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BIOACTIVE AGENT RELEASE COATING AND CONTROLLED HUMIDITY
METHOD

CROSS REFERENCE TO RELATED APPLICATIONS
The present application claims priority to US patent application filed June 18,
2002 and assigned Serial No. 10/175,210, the entire disclosure of which 1s

incorporated herein by reference.

TECHNICAL FIELD
In one aspect, the present invention relates to a process of treating implantable
medical devices with coating compositions to provide the release of bioactive (e.8.,
pharmaceutical) agents from the surface of the devices under physiological
conditions. In another aspect, the invention relates to the coating compositions, per se,
and to devices or surfaces coated with such compositions. In yet another aspect, the

invention relates to methods of coating compositions on devices.

BACKGROUND OF THE INVENTION

Many surgical interventions require the placement of a medical device into the
body. While necessary and beneficial for treating a variety of medical conditions, the
placement of metal or polymeric devices 1n the body gives rise to nuUmMerous
complications. Some of these complications include: increased risk of infection;
initiation of a foreign body response resulting in inflammation and fibrous
encapsulation; and initiation of a wound healing response resulting in hyperplasia and
restenosis. These, and other complications must be dealt with when introducing a
metal or polymeric device into the body.

One approach to reducing the potential harmful effects of such an introduction
is to attempt to provide a more biocompatible implantable device. While there are
several methods available to improve the biocompatibility of implantable devices, one
method which has met with limited success is to provide the device with the ability to
deliver bioactive compounds to the vicinity of the implant. By so doing, some of the
harmful effects associated with the implantation of medical devices can be

diminished. Thus, for example, antibiotics can be released from the surface of the
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device to minimize the possibility of infection, and anti-proliferative drugs can be
released to inhibit hyperplasia. Another benefit to the local release of bioactive agenis
s the avoidance of toxic concentrations of drugs which are sometimes necessary,
when given systemically, to achieve therapeutic concentrations at the site where they
are needed.

Although the potential benefits expected from the use of medical devices
capable of releasing pharmaceutical agents from their surfaces is great, the
development of such medical devices has been slow. This development has been
hampered by the many challenges that need to be successfully overcome when
undertaking said development. Some of these challenges are: 1) the requirement,
some instances, for long term release of bioactive agents; 2) the need for a
biocompatible, non-inflammatory device surface; 3) the need for significant
durability, particularly with devices that undergo flexion and/or expansion when
being implanted or used in the body; 4) concerns regarding processability, to enable
he device to be manufactured in an economically viable and reproducible manner;
and 5) the requirement that the finished device be sterilizable using conventional
methods.

Several implantable medical devices capable of delivering medicinal agents
have been described. Several patents are directed to devices utilizing biodegradable
or bioresorbable polymers as drug containing and releasing coatings, includinqg Tang
et al , U.S. Patent 4,916,193 and MacGregor, U.S. Patent 4,994,071. Other patents
are directed to the formation of a drug containing hydrogel on the surface of an
implantable medical device, these include Amiden et al, U.S. patent 5,221,698 and
Sahatjian, U.S. Patent 5,304,121. Still other patents describe methods for preparing
coated intravascular stents via application of polymer solutions containing dispersed
therapeutic material to the stent surface followed by evaporation of the éolvent. This
method is described in Berg et al , U.S. Patent 5,464,650.

However, there remain significant problems to be overcome in order to
provide a therapeutically significant amount of a bioactive compound on the surface
of the implantable medical device. This is particularly true when the coated
composition must be kept on the device in the course of flexion and/or expansion of

the device during implantation or use. It is also desirable to have a facile and easily
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processable method of controlling the rate of bioactive release from the surface of the
device.

Although a variety of hydrophobic polymers have previously been described
for use as drug release coatings, Applicant has found that only a small number possess
the physical characteristics that would render them useful for implantable medical
devices which undergo flexion and/or expansion upon implantation. Many polymers
which demonstrate good drug release characteristics, when used alone as drug
delivery vehicles, provide coatings that are too brittle to be used on devices which
undergo flexion and/or expansion. Other polymers can provoke an inflammatory
response when implanted. These or other polymers demonstrate good drug release
characteristics for one drug but very poor characteristics for another.

Some polymers show good durability and flexibility characteristics when
applied to devices without drug, but lose these favorable characteristics when drug 1s
added. Furthermore, often times the higher the concentration of drugs or the thicker
the application of polymer to the device surface, the poorer the physical
characteristics of the polymer become. It has been very difficult to identify a polymer
which provides the proper physical characteristics in the presence of drugs and one in

which the drug delivery rate can be controlled by altering the concentration of the
drug in the polymer or the thickness of the polymer layer.

Applicants have previously provided an implantable medical device that can

undergo flexion and/or expansion upon implantation, and that is also capable of

published PCT Application No. WO 00/55396 provide a coating composition that
comprises at least one polyalkyl(meth)acrylate, as a first polymeric component and
poly(ethylene-co-vinyl acetate) (“pEVA”) as a second polymeric component, and
describe the use of such compositions for coating an implant surface using any
suitable means, e.g., by dipping, spraying and the like.

While certainly suitable for their intended use, Applicants have found that
devices coated with such compositions have the potential to exhibit prop erties with
detectable, and undesirable, variability, for instance, when evaluated using an

«accelerated bioactive release” test method, or a “bioactive agent elution™ test
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method, as described herein. It would be helpful to find ways of affecting, and
preferably controlling, the potential for such variability, in order to provide coated
devices with uniform properties.

Various other references relate to the use of coatings to provide implantable
medical devices with bioactive agents. See, for instance, US 20020007213, and
published PCT Application Nos. WO 200187372, WO 200187373, WO 200187374,
WO 200187375, WO 200187376, WO 200226139, WO 200226271, WO 2002262381,
WO 200187342, and WO 200187263

Finally, Applicant’s corresponding U application, filed on a date even
herewith and having Attorney Docket No. 9896.129.10, describes the use of one or
more aromatic poly(meth)acrylate polymers selected from the group consisting of
polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates as the first polymeric component in such a

composition.

BRIEF DESCRIPTION OF THE DRAWING
In the Drawing:
Figure 1 provides a plot showing the experimental results described 1n
Example 1.
Figure 2 provides a plot showing the experimental results described 1n
Example 2.
Figure 3 provides a plot showing the experimental results described 1n

Example 3.

SUMMARY OF THE INVENTION
The term “coating composition”, as used herein, will refer to one or more
vehicles (e.g., a system of solutions, mixtures, emulsions, dispersions, blends etc.)
used to effectively coat a surface with bioactive agent, first polymer component
and/or second polymer component, either individually or in any suitable combination.
In turn, the term “coated composition” will refer to the effective combination, upon a
surface, of bioactive agent, first polymer component and second polymer component,

whether formed as the result of one or more coating vehicles, or in one or more layers.

PCT/US03/19107
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The present invention provides a coating composition, and related method tor
using the coating composition to coat a surface with a bioactive agent, for mnstance to
coat the surface of an implantable medical device in a manner that permits the surface
to release the bioactive agent over time when implanted in vivo. In a preferred
embodiment, the device is one that undergoes flexion and/or expansion in the course
of implantation or use in vivo. In a further preferred embodiment, the method of
coating a device comprises the step of applying the composition to the device surtace
ander conditions of controlled relative humidity (at a given temp erature), for mstance,
under conditions of increased or decreased relative humidity as compared to ambient
humidaty.

Humidity can be “controlled” in any suitable manner, including at the time of
preparing and/or using (as by applying) the composition, for mstance, by coating the
surface in a confined chamber or area adapted to provide a relative humidity different
than ambient conditions, and/or by adjusting the water content of the coating or
coated composition itself. In turn, even ambient humidity can be considered
“controlled’”” humidity for purposes of this invention, if indeed it has been correlated
with and determined to provide a corresponding controlled bioactive release profile.

Moreover, and particularly when coating a plurality of coating compositions
(including components thereof) in the form of a corresponding plurality of layers,
humidity can be controlled in different ways (e.g., using a controlled environment as
compared to a hydrated or dehydrated coating composition) and/or at different levels
to provide a desired release profile for the resulting coated composition . As
described and exemplified below, a resultant composition can be coated using a
plurality of individual steps or layers, including for instance, an initial layer having
only bioactive agent (or bioactive agent with one or both of the polymeric
components), over which are coated one or more additional layers containing suitable
combinations of bioactive agent, first and/or second polymeric component, the
combined result of which is to provide a coated composition of the invention. In turn,
and in a particularly preferred embodiment, the invention further provides a method
of reproducibly controlling the release (e.g., elution) of a bioactive agent from the
surface of a medical device implanted in vivo, the method comprising the step of

coating the device with a coating composition comprising the bioactive agent under

PCT/US03/19107
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conditions of controlled humidity. Applicants have discovered that coating
compositions of this invention ander conditions of increased humidity will typically
accelerate release of the bioactive agent in vivo, while decreasing humidity levels will
tend to decelerate release. The controlled humidity can be accomplished by any

5  suitable means, e.g., by controlling humidity in the environment during the coating
process and/or by hydrating the coating composition itself.

Moreover, a plurality of coating compositions and corresponding coating steps
can be employed, each with its own controlled humidity, in order to provide a desired
combination of layers, each with 1ts corresponding release profile. Those skilled 1n

10  the art will appreciate the manner in which the combined effect of these various layers
can be used and optimized to achieve various effects in vivo.

While not intending to be bound by theory, the release kinetics of the bioactive
agent in vivo are thought to generally include both a short term (“burst”) release
component, within the order of minutes to hours or less after implantation, and a

15  longer term release component, which can range from on the order of hours to days or
even months of useful release. As used herein, the “acceleration” or “deceleration” of
bioactive release can include either or both of these release kinetics components.

In yet another embodiment, the present invention comprises a method for
selecting an optimal release rate from a coated composition, the method comprising

20 the steps of coating sample surfaces at a plurality of different humidity levels and
evaluating the corresponding release profiles to determine a controlled humidity level
corresponding to a desired profile. In arelated embodiment, the invention provides a
chamber for use in coating a medical device with a coating composition of the present
nvention under conditions of controlled humidity.

25 In one such embodiment, for instance, the coating composition is coated onto

the device under relative humidity controlled at a level of between about 0% and
about 95 % relative humidity (at a given temperature, between about 15°C and 30°C),

and more preferably between about 0% and about 50% relative humidity. Without

intending to be bound by theory, Applicants have found that potential differences in
30  the ambient humidity, as between coating runs at the same location, and/or as between

different coating locations, can vary significantly, and in a manner that might affect

such properties as the release or elution of the bioactive agent. By using a controlled
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humidity, Applicants can provide a coating In a manner that is significantly more
controllable and reproducible.

Additionally, the ability to coat a device in the manner of the present invention
provides greater latitude in the composition of varioué coating layers, e.g., permitting
more or less of the polyalkyl(meth)acrylate and/or aromatic poly(meth)acrylate to be
used in the coating composition used to form different layers (e.g., as a topcoat layer).
This, in turn, provides the opportunity to further control release and elution of the
bioactive agent from the overall coating.

A coating composition can be provided 1n any suitable form, e.g., in the form
of a true solution, or fluid or paste-like emulsion, mixture, dispersion or blend. In
turn, the coated composition will generally result from the removal of solvents or
other volatile components and/or other physical-chemical actions (e.g., heating or
illuminating) affecting the coated composition iz sifu upon the surface.

In a preferred embodiment the coated composition comprises at least one
polyalkyl(meth)acrylate, as a first polymeric component and poly(ethylene-co-vinyl
acetate) (“pEVA”) as a second polymeric component. A particularly preferred
polymer mixture for use in this invention includes mixtures of poly(n-butyl
methacrylate) (“pBMA”) and poly(ethylene-co-vinyl acetate) co-polymers (pEVA).
This mixture of polymers has proven useful with absolute polymer concentrations
(i.e., the total combined concentrations of both polymers in the coating composition),
of between about 0.05 and about 70 percent (by weight of the coating composition).
In one preferred embodiment the polymer mixture includes a polyalkyl(meth)acrylate
(such as poly(n-butyl methacrylate)) with a weight average molecular weight of from
about 100 kilodaltons to about 1000 kilodaltons and a pEVA copolymer with a vinyl
acetate content of from about 20 to about 40 weight percent.

In a particularly preferred embodiment the polymer mixture includes a
polyalkyl(meth)acrylate (e.g., poly(n-butyl methacrylate)) with a weight average
molecular weight of from about 200 kilodaltons to about 00 kilodaltons and a pEVA
copolymer with a vinyl acetate content of from about 30 to about 34 weight percent.
The concentration of the bioactive agent or agenté dissolved or suspended 1n the
coating mixture can range from about 0.01 to about 90 percent, by weight, based on

the weight of the final coating composition.
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As discussed in Applicant’s co-pending application, coating compositions that
:nclude one or more aromatic poly(meth)acrylates as the first polymeric component,
permit the use of a broad array of bioactive agents, particularly in view of the use of a
corresponding broad array of solvents. For instance, such compositions of this
invention permit the inclusion of polar bioactive agents, by the use of solvents and
solvent systems that are themselves more polar than typically used. In such an
embodiment, the composition preferably comprises at least one polymeric component
selected from the group consisting of polyaryl(meth)acrylates,
polyaralkyl(meth)acrylates, and polyaryloxyalkyl(meth)acrylates, and a second
polymeric component comprising poly(ethylene-co-vinyl acetate). Such terms are
used to describe polymeric structures wherein at least one carbon chain and at least
one aromatic ring are combined with acrylic groups, specifically esters, to provide a
coating composition of this invention. ‘For instance, and more specifically, a
polyaralkyl(meth)acrylate or polyarylalky(meth)acrylate 1s made from aromatic esters
derived from alcohols also containing aromatic moieties.

Such compositions provide unexpected advantages in certain applications,
even as compared to compositions that instead employ a polyalkyl(meth)acrylate.
Such advantages relate, for instance, to the ability to provide coatings with different
characteristics (e.g., different solubility characteristics) than other coated
compositions (e.g., those that include a polyalkyl(meth)acrylate component), while
maintaining an optimal combination of other desired properties. Without intending to
be bound by theory, it would appear that the increased solubility (particularly 1n more
polar solvents) that is provided by an aromatic, rather than alkyl poly(meth)acrylate of
this invention, permits the use of poly(ethylene-co-vinyl acetate) components that are
themselves more polar (e.g., having significantly greater vinyl acetate concentrations)
than those typically preferred for use with the polyalkyl(meth)acrylates.

Suitable polymers, and bioactive agents, for use in preparing coating
compositions of the present mnvention can be prepared using conventional organic
synthetic procedures and/or are commercially available from a variety of sources,
including for instance, from Sigma Aldrich (e.g., 1,3-dioxolane, vincristine sulfate,
and poly(ethylene-co-vinylacetate), and Polysciences, Inc, Warrington, PA (e.g.,
polybenzylmethacryate and poly(methyl methacrylate-co-n-butyl methacrylate).
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Optionally, and preferably, such polymer components are either provided in a form
suitable for in vivo use, or are purified for such use to a desired extent (e.g., by
removing impurities) by conventional methods available to those skilled in the art.
The coating composition and method can be used to control the amount and
rate of bioactive agent (e.g., drug) release from one or mMore surfaces of implantable
medical devices. In a preferred embodiment, the method employs a mixture of
hydrophobic polymers in combination with one or more bioactive agents, such as a
pharmaceutical agent, such that the amount and rate of release of agent(s) from the
medical device can be controlled, e.g., by adjusting the relative types and/or
concentrations of hydrophobic polymers in the mixture. For a given combination of
polymers, for instance, this approach permits the release rate to be adjusted and

controlled by simply adjusting the relative concentrations of the polymers in the

coating mixture.

A preferred coating composition of this invention includes a mixture of two or
more polymers having complementary physical characteristics, and a pharmaceutical
agent or agents applied to the surface of an implantable medical device which
undergoes flexion and/or expansion upon implantation or use. The applied coating
composition is cured (e.g., solvent evaporated) to provide a tenacious and flexible
bioactive-releasing coated composition on the surface of the medical device. The
complementary polymers are selected such that a broad range of relative polymer
concentrations can be used without detrimentally affecting the desirable physical
characteristics of the polymers. By use of the polymer mixtures of the invention the

bioactive release rate from a coated medical device can be manipulated by adjusting

the relative concentrations of the polymers.

DETAILED DESCRIPTION OF THE INVENTION
In a particularly preferred embodiment, the present invention relates to a
coating composition and related method for coating an implantable medical device
which undergoes flexion and/or expansion upon implantation. The structure and
composition of the underlying device can be of any suitable, and medically

acceptable, design and can be made of any suitable material that is compatible with
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the coating itself. The surface of the medical device is provided with a coating
containing one or more bioactive agents.

In order to provide a preferred coating, a coating composition is prepared to
include a solvent, a combination of complementary polymers dissolved in the solvent,
and the bioactive agent or agents dispersed in the polymer/solvent mixture. The
solvent is preferably one in which the polymers form a true solution. The
pharmaceutical agent itself may either be soluble in the solvent or form a dispersion
throughout the solvent. For instance, Applicant’s previous US Patent No. 6,214,901
exemplifies the use of tetrahydrofuran as a solvent. While THF is certainly suitable,
and at times is preferred, for certain coating compositions, Applicants have further
discovered that other solvents can be used as well, in order to provide unexpected
advantages. These solvents include, but are not limited to, alcohols (e.g., methanol,
butanol, propanol and isopropanol), alkanes (e.g., halogenated or unhalogenated
allcanes such as hexane and cyclohexane), amides (e.g., dimethylformamide), ethers
(e.g., THF and dioxolane), ketones (e.g., methylethylketone), aromatic compounds
(e.g., toluene and xylene), nitriles (e.g., acetonitrile) and esters (€.g., ethyl acetate).

The resultant coating composition can be applied to the device in any suitable
fashion, under conditions of controlled relative humidity, e.g., it can be applied
directly to the surface of the medical device, or alternatively, to the surface ot a
surface-modified medical device, by dipping, spraying, or any conventional
technique. In one such embodiment, for instance, the coating comprises at least two
layers, which are either coated under different conditions of relative humidity and/or
which are themselves different. For instance, a base layer having either bioactive
agent alone, or together with one or more of the polymeric components, after which
one or more topcoat layers are coated, each with or without bioactive agent and/or
each under different conditions of relative humidity. These different layers, 1n turn,
can cooperate in the resultant composite coating to provide an overall release profile
having certain desired characteristics, and is particularly preferred for use with
bioactive agents of high molecular weight. Preferably, the composition is coated onto
the device surface in one or more applications. The method of applying the coating
composition to the device is typically governed by the geometry of the device and

other process considerations. The coating is subsequently cured by evaporation of the
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solvent. The curing process can be performed at room temperature, elevated
temperature, or with the assistance of vacuum.

The polymer mixture for use i this invention is preferably biocompatible,

absolute concentrations and relative concentrations of the polymers. This means that
the physical characteristics of the co ating, such as tenacity, durability, flexibility and
expandability, will typically be adequate over a broad range of polymer
concentrations. Furthermore, the ability of the coating to control the release rates of a
variety of pharmaceutical agents can preferably be manipulated by varying the
ahsolute and relative concentrations of the polymers.

A first polymer component of this invention provides an optimal combination
of various structural/functional properties, including hydrophobicity, durability,
bioactive agent release characteristics, biocompatibility, molecular weight, and
availability. :

Further examples of suitable first polymers include polyaryl(meth)acrylates,
polyaralkyl(meth)acrylates, and polyaryloxyalkyl(meth) acrylates, in particular those
with aryl groups having from 6 to 16 carbon atoms and with weight average
molecular weights from about 50 to about 900 kilodaltons. Examples of
polyaryl(meth)acrylates include poly-9-anthracenylmethacrylate,
polychlorophenylacrylate, polymethacryloxy—2-hydroxyb enzophenone,
polymethacryloxyb enzotriazole, polynaphthylacrylate, polynaphthylmethacrylate,
poly-4-nitrophenylacrylate, polypentachloro(bromo, fluoro)acrylate and methacrylate,
polyphenylacrylate and methacrylate. Examples of polyaralkyl(meth)acrylates include
polybenzylacrylate and methacrylate, poly-2-phenethylacrylate and methacrylate,
poly-1 -pyrenylmethylmethacrylate. Examples ot polyaryloxyalkyl(meth) acrylates
include polyphenoxyethylacrylate and methacrylate, polyethylene glycolphenylether
acrylates and methacrylates with varying polyethyleneglycol molecular weights.

A second polymer component of this invention provides an optimal
combination of similar properties, and particularly when used in admixture with the
first polymer component. Examples of suitable second polymers are available

commercially and include poly(ethylene-co _vinyl acetate) having vinyl acetate
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concentrations of between about 8% and about 90%, in the form of beads, pellets,
granules, etc. pEVA co-polymers with lower percent vinyl acetate become
increasingly insoluble in typical solvents.

A particularly preferred coating composition for use in this invention includes
mixtures of polyalkyl(meth)acrylates (€.g., polybutyl(meth)acrylate) or aromatic
poly(meth)acrylates (e.g., polyb enzyl(meth)acrylate) and poly(ethylene-co-vinyl
acetate) co-polymers (pEVA). This mixture of polymers has proven useful with
absolute polymer concentrations (i.e., the total combined concentrations of both
polymers in the coating composition), of between about 0.05 and about 70 percent (by
weight), and more preferably between about 0.25 and about 10 percent (by weight).

In one preferred embodiment the polymer mixture includes a first polymer component
(e.g., PBMA) with a weight average molecular weight of from about 100 kilodaltons
to about 500 kilodaltons and a pEVA copolymer with a vinyl acetate content of from
about 8 to about 90 weight percent, and more preferably between about 20 to about 40
weight percent. In a particularly preferred embodiment the polymer mixture includes
a first polymer component with a molecular weight of from about 200 kilodaltons to
about 400 kilodaltons and a pEVA copolymer with a vinyl acetate content of from
about 30 to about 34 weight percent. The concentration of the bioactive agent or
agents dissolved or suspended in the coating mixture can range from about 0.01 to
about 90 percent, by weight, based on the weight of the final coating composition.

The bioactive (e.g., pharmaceutical) agents useful in the present invention
include virtually any therapeutic substance which possesses desirable therapeutic
characteristics for application to the implant site. These agents include: thrombin
inhibitors, antithrombogenic agents, thrombolytic agents, fibrinolytic agents,
vasospasm inhibitors, calcium channel blockers, vasodilators, antihypertensive agents,
antimicrobial agents, antibiotics, inhibitors of surface glycoprotein receptors,
antiplatelet agents, antimitotics, microtubule inhibitors, anti secretory agents, actin
inhibitors, remodeling inhibitors, antisense nucleotides, anti metabolites,
antiproliferatives (including antiangiogenesis agents), anticancer chemotherapeutic
agents, anti-inflammatory steroid or non-steroidal anti-inflammatory agents,
immunosuppressive agents, growth hormone antagonists, growth factors, dopamine

agonists, radiotherapeutic agents, peptides, proteins, enzymes, extracellular matrix
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components, ACE inhibitors, fee radical scavengers, chelators, antioxidants, antl

polymerases, antiviral agents, photodynamic therapy agents, and gene therapy agents.

A coating composition of this svention can be used to coat the surface of a

variety of devices, and 18 particularly useful for those devices that will come 1n

5  contact with aqueous systems. Such devices are coated with a composition adapted

to release bioactive agent in a prolonged and controlled manner, generally beginning

with the initial contact between the device surface and its aqueous environment.
A coating composition of this invention is preferably used to coat an

antable medical device that undergoes flexion or expansion in the course of 1ts

impl
» and “expansion” as used herein with

10  implantation or use in vivo. The words “flexion

regard to implantable devices will refer to a device, or portion thereof, that 1s bent

(e.g., by at least 45 degrees or more) and/or expanded (e.g., to more than twice its

initial dimension), either in the course of its placement, or thereafter in the course of

its use in vivo.
Examples of suitable catheters include urinary catheters, which woul

agents (e.g., antibiotics such as vancomycin or

15 d benefit

from the incorporation of antimicrobial

norfloxacin) into a surface coating, and intravenous catheters which would benefit

from antimicrobial agents and or from antithrombotic agents (e.g., heparin, hirudin,

coumadin). Such catheters are typically fabricated from such materials as silicone

20  rubber, polyurethane, latex and polyvinylchloride.

The coating composition can also be used to coat stents, e.g., either self-

expanding stents, which are typically prepared from nitinol, or balloon-expandable

stents, which are typically prepared from stainless steel. Other stent materials, such as

cobalt chromium alloys, can be coated by the coating composition as well.

25 A coating composition of the present invention can be used to coat an implant

surface using any suitable means, e.g., by dipping, spraying and the like. The

suitability of the coating composition for use on a particular material, and 1n turn, the

suitability of the coated composition can be evaluated by those skilled in the art, given

the present description.
The overall weight of the coating upon the surface 1s typically not critical. The

weight of the coating attributable to the bioactive agent is preferably in the range of

active agent per cm? of the effective

30

about one microgram to about 10 mg of bio
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surface area of the device. By “effective” surface area it is meant the surface
amenable to being coated with the composition itself. For a flat, nonporous, surface,
for instance, this will generally be the macroscopic surface area itself, while for
considerably more porous or convoluted (e.g., corrugated, pleated, or fibrous)
surfaces the effective surface area can be significantly greater than the corresponding
macroscopic surface area. More preferably, the weight of the coating attributable to
the bioactive is between about 0.01 mg and about 0.5 mg of bioactive agent per cm’
of the gross surface area of the device. This quantity of drug 1s generally required to
provide adequate activity under physiological conditions.

In turn, the final coating thickness of a presently preferred co ated composition
will typically be in the range of about 0.1 micrometers to about 100 micrometers, and
preferably between about 0.5 micrometers and about 25 micrometers. This Jevel of
coating thickness is generally required to provide an adequate concentration of drug o
provide adequate activity under physiological conditions.

The coated composition provides a means to deliver bioactive agents from a
variety of biomaterial surfaces. Preferred biomaterials include those formed of
synthetic polymers, including oligomers, homopolymers, and copolymers resulting
from either addition or condensation polymerizations. Examples of suitable addition
polymers include, but are not limited to, acrylics such as those polymerized from
methyl acrylate, methyl methacrylate, hydroxyethyl methacrylate, hydroxyethyl
acrylate, acrylic acid, methacrylic acid, glyceryl acrylate, glyceryl methacrylate,
methacrylamide, and acrylamide; vinyls such as ethylene, propylene, styrene, vinyl
chloride, vinyl acetate, vinyl pyrrolidone, and vinylidene difluoride. Examples of
condensation polymers include, but are not limited to, nylons such as
polycaprolactam, polylauryl lactam, polyhexamethylene adipamide, and
polyhexamethylene dodecanediamide, and also polyurethanes, polycarbonates,
polyamides, polysulfones, poly(ethylene terephthalate), polylactic acid, polyglycolic

acid, polydimethylsiloxanes, and polyetheretherketone.

Certain natural materials are also suitable biomaterials, including human tissue
such as bone, cartilage, skin and teeth; and other organic materials such as wood,
cellulose, compressed carbon, and rubber. Other suitable biomaterials include metals

and ceramics. The metals include, but are not limited to, titanium, stainless steel, and
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cobalt chromium. A second class of metals include the noble metals such as gold,
silver, copper, and platinum. Alloys of metals may be suitable for biomaterials as
well. The ceramics include, but are not limited to, silicon nitride, silicon carbide,
zirconia, and alumina, as well as glass, silica, and sapphire. Combinations of ceramics
and metals would be another class of biomaterials. Another class of biomaterials are
fibrous or porous in nature. The surface of such biomaterials can be pretreated (€.2.,

with a Parylene coating composition) in order to alter the surface properties of the

biomaterial.

Riomaterials can be used to fabricate a variety of implantable devices.
General classes of suitable implantable devices include, but are not limited to,
vascular devices such as grafts, stents, catheters, valves, artificial hearts, and heart
assist devices; orthopedic devices such as joint implants, fracture repair devices, and
artificial tendons; dental deV1c es such as dental implants and fracture repair devices,
drug delivery devices; ophthalmlc devices and glaucoma drain shunts; urological
devices such as penile, sphincter, urethral, bladder, and renal devices; and other
catheters, synthetic prostheses such as breast prostheses and artificial organs. Other
suitable biomedical devices include dialysis tubing and membranes, blood oxygenator
tubing and membranes, blood bags, sutures, membranes, cell culture devices,

chromatographic support materials, biosensors, and the like.

The invention will be further described with reference to the following non-
limiting Examples. It will be apparent to those skilled in the art that many changes
can be made in the embodiments described without departing from the scope of the
present invention. Thus the scope of the present invention should not be limited to the

embodiments described in this application, but only by the embodiments described by

o5  the language of the claims and the equivalents of those embodiments. Unless

30

otherwise indicated, all percentages are by weight.

EXAMPLES
Test Methods
The potential suitability of particular coated compositions for in vivo use can
be determined by a variety of methods, including the Durability, Flexibility and

Release Tests, examples of each of which are described herein.
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Sample Preparation

One millimeter diameter stainless steel wires (e.g. 304 erade) are cut Into 3
centimeter lengths. The wire segments can be treated with a Parylene C coating
composition (Parylene is a trademark of the Union Carbide Corporation) or evaluated
with no treatment. The wire segments are weighed on a micro-balance.

Bioactive agent/polymer mixtures are prepared at a range of concentrations 1n
an appropriate solvent, in the manner des cribed herein. The coating mixtures are
applied to respective wires, or portions thereof, by dipping or spraying, and the coated
wires are allowed to cure by solvent evaporation. The coated wires are re-weighed.
From this weight, the mass of the coating 1s calculated, which 1n turn ﬁermits the mass
of the coated polymer(s) and bioactive agent to be determined. The coating thickness
can be measured using any suitable means, €.2., by the use of a microprocessor

coating thickness gauge (Minitest 4100).

The Durability and Flexibility of the coated composition can be determined 1n

the following manner.

Durability Test

A suitable Durability Test, involves a method in which a coated specimen
(e.g., wire) is subjected to repeated frictional forces intended to simulate the type of
abrasion the sample would be exposed to in actual use.

The Test described below employs a repetitive 60 cycle treatment, and 1is used
to determine whether there is any change in force measurements between the first 5
c'fycles and the last 5 cycles, or whether there 1s any observable flaking or scarring
detectable by scanning electron microscopy (“SEM”) analysis. Regenerated cellulose
membrane is hydrated and wrapped around a 200 gram stainless steel sled. The
cellulose membrane is clipped tightly on the opposite side of the sled. The sled with
rotatable arm is then attached to a 250 gram digital force gauge with computer
interface. The testing surface is mounted on a rail table with micro-stepper motor
control. The wires are clamped onto the test surface. The cellulose covered sled is
placed on top of the wires. Initial force measurements are taken as the sled moves at

0.5 cm/sec over a 5 cm section for 5 push/pull cycles. The sled then continues cycling

over the coated samples for 50 push/pull cycles at 5 cm/sec to simulate abrasion. The
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velocity is then reduced to 0.5 cm/sec and the final force measurements are taken over

another 5 push/pull cycles.

SEM micrographs are taken of abraded and nonabraded coated wires to

evaluate the effects of the abrasion on the coating.

Flexibility Test

A suitable Flexibility Test, in turn, can be used to detect imperfections (when
examined by scanning electron microscopy) that develop in the course of flexing of a
coated specimen, and in particular, signs of cracking at or near the area of a bend.

A wire specimen is obtained and coated 1n the manner described above. One
end of the coated wire (1.0 cm) is clamped in a bench vice. The free end of the wire
(1.0 cm) is held with a pliers. The wire is bent until the angle it forms with itself 1s
less than 90 degrees. The wire is removed from the vice and examined by SEM fto

determine the effect of the bending on the coating.

Bioactive Agent Release Assay

A suitable Bioactive Agent Release Assay, as described herein, can be used to
determine the extent and rate of drug release under physiological conditions. In
oeneral it is desirable that less than 50% of the total quantity of the drug released, be
released in the first 24 hours. It is frequently desirable for quantities of drug to be
released for a duration of at least 30 days. After all the drug has been released, SEM
evaluation should reveal an intact coating.

Except as otherwise provided herein, each coated wire 1s placed in a test tube
with 5 ml of buffer, which unless stated otherwise herein, was provided in the form of

Phosphate Buffered Saline (“PBS”, 10 mM phosphate, 150 mM NaCl, pH 7.4,

aqueous solution).

The tubes are placed on a rack in an environmental orbital shaker and agitated
ot 37°C. At timed intervals, the PBS is removed from the tube and replaced with
fresh PBS. The drug concentration in each PBS sample 1s determined using the

appropriate method.

PCT/US03/19107
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After all measurable drug has been released from the coated wire, the wire 1s
washed with water, dried, re-weighed, the coating thickness re-measured, and the

coating quality examined by SEM analysis.

Comparative Example 1
Release of Hexachlorophene from Coated Stainless Steel Wires

A one millimeter diameter stainless steel wire (304 grade) was cut into two
centimeter segments. The segments were treated with a Parylene C coating
composition in order to deposit a thin, conformal, polymeric coating on the WITres.

Four solutions were prepared for use in coating the wires. The solutions
included mixtures of: pEVA (33 weight percent vinyl acetate, from Aldrich Chemical
Company, Inc.); poly(n-butyl methacrylate “pBMA”) (337,000 average molecular
weight, from Aldrich Chemical Company, Inc.); and hexachlorophene (“HCP”) from
Sigma Chemical Co., dissolved in tetrahydrofuran. The solutions were prepared as

follows:
1) 10 mg/ml pEVA//60mg/ml pBMA//100mg/ml HCP

2) 35 mg/ml pEVA//35mg/ml pBMA//100mg/ml HCP
3) 60 mg/ml pEVA//10mg/ml pBMA//100mg/ml HCP
4) 0 mg/ml pEVA//Omg/ml pBMA//100mg/ml HCP

Nine wire segments were coated with each coating solution. The following
protocol was followed for coating the wire segments. The Parylene-treated wire
segments were wiped with an isopropyl alcohol dampened tissue prior to coating.

The wire segments were dipped into the coating solution using a 2cm/second dip
speed. The wire segments were immediately withdrawn from the coating solution at a
rate of 1cm/second, after which the coated segments were air-dried at room
temperature.

Individual wire segments were placed in tubes containing 2 ml of phosphate
buffered saline (“PBS”, pH 7.4). The tubes were incubated at 37 degrees centigrade
on an environmental, orbital shaker at 100 rotations/minute. The PBS was changed at
1 hour, 3 hours, and 5 hours on the first day, and daily thereafter. The PBS samples

were analyzed for HCP concentration by measuring the absorbance of the samples at
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298 nms on a UV/visible light spectrophotometer and comparing to an HCP standard
Curve.

Results are provided in Figure 1 of US Patent 6,214,901, which demonstrates
the ability to control the release rate of a pharmaceutical agent from a coated surface

by varying the relative concentrations of a polymer mixture.

Comparative Example 2

The polymers described in this disclosure have been evaluated using an Assay
protocol as outlined above. The polymer mixtures evaluated have ranged from 100%
pBMA to 100% pEVA. Representative results of those evaluations are summarized
below.

Control coatings that are made up entirely of pPBMA are very durable showing
no signs of wear in the Durability Test. When subjected to the Flexibility Test,
however, these coatings develop cracks, particularly in the presence of significant
concentrations of drug. These coatings also release drug very slowly.

Control coatings that are made up entirely of pEVA, in contrast, are less
durable and show no signs of cracking in the Flexibility Test, but develop significant
scarring in the Durability Test. These coatings release drugs relatively rapidly,
usually releasing more than 50% of the total within 24 hours.

The coatings , which contain a mixture of both polymers, are very durable,
with no signs of wear in the Durability Test and no cracking in the Flexibility Test.
Drug release from these coatings can be manipulated by varying the relative
concentrations of the polymers. For instance, the rate of drug release can be
controllably increased by increasing the relative concentration of pEVA.

Bioactive agent containing coatings which show no signs of scarring in the
Durability Test and no cracking in the Flexibility Test possess the characteristics
necessary for application to implantable medical devices that undergo flexion and/or

expansion in the course of implantation and/or use.

EXAMPLE 1
Three different polymer solutions, each at a concentration of 35 mg/ml, were

prepared in 1,3-dioxolane in the manner provided below in order to provide coating

PCT/US03/19107
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compositions in the form of one part systems. The first solution contained poly(n-
butyl methacrylate), with approximate weight average molecular weight of 337
kilodaltons; the second solution contained poly(ethylene-co-vinylacetate), with a
vinyl acetate content of 60 % (w/w) and poly(benzyl methacrylate)
(“PEVA60/P[benzyl]MA”), in a polymer ratio of (50/50 % w/w), respectively. The
poly(n-butyl methacrylate) and poly(ethylene- co-vinylacetate) were purified by
extraction with organic solvents to remove impurities, €.g., MoNomer residues. The
third solution contained poly(ethylene-co-vinylacetate) with a vinyl acetate content of
60 % (w/w) and poly(methyl methacrylate-co-n-butyl methacrylate)

(“PEV A60/P[Methyl-co-n-Butyl]MA”™), commercially available and known as
poly(methyl methacrylate/n-butyl methacrylate), in a polymer ratio of (50/50 % w/w),
respectively. Vincristine sulfate and some additional 1,3-dioxolane were added to
each of the three solutions in order to provide coating compositions in the form of one
part systems (at final concentrations of 17.5 mg/ml). T he vincristine/polymer ratio

was 30/70 % (w/w).

Sample preparation

Sixteen-millimeter diameter stainless steel discs with an overall thickness of
two millimeters were fabricated with a fourteen-millimeter diameter flat pedestal.
The pedestal had a surface area of 1.54 cm®. A surface treatment such as Parylene
could be applied to the disc or the surface could be left untreated. The discs were
weighed on a microbalance.

Polymer solutions containing vincristine sulfate were applied to the pedestal
surface of the discs with a pipette. Two coats were applied with drying of the coat
between applications. The solvent was evéporated from the discs and the discs were

re-weighed on a microbalance to obtain the amount of vincristine sulfate per disc.

Bioactive Agent Release Assay

A suitable Bioactive Agent Release Assay, as described herein, can be used to

determine the extent and rate of bioactive agent release. In general it is desirable that

less than 50 % of the total quantity of the bioactive agent be released in the first 24
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hours. It 1s frequently desirable for quantities of bioactive agent to be released for a
duration of at least 30 days.
Except as otherwise provided heremn, each coated disc was placed in an amber

vial with 4 mls of elution solvent. The elution solvent was composed of 50 %

methanol and 50 % PBS. The vials were placed in a water bath and stirred at 37 °C.
At time 1ntervals, the disc was removed from the vial, placed into a new vial
containing fresh elution solvent and the new vial was placed into the water bath to
continue the experiment. The bioactive agent concentration in each elution solvent
sample was determined using UV spectroscopy.

After all measurable bioactive agent was released from the coated disc; the
disc was washed with water, dried and re-weighed to determine the weight loss of the

disc.

Conclusions

Results are provided in Figure 1, where it can be seen that approximately 80 %
or more of the vincristine sulfate was released within 1 day for coatings that contained
either poly(n-butyl methacrylate) or a blend of poly(methyl methacrylate-co-n-butyl
methacrylate) and poly(ethylene-co-vinylacetate). The blend containing poly(benzyl
methacrylate) and poly(ethylene-co-vinylacetate) showed sustained controlled release

of vincristine sulfate for more than a one-month period.

HUMIDITY EXAMPLES

Two examples are provided using two different bioactive agents, namely, [3-
estradiol, as an example of a low molecular weight bioactive agent that weighs 272
daltons, and tetramethylrhodamine isothiocyanate—Dextran (dextran-TRITC) as an

example of a water soluble, high molecular weight bioactive agent that weighs 4400

daltons.

EXAMPLE 2

Solution preparation — dextran

I'wo solutions were prepared in order to provide a coating composition of the

presently claimed invention in the form of a two part system. The first solution was an
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aqueous solution containing the bioactive agent, dextran-TRITC, at a concentration of
15 mg/ml. The second solution contained poly(ethylene-co-vinylacetate) with a vinyl
acetate concentration of 33 % (w/w) and poly(n-butyl methacrylate), with
approximate weight average molecular weight of 337 kilodaltons. The poly(n-butyl

5  methacrylate) and poly(ethylene-co-vinylacetate) were purified by extraction with
organic solvents to remove impurities, .g., monomer residues. The polymers of the

second solution were dissolved in tetrahydrofuran at a concentration of 10 mg/ml.

Sample preparation

10 Fifteen-millimeter diameter stainless steel discs with an overall thickness ot
two millimeters were fabricated with a nine-millimeter diameter flat pedestal. The
pedestal had a surface area ot 0.64 cm’. A surface treatment such as Parylene could
be applied to the disc or the surface could be left untreated. The discs were weighed
on a microbalance. The aqueous bioactive agent solution was applied to the pedestal

15  surface of the discs with a pipette. The water evaporated from the discs and the discs
were re-weighed on a microbalance to obtain the amount of the bioactive agent on the
disc. The polymer coating solution containing poly(ethylene-co-vinylacetate) and
poly(n-butyl methacrylate) was applied to the entire surface of the disc, covering the
dextran. The polymer coating solution was coated under a range of humudity

20  conditions. The tetrahydrofuran evaporated from the discs and the coatings were

dried under vacuum. The discs were weighed a third time to obtain the amount of the

polymer coating per disc.

Bioactive Agent Release Assay

25 A suitable Bioactive Agent Release Assay, as describe herein, can be used to
determine the extent and rate of bioactive agent release under physiological
conditions. In general it is desirable that less than 50 % of the total quantity of the
bioactive agent be released in the first 24 hours. Itis frequently desirable for
quantities of bioactive agent to be released for a duration of at least 30 days.

30 Except as otherwise provided herein, each coated disc was placed 1in an amber

vial with 4 mls of PBS. The vials were placed in a water bath and stirred at 37 °C. At

time intervals, the disc was removed from the vial, placed into a new vial containing
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fresh PBS and the new vial was placed into the water bath to continue the experiment.

The concentration of bioactive agent in each PBS sample was determined using UV

spectroscopy.

After all measurable bioactive agent was released from the coated disc; the
disc was washed with water, dried, and re-weighed to determine the weight loss of the

disc.

Conclusion

The results are provided in Figure 2 below, where it can be seen that the
relative humidity at which the polymeric topcoat composition was coated can be used
to control the release rate of the bioactive agent coated in an underlying layer. The
bioactive agent was released at a faster rate from the composite coating where the
topcoat was coated at 48 % relative humidity than from, the polymer topcoat coating

that was coated at 10 % relative humidity.

EXAMPLE 3

Solution Preparation 3-estradiol

A polymer coating solution containing poly(ethylene-co-vinylacetate) with a
vinyl acetate concentration of 33 % (w/w) and poly(n-butyl methacrylate) was
prepared in tetrahydrofuran at a polymer ratio of 14/86 % (w/w), respectively. -
estradiol was added to the polymer coating solution after dissolution of the polymer n
order to provide a coating composition of the presently claimed invention in the form
of a one part system. The bioactive agent/polymer ratio of the B-estradiol containing

polymer solution was 30/70 % (w/w) at a concentration of 10 mg/ml.

Sample preparation

Bighteen-millimeter long, electropolished stainless steel stents with a 2 mm
outer diameter were fabricated (Laserage Technology Corporation, Waukegan IL). A
surface treatment such as Parylene could be applied to the stent or the surface could
be left untreated. The stents were weighed on a microbalance. The B-estradiol

containing polymer solution was coated (e.g., sprayed) onto stainless steel stents 1n an

environment maintained at 0, 20, 30 or 40 % relative humidity at 22 °C. The stents
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were re-weighed after drying on a microbalance to obtain the amount of the -

estradiol per stent.

Bioactive Agent Release Assay

A suitable Bioactive Agent Release Assay, as described herein, can be used to
determine the extent and rate of bioactive agent release under physiological
conditions. In general it is desirable that less that 50 % of the total quantity of the
bioactive agent be released in the first 24 hours. It is frequently desirable for
quantities of bioactive agent to be released for a duration of at least 30 days.

Except as otherwise provided herein, each coated stent was placed in an amber
vial with 1.6 mls of PBS. The vials were placed in a water bath and stirred at 37 °C.
At time intervals, the stent was removed from the vial, placed into a new vial
containing fresh PBS and the new vial was placed into the water bath to continue the
experiment. The concentration of B-estradiol in each PBS sample was determined

using UV spectroscopy.

Conclusion

The results are provided in Figure 3 below, where it can be seen that the
coating of the stents under different humidity level conditions can be used to control
the B-estradiol rate of release from coatings containing poly(ethylene-co-vinylacetate)

and poly(n-butyl methacrylate).
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CLAIMS

What is claimed 1s:

1. A method for controlling the rate of release of a bioactive agent from a

coating composition provided in vivo, the method comprising the steps of:
| a) providing a composition comprising a bioactive agent i combination

with a plurality of polymers, including a first polymer component selected from the
group consisting of polyalkyl(meth)acrylates and aromatic poly(meth)acrylates, and a
second polymer component comprising poly(ethylene-co-vinyl acetate), and

b) applying the coating composition under conditions of controlled
humidity to provide a corresponding controlled bioactive agent release profile in vivo.

2. A method according to claim 1 wherein the aromatic
poly(meth)acrylates are selected from the group consisting polyalkyl(meth)acrylates,
polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates, and the coating 1s provided upon a surtace ot an
implanted medical device and humidity is controlled either by controlling the
humidity at which the device is coated with the composition and/or by controlling the
water content of the coating or coated composition itself.

3. A method according to claim 1 wherein the coating is provided upon a
surface of an implanted medical device and comprises a plurality of coating

compositions, each independently coated under conditions of controlled humidity.

4 A method according to claim 2 wherein the device 1s one that

undergoes flexion and/or expansion in the course of implantation or use in vivo.

5. A method according to claim 1 wherein the first polymer component 1s
selected from the group consisting of:

a) polyalkyl(meth)acrylates with alkyl chain lengths from 2 to 8 carbons,

b) polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates with aryl groups having from 6 to 16 carbon atoms,
the first polymer component having a weight average molecular weight of about 50 to

about 900 kilodaltons.
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6. A method according to claim 5 wherein the polyaryl(meth)acrylates
are selected from the group consisting of poly-9-anthracenylmethacrylate,
polychlorophenylacrylate, polymethacryloxy-2-hydroxybenzophenone,
polymethacryloxybenzotriazole, polynaphthylacrylate, polynaphthylmethacrylate,
poly-4-nitrophenylacrylate, polypentachloro(bromo, fluoro)acrylate and methacrylate,
polyphenylacrylate and methacrylate, the polyaralkyl(meth)acrylates are selected
from the group consisting of polybenzylacrylate and methacrylate, poly-2-
phenethylacrylate and methacrylate, poly-1-pyrenylmethylmethacrylate, and the
polyaryloxyalkyl(meth)acrylates are selected from the group consisting of
polyphenoxyethylacrylate and methacrylate, polyethyleneglycolphenylether acrylates
and methacrylates.

7. A method according to claim 2 wherein the composition is coated onto
the device under relative humidity controlled at a level of between about 0 % and
about 95 % relative humidity.

8. A method according to claim 5 wherein the second polymer
component 1s selected from the group consisting of poly(ethylene-co-vinyl acetate)
polymers having vinyl acetate concentrations of between about 8 % and about 90 %
by weight.

0. A method according to claim 8 wherein the vinyl acetate
concentrations are between about 20 % and about 40 % by weight.

10. A method according to claim 1 wherein the composition is provided in
a form selected from the group of solution, emulsion, mixture, dispersion or blend.

11. A method according to claim 10 wherein the total combined
concentrations of both polymers in the composition is between about 0.05 % and
about 70 % by weight.

12. A method according to claim 10 wherein the first polymeric
component has a weight average molecular weight of from about 100 kilodaltons to
about 500 kilodaltons and the poly(ethylene-co-vinyl acetate) has a vinyl acetate
content of from about 20 % to about 40 % by weight.

13. A method according to claim 12 wherein the first polymeric

component has a weight average molecular weight of from about 200 kilodaltons to
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about 400 kilodaltons and the poly(ethylene-co-vinyl acetate) has a vinyl acetate
content of from about 30 % to about 34 % by weight.

14. A method éccording to claim 1 wherein the bioactive agent 1s
dissolved or suspended in the coating composition at a concentration of about 0.01 %
to about 90 % by weight.

15. A method according to claim 14 wherein the bioactive agent 1s selected
from the group consisting of thrombin inhibitors, antithrombogenic agents,
thrombolytic agents, fibrinolytic agents, vasospasm inhibitors, calcium channel
blockers, vasodilators, antihypertensive agents, antimicrobial agents, antibiotics,
inhibitors of surface glycoprotein receptors, antiplatelet agents, antimitotics,
microtubule inhibitors, anti secretory agents, actin inhibitors, remodeling inhibitors,
antisense nucleotides, anti metabolites, antiproliferatives, anticancer
chemotherapeutic agents, anti-inflammatory steroid or non-steroidal anti-
inflammatory agents, immunosuppressive agents, growth hormone antagonists,
growth factors, dopamine agonists, radiotherapeutic agents, peptides, proteins,
enzymes, extracellular matrix components, inhibitors, free radical scavengers,
chelators, antioxidants, anti polymerases, antiviral agents, photodynamic therapy

agents, and gene therapy agents.

16. A method according to claim 5 wherein the bioactive agent is
dissolved or suspended in a coating composition having first and second polymer
components at a total concentration of about 0.01 % to about 90 % by weight.

17. A method according to claim 16 wherein the bioactive agent 1s selected
from the group consisting of thrombin inhibitors, antithrombogenic agents,
thrombolytic agents, fibrinolytic agents, vasospasm inhibitors, calcium channel
blockers, vasodilators, antihypertensive agents, antimicrobial agents, antibiotics,
inhibitors of surface glycoprotein receptors, antiplatelet agents, antimitotics,
microtubule inhibitors, anti secretory agents, actin inhibitors, remodeling inhibaitors,
antisense nucleotides, anti metabolites, antiproliferatives, anticancer
chemotherapeutic agents, anti-inflammatory steroid or non-steroidal anti-
inflammatory agents, immunosuppressive agents, growth hormone antagonists,
growth factors, dopamine agonists, radiotherapeutic agents, peptides, proteins,

enzymes, extracellular matrix components, inhibitors, free radical scavengers,
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chelators, antioxidants, anti polymerases, antiviral agents, photodynamic therapy
agents, and gene therapy agents.

18. A method according to claim 8 wherein the bioactive agent 1s
dissolved or suspended in the coating composition at a concentration of about 0.01 %
to about 90 % by weight.

19. A method according to claim 18 wherein the bioactive agent is selected
from the group consisting of thrombin inhibitors, antithrombogenic agents,
thrombolytic agents, fibrinolytic agents, vasospasm inhibitors, calcium channel
blockers, vasodilators, antihypertensive agents, antimicrobial agents, antibiotics,
inhibitors of surface glycoprotein receptors, antiplatelet agents, antimaitotics,
microtubule inhibitors, anti secretory agents, actin inhibitors, remodeling inhibitors,
antisense nucleotides, ant1 metabolites, antiproliferatives, anticancer
chemotherapeutic agents, anti-inflammatory steroid or non-steroidal anti-
inflammatory agents, immunosuppressive agents, growth hormone antagonists,
ogrowth factors, dopamine agonists, radiotherapeutic agents, peptides, proteins,
enzymes, extracellular matrix components, inhibitors, free radical scavengers,
chelators, antioxidants, anti polymerases, antiviral agents, photodynamic therapy
agents, and gene therapy agents.

20. A method according to claim 19 wherein the surface is provided by a
device that comprises a catheter or stent.

21. A method for selecting an optimal bioactive agent release rate from a
coated composition on a device to be positioned in vivo, the method comprising the
steps of:

a) providing a composition comprising a bioactive agent 1n combination
with a plurality of polymers, including a first polymer component comprising at least
one polymer selected from the group consisting of polyalkyl(meth)acrylates,
polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates, and a second polymer component comprising
poly(ethylene-co-vinyl acetate), and

b) coating the composition on test device surfaces at a plurality of

different humidity levels in order to provide corresponding release profiles, and
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evaluating the corresponding release profiles to determine a desired controlled
humidity level.

22. A combination comprising a device coated with a composition
according to the method of claim 1, the combination being adapted to provide
controlled release of the bioactive agent when positioned in an aqueous environment.

23. A combination according to claim 22 wherein the device 1s an
implantable medical device that that undergoes flexion and/or expansion in the course
of implantation or use in vivo, and the surface is coated with a plurality of coating
compositions, each independently coated under conditions of controlled humidity.

24. A combination according to claim 22 wherein the first polymer
component is selected from the group consisting of:

a) polyalkyl(meth)acrylates with alkyl chain lengths from 2 to 8 carbons,
b) polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates with aryl groups having from 6 to 16 carbon atoms,
the first polymer component having a weight average molecular weight of about 50 to
about 900 kilodaltons,

and the second polymer component is selected from the group consisting ot
poly(ethylene-co-vinyl acetate) polymers having vinyl acetate concentrations of
between about 8 % and about 90 % by weight.

25. A combination according to claim 22 wherein the coating is provided
by a coating composition in the form of a one part system comprising bioactive agent,
and first and second polymer components, and the total combined concentrations of
both polymers in the coating composition is between about 0.05% and about 70% by
weight, and the bioactive agent is dissolved or suspended in the coating composition
at a concentration of about 0.01 % to about 90 % by weight.

26. A combination according to claim 25 wherein the total combined
concentrations of both polymers in the coating composition 1s between about 0.25 %

and about 10 % by weight.

27. A combination according to claim 23 wherein the device 1s selected

from the group consisting of catheters and stents.

28. A combination according to claim 27 wherein the catheter 1s selected

from the group consisting of urinary catheters and infravenous catheters.
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29. A combination according to claim 22 wherein the weight of the coating

attributable to the bioactive agent is in the range of about one microgram to about 10

mg of bioactive agent per cm” of the gross surface area of the device.

30. A combination according to claim 29 wherein the weight of the coating
attributable to the bioactive agent is between about 0.01 mg and about 0.5 mg of

bioactive agent per cm” of the gross surface area of the device, and the coating

thickness of the composition is in the range of about 0.1 micrometers to about 100

micrometers.

31. A method of using a combination of claim 23, the method comprising
the steps of a) implanting the device in vivo under conditions in which the device
undergoes flexion or expansion by being bent by at least 45 degrees or more and/or
expanded to more than twice its initial dimension, either in the course of 1ts
placement, or thereafter in the course of its use in vivo, and b) permitting the device to

remain implanted and to release the bioactive agent in situ.

32. A method according to claim 31 wherein the first polymer component
is selected from the group consisting of

a) polyalkyl(meth)acrylates with alkyl chain lengths from 2 to 8 carbons,

b) polyaryl(meth)acrylates, polyaralkyl(meth)acrylates, and
polyaryloxyalkyl(meth)acrylates with aryl groups having from 6 to 16 carbon atoms,
the first polymer component having a weight average molecular weight ot about 50 to

about 900 kilodaltons,

and the second polymer component is selected from the group consisting of
poly(ethylene-co-vinyl acetate) polymers having vinyl acetate concentrations of
between about 8 % and about 90 % by weight.

33. A method according to claim 32 wherein the weight of the coating
attributable to the bioactive agent is between about 0.01 mg and about 0.5 mg of
bioactive agent per cm’ of the gross surface area of the device, and the coating

thickness of the composition is in the range of about 0.1 micrometers to about 100

micrometers.

34. A method according to claim 33 wherein the device is selected from

the group consisting of catheters and stents.
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35. A system comprising a coated device combination according to claim

22 positioned in situ within a body.

36 A method according to one of claims 1, 15, 21, or 31 wherein the
composition further comprises a solvent in which the polymers form a true solution.

37. A method according to one of claims 1, 15, 21, or 31 wherein the
device comprises a biomaterial selected from the group consisting of acrylics, vinyls,
nylons, polyurethanes, polycarbonates, polyamides, polysulfones, poly(ethylene
terephthalate), polylactic acid, polyglycolic acid, polydimethylsiloxanes, and
polyetheretherketones, natural organic materials, metals, ceramics, glass, silica, and

sapphire.

38. A method according to claim 37 wherein the acrylics are selected from
methyl acrylate, methyl methacrylate, hydroxyethyl methacrylate, hydroxyethyl
acrylate, acrylic acid, methacrylic acid, glyceryl acrylate, glyceryl methacrylate,
methacrylamide, and acrylamide, the vinyls are selected from ethylene, propylene,
styrene, vinyl chloride, vinyl acetate, vinyl pyrrolidone, and vinylidene difluoride, the
nylons are selected from polycaprolactam, polylauryl lactam, polyhexamethylene
adipamide, and polyhexamethylene dodecanediamide, the organic materials are
selected from human tissue, wood, cellulose, compressed carbon, and rubber, the
metals are selected from titanium, stainless steel, cobalt chromium, gold, silver,
copper, and platinum and their alloys, and the ceramics are selected from silicon
nitride, silicon carbide, zirconia, and alumina, including combinations of such
biomaterials.

39. A method according to one of claims 1, 15, 21, or 31 wherein the
device 1s selected from the group consisting of vascular devices, orthopedic devices,
dental devices, drug delivery devices, ophthalmic devices, glaucoma drain shunts,
urological devices, synthetic prostheses, dialysis tubing and membranes, blood
oxygenator tubing and membranes, blood bags, sutures, membranes, cell culture
devices, chromatographic support materials, and biosensors.

40. A method according to claim 39 wherein the vascular devices are
selected from grafis, stents, catheters, valves, artificial hearts, and heart assist devices,
the orthopedic devices are selected from joint implants, fracture repair devices, and

artificial tendons, the dental devices are selected from dental implants and fracture
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repair devices, and the urological devices are selected from penile, sphincter, urethral,

bladder, and renal devices.
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