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(57) ABSTRACT 

A medical device, polymer composition, and method for 
delivering substantially Water-insoluble drugs to tissue at 
desired locations Within the body. At least a portion of the 
exterior surface of the medical device is provided With a 
polymer coating. Incorporated in the polymer coating is a 
solution of at least one substantially Water-insoluble drug in 
a volatile organic solvent. The medical device is positioned 
to a desired target location Within the body, Whereupon the 
drug diffuses out of the polymer coating. 
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LOADING AND RELEASE OF WATER-INSOLUBLE 
DRUGS 

[0001] This application is a continuation of co-pending 
application Ser. No. 09/172,026 ?led Oct. 14, 1998, Which 
is a continuation-in-part of co-pending application Ser. No. 
09/133,603, ?led Aug. 13, 1998, Which is a continuation 
in-part of co-pending application Ser. No. 08/910,136, ?led 
Aug. 13, 1997, all of Which are incorporated herein in their 
entirety by reference thereto. 

FIELD-OF THE INVENTION 

[0002] The invention relates to methods and devices for 
the localiZed delivery of substantially Water-insoluble drug 
agents Within the body. 

BACKGROUND 

[0003] The systemic administration of drug agents, such 
as by transoral or intravenous means, treats the body as a 
Whole even though the disease to be treated may be local 
iZed. In such a case, systemic administration may not be 
desirable because, for example, the drug agents may have 
unWanted effects on parts of the body Which are not to be 
treated, or because treatment of the diseased part of the body 
requires a high concentration of drug agent that may not be 
achievable by systemic administration. 

[0004] It is therefore often desirable to administer drug 
agents at a localiZed site Within the body. Common examples 
include cases of localiZed disease or occluded body lumens. 
Various methods have been proposed for such localiZed drug 
administration. For example, US. Pat. No. 5,304,121, 
hereby incorporated by reference, discloses a method of 
delivering Water-soluble drugs to tissue at desired locations 
of a body lumen Wall. The method generally includes the 
steps of impregnating a hydrogel polymer on an expandable 
catheter With an aqueous drug solution, inserting the catheter 
into a blood vessel to a desired location, and expanding the 
catheter against the surrounding tissue alloWing the release 
of the drug to the tissue. This method of localiZed drug 
delivery using hydrogel polymer impregnation has a limi 
tation of being applicable to drug agents Which are dissolved 
in Water at concentrations suf?cient for therapeutic gel 
loading levels. There thus exists a need for a method and 
apparatus for the localiZed delivery of drug agents Within the 
body, Where the drug agents are substantially Water-in 
soluble. Moreover, there exists a need for a method and 
implantable device that provides a sustained release of such 
substantially Water-insoluble drug agents over a time frame 
effective to inhibit proliferative disease. 

SUMMARY OF THE INVENTION 

[0005] One objective of the present invention is to provide 
a method and apparatus for the localiZed delivery of sub 
stantially Water-insoluble drug agents to predetermined loca 
tions Within the human body. 

[0006] A further objective of the present invention is to 
provide a method and apparatus to facilitate gradual, local 
iZed release of drug agents at predetermined locations Within 
the human body. 

[0007] A further objective of the invention is to administer 
drug agents by diffusion directly into the tissue requiring 
treatment. The drug is preferably applied in a manner that 
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does not further injure the tissue to be treated, and admin 
istration is selectively and evenly distributed over the treated 
area such that the drug can be taken up by the tissue, Without, 
for example, being Washed aWay by body ?uids. 

[0008] The present invention provides methods and medi 
cal devices for the localiZed delivery of substantially Water 
insoluble drugs agents. 

[0009] A particular embodiment of the present invention 
features a catheter and method for delivering substantially 
Water-insoluble drug agents to tissue at a desired location 
along body lumen Walls. The catheter is constructed for 
insertion in a body lumen and has a catheter shaft and an 
expandable portion mounted on the catheter shaft. The 
expandable portion is expandable to ?ll the cross-section of 
the body lumen. At least a portion of the exterior surface of 
the expandable portion is de?ned by a polymer coating. 
Incorporated into the polymer coating is at least one sub 
stantially Water-insoluble drug. The catheter is positioned to 
a desired target location Within the body, Whereupon the 
polymer coating absorbs Water, thus dissolving the drug and 
resulting in the diffusion of the drug out of the polymer 
coating. The polymer and drug are selected to alloW con 
trolled release of a desired dosage of the drug from the 
polymer. 
[0010] Another particular embodiment of the present 
invention features a stent for the localiZed delivery of 
substantially Water-insoluble drug agents to tissue at a 
desired location along body lumen Walls. The stent is at least 
partially coated With a polymer coating having at least one 
substantially Water-insoluble drug therein. The stent con 
?guration, polymer and drug are selected to alloW for the 
controlled release dosage and release rate of the drug from 
the polymer. 

[0011] In a most preferred embodiment, the stent is a 
patterned stent for the localiZed delivery of paclitaxel to 
tissue at a desired location along body lumen Walls. The 
stent is at least partially coated With a polymer/paclitaxel 
matrix that provides sustained release of paclitaxel at the 
desired site Within the lumen Wall. 

[0012] In another aspect of the invention, there is provided 
a method for preventing or inhibiting proliferative disease in 
a patient comprising implanting a patterned stent comprising 
an outer coating of polymer/paclitaxel at a site of cellular 
proliferation, Wherein the paclitaxel is released from the 
outer coating at a release rate and for a period of time 
suf?cient to inhibit or prevent cellular proliferation at the 
site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1a shoWs one embodiment of the present 
invention in Which a drug solution is impregnated into a 
polymer-coated balloon catheter. 

[0014] FIG. 1b shoWs the insertion of a polymer-coated 
balloon catheter into a body lumen, in accordance With the 
present invention. 

[0015] FIG. 1c shoWs the expansion of a polymer-coated 
balloon catheter at an occlusion site Within a body lumen, in 
accordance With the present invention. 

[0016] FIG. 2 shoWs a drug delivery balloon catheter 
embodiment of the present invention including a sheath for 
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covering the catheter as it is being moved through a vessel 
toward the occlusion to be treated. 

[0017] FIGS. 3a and 3b shoW the release pro?le of 
paclitaxel from a balloon catheter having a polyacrylic 
acid-based coating for up to 50 and 5000 minutes, respec 
tively, in accordance With the present invention. 

[0018] FIGS. 4a and 4b shoW the release pro?le of 
dexamethasone from a balloon catheter having a polyacrylic 
acid-based coating for up to 30 and 400 minutes, respec 
tively, in accordance With the present invention. 

[0019] FIG. 5 shoWs the release pro?les of molsidomine 
from various balloon catheters having a polyacrylic acid 
based coating for up to 5 minutes, in accordance With the 
present invention. 

[0020] FIG. 6 shoWs the release pro?les of dexametha 
sone from various balloon catheters having a polyacrylic 
acid-based coating for up to 450 minutes, in accordance With 
the present invention. 

[0021] FIGS. 7a and 7b shoW the release pro?les of 
Water-soluble and substantially Water-insoluble estradiol 
from balloon catheters having a polyacrylic acid-based 
coatings for up to 10 and 200 minutes, respectively, in 
accordance With the present invention. 

[0022] FIG. 8 shoWs the release pro?le of paclitaxel for up 
to 10 days from polyurethane coated stents dipped in 30 
mg/ml paclitaxel in ethanol for 3 days, in accordance With 
the present invention. 

[0023] FIG. 9 shoWs the release pro?les of paclitaxel from 
various polyurethane-coated balloon catheters for up to 2 
hours, in accordance With the present invention. 

[0024] FIG. 10 shoWs the cumulative release pro?le of 
paclitaxel over a time frame of days. This ?gure shoWs the 
cumulative release of paclitaxel for delivery rates of 5 
pig/day and 0.5 pig/day. 

DETAILED DESCRIPTION 

[0025] The present invention provides methods and medi 
cal devices for the localiZed delivery of one or more sub 
stantially Water-insoluble drug agents to predetermined loca 
tions Within the human body, such as Within the vascular 
system, urinary tract, prostate, esophagus, colon, brain, etc. 

[0026] In accordance With an embodiment of the inven 
tion, a substantially Water-insoluble drug agent is dissolved 
in a volatile organic solvent. “Organic solvent” is intended 
to mean a singular organic solvent or a solvent mixture 
having at least one organic component. The solvent mixture 
also includes mixtures of Water With miscible organic sol 
vents. The drug solution is then applied to a polymer coating 
on a medical device that is adapted for insertion into the 
body. Examples of such medical devices include catheters, 
guide Wires, balloons, ?lters (e.g., vena cava ?lters), stents, 
stent grafts, vascular grafts, intraluminal paving systems, 
implants and other devices used in connection With drug 
loaded polymer coatings. Such devices are implanted or 
otherWise utiliZed in body lumina and organs such as the 
coronary vasculature, esophagus, trachea, colon, biliary 
tract, urinary tract, prostate, brain, and the like. Examples of 
suitable vascular grafts are described in US. Pat. Nos. 
5,509,931, 5,527,353, and 5,556,426. Vena cava ?lters such 
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as those described in W0 96/ 12448 and WO 96/17634 may 
also be used in the present invention. All of foregoing 
documents identi?ed by number are incorporated herein in 
their entireties. 

[0027] The ?lters that can be provided With a polymeric 
material/drug-agent matrix in accordance With the present 
invention include, for example, thrombus ?lters that can be 
placed at a selected location Within the vascular system and 
removed When no longer required. A preferred location for 
placement of these ?lters is the vena cava. Filters placed in 
the vascular system can intercept blood clots that may 
otherWise travel to the lungs and result in a pulmonary 
embolism, a life-threatening emergency that has become 
increasingly common. In one embodiment of the present 
invention there is provided such an implanted vascular ?lter 
having a polymeric material/drug outer coating thereon. In 
a most preferred embodiment, the ?lter has a polymeric 
material/paclitaxel outer coating, and most preferably, a 
polylactic acid/polycaprolactone copolymer/paclitaxel coat 
ing. The polymeric coating may also have incorporated 
therein or thereon any other therapeutic agent that is used for 
reducing the formation of, or complications due to, clot 
formation or neointima formation. Such agents, include, but 
are not limited to antithrombogenic agents and thrombolytic 
agents and other antiproliferative agents. 

[0028] Further examples of ?lters that may be provided 
With the polymeric material/drug coating in accordance With 
present invention include, e.g., those described in Interna 
tional Application No. WO 96/17634 and International 
Application No. WO 96/12448, both of Which are herein 
incorporated by reference. 

[0029] The grafts, including stent grafts, that can be pro 
vided With a polymeric material/drug agent matrix in accor 
dance With the present invention include synthetic vascular 
grafts that can be used for replacement of blood vessels in 
part or in Whole. A typical vascular graft is a synthetic tube 
With each end thereof sutured to the remaining ends of a 
blood vessel from Which a diseased or otherWise damaged 
portion has been removed. In a typical stent graft, each end 
of the synthetic tube portion includes a stent that is af?xed 
to each of the remaining ends of a blood vessel from Which 
a diseased or otherWise damaged portion has been removed. 
Alternatively, in a stent graft, the replacement vessel may be 
segment of a vessel removed from another location in the 
patient, such as a portion of a femoral artery or the like. In 
the case of a synthetic graft, the graft is typically tubular and 
may be, e.g., of a Woven, knit or velour construction. 
Preferred materials for the grafts and covering material for 
the stent grafts include polyethylene terephthalate and poly 
tetra?uoroethylene. The vascular grafts may be reinforced 
With, for example, helices, rings, etc. in order to provide 
uniform strength over the entire surface of the graft tubing. 
The materials of Which such grafts are constructed are 
biologically compatible materials including, but not limited 
to, thermoplastic materials such as polyester, polytetra?uo 
roethylene (PTFE), silicone and polyurethanes. The pre 
ferred materials include polyester ?bers and PTFE. 

[0030] Examples of other suitable grafts are described in 
US. Pat. Nos. 5,509,931, 5,527,353, and 5,556,426, all of 
Which are herein incorporated by reference. In a most 
preferred embodiment of the invention, the graft is provided 
With a coating of polymeric material/paclitaxel, and most 
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preferably, the polymeric material is a copolymer of poly 
caprolactone and polylactic acid. This paclitaxel-coated 
graft, When positioned at a desired site in the body provides 
an extended release of paclitaxel to the site. 

[0031] A polymeric material/drug agent matrix in accor 
dance With the present invention may be used as an intralu 
minal paving system. In such intraluminal paving systems as 
are knoWn in the art, the polymeric material/drug agent 
matrix Will typically be applied directly to an interior surface 
of vascular or non-vascular lumina. An intraluminal paving 
system is formed, for example, by admixing a drug agent 
With a liquid polymer, in the absence of a solvent, to form 
a liquid polymer/drug agent mixture. The mixture is then 
applied directly to a luminal surface by any conventional 
method, such as by injecting the mixture against the luminal 
surface. Curing of the mixture typically occurs in-situ. To 
facilitate curing, a cross-linking or curing agent may be 
added to the mixture prior to application thereof to the 
luminal surface. Addition of the cross-linking or curing 
agent to the polymer/drug agent liquid mixture must not 
occur too far in advance of the application of the mixture to 
the luminal surface in order to avoid over-curing of the 
mixture prior to application thereof to the luminal surface. 
Curing may also occur in-situ by exposing the polymer/drug 
agent mixture, after application to the luminal surface, to 
radiation such as ultraviolet radiation or laser light, heat, or 
by contact With metabolic ?uids such as Water at the site 
Where the mixture has been applied to the luminal surface. 
In a preferred intraluminal paving system in accordance With 
the invention, the drug agent is paclitaxel and the paclitaxel 
may be incorporated in the polymeric material alone or in 
combination With another drug agent. In intraluminal paving 
systems in accordance With a preferred embodiment of the 
present invention, the polymeric material incorporating the 
paclitaxel and, if desired, any additional therapeutic 
agent(s), may be either bioabsorbable or biostable. Any of 
the polymers described herein that may be formulated as a 
liquid may be used to form the polymer/drug agent mixture 
for use as an intraluminal paving system. 

[0032] In a preferred embodiment, the polymer used to 
coat the medical device is provided in the form of a coating 
on an expandable portion of a medical device. After apply 
ing the drug solution to the polymer and evaporating the 
volatile solvent from the polymer, the medical device is 
inserted into a body lumen Where it is positioned to a target 
location. In the case of a balloon catheter, the expandable 
portion of the catheter is subsequently expanded to bring the 
drug-impregnated polymer coating into contact With the 
lumen Wall. The drug is released from the polymer as it 
sloWly dissolves into the aqueous bodily ?uids and diffuses 
out of the polymer. This enables administration of the drug 
to be site-speci?c, limiting the exposure of the rest of the 
body to the drug. 

[0033] The polymer used in the present invention is pref 
erably capable of absorbing a substantial amount of drug 
solution. When applied as a coating on a medical device in 
accordance With the present invention, the dry polymer is 
typically on the order of from about 1 to about 50 microns 
thick. In the case of a balloon catheter, the thickness is 
preferably about 1 to 10 microns thick, and more preferably 
about 2 to 5 microns. Very thin polymer coatings, e.g., of 
about 0.2-0.3 microns and much thicker coatings, e.g., more 
than 10 microns, are also possible. It is also Within the scope 
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of the present invention to apply multiple layers of polymer 
coating onto a medical device. Such multiple layers are of 
the same or different polymer materials. 

[0034] The polymer of the present invention is hydrophilic 
or hydrophobic, and is selected from the group consisting of 
polycarboxylic acids, cellulosic polymers, including cellu 
lose acetate and cellulose nitrate, gelatin, polyvinylpyrroli 
done, cross-linked polyvinylpyrrolidone, polyanhydrides 
including maleic anhydride polymers, polyamides, polyvi 
nyl alcohols, copolymers of vinyl monomers such as EVA, 
polyvinyl ethers, polyvinyl aromatics, polyethylene oxides, 
glycosaminoglycans, polysaccharides, polyesters including 
polyethylene terephthalate, polyacrylamides, polyethers, 
polyether sulfone, polycarbonate, polyalkylenes including 
polypropylene, polyethylene and high molecular Weight 
polyethylene, halogenated polyalkylenes including polytet 
ra?uoroethylene, polyurethanes, polyorthoesters, proteins, 
polypeptides, silicones, siloxane polymers, polylactic acid, 
polyglycolic acid, polycaprolactone, polyhydroxybutyrate 
valerate and blends and copolymers thereof as Well as other 
biodegradable, bioabsorbable and biostable polymers and 
copolymers. Coatings from polymer dispersions such as 
polyurethane dispersions (BAYHDROL®, etc.) and acrylic 
latex dispersions are also Within the scope of the present 
invention. The polymer may be a protein polymer, ?brin, 
collage and derivatives thereof, polysaccharides such as 
celluloses, starches, dextrans, alginates and derivatives of 
these polysaccharides, an extracellular matrix component, 
hyaluronic acid, or another biologic agent or a suitable 
mixture of any of these, for example. In one embodiment of 
the invention, the preferred polymer is polyacrylic acid, 
available as HYDROPLUS® (Boston Scienti?c Corpora 
tion, Natick, Mass.), and described in US. Pat. No. 5,091, 
205, the disclosure of Which is hereby incorporated herein 
by reference. US. Pat. No. 5,091,205 describes medical 
devices coated With one or more polyisocyanates such that 
the devices become instantly lubricious When exposed to 
body ?uids. In a most preferred embodiment of the inven 
tion, the polymer is a copolymer of polylactic acid and 
polycaprolactone. 

[0035] By “substantially Water-insoluble drug” is meant 
any therapeutic agent having a greater solubility in organics 
than in Water. More speci?cally, such drugs have a Water, 
solubility of no greater than 1 part drug to 30 parts Water, 
more typically no greater than 1 part drug to 1,000 parts 
Water. Such solubilities are described as “sparingly soluble” 
to “very slightly soluble” in the art. 

[0036] The drug agents used in the present invention are 
selected from a number of drug types depending on the 
desired application. For example, these drugs include anti 
in?ammatory agents such as dexamethasone, prednisolone, 
corticosterone, budesonide, estrogen, sulfasalaZine, 
mesalamine, and analogues thereof; antineoplastic/antipro 
liferative/anti-miotic agents such as paclitaxel, 5-?uorou 
racil, cisplatin, vinblastine, vincristine, epothilones, 
endostatin, angiostatin, thymidine kinase inhibitors, and 
analogues thereof; anesthetic agents such as lidocaine, bupi 
vacaine, ropivacaine, and analogues thereof; anti-coagu 
lants; and groWth factors. 

[0037] The drug agents useful in accordance With the 
present invention may be used singly or in combination. For 
example, an anti-proliferative agent such as paclitaxel may 
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be used in combination With another drug agent, such as an 
anticoagulant, anti-in?ammatory, antithrombogenic, throm 
bolytic, nitric oxide-containing polymer, or a vascular cell 
promoter such as VEGF, for example. 

[0038] Paclitaxel is a preferred drug agent for use in 
accordance With the present invention either alone or in 
combination With another drug agent, as described above. 
Paclitaxel is a complex alkaloid extracted from the Paci?c 
YeW Taxusbrevifolia Family (Family Taxacea) Which has 
been demonstrated to have antiproliferative activity. As used 
herein, paclitaxel includes the alkaloid and any pharmaco 
logically active derivative or analog thereof. Thus paclitaxel 
includes naturally occurring forms and derivatives thereof 
and synthetic and semi-synthetic forms thereof. TAXOL® is 
a commercially available form of paclitaxel. 

[0039] In accordance With the present invention, the drug 
agents are dissolved in a volatile organic solvent such as, for 
example, ethanol, isopropanol, chloroform, acetone, pen 
tane, hexane, or methylene chloride, to produce a drug 
solution. In the case of paclitaxel the preferred solvent is 
chloroform. The drug solution is then applied to the polymer. 
A volatile organic solvent typically is selected to provide 
drug solubilities much greater than the corresponding aque 
ous solubility for the substantially Water-insoluble drug. 
Accordingly, application of the drug solution to the polymer 
often results in drug loadings that are orders of magnitude 
greater than loadings that can be achieved by application of 
a saturated aqueous solution of the drug to the polymer. 

[0040] The drug solution is applied to the polymer coating 
by any suitable means, including dipping the polymer coat 
ing into the drug solution or by applying the solution onto 
the coating such as by pipet or by spraying, for example. In 
the former method, the amount of drug loading is controlled 
by regulating the time the polymer is immersed in the drug 
solution, the extent of polymer cross-linking, the concen 
tration of the drug in the solution and/or the amount of 
polymer coating. In another embodiment of the invention, 
the drug is incorporated directly into the polymer prior to the 
application of the polymer topcoat as a coating onto a 
medical device. 

[0041] After applying the drug solution to the polymer 
coating, the volatile solvent is evaporated from the coating, 
for example, by drying in air or in an oven. 

[0042] The release pro?le of the drug from the polymer 
coating is determined by many factors including the drug 
solubility, amount of drug applied and the thickness and 
porosity of the polymer coating. 

[0043] In a preferred embodiment of the present invention, 
one or more additional layers may be applied over at least a 
portion of a medical device previously coated With a poly 
mer/drug agent in accordance With the present invention. 
Desirably, such an additional layer Will be provided to 
modify or modulate the release of one or more of the drug 
agents in the underlying layer. For example, a polymeric 
coating may be applied over the previously applied polymer/ 
drug agent coating to modulate the release rate of the drug 
agent in that layer. This additional release rate-modifying or 
modulating layer may be applied in a subsequent coating 
step in a manner similar to that disclosed herein, for example 
by spraying a polymer solution onto the previously applied 
coating layer or by dipping the previously coated medical 
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device into a solution of the polymer selected to form the 
modifying or modulating layer. HoWever, other methods for 
applying polymeric materials to substrates, including, for 
example, in-situ polymeriZation methods such as plasma 
polymeriZation may also be used to provide the additional 
release rate-modifying or modulating polymeric layer. Such 
other application processes included Within the scope of the 
present invention are those that Will not detrimentally affect 
the previously applied layer, including the drug agent(s) 
incorporated therein or thereon. The additional layer may 
also include one or more additional drug agents including 
any of the drug agents incorporated into the underlying 
polymer/drug agent coating layer. Prior to application of the 
modifying or modulating layer, any conventional adhesion 
promotion agent may be applied to the previously applied 
coating, or other treatment thereof may be conducted, in 
order to promote adhesion of the modifying or modulating 
layer to the previously applied coating. Where the modifying 
or modulating layer is applied in a manner similar to the 
underlying layer, the polymeric material used for the modi 
fying or modulating layer can be any of the polymers 
described herein. Where such polymeric material is applied, 
for example, by plasma polymeriZation, the polymers are 
those that can be formed by monomers in a gas phase that 
can be activated for example by radio frequency Waves. 
Such monomers include, for example, silicone-based mono 
mers such as cyclic or acyclic siloxanes, silanes, silylimi 
daZoles; ?uorine-based monomers such as hydro?uorocar 
bons; aliphatic or aromatic hydrocarbons; acrylic 
monomers; and combinations thereof. The monomer gas 
may have functional groups that facilitate later attachment of 
drug agents thereto by covalent bonding, for example. Any 
appropriate polymer for the modifying or modulating layer 
is preferably selected to have a porosity that provides the 
modifying or modulating effect as described above. The 
porosity of this polymeric material may also be modi?ed by 
addition of porosigens or other porosity-effecting adjuvants 
that are conventionally added to polymers for this purpose. 
Other factors guiding the selection of a modulating or 
modifying polymer include, but are not limited to, the 
thickness of coating layer, the tortuosity of the polymeric 
material affecting the path of resistance to drug mobility 
Within the polymeric material, the cross-linking density, 
drug solubility in the modulating or modifying layer, etc. 
The thickness of the modifying or modulating layer Will 
preferably be less than 5,000 A, and more preferably in the 
range of from about 50-2000 A preferred modifying or 
modulating polymer in accordance With the present inven 
tion is a siloxane polymer formed, for example, by a plasma 
polymeriZation process. This siloxane modifying or modu 
lating polymer is preferably applied to a medical device that 
has a polyurethane/drug agent coating previously applied 
thereto in accordance With the present invention. 

[0044] When an expandable member such as a balloon 
catheter is used to administer the drug, pressure can be used 
to increase the rate of drug transfer to the tissue. An increase 
in pressure increases the diameter of the balloon and there 
fore the diameter of the surrounding tissue, thereby increas 
ing the surface area for drug transfer. The amount of drug 
that is delivered per unit time is therefore increased. 

[0045] When an expandable catheter is chosen as the 
medical device of the present invention, the expandable 
portion is preferably a balloon, in Which case the drug is 
placed in the polymer for controlled release of the drug upon 
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expansion of the balloon against a body lumen. The expand 
able portion optionally includes a stent, mountable in a body 
lumen by expansion thereof. The catheter also optionally 
comprises a sheath member Which is extendable over the 
expandable portion to inhibit release of the drug into body 
?uids during placement of the catheter. 

[0046] Referring noW to FIGS. 1a-1c, an embodiment for 
the localiZed delivery of substantially Water-insoluble drugs 
to a predetermined location Within the body is described. 
The drug administration method shoWn in FIGS. 1a-1c 
illustrates the use of the present invention in conjunction 
With an angioplasty process. Catheter device 1 comprises a 
body 3 having a balloon 4 attached at its distal end. The 
balloon 4 on the catheter 3 includes a polymer coating 6. As 
shoWn in FIG. 1a, drug solution 8 is impregnated into the 
polymer coating With the balloon in its substantially de?ated 
state prior to insertion into the patient. As shoWn in FIG. 1b, 
after the volatile solvent is evaporated, the device 1 is 
inserted into a body lumen 2 having a region to be treated, 
such as an occlusion due to a deposition of plaque 5 on the 
lumen Wall tissue 9. The device 1 is moved along the vessel 
to position the balloon 4 at the occlusion site, as shoWn in 
FIG. 1c. The lumen may be, for example, a narroW, tortuous 
opening through Which the catheter is passed by torquing or 
other knoWn techniques. As shoWn in FIG. 1c, the balloon 
is in?ated to provide close contact betWeen the drug-im 
pregnated polymer coating 6 and the surrounding plaque and 
tissue. As Water from the body penetrates into the polymer 
coating 6, it begins to dissolve the drug agent, Which 
subsequently diffuses out of the polymer coating 6 and into 
the surrounding plaque and tissue. 

[0047] During drug administration, a substantial amount 
of the drug contained in the polymer coating is diffused into 
the affected area. The in?ation pressure needed to expand 
the balloon catheter and dilate the lumen, if necessary, is 
typically in the range of about 1 to 20 atm. The balloon is 
formed of any suitable materials such as vinyl polymers 
such as polyethylene; polyesters such as polyethylene 
terephthalate; polyamides such as nylon; polyole?ns and 
copolymers thereof (e.g., Selar, Pebax, Surlyn, Hytrel, etc.). 
The balloon is optionally a perfusion balloon, Which alloWs 
blood to perfuse the catheter to prevent ischemia during 
delivery. A perfusion balloon is particularly preferred for 
long arterial delivery times and When the delivery drug is 
only very slightly soluble in Water. 

[0048] Referring to the embodiment of the invention illus 
trated in FIG. 2, the balloon portion 4 of catheter 3 is 
optionally covered by a protective sheath 7 While the instru 
ment 1 is inserted into a body lumen 2 and positioned at a 
treatment region. As the coated balloon 4 is positioned at 
occluded site 5, the protective sheath 7 is draWn back to 
expose the balloon 4. In an alternative embodiment, the 
sheath remains stationary While the catheter moves the 
coated balloon forWard into the occluded region. The sheath 
7 protects the coating and inhibits premature release of the 
drug. Such a sheath might be particularly advantageous 
When using drugs Which are not suf?ciently Water-insoluble 
or if even minor delivery to tissue during catheter placement 
is a problem, eg for extremely toxic drugs. 

[0049] Although FIGS. 1 and 2 illustrate the application 
of the present invention to an angioplasty process, the 
present invention is also used to administer drug agents to 
target locations Where there is no occlusive formation. 
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[0050] In other embodiments, the medical device of the 
present invention is an implantable medical device such as 
a stent, covered stent, stent graft, intraluminal paving sys 
tem, Wire guide, cannulae, arti?cial limbs, joints, and other 
prosthetic devices. Where a stent is used it may either 
balloon- or self-expandable, and is constructed of any bio 
compatible material. The grafts and covering materials for 
the stent grafts are made of any biocompatible material such 
as, for example, polyurethane, polyesters, silicone, or poly 
tetra?uoroethylene. 

[0051] Stents are generally con?gured in one of tWo 
con?gurations: patterned or coil. Coil-type stents include, 
for example, Wire stents in the form of coils, spirals or the 
like, With or Without spines, an example of Which is the 
subject of US. Pat. No. 4,886,062 (incorporated herein by 
reference), another example of Which is the GR-II® (Cook 
Inc.) stent. Patterned stents used in accordance With a most 
preferred embodiment of the invention include all stents 
other than coil-type stents such as, for example, slotted tube 
stents, criss-cross tubular stents, braided stents, hexagonal 
stents, nets, articulated stents, and the like. Patterned stents 
are also generally preferred over coil stents because they 
provide more radial support for surrounding body lumina. 
Preferred patterned stents for use in the present invention 
include the NIRTM and RADIUSTM stents (SCIMED Life 
Systems, Inc.) as described in US. Pat. No. 5,733,303 and 
WO 96/26689 (both of Which are incorporated herein by 
reference); the WALLSTENT® (Schneider Inc.) as 
described in US. Pat. Nos. 4,655,771 and 5,061,275 (both of 
Which are incorporated herein by reference); and the SYM 
PHONY® stent (Boston Scienti?c Corp.) as described in 
US. Pat. No. 5,540,712 (incorporated herein by reference). 
The stents and stent grafts described in US. Pat. Nos. 
5,766,237, 5,681,356, 5,522,881 and 5,776,180 (each of 
Which is incorporated herein by reference) and the polymer 
stents described in US. Pat. No. 5,769,883 (incorporated 
herein by reference) are also Within the scope of the present 
invention. 

[0052] The implantation of a stent, stent graft, vascular 
graft or ?lter in accordance With the present invention can be 
conducted by any medical procedure conventionally used 
for such implantation. In the case of a stent, a polymer/ 
paclitaxel coated stent in accordance With the present inven 
tion can be ?tted over the in?atable element of a balloon 
catheter and expanded by the balloon to force the stent into 
contact With the body lumen at or near a site of injury such 
as, for example, Within an injured blood vessel. 

[0053] Where the medical device in accordance With the 
present invention is, e.g., a catheter, stent, graft, ?lter, etc., 
or any other device used in the vascular system, any blood 
vessel including arteries, veins and capillaries may be 
treated in accordance With the present invention. These 
blood vessels may be in or near any organ in the human or 
mammalian body. 

[0054] In a most preferred embodiment of the invention, a 
patterned stent having a polymer/paclitaxel coating is used 
to prevent or inhibit proliferative disease. As used herein, 
“proliferative disease” means any disease or disorder includ 
ing cancers, malignancies, benign groWths and other con 
ditions that result from hyperactivity or hyperplasia of 
somatic cells, and includes restenosis and vascular hyper 
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plasia such as neointimal hyper lasia. Such proliferative 
diseases may occur in vascular and other luminal or non 
luminal regions of the body. 

[0055] The inventors have surprisingly found that 
extended drug release of paclitaxel from a polymer coating 
on a patterned stent is obtained and consequently, a signi? 
cant reduction in neointima formation results. The reduction 
in neointima formation obtained With patterned stents used 
in accordance With the present invention is surprisingly 
superior to that obtained using a coiled stent coated With a 
polymer/paclitaxel matrix. FIG. 10 shoWs the release rate of 
paclitaxel obtained With a stent in accordance With the 
present invention. In a preferred embodiment, paclitaxel is 
released from a polymer/paclitaxel coated stent for a time 
period of at least about 28 days after implantation of stent at 
the desired location Within the body. The patterned stent is 
coated With an outer coating of polymer/paclitaxel such that 
the amount of paclitaxel is su?icient to prevent, decrease, 
eliminate or modify cellular proliferation associated With 
proliferative disease or disorder. The amount of paclitaxel 
sufficient to inhibit or prevent proliferative disease Will vary 
according to the siZe of the patterned stents, but is generally 
in the range of from about 50 pg to 500 pg per stent. 

[0056] Procedures for preparing a drug delivery medical 
device With a polymer coating are presented in the folloWing 
non-limiting examples. 

EXAMPLE 1 

Release Kinetics of Paclitaxel from Polyacrylic 
Acid-Based Coating 

[0057] A 2 mg/ml solution of paclitaxel is prepared in 
chloroform. The solution is gently agitated until the pacli 
taxel is completely dissolved. The solution is applied via 
pipet to a balloon catheter having a polyacrylic acid-based 
coating and in?ated to 2 atm. A total of 100 pl of solution, 
and hence 200 pg of paclitaxel, is applied to the catheter. The 
balloon catheter is then dried in air for 30 minutes and in a 
vacuum oven for 48 hours at 50° C. to evaporate the 
chloroform. The catheter is then immersed in a solution of 
1% dimethyl sulfoxide (DMSO) and phosphate buffered 
saline (PBS) having a pH of 7.4 for in-vitro drug release. The 
cumulative amount of paclitaxel released from the catheter 
coating yields the data shoWn in FIGS. 3a and 3b. 

EXAMPLE 2 

Release Kinetics of Dexamethasone from 
Polyacrylic Acid-Based Coating 

[0058] Solutions containing 1.5 mg/ml and 200 pig/ml of 
dexamethasone in chloroform, are prepared by gently agi 
tating until the dexamethasone is completely dissolved. The 
solutions are separately applied via dripping to separate 
balloon catheters having polyacrylic acid-based coatings 
and in?ated to 2 atm. A total of 100 pl of each solution is 
applied to each respective catheter, corresponding to dex 
amethasone loadings of 1.5 mg and 200 pg, respectively. 
These results can be contrasted With the inability to apply 
substantial amounts of dexamethasone to polyacrylic acid 
based coatings using aqueous solutions, in Which case only 
about 1 pg of dexamethasone can be loaded into such 
coatings. The balloon catheters are then dried in a vacuum 
oven for 2 hours at 50° C. to evaporate the chloroform 
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solvent. The catheters are thereafter immersed in PBS (pH= 
7.4) to track the release of dexamethasone over time. The 
cumulative amount of dexamethasone released from each 
catheter yields the data shoWn in FIGS. 4a and 4b. 

EXAMPLE 3 

Release Kinetics of Molsidomine from Polyacrylic 
Acid-Based Coating 

[0059] Various solutions of molsidomine in volatile sol 
vents are prepared and applied to balloon catheters by the 
methods indicated in Table I. In the “dip” application 
technique, each balloon catheter having a polyacrylic acid 
based coating is dipped into its respective solution for 10 
minutes. In the “pipet” application technique, 200 pl of 
solution is pipetted onto its respective coated balloon cath 
eter While sloWly turning. All samples are dried in an oven 
for 30 minutes at 50° C. and thereafter immersed in PBS 
(pH=7.4) to track the release of molsidomine over time. The 
cumulative amount of molsidomine released from each 
catheter yields the data shoWn in FIGS. 5a and 5b. 

TABLE I 

Molsidomine solution characterization, and methods of 
applying molsidomine solution to polymer coated catheters. 

Concentration (mg 
Molsidomine per ml Application 

Sample Solvent solvent) technique 

1 chloroform 150 dip 
2 chloroform 30 pipet 
3 chloroform 150 pipet 
4 ethanol 30 pipet 
5 ethanol 30 dip 

EXAMPLE 4 

Release Kinetics of Dexamethasone Added to 
Polyacrylic Acid-Based Topcoat Formulation 

[0060] Rather than forming a solution of dexamethasone 
in an organic solvent and then applying this solution to 
polymer-coated balloon catheters as in Example 2, dexam 
ethasone is added directly to the polymer used to coat the 
balloon catheters. Dexamethasone is Weighed out into 0.05 
g, 0.1 g, and 0.2 g samples, each of Which is each added to 
1 ml lots of polymer topcoat solution containing polyacrylic 
acid, methyl ethyl ketone, dimethyl formamide, and t-butyl 
alcohol. The dexamethasone samples are mixed With the 
polymer topcoat solutions until completely dissolved. The 
dexamethasone-containing polymer topcoat solutions are 
separately applied via dripping to separate, uncoated balloon 
catheters in?ated to 2 atm. After drying in a vacuum oven for 
2 hours at 50° C., the catheters are immersed in PBS 
(pH=7.4) to track the release of dexamethasone over time. 
The cumulative amount of dexamethasone released from 
each catheter yields the data shoWn in FIG. 6. 

EXAMPLE 5 

Comparative Release Kinetics For Water-Soluble 
and Water-Insoluble Estradiol 

[0061] Estradiol is provided in both Water-soluble and 
substantially Water-insoluble forms. Water-soluble estradiol 
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is applied to a balloon catheter coated With a polyacrylic 
acid-based coating by i) preparing a 10 mg/ml solution of 
Water-soluble estradiol in deionized, ultra-?ltered Water; and 
ii) placing the balloon catheter, in?ated to 2 atm, into 200 pl 
of the solution for 20 minutes. Water-insoluble estradiol is 
applied to a balloon catheter coated With a polyacrylic-acid 
based coating by i) preparing a 10 mg/ml solution of 
substantially Water-insoluble estradiol in methanol; and ii) 
dripping 100 pl of the solution onto the balloon catheter. The 
catheters are thereafter immersed in PBS (pH=7.4) to track 
the release of both Water-soluble and Water-insoluble estra 
diol over time. Greater release is observed for the substan 
tially Water-insoluble form of estradiol When compared to 
the Water-soluble form. The cumulative amount of estradiol 
released from each catheter yields the data shoWn in FIGS. 
7a and 7b. 

EXAMPLE 6 

In-vivo Delivery of Paclitaxel from Polyacrylic 
Acid-Based Coating 

[0062] A 9.8 mg/ml solution of radio-labeled paclitaxel in 
chloroform is prepared. A total of 50 pl of the solution is 
applied via pipet to a balloon catheter having a polyacrylic 
acid-based coating. The paclitaxel from the coated balloon 
catheter is then released in-vivo to porcine arteries. After 
release for a predetermined amount of time, the paclitaxel 
remaining in the coating is extracted using tWo sequential 
ethanol Washes. The amount of paclitaxel released in the pig 
bloodstream, as calculated from the amount of paclitaxel 
loaded into the coating minus that extracted from the coating 
after delivery, is shoWn in Table II. 

TABLE II 

Amount of paclitaxel released into pig bloodstream 
from an impregnated, polyacrylic acid-based 

coated balloon catheter as a function of delivery time. 

Amount of Amount of 
paclitaxel paclitaxel % of 

Amount of extracted from released in paclitaxel 
time in balloon after bloodstream released in 
bloodstream delivery (pg) (pg) bloodstream 

1 minute 182 r 1 307 63 
5 minutes 160 r 30 330 68 

EXAMPLE 7 

Delivery of Paclitaxel to Explanted Porcine Arteries 
from Polyacrylic Acid-Based Coating 

[0063] A 9.8 mg/ml solution of radio-labeled paclitaxel in 
chloroform is prepared. A total of 50 pl of the solution is 
applied via pipet to a balloon catheter having a polyacrylic 
acid-based coating. The coated balloon catheter is then 
delivered to an explanted porcine artery for 15 minutes. 
After delivery, the paclitaxel remaining in the coating is 
extracted using tWo sequential ethanol Washes. The deliv 
ered paclitaxel is extracted from the vessel, also by using 
tWo sequential ethanol Washes. In addition, the vessel is 
placed in tissue solvent and counted for paclitaxel. Using 
these extraction methods, at least 80% of the paclitaxel 
loaded onto the balloon catheter is recovered, as shoWn in 
Table III. 
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TABLE III 

Paclitaxel recovery from ex vivo delivery to porcine artery. 

Amount paclitaxel loaded onto balloon 489 ,ug 
Amount paclitaxel extracted from the 360 ,ug 
balloon after delivery 
Amount paclitaxel extracted from artery 30 ,ug 
Amount paclitaxel counted from tissue 1 ,ug 
solution 

Total paclitaxel measured 391 ,ug 
Percentage of paclitaxel recovered 80% 

EXAMPLE 8 

Release Kinetics of Paclitaxel from 
Polyurethane-Based Stent Coating 

[0064] Slotted tube stainless steel stents are coated With 
polyurethane by spraying a 1 Wt % solution of CHRONOF 
LEX® polyurethane (made by CT Biomaterials) in tetrahy 
drofuran directly onto the stent surface. The coated stents are 
dried in a vacuum oven for three hours at 70° C. 

[0065] Each polyurethane coated stent is placed in a vial, 
Which is ?lled to maximum volume (1.5 ml) With a solution 
of paclitaxel in ethanol, and sealed. The stent is stored in the 
vial for three days at room temperature. The stent is then 
removed from the vial and dried for one hour at 65° C. 

[0066] The above procedure is conducted using solutions 
of varying concentrations. Each stent is analyZed for pacli 
taxel content by extraction in dichloromethane solvent. The 
results are presented in Table IV beloW. Samples 1 and 2 
Were obtained using a paclitaxel concentration of 10 mg/ml, 
samples 3 and 4 using a 20 mg/ml solution and sample 5 and 
6 using a 30 mg/ml solution. 

TABLE IV 

Paclitaxel content. 

Paclitaxel Paclitaxel Coating Paclitaxel 
Sample conc. content Wt. per 

# (mg/m1) (Mg) (Mg) Mg Coating 

1 10 44.8 796 0.06 
2 10 88.2 859 0.10 
3 20 151.2 718 0.21 
4 20 127.6 702 0.18 
5 30 157.1 736 0.21 
6 30 144.3 629 0.23 

[0067] These results suggest that paclitaxel loading is 
relatively independent of paclitaxel concentration above 20 
mg/ml, assuming equilibrium is attained in the three-day 
period. Nevertheless, the 30 mg/ml paclitaxel concentration 
is chosen for release studies as it produces the maximum 
paclitaxel loading (21-23%), While still being suf?ciently 
beloW the saturation concentration for paclitaxel in ethanol 
(39 mg/ml). 

[0068] Seven polyurethane coated stents are loaded using 
a 30 mg/ml paclitaxel solution, removed and dried as set 
forth above. Paclitaxel from four of the stents is extracted in 
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dichloromethane solvent. The results of this extraction are 
presented in Table V below: 

TABLE V 

Paclitaxel content. 

Paclitaxel Paclitaxel Coating ,ug Paclitaxel 
Sample conc. content Wt. per 

# (mg/m1) (Mg) (Mg) Mg Coating 

1 30 111.7 676 0.17 
2 30 50 627 0.08 
3 30 45 .3 612 0.07 
4 30 37.4 602 0.06 

[0069] The remaining three stents are immersed in a 
solution of phosphate buffered saline solution having pH 7.4 
at 37° C. Cumulative release as a function of time is 
presented in FIG. 8. 

EXAMPLE 9 

Release Kinetics of Paclitaxel from 
Polyurethane-Based Balloon Catheter Coating 

[0070] Nylon balloons are coated With polyurethane by 
dipping into a 9 Wt % solution of CHRONOFLEX® poly 
urethane in dimethylacetamide. The balloons are dried in a 
vacuum oven overnight at 50° C. 

[0071] Each polyurethane coated balloon is loaded With 
paclitaxel either by dipping the coated balloon into a pacli 
taxel and ethanol solution or by dripping a knoWn volume of 
a paclitaxel and ethanol solution onto the balloon surface. 

[0072] In the ?rst instance, a stock saturated solution of 
paclitaxel in ethanol is prepared. Then the polyurethane 
coated balloon is in?ated and submerged in the paclitaxel 
stock solution in a tube. The tube and balloon are Well-sealed 
to prevent solvent evaporation. After remaining in the tube 
overnight, the ethanol is evaporated from the balloon over a 
suitable time period, such as about ?fteen minutes. Five 
“dip-coated” balloons are prepared in this fashion. 

[0073] In the second instance, a stock solution of pacli 
taxel having a concentration of 10 mg/ml prepared. TWenty 
ml of this paclitaxel stock solution are then pipetted onto an 
in?ated polyurethane-coated balloon, providing a total mass 
of 200 mg of paclitaxel per balloon. AfterWards, ethanol is 
evaporated from the balloon over a suitable time period, 
such as about ?fteen minutes. Five “drip-coated” balloons 
are prepared in this fashion. 

[0074] TWo drip-loaded balloons and tWo dip-loaded bal 
loons are taken and the paclitaxel extracted in dichlo 
romethane to determine total paclitaxel content. The pacli 
taxel content of the dip-coated balloons is found to be 
1093+/—439 pg, While the drip-coated balloons are found to 
have 215+/—11 pg paclitaxel. 

[0075] For comparison, nylon balloons are coated With 
paclitaxel/polyurethane by dipping the balloons into a dis 
persion of 14.5 Wt % BAHYDROL® polyurethane (made by 
Bayer) and 2.6 Wt % paclitaxel in a mixture of 73.6 vol % 
N-methylpyrrolidinone and 26.4 vol % Water. Balloons are 
dried in a vacuum oven overnight at 50° C. The dried 
coatings contain 15% paclitaxel by Weight. Nine balloons 
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are formed. Seven balloons are tested for paclitaxel loading 
yielding an average of 196+/—44 pg paclitaxel after extrac 
tion in dichloromethane. 

[0076] The remaining three drip-loaded balloons from 
above, the remaining three dip-loaded balloons from above, 
and the remaining tWo balloons With the 15% paclitaxel 
formulated coating are placed in a solution of phosphate 
buffered saline solution having pH 7.4 at 37° C., and 
cumulative paclitaxel release is measured as a function of 
time. The results of this study are presented in FIG. 9. 

EXAMPLE 10 

Preparation of a Stent Coated With a Polylactic 
Acid/Polycaprolactone (PLA/PCL) 

Copolymer/Paclitaxel Matrix 

[0077] PLA/PCL copolymer obtained from Birmingham 
Polymers, Inc., Birmingham, Ala., Was dissolved in chloro 
form. Paclitaxel obtained from Hauser, Inc. Was then dis 
solved in the chloroform to form a solution having a 70/30 
Weight ratio of copolymer/paclitaxel. The solution Was then 
sprayed onto the surface of a 9 mm long balloon-expandable 
stainless steel NIR® stent obtained from Medinol, Inc., Tel 
Aviv, Israel. Substantially all exposed surfaces of the stent 
Were covered With the solution. The stent Was then dried in 
a vacuum oven at 50° C. for approximately 2 hr. and a matrix 
of PLA/PCL copolymer having 200 pg of paclitaxel incor 
porated therein Was thus formed as a coating on the stent. 
The paclitaxel component of the matrix comprised approxi 
mately 30% by Weight of the matrix. 

EXAMPLE 11 

In-Vitro Delivery of Paclitaxel to Porcine Coronary 
Arteries 

[0078] A stent prepared as set forth in Example 10 Was 
inserted via a balloon catheter and expanded into contact 
With a porcine coronary artery. In vitro, the stent delivered 
2-3 pig/day of paclitaxel over a period of 28 days. In 
comparison to the same stent having no coating, after 28 
days, a 50% reduction in the occurrence of neointimal 
hyperplasia Was observed. 

EXAMPLE 12 

In-Vitro Delivery of Paclitaxel to Rabbit Iliac 

[0079] A stent prepared as set forth in Example 10 Was 
inserted via a balloon catheter and expanded into contact 
With a rabbit iliac. In vitro, the stent delivered 2-3 pig/day of 
paclitaxel over a period of 28 days. In comparison to the 
same stent having no coating, after 28 days, a 70% reduction 
in the occurrence of neointimal hyperplasia Was observed. 

EXAMPLE 13 

In-Vitro Delivery of Paclitaxel to Rabbit Iliac 

[0080] A stent prepared as set forth in Example 10 Was 
inserted via a balloon catheter and expanded into contact 
With a rabbit iliac. In vitro, the stent delivered 2-3 pig/day of 
paclitaxel over a period of 56 days. In comparison to the 
same stent having no coating, after 56 days, a 60% reduction 
in the occurrence of neointimal hyperplasia Was observed. 






