeting of the treatment area with the drug being delivered, thus further

minimizing unwanted systemic effects of the drug. Other balloon catheter methods of

use include balloon sinuplasty (e.g. Relieva® and Relieva Ultirra™; available from

Acclarent, Menlo Park, CA)

In yet other embodiments, a medical device such as a balloon catheter can be

coated with the delivery composition described herein. In one embodiment, the

balloon catheter can be coated in a collapsed state. In another embodiment, the

balloon catheter can be coated in a partially or fully expanded state. In one

embodiment, the balloon catheter can be coated with the coating materials described

herein and a bioactive material such as a chemical ablative (e.g. vincristine,

paclitaxel) and further used for renal artery denervation therapy for hypertension.

Delivery compositions of the present disclosure can also be used in

conjunction with microinfusion catheters. Such catheters can be used to deliver drug,



for example, for renal denervation for direct infusion into the vessel wall (Bullfrog®

and Cricket™ microinfusion catheters available from Mercator MedSystems, Inc., ) .

Microinfusion catheters with delivery compositions of the present disclosure can also

be used to form an embolic block, such as in neurovascular applications or treatement

of the vascular supply of tumors. Other neurovascular methods of use include, but are

not limited to, brachytherapy treatment for brain cancer applications (GliaSite

Radiation Therapy System available from IsoRay, Medical, Richland, WA).

Delviery compositions described herein can also be used in connection with

treating stenosis such as bladder neck stenosis (BNS), a complication associated with

transurethral resection of the prostate; laryngotracheal stenosis, for example, in

conjuction with serial endoscopic dilation to treat subglottic stenosis; and bile duct

stensosis, for example, subsequent to pancreatic, hepatocellular or bile duct cancer.

Delivery compositions described herein can be combined with treatments that

use RF-susceptible microparticles to improve uptake of the microparticles in the

tissue at the site of the tumor or other targeted organ. Other embodiments for topical

administration include, but are not limited to, oral cavity delivery of

chemotherapeutics, for example with mouthwashes. Additionally, studies have shown

that delivery of rapamycin to the oral cavity can prevent radiation-induced mucositis

and that it can be desirable to reduce the systemic levels of rapamycin to avoid

toxicities associated with the drug {Cell Stem Cell, September 7, 2012, Vol. 11:3, pp.

287-288).

Delivery compositions described herein can be used to increase drug-uptake in

the lung. One embodiment envisioned to be used for delivery compositions for

inhalation therapy can be a metered-dose inhaler (available from 3M Company, St.

Paul, MN). Compositions described herein can increase drug uptake in the lung to

provide for improved speed of drug effect, an important aspect when treating disease

states such as asthma.

Other methods of use include treatment of joint disorders (e.g. arthritis).

Local injections of drug (e.g. cortisone) are desirable to be kept at the site of the

affected joint for extended term.

Some embodiments of the method of use include localized treatment of the

lining of the esophagus. Barrett's esophagus (pre-cancer esophagus lining) after

BARRX treatment (ablation) requires delivery of local healing agents to the affected



site for improved outcomes. Delivery compositions disclosed herein can increase

uptake of healing agents by the treated esophagus.

Other exemplary methods of use for the local delivery compositions described

herein include direct injections into a cancerous tumor, intraperitoneal tumor

treatment, and sclerotherapy. Additionally, percutaneous delivery systems of

biologies for the treatment of cardiovascular disease can use the delivery composition

of the present disclosure. Treatments such as those under the trade name JVS-100,

promotes tissue repair through recruitment of endogenous stem cells to the damaged

organ (available from BioCardia, Inc, San Carlos, CA). These devices allow delivery

into the heart using the Helical Infusion Catheter for transendocardial intramyocardial

injection of therapies (also from BioCardia).

EXAMPLES

As used in the Examples, the term "jar-Milled Paclitaxel" refers to Paclitaxel

(LC laboratories) that was suspended in water at 65 mg/mL and milled using 5 mm

stabilized zirconia 5x5 mm cylindrical beads (Stanford Materials Corp). After milling

for 18 hours the slurry was removed from the beads and lyophilized. The term

"sonicated Paclitaxel" refers to Paclitaxel crystals that were obtained by suspending

paclitaxel (LC Laboratories) in water at 50 mg/mL. The paclitaxel was micronized

using a sonic probe for 30 seconds, and leaving the resulting suspension for three days

at room temperature on an orbital shaker with a 1 hour sonication treatment per day in

a sonic bath over the course of the three days. The mixture was lyophilized.

Example 1: Polvethylenimine (PEP Mediated Transfer of Paclitaxel PTX to

surfaces

Delivery of paclitaxel to surfaces with or without seeded endothelial cells was

studied in-vitro using untreated 24-well polystyrene tissue culture plates (TCPS);

Matrigel™ coated 24-well cell culture plates (BD Matrigel™ Matrix Thin-Layer cell;

available from Becton Dickinson Biosciences, Franklin Lakes, NJ), or 24-well cell

culture plates treated with heparin-containing HP01 coating or collagen containing

CLOl coating (available from SurModics, Eden Prarie, MN). Human coronary

endothelial cells (HCAECs, available Lonza, Walkersville, MD) were cultured in

EGM™-2MV growth media (available from Lonza, Walkersville, MD). One day



prior to paclitaxel transfer studies, cells were seed in the various culture plates at

50,000 cells per well in 0.5 mL of medium. Suspensions of paclitaxel (available from

LC Laboratories, Woburn, MA) in water were prepared at 55.2 mg/ml paclitaxel with

or without PEI (available from Polysciences, Warrington, PA, MW = 750kDa) at 4.8

mg/ml. The suspensions were sonicated briefly. Resulting suspensions (6.7 µ ) were

added to cell media (100 µ ) and put in the cell culture plates and incubated for 3

minutes. Suspensions were also added to the different 24-well plates with 100 µ

medium (100 ) but without seeded cells. After incubation plates were rinsed three

times with phosphate buffered saline (500 µ per well) and then allowed to dry

overnight. Paclitaxel remaining in plates as a result of adhesion was dissolved in 250

µ methanol and quantified by HPLC. The amount of transferred paclitaxel is shown

in Figure 1.

Example 2: Delivery of Paclitaxel to surfaces with or without seeded endothelial

cells

Delivery of paclitaxel to surfaces with or without seeded endothelial cells was

studied in-vitro using Matrigel™ coated 96-well cell culture plates (BD Matrigel™

Matrix Thin-Layer cell, available from Becton Dickinson Biosciences, Franklin

Lakes, NJ). Human coronary endothelial cells (HCAECs, available from Lonza,

Walkersville, MD) were cultured in EGM™-2MV growth media (available from

Lonza, Walkersville, MD). One day prior to paclitaxel transfer studies, cells were

seed in the various culture plates at 20,000 cells per well in 0.2 mL of medium.

Suspensions of paclitaxel (LC Laboratories, Woburn, MA) in water were prepared at

11 mg/ml paclitaxel with or without PEI (available from Polysciences, Warrington,

PA; MW=750kDa) at 1 mg/ml. Suspensions were sonicated briefly prior to use.

Resulting suspensions (5 ) were added to 0.1 mL of cell media and put in the cell

culture plates and incubated for 3 minutes. Suspensions were also added to the

Matrigel™ coated plate with 0.1 mL medium but without seeded cells. After

incubation plates were rinsed three times with phosphate buffered saline (0.2 mL per

well) and then allowed to dry overnight. Paclitaxel remaining in plates as a result of

adhesion was dissolved in 250 µ methanol/0. 1% acetic acid and quantified by

HPLC. The amount of transferred paclitaxel is shown in Figure 2.



Example 3: Polyethyleneimine (PEI) Mediated Transfer of Paclitaxel (PTX) to

Endothelial Cell surface or Extracellular Matrix Surfaces

Delivery of paclitaxel to endothelial cells and tissue was studied in vitro using

cells grown on Matrigel™ coated cell culture plates. Human coronary endothelial

cells (HCAECs, Lonza, WalkersviUe, MD) were cultured in EGM™-2MV growth

media (Lonza, WalkersviUe, MD). One day prior to paclitaxel transfer studies, cells

were seed in 96 well BD Matrigel™ Matrix Thin-Layer cell culture plates at 20,000

cells per well in 0.2 mL of medium. Suspensions of paclitaxel (LC Laboratories,

Woburn, MA) in water were prepared at 11 mg/ml paclitaxel and with PEI

(Polysciences, Warrington, PA; MW = 750kDa) or PAMAM, ethylene diamine core,

gen 4, dendrimer (Sigma, Milwaukee, WI; 14,214 Da) at 0.96 mg/mL (92:8 w/w

ratio) or iopromide at 11 mg/mL (IOPR, 1:1 w/w ratio). Suspensions were sonicated

briefly prior to use. Resulting suspensions (5 ) were added to the cell culture plates

and incubated for 3 or 10 minutes. Suspensions were also added to Matrigel™ coated

plates with medium but without cells. After incubation plates were rinsed three times

with phosphate buffered saline (200 µ per well) and then allowed to dry overnight.

Paclitaxel remaining in plates was dissolved in methanol (250 ) and quantified by

HPLC. The amount of transferred paclitaxel is shown in Figure 3.

Example 4: Adhesion of Paclitaxel to surfaces in the presence of heparin

Adhesion of paclitaxel to surfaces in the presence of heparin at varied

concentrations with or without seeded endothelial cells was studied in-vitro using

Matrigel™ coated 96-well cell culture plates (BD Matrigel™ Matrix Thin-Layer cell,

BD Biosciences, San Jose, CA). Human coronary endothelial cells (HCAECs, Lonza,

WalkersviUe, MD) were cultured in EGM™-2MV growth media (Lonza,

WalkersviUe, MD). One day prior to paclitaxel transfer studies, cells were seed in the

various culture plates at 20,000 cells per well in 0.2 mL of medium. Prior to adding

paclitaxel, heparin (Sodium Salt, Celsus, Cincinnati, OH) was dissolved in growth

medium at concentrations of 25, 5, 1, 0.2, 0.04, 0.008 and 0.0016 mg/ml and media in

cell culture plates was replaced with heparin containing medium. Suspensions of

paclitaxel (LC Laboratories, Woburn, MA) in water were prepared at 11 mg/ml

paclitaxel with or without PEI (Polysciences, Warrington, PA) at 1 mg/ml.

Suspensions were sonicated briefly prior to use. 5 µ of suspensions were added to



the growth media in plates with and without cells and incubated for 4 minutes. After

incubation plates were rinsed three times with phosphate buffered saline (0.2 mL per

well) and then allowed to dry overnight. Paclitaxel remaining in plates as a result of

adhesion was dissolved in methanol (60 ) and quantified by HPLC. The amount of

transferred paclitaxel with and without PEI and varying heparin concentrations is

shown in Figures 4 and 5.

Example 5: Adhesion of Paclitaxel to surfaces with or without seeded endothelial

cells

Adhesion of paclitaxel to surfaces with or without seeded endothelial cells was

studied in-vitro using Matrigel™ coated 96-well cell culture plates (BD Matrigel™

Matrix Thin-Layer cell). Human coronary endothelial cells (HCAECs, Lonza,

Walkersville, MD) were cultured in EGM™-2MV growth media (Lonza). One day

prior to Paclitaxel transfer studies, cells were seeded in wells of column 7 to 12 of the

culture plate at 20,000 cells per well in 0.2 mL of medium. After 24 hours incubation

the medium was replaced with 100 ul fresh medium in all wells. Suspensions of

Paclitaxel (LC Labs, 'sonicated') in aqueous branched PEI solutions were prepared at

11 mg/ml paclitaxel and PEI at 1 mg/ml. Branched PEI of different molecular weights

were used: 750 kDa from both polysciences and Sigma, 70 kDa and 25 kDa from

Sigma, 1200 Da and 600 Da from polysciences. All suspensions were sonicated

briefly prior to use to ensure that all components were well distributed. In 12 wells per

formulation (6 with and 6 without HCAEC seeded on top of the matrigel): 5 of the

suspension was added to 0.1 mL of cell media. The plate was incubated for 3 minutes

during which time the suspension was allowed to settle. After incubation the plate was

rinsed three times with phosphate buffered saline (0.2 mL per well) and then allowed

to dry overnight. Paclitaxel remaining in the plate as a result of adhesion was

dissolved in 250 µ methanol/0.1% acetic acid and quantified by HPLC. The amount

of transferred paclitaxel is shown in Figure 6.

It should be noted that, as used in this specification and the appended claims,

the singular forms "a," "an," and "the" include plural referents unless the content

clearly dictates otherwise. Thus, for example, reference to a composition containing

"a compound" includes a mixture of two or more compounds. It should also be noted

that the term "or" is generally employed in its sense including "and/or" unless the

content clearly dictates otherwise.



It should also be noted that, as used in this specification and the appended

claims, the phrase "configured" describes a system, apparatus, or other structure that

is constructed or configured to perform a particular task or adopt a particular

configuration to. The phrase "configured" can be used interchangeably with other

similar phrases such as arranged and configured, constructed and arranged,

constructed, manufactured and arranged, and the like.

In the Specification and claims, the term "about" is used to modify, for

example, the quantity of an ingredient in a composition, concentration, volume,

process temperature, process time, yield, flow rate, pressure, and like values, and

ranges thereof, employed in describing the embodiments of the disclosure. The term

"about" refers to variation in the numerical quantity that can occur, for example,

through typical measuring and handling procedures used for making compounds,

compositions, concentrates or use formulations; through inadvertent error in these

procedures; through differences in the manufacture, source, or purity of starting

materials or ingredients used to carry out the methods, and like proximate

considerations. The term "about" also encompasses amounts that differ due to aging

of a formulation with a particular initial concentration or mixture, and amounts that

differ due to mixing or processing a formulation with a particular initial concentration

or mixture. Where modified by the term "about" the claims appended hereto include

equivalents to these quantities.

All publications and patent applications in this specification are indicative of

the level of ordinary skill in the art to which this invention pertains. All publications

and patent applications are herein incorporated by reference to the same extent as if

each individual publication or patent application was specifically and individually

indicated by reference. To the extent inconsistencies arise between publications and

patent applications incorporated by reference and the present disclosure, information

in the present disclosure will govern.

The invention has been described with reference to various specific and

preferred embodiments and techniques. However, it should be understood that many

variations and modifications may be made while remaining within the spirit and scope

of the invention.



WHAT IS CLAIMED IS:

1. A delivery composition for local administration of a hydrophobic active agent, the

delivery composition comprising:

a cationic delivery agent;

a therapeutically effective amount of the hydrophobic active agent; and

a pharmaceutically acceptable aqueous carrier.

2 . The composition according to any of claims 1 and 3-19, wherein the cationic

delivery agent comprises polyetheyleneimine (PEI).

3 . The composition according to any of claims 1-2 and 4-19, wherein the cationic

delivery agent comprises branched PEL

4 . The composition according to any of claims 1-3 and 5-19, wherein the branched

PEI has a molecular weight of at least about 25 kD and up to about 5000 kD.

5 . The composition according to any of claims 1-4 and 6-19, wherein the branched

PEI has a molecular weight of at least about 100 kD and up to about 3000 kD.

6 . The composition according to any of claims 1-5 and 7-19, wherein the branched

PEI has a molecular weight of at least about 500 kD and up to about 1000 kD.

7 . The composition according to any of claims 1-6 and 8-19, wherein branched PEI

has a ratio of primary: secondary:tertiary amines between about 1:3:1 and about 1:1:1.

8. The composition according to any of claims 1-7 and 9-19, wherein branched PEI

has a ratio of primary: secondary:tertiary amines of between about 1:2:1 and about 1:1:1.



9 . The composition according to any of claims 1-8 and 10-19, comprising cationic

delivery agent:hydrophobic active agent at a ratio of at least about 1:1 and up to about

1:25.

10. The composition according to any of claims 1-9 and 11-19, comprising cationic

delivery agent:hydrophobic active agent at a ratio of at least about 1:2 and up to about

1:20.

11. The composition according to any of claims 1-10 and 12-19, comprising cationic

delivery agent:hydrophobic active agent at a ratio of at least about 1:5 and up to about

1:10.

12. The composition according to any of claims 1-11 and 13-19, comprising at least

about 1 mg/ml and up to about 25 mg/ml cationic delivery agent.

13. The composition according to any of claims 1-12 and 14-19, comprising at least

about 5 mg/ml and up to about 125 mg/ml hydrophobic active agent.

14. The composition according to any of claims 1-13 and 15-19, wherein the aqueous

carrier is selected from water and buffered saline.

15. The composition according to any of claims 1-14 and 16-19, comprising a pH

between 5 and 9.

16. The composition according to any of claims 1-15 and 17-19, comprising a pH

between 6 and 8.

17. The composition according to any of claims 1-16 and 18-19, comprising a pH

between 7 and 8.



18. The composition according to any of claims 1-17 and 19, wherein the

hydrophobic active agent is selected from an antiproliferative, analgesic, anti

inflammatory, anti- arrhythmic, anti-bacterial, anti-coagulant, anti-hypertensive, anti-

muscarinic, anti-neoplastic, beta-blocker, cardiac inotropic agent, corticosteroids, lipid

regulating agents, anti-anginal agents, and combinations thereof.

19. The composition according to any of claims 1-18, wherein the hydrophobic active

agent comprises an antiproliferative selected from paclitaxel, sirolimus, everolimus,

biolimus A9, zotarolimus, tacrolimus, and pimecrolimus and mixtures thereof.

20. A method of making any of the delivery compositions according to claims 1-19,

the method comprising:

(A) combining the hydrophobic active agent with the aqueous carrier to form an

active agent suspension; and

(B) adding the cationic delivery agent to the active agent suspension to form the

delivery composition.

21. The method according to any of claims 20 and 22-23, comprising a step of

crystallizing the hydrophobic active agent before combining the hydrophobic active agent

with the aqueous carrier to form the active agent suspension.

22. The method according to any of claims 20-21 and 23, comprising combining the

cationic delivery agent with an aqueous solution to form a cationic delivery agent

solution before adding the cationic delivery agent to the active agent suspension.

23. The method according to any of claims 20-22, comprising adjusting the pH of the

cationic delivery agent solution to a pH between 5 and 9 before adding the cationic

delivery agent to the active agent suspension.

24. A method of making any of the delivery compositions according to claims 1-19,

the method comprising:



(A) combining the hydrophobic active agent with the cationic delivery agent to form

an active agent mixture; and

(B) combining the active agent mixture with the aqueous carrier to form the delivery

composition.

25. The method according to claim 24, comprising a step of crystallizing the active

agent mixture before combining the mixture with the aqueous carrier.

26. A kit comprising:

(A) a therapeutically effective amount of hydrophobic active agent; and

(B) cationic delivery agent.

27. The kit according to any of claims 26 and 28-45, comprising solid hydrophobic

active agent.

28. The kit according to any of claims 26-27 and 29-45, comprising hydrophobic

active agent in an aqueous solution.

29. The kit according to any of claims 26-28 and 30-45, comprising amorphous

hydrophobic active agent.

30. The kit according to any of claims 26-29 and 31-45, comprising crystalline

hydrophobic active agent.

31. The kit according to any of claims 26-30 and 32-45, comprising pure or neat

delivery agent.

32. The kit according to any of claims 26-31 and 33-45, comprising amorphous

cationic delivery agent.



33. The kit according to any of claims 26-32 and 34-45, comprising crystalline

cationic delivery agent.

34. The kit according to any of claims 26-33 and 35-45, comprising cationic delivery

agent in an aqueous solution.

35. The kit according to any of claims 26-34 and 36-45, further comprising a

pharmaceutically acceptable aqueous carrier.

36. The kit according to any of claims 26-35 and 37-45, further comprising

instructions for use.

37. The kit according to any of claims 26-36 and 38-45, comprising:

pure or neat delivery agent;

crystalline hydrophobic active agent; and

instructions to reconstitute the crystalline hydrophobic active agent with a

pharmaceutically acceptable aqueous carrier to form an active agent suspension and add

the pure or neat delivery agent to the active agent suspension.

38. The kit according to any of claims 26-37 and 39-45, further comprising the

pharmaceutically acceptable aqueous carrier.

39. The kit according to any of claims 26-38 and 40-45, comprising:

pure or neat delivery agent;

a suspension comprising the therapeutically effective amount of the hydrophobic

active agent; and

instructions to combine the pure or neat delivery agent with the suspension of

hydrophobic active agent.

40. The kit according to any of claims 26-39 and 41-45, comprising:



a mixture of solid hydrophobic active agent and pure or neat delivery agent having a

ratio of hydrophobic active agentxationic delivery agent of less than about 1:5 and

instructions to reconstitute the mixture with a pharmaceutically acceptable aqueous

carrier.

41. The kit according to any of claims 26-40 and 42-45, comprising:

a suspension comprising the solid hydrophobic active agent and pure or neat delivery

agent in a pharmaceutically acceptable aqueous carrier, wherein the suspension has a pH

of between about 5 and about 9.

42. The kit according to any of claims 26-41 and 43-45, ccording to claims 25-41,

wherein the hydrophobic active agent is selected from an antiproliferative, analgesic,

anti-inflammatory, anti-arrhythmic, anti-bacterial, anti-coagulant, anti-hypertensive, anti-

muscarinic, anti-neoplastic, beta-blocker, cardiac inotropic agent, corticosteroids, lipid

regulating agents, anti-anginal agents, and combinations thereof.

43. The kit according to any of claims 26-42 and 44-45, wherein the hydrophobic

active agent comprises an antiproliferative selected from paclitaxel, sirolimus

(rapamycin), everolimus, biolimus A9, zotarolimus, tacrolimus, and pimecrolimus and

mixtures thereof.

44. The kit according to any of claims 26-43 and 45, according to claims 25-43,

wherein the cationic delivery agent comprises PEL

45. The kit according to any of claims 26-44, ccording to claims 25-44, wherein the

cationic delivery agent comprises branched PEL

46. A method for local administration of a therapeutically or prophylactically

effective amount of a hydrophobic active agent to a tissue or organ of a patient, the

method comprising:

preparing a composition of any one according to claims 1-19; and



applying the composition to the tissue or organ of the patient.

47. The method according to any of claims 46 and 48-62, wherein the patient is a

mammal.

48. The method according to any of claims 46-47 and 49-62, wherein the patient is a

human.

49. The method according to any of claims 46-48 and 50-62, wherein the tissue

comprises a solid tissue.

50. The method according to any of claims 46-49 and 51-62, wherein the tissue is

selected from connective, muscle, nervous, epithelial, or combinations thereof.

51. The method according to any of claims 46-50 and 52-62, wherein the organ is

selected from organs of the cardiovascular system, digestive system, endocrine system,

excretory system, immune system, integumentary system, muscular system, nervous

system, reproductive system, respiratory system, skeletal system, or a combination

thereof.

52. The method according to any of claims 46-51 and 53-62, wherein the organ of the

cardiovascular system is selected from the heart, blood vessels and combinations thereof.

53. The method according to any of claims 46-52 and 54-62, wherein the organ of the

digestive system is selected from salivary glands, esophagus, stomach, liver, gallbladder,

pancreas, intestines, colon, rectum and anus.

54. The method according to any of claims 46-53 and 55-62, wherein the organ of the

endocrine system is selected from hypothalamus, pituitary gland, pineal gland, thyroid,

parathyroid and adrenal glands.



55. The method according to any of claims 46-54 and 56-62, wherein the organ of the

excretory system is selected from kidneys, ureters, bladder and urethra.

56. The method according to any of claims 46-55 and 57-62, wherein the organ of the

immune system is selected from tonsils, adenoids, thymus and spleen.

57. The method according to any of claims 46-56 and 58-62, wherein the organ of the

integumentary system is selected from skin, hair and nails.

58. The method according to any of claims 46-57 and 59-62, wherein the organ of the

muscular system is selected from voluntary and involuntary muscle.

59. The method according to any of claims 46-58 and 60-62, wherein the organ of the

nervous system is selected from brain, spinal cord and nerves.

60. The method according to any of claims 46-59 and 61-62, wherein the organ of the

reproductive system is selected from ovaries, fallopian tubes, uterus, vagina, mammary

glands, testes, vas deferens, seminal vesicles, prostate and penis.

61. The method according to any of claims 46-60 and 62, wherein the organ of the

respiratory system is selected from pharynx, larynx, trachea, bronchi, lungs and

diaphragm.

62. The method according to any of claims 46-61, wherein the organ of the skeletal

system is selected from bones, cartilage, ligaments and tendons.
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