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STENT COATING

Field of the Invention
The present application is generally related to medical devices. More
specifically, the present invention relates to stent coatings capable of releasing agents
5 over time. In particular, the present invention includes a blend of two co-polymers

adapted to release restenosis-inhibiting agents over a sustained time period.

Background of the Invention

Vascular disease 1s a leading cause of death and disability in the developed
world. In the United States, more than half of all deaths are due to cardiovascular
10  disease. Atherosclerosis is the most common form of vascular disease and leads to
insufficient blood ‘supply to body organs, which can result in hearts attacks, strokes,
and kidney failure. Atherosclerosis is a form of vascular injury in which the vascular
smooth muscle cells 1n the artery wall undergo hyperproliferation and invade and
spread into the mner vessel lining, which can make the vessels susceptible to
15 complete blockage when local blood clotting occurs. This can lead to death of the
tissue served by that artery. In the case of a coronary artery, this blockage can lead to
myocardial infarction and death.
Coronary artery blockage can be treated with coronary artery bypass surgery
and/or angioplasty. Both procedures may initially appear to be successful, but can be
20 1n effect undone by the effect of restenosis, or the recurrence of stenosis after such a
treatment. Restenosis is believed to include hyperproliferation of vascular smooth
muscle cells. In particular, about one third of patients treated using angioplasty have
restenosis and blockage within 6 months after the procedure.
To prevent vessel blockage from restenosis, stents are used. Stents are

25 nominally tubular structures and can have either solid walls or lattice like walls, and
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can be either balloon expandable or self-expanding. After angioplasty balloon

dilatation, the previously constricted vessel is at least temporarily widened. A stent
can be delivered on a catheter and expanded in place or allowed to expand in place
against the vessel walls. Witﬁ the stent In place, restenosts may or may not be
inhibited, but the probability and/or degree of blockage 1s reduced due to the
structural strength of the stent opposing the inward force of any restenosis.

Restenosis may occour over the length of the stent and be at least partially opposed by

the stent. Restenosis may also occur past the ends of the stent, where the mward
forces of the stenosis are unopposed.

Therapeutic agents to inhibit restenosis have been used with varymng success.
'l"axol,T ‘an antimicrotubule agent 1solated from the bark of the western Pacific Yew
tree, 1s especially effective in inhibiting some cancers and 1s believed to be effective

in combating restenosis. Systemic administration of Taxol can have undesirable side

effects, making local administration a preferred mode of treatment.

Local administration of Taxol may be more effective when carried out over a
longer time period, such as a time period at least matching the normal reaction time of
the body to the angioplasty. At the same time, it may be desirable to provide an initial

high dosage of Taxol over an 1imtial period. Local administration of Taxol over a
period of days or even months may be most effective in inhibiting restenosis.
Controlled release of therapeutic agents can utilize various technologies.
Devices are known having a monolithic layer or coating incorporating a
heterogeneous éolution and/or dispersion of an active agent in a polymeric substance,
where the diffusion of the agent is rate limiting, as the agent diffuses through the

polymer to the polymer-fluid interface and is released into the surrounding fluid. In

some devices, a soluble substance 1s also dissolved or dispersed in the polymeric
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material, such that additional pores or channels are left after the material dissolves. A

matrix device i1s generally diffusion limited as well, but with the channels or other

internal geometry of the device also playing a role in releasing the agent to the fluid.

The channels can be pre-existing channels or channels left behind by released agent or
5  other soluble substances.

Erodible or degradable devices typically have the active agent physically
immobilized in the polymer. The active agent can be dissolved and/or dispersed
throughout the polymeric matenial. The polymeric material is often hydrolytically
degraded over time through hydrolysis of labile bonds, allowing the polymer to erode

10 to the fluid, releasing the active agent into the fluid. Hydrophilic polymers have a
generally faster rate of erosion relative to hydrophobic polymers. Hydrophobic
polymers are believed to have almost purely surface diffusion of active agent, having
eroston from the surface inwards. Hydrophilic polymers are believed to allow water
to penetrate the surface of the polymer, allowing hydrolysis of labile bonds beneath

15 the surface, which can lead to homogeneous or bulk erosion of polymer.

What would be desirable 1s a stent coating capable of releasing a therapeutic
agent over a sustained time period. What would be advantageous is a stent coating
able to release an agent over approximately the same time period as the need for the
therapeutic agent. A method for controlling the dosage rate and period of an active

20 agent by controlling the composition of a stent coating would also be advantageous.

Summary of the Invention
The present invention includes a stent having a stent body, a coating disposed over at
least a portion of the body, and an active agent releasably dispersed in at least part or
portion of the coating. A preferred active agent is paclitaxel, analogues, derivatives,

25 and combinations thereof. The coating can include a blend of a first co-polymer
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having a first, high release rate and a second co-polymer having a second, lower
release rate relative to the first release rate. The first and second copolymers are
preferably erodible or biodegradable. In one embodiment, the first copolymer is more
hydrophilic than the second copolymer. In one embodiment, the first copolymer
includes a polylactic acid/polyethylene oxide (PLA-PEO) copolymer and the second
copolymer includes a polylactic acid/polycaprolactone (PLA-PCL) copolymer.

The relative amounts and dosage rates of active agent delivered over time can
be controlled by controlling the relative amounts of the faster releasing polymers
relative to the slower releasing polymers. For higher initial release rates the
proportion of faster releasing polymer can be increased relative to the slower releasing
polymer. If most of the dosage is desired to be released over a long time period, most
of the polymer can be the slower releasing polymer. The stent can be coated by
spraying the stent with a solution or dispersion of polymer, active agent, and solvent.
The solvent can be evaporated, leaving a coating of polymer and active agent. The
active agent can be dissolved and/or dispersed in the polymer. In some embodiments,
the co-polymers can be extruded over the stent body.

In use, the stent can be put into position in a body vessel such as a coronary
vessel after a procedure such as angioplasty. The stent can be left in position, and the
erodible or biodegradable coating allowed to degrade. As the polymeric coating
degrades, the active agent can absorb into the vessel walls.

Description of the Drawings

Fig. 1 1s a perspective view of a stent in accordance with an exemplary

embodiment of the present invention;
Fig. 2 1s a perspective view of a further preferred stent in accordance with the

present invention; and
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Fig. 3 1s a magnified, partial plan view of the stent of Fig. 1, illustrating the

polymeric coating of the present invention disposed thereon.
Detailed Description of the Invention

The present invention includes a stent having a polymeric coating for
delivering a biologically active agent or other therapeutic substance over a target time
period. The polymeric coat includes a first polymer and a second polymer, where the
first polymer alone would release the active agent at a faster rate than the second
polymer would alone, and thus, deplete the active agent immobilized by the first
polymer 1n a shorter time relative to the second polymer. In preferred embodiments,
the first polymer is hydrophilic and the second polymer is hydrophobic.

Reterring now to the drawings wherein like reference numerals refer to like
elements throughout the several views, Fig. 1 shows a perspective view of a stent 10,
In a non-expanded form, in accordance with the present invention. The skeletal frame
of the stent 10 preferably includes wire-like members 12 forming a distinct, repetitive
serpentine pattern. This repetitive serpentine pattern consists of multiple U-shaped
curves 14. The areas within the U-shaped curves 14 are open 16.With no
recognizable beginning or end to this serpentine pattern, wire 12 forms expandable
serpentine element 18. Serpentine elements 18 are arranged along the longitudinal
axis of the stent 10 so that the U-shaped curves 14 of abutting serpentine elements 16
may be joined through an interconnecting element 20. Through the interconnecting
elements 20, a continuous wire 12 framework is created between multiple serpentine
elements 18 forming the stent 10.

Fig. 2 shows a perspective view of a further preferred stent 110 in accordance
with the present invention. This stent 110, also has a continuous wire 112 framework.

This framework, however, is maintained by a repetitive rectangular-patterned element
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114. The areas within the rectangufar wire element 114 are open 116. The
rectangular wire elements 114 are aligned lengthwise m the longitudinal axis of the
stent 110. Adjacent rectangular wire elements 114 are offset half the lengthwise
distance of a similar rectangular wire element 114. The end of the stent i1s formed by
the full completion of one rectangular wire element 114, and the subsequent open end
of the adjacent rectangular wire element 122. Thus, the ends of the stent possess an
alternating open-closed wire configuration.

These stents are exemplary of stents which may incorporate the present

invention. These, and other suitable stents are disclosed in

WO 98/56312 filed June 11, 1998, entitled “Stents Having Multiple Layers of Biodegradable

Polymeric Composition”.

The term “wire”, as used in describing the frame matenal, should not be
mistaken as being Iimited to metallic materials. In fact, the “wire” forming the stents
10 & 110 may consist of any biocompatable material possessing the structural and
mechanical attributes necessary for supporting a diseased vessel. Thus, both metallic
and polymeric matenals are suitable. Examples of preferred biocompatable metallic
materials include stainless steel-, tantalum, nitinol, aﬂd gold. Preferred polymenc

—

materials may be selected from the list immediately below, which 1s not exhaustive:
poly(L-lactide) (PLLA), pon(D,L-lacfide) (PLA), polyglycolide (PGA),
poly(L-lactide-co-D,L-lactide) (PLLA/PLA), poly(L-lactide-co-glycolide)
(PLLA/PGA), poly(D, L-lactide-co-glycolide) (PLA/PGA), poly(glycolide-co-
trimethy]ene carbonate) (PGA/PTMC), polyethylene oxide (PEO),
polydioxanone (PDS), polycaprolactone (PCL), polyhydroxylbutyrate

(PHBT), poly(phosphazene), polyD,L-lactide-co-caprolactone) (PLA/PCL),

poly(glycolide-co-caprolactone) (PGA/PCL), polyanhydndes (PAN),
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poly(ortho esters), poly(phoshate ester), poly(amino acid), poly(hydroxy
butyrate), polyacrylate, polyacrylamid, poly(hydroxyethyl methacrylate),
elastin polypeptide co-polymer, polyurethane, polysiloxane and their
copolymers.

5 The skeletal framework of the stents may be formed through various methods
as well. The framework may be welded, molded, or consist of filaments or fibers
which are wound or braided together 1n order to form a continuous structure.

Often 1t 1s beneficial to both stent and treat the localized area of a diseased
vessel. A therapeutic agent, therefore, can be incorporated into a polymer and applied

10  to the stent 10 as a polymeric surface treatment. The incorporation of a therapeutic
agent into a surface treatment greatly enhances the scope of this medical device by
transforming the stent into a drug-delivery system. Drugs and treatments which
utilize anti-thrombogenic agents, anti-angiogenesis agents, anti-proliferative agents,
growth factors, and radiochemicals may be readily deployed from within the matrix of

15 the polymeric surface treatment. Specific examples of preferred therapeutic agents
include angiopeptin, colchicine, lovastatin, trapidil, ticlopidine, hirudin, Taxol,
heparin, and growth factors VEGF, TGF-beta, IGF, PDGF, and FGF.

The application of such a surface treatment 1s generally accomplished through
either a dipping or spraying process. For either process, a solvent carrier is preferred
20 1n order to incorporate the therapeutic agent within the polymer matrix. The applied
mixture preferably comprises a solvent, a polymer, and a therapeutic agent, with
subsequent evaporation of the solvent to leave a polymeric coating 30 as depicted in

Fig. 3.
As previously stated, the present invention 1s directed to a polymeric coating

25  1ncorporating a releasable therapeutic agent, wherein upon implantation the rate and
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duration of the agent 1s controlled to selected parameters which optimize treatment. [t
has been found that selected ratios of a mixture of a hydrophilic polymer and a
hydrophobic polymer provide desired control of drug release.
In a preferred embodiment, the hydrophilic polymer includes a co-polymer of
5  polylactic acid (PLA) and polyethylene oxide (PEO). In a preferred embodiment, the
second polymer includes a co-polymer of polylactic acid (PLA) and
poly(caprolactone) (PCL). The PLA-PEO copolymer is hydrophilic and erodes faster
relative to a similar hydrophobic polymer in the body environment where the coated
stent 1s positioned. The PLA-PCL copolymer is hydrophobic, and degrades more
10  slowly than a comparable hydrophilic polymer. In a preferred embodiment, the
polymer coating i1s formed of a blend of PLA-PCL and PLA-PEQO. In preferred
embodiments, the hydrophilic polymer has 2 molecular weight of greater than about
10,000 (Mn) and the second polymer has a molecular weight of greater than about
20,000 (Mn).
15 Formation of PLA-PEO copolymers 1s well known to those skilled in the art.
See for example, U.S. Patent Nos. 5,476,909 and 5,548,035 .
Formation of PLA-PCL copolymers 1s also known to those skilled in the
art. See for example, U.S. Patent No. 5,470,829 .
One preterred embodiment includes about 20% by weight PLA-PEO and

20  about 80% by weight PLA-PCL copolymers. Another embodiment includes about

50% by weight PLA-PEO copolymer and about 50% by weight PLA-PCL copolymer.
The embodimént having about 20% PLA-PEO and 80% PLA-PCL delivers the active
agent over a longer time period, but with a lower nitial release, relative to the
embodiment having the 50%/50% PLA-PEO/PLA-PCL combmation. The relative

25  amounts of PLA-PEO and PLA-PCL can be adjusted to achieve the desired
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combination of high initial dosage rate and subsequent lower but longer lasting
dosage rate.

In one preferred embodiment, the active agent or therapeutic substance 1s a
restenosis-inhibiting agent. A preferred restenosis-inhibiting agent includes a
microtubule stabilizing agent such as TaxolTMpaclitaxel, analogues, derivatives, and
mixtures thereof. For example, derivatives believed suitable for use in the present
invention include 2’-succinyl-taxol, 2’-succinyl-taxol triethanolamine, 2’-glutaryl-
taxol, 2’-glutaryl-taxol triethanolamine salt, 2’-O-ester with N-(dimethylaminoethyl)
glutamine, and 2’-O-ester with N-(dimethylaminoethyl) glutamide hydrochlonde salt.

The Taxol can be dissolved or dispersed in the polymeric matenals and the
polymeric materials adhered to the stent body. In embodiments having a blended

combination of PLA-PEO and PLA-PCL, the polymeric combination can be sprayed,

dipped or extruded onto the stent.

The polymeric coating of the present invention can be used with various
stents. A preferred use for the coating 1s for coronary stents. The stents can be used
following angioplasty to inhibit restenosis. The stent body can serve to hold the
vessel open against any restenosis and to deliver the restenosis-mhibiting agent. In
one embodiment, the coating is substantially continuous over thé stent body. In
another embodiment, the coating 1s pnmarily over the stent structure but not over the
apertures. For example, 1n a stent formed of a wire mesh, the coating can closely

adhere to the wires without covering the apertures therebetween.

In use, a stent according to the present invention can be selected according to
desired release dosage profile and provided to the treating physician. After an
angioplasty procedure, the coated stent having the restenosis-inhibiting active agent

can be delivered to the stenosed, recently dilated coronary artery region. Delivery can
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be accomplished using methods well known to those skilled in the art, such as
mounting the stent on an inflatable balloon disposed at the distal end of a catheter.
With the stent advanced into position near the dilated region, the stent can be forced
outward and into position against the inner vessel walls. If the stent is self-expanding,
5 the stent can be delivered by deploying the stent from within a delivery device,
allowing the stent to expand against the inner vessel walls. The active agent, as it is
released trom the eroding polymeric coating, can be absorbed by the inner vessel
walls. Over time, the polymeric coating is eroded by bodily fluids.
Numerous advantages of the invention covered by this document have been
10 set forth tn the foregoing description. It will be understood, however, that this
disclosure 1s, in many respects, only illustrative. Changes may be made in details,
particularly in matters of shape, size, and arrangement of parts, without exceeding the
scope of the invention. The inventions's scope is, of course, defined in the language

in which the appended claims are expressed.

-10 -

W'*W!‘ﬂmmwm“‘“ SUsst e SRR PRNY I TR PTSSCART N | VF JET PE eIt P T SO P DY PP



CA 02342866 2008-01-03

What 1s claimed 1is:

1. A stent comprising:

a stent body;

a coating disposed over at least a portion of said body; and

a biologically active agent dispersed 1n said coating, wherein said coating
includes a mixture of a first co-polymer and a second co-polymer, wherein said first co-
polymer releases said agent at a first rate and said second co-polymer releases said agent
at a second rate, wherein said second rate 1s slower than said first rate, such that said
agent is released from said coating at a rate slower than said first rate and faster than said

second rate.

2. A stent as recited in claim 1, wherein said first co-polymer 1s hydrophilic.

3. A stent as recited in claim 1, wherein said second co-polymer is
hydrophobic.

4, A stent as recited in claim 1, wherein said first co-polymer is hydrophilic

and said second co-polymer 1s hydrophobic.

5. A stent as recited in claim 1, wherein said first co-polymer include s PLA-
PEO.

6. A stent as recited in claim 1, where said second co-polymer includes PLA-
PCL.

7. A stent as recited in claim 1, wherein said first co-polymer includes PLA-

PEO and said second co-polymer includes PLA-PCL.

-11-
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8. A stent as recited in claim 7, wherein said agent includes an agent selected
from the group consisting of paclitaxel, paclitaxel analogues, paclitaxel derivatives, and

combinations thereot.

9. A stent for controllably releasing a biologically active agent over a long

time period comprising:

a stent body;

a biologically active agent; and

means for adhering said agent to said stent body and controllably releasing
said agent from said stent body over time, wherein said means for controllably releasing
sald agent includes an admixture of a first means for releasing said agent at a first rate
over a first time period and second means for releasing said agent at a second rate over a
second time period, wherein said first rate 1s faster than said second rate and said first

period 1s shorter than said second period.

10. A stent as recited 1in claim 9, wherein said first means for releasing
includes a bioabsorbable polymeric material and second means for releasing includes a
bioabsorbable polymeric material, wherein said first means is absorbed faster than said

second means.

11. A stent for releasing a biologically active agent inside the human body
comprising:
a stent body;
a polymeric coating disposed over at least a part of said stent body; and

a biologically active material admixed with said polymeric coating,
wherein said polymeric coating includes a blend of a PLA-PEO copolymer and a PLA-
PCL copolymer.

12. A stent as recited in claim 11, wherein said biologically active agent
includes an agent selected from the group consisting of paclitaxel, paclitaxel analogues,

paclitaxel derivatives, and combinations thereof.

-12-
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13.  Use of a stent for inhibiting restenosis, said stent comprising a coating
having a blend of a PLA-PEO copolymer and a PLA-PCL copolymer, wherein said
coating includes a restenosis inhibiting agent selected from the group consisting of
paclitaxel, paclitaxel analogues, paclitaxel derivatives, and combinations thereof mixed
therein, such that said agent is for release over a time period longer than would be
released by said PLA-PEO copolymer alone, and for release over a time period shorter

than would be released by said PLA-PCL copolymer alone.

-13-
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