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(57) Abstract: Described herein is a system and method for reducing the risk of late thrombosis associated with drug eluting stent
therapy. The stents described herein have polymeric blend coatings that can be tailored to have specific degradation times once
implanted into the vasculature. The polymeric blends can have at least two polymers with different weight average molecular
weights, thereby giving them degradation times that can tailored depending on the weight average molecular weights of the vari-
ous polymers in the blend. The coatings can have bioactive agents dispersed on or within them which can be eluted in sync with
the degradation time of the blended polymeric coating.
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REDUCING BIOABSORBTION TIME OF POLYMER COATED IMPLANTABLE
MEDICAL DEVICES USING POLYMER BLENDS

FIELD OF THE INVENTION

[0001] Described herein are polymer blends useful in reducing bioabsorbtion
time by blending different weight polymers. This blending will reduce a conventional

polymer’s bioabsorbtion time and/or allow tailoring of bioabsorbtion times.

BACKGROUND OF THE INVENTION

[0002] Drug eluting stents (DES) have been on the market for several years now
with excellent clinical success. Drug eluting stents have revolutionized the vascular
and cardiologic medicine, aiding in such complications as vulnerable plaque rupture,
stenosis, restenosis, ischemic myocardial infarct, and atherosclerosis. However, as
with any evolving technology, there have been drawbacks.

[0003] One major drawback of DES is late thrombosis. Late thrombosis is
thought to occur due to incomplete endothelial cell migration to the DES surface.
The thrombosis may be due to the polymers used to coat the DES or the drugs
eluted by the DES.

[0004] Commonly, patients suffering from DES-induced late thrombosis are
forced to take anticoagulant (anti-clotting) or anti-platelet drugs such as clopidogrel
or acetylsalicylic acid for longer times than normal. The longer systemic
administration of drugs of these types can be harmful to the patient.

[0005] One method to remedy this problem is to introduce a pro-healing drug into
the DES. However, it is difficult to find a pro-healing drug that prohibits smooth
muscle cell proliferation while promoting endothelial cell growth. Another method
entails the use of a non-polymer coated DES. However, this approach is difficult
because it adds complexity to the structural design of the DES. In addition, the
controlled release of a drug is not attainable as there is no presence of a polymer
coating to allow for controlled release.

[0006] Methods need to be developed to remedy the problems associated with
DES-induced late thrombosis. Described herein is a system and method for DES

therapy with a potential for reduced instance of late thrombosis.
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SUMMARY OF THE INVENTION

[0007] Described herein is a polymer system for reducing the risk of late
thrombosis associated with implantable medical devices. The polymer system can
be used to coat implantable medical devices. The polymer system can be fine tuned
to degrade in a predictable amount of time. The polymer system can further be
impregnated with one or more bioactive agents. These bioactive agents can diffuse
out of the polymer into the surrounding tissue or can be released as the polymer is
degraded.

[0008] Described herein is a medical device comprising: (a) a stent comprising a
non-erodable metal; (b) a bioabsorbable polymer system coated on at least a portion
of said metal; said polymer system comprising a blend of a least two polymers
having different weight average molecular weights; wherein the ratio of weight
average molecular weights provides a pre-selected bioabsorbtion time; and (c) at
least one bioactive agent dispersed in at least a portion of said polymer coating. In
one embodiment, the stent is selected from the group consisting of woven stents,
individual ring stents, sequential ring stents, closed cell stents, open cell stents, laser
cut tube stents, ratchet stents, and modular stents. In another embodiment, the
metal is selected from the group consisting of stainless steel, tantalum, titanium,
nickel-titanium alloys, shape memory alloys, super elastic alloys, low-modulus Ti-Nb-
Zr alloys, cobalt-nickel alloy steel (MP-35N), and combinations thereof.

[0009] In one embodiment, the polymers are selected from the group consisting
of polylactide, poylglycolide, polysaccharides, proteins, polyesters,
polyhydroxyalkanoates, polyalkelene esters, polyamides, polycaprolactone, polyvinyl
esters, polyamide esters, polyvinyl alcohols, modified derivatives of caprolactone
polymers, polytrimethylene carbonate, polyacrylates, polyethylene glycol, hydrogels,
photo-curable hydrogels, terminal diols, and combinations thereof. In one
embodiment, the ratio of weight average molecular weights is 1:2 to 1:10. In another
embodiment, the ratio of weight average molecular weights is 10:1 to 2:1.

[0010] In one embodiment, the degradation time is less than 9 months. In
another embodiment, the degradation time is less than 6 months.

[0011] In one embodiment, the bioactive agent is selected from the group
consisting of anti-proliferatives, estrogens, chaperone inhibitors, protease inhibitors,

protein-tyrosine kinase inhibitors, leptomycin B, peroxisome proliferator-activated
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receptor gamma ligands (PPARYy), hypothemycin, nitric oxide, bisphosphonates,
epidermal growth factor inhibitors, antibodies, proteasome inhibitors, antibiotics, anti-
inflammatories, anti-sense nucleotides, transforming nucleic acids, sirolimus
(rapamycin), tacrolimus (FK506), everolimus (certican), temsirolimus (CCI-779) and
zotarolimus (ABT-578).

[0012] Also described herein is a method of providing a non-erodable stent
coating with a pre-selected degredation time comprising the steps of: (a) selecting a
first bioabsorbable polymer with a first weight average molecular weight; (b)
selecting at least one additional bioabsorbable polymer with a second weight
average molecular weight; (c) blending said first polymer and said at least one
additional polymer thereby forming a polymer blend; (d) optionally associating a
bioactive agent with said polymer blend; and (e) coating said polymer blend on a
non-erodable metal stent, thereby providing a bioactive coating on said stent with a
pre-selected degradation time.

[0013] In one embodiment, the first polymer and said at least one additional
polymer are selected from the group consisting of polylactide, poylglycolide,
polysaccharides, proteins, polyesters, polyhydroxyalkanoates, polyalkelene esters,
polyamides, polycaprolactone, polyvinyl esters, polyamide esters, polyvinyl alcohols,
modified derivatives of caprolactone polymers, polytrimethylene carbonate,
polyacrylates, polyethylene glycol, hydrogels, photo-curable hydrogels, terminal
diols, and combinations thereof. In one embodiment, the non-erodable stent
comprises metals selected from the group consisting of stainless steel, tantalum,
titanium, nickel-titanium alloys, shape memory alloys, super elastic alloys, low-
modulus Ti-Nb-Zr alloys, cobalt-nickel alloy steel (MP-35N), and combinations
thereof.

[0014] In one embodiment, the bioactive agent is dispersed within said polymer
blend. In one embodiment, the bioactive agent is selected from the group consisting
of anti-proliferatives, estrogens, chaperone inhibitors, protease inhibitors, protein-
tyrosine kinase inhibitors, leptomycin B, peroxisome proliferator-activated receptor
gamma ligands (PPARYy), hypothemycin, nitric oxide, bisphosphonates, epidermal
growth factor inhibitors, antibodies, proteasome inhibitors, antibiotics, anti-
inflammatories, anti-sense nucleotides, transforming nucleic acids, sirolimus
(rapamycin), tacrolimus (FK506), everolimus (certican), temsirolimus (CCI-779) and
zotarolimus (ABT-578).
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[0015] In one embodiment, the degradation time is less than 9 months. In
another embodiment, the degradation time is less than 6 months.

[0016] In one embodiment, the polymer blend comprises a molecular weight
ratio, wherein said molecular weight ratio is 1:2 to 1:10. In another embodiment, the
polymer blend comprises a molecular weight ratio, wherein said molecular weight
ratio is 10:1 to 2:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 depicts polymer degradation time over the course of 115 days.
Two separate polymers are depicted along with a blend of the two polymers.

[0018] Figure 2 depicts polymer degradation time of several polymers and
polymer blends over the course of 115 days.

[0019] Figure 3 depicts polymer degradation time as a function of percent mass

remaining of the original polymer coating.

DEFINTIONS
[0020] Bioactive Agent: As used herein “bioactive agent” shall include any drug,

pharmaceutical compound or molecule having a therapeutic effect in an animal. The
use of drug herein falls within the scope of bioactive agent. Exemplary, non-limiting
examples include anti-proliferatives including, but not limited to, macrolide antibiotics
including FKBP 12 binding compounds, estrogens, chaperone inhibitors, protease
inhibitors, protein-tyrosine kinase inhibitors, leptomycin B, peroxisome proliferator-
activated receptor gamma ligands (PPARy), hypothemycin, nitric oxide,
bisphosphonates, epidermal growth factor inhibitors, antibodies, proteasome
inhibitors, antibiotics, anti-inflammatories, anti-sense nucleotides, and transforming
nucleic acids. Bioactive agents can also include cytostatic compounds,
chemotherapeutic agents, analgesics, statins, nucleic acids, polypeptides, growth
factors, and delivery vectors including, but not limited to, recombinant micro-
organisms, and liposomes.

[0021] Exemplary FKBP 12 binding compounds include sirolimus (rapamycin),
tacrolimus (FK506), everolimus (certican or RAD-001), temsirolimus (CCI-779 or
amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid) and zotarolimus (ABT-578). Additionally, and other rapamycin hydroxyesters

may be used in combination with the terpolymers of the present invention.
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[0022] Biocompatible: As used herein “biocompatible” shall mean any material
that does not cause injury or death to the animal or induce an adverse reaction in an
animal when placed in intimate contact with the animal’s tissues. Adverse reactions
include inflammation, infection, fibrotic tissue formation, cell death, or thrombosis.

[0023] Biodegradable: As used herein “biodegradable” refers to a polymeric

composition that is biocompatible and subject to being broken down in vivo through
the action of normal biochemical pathways. From time-to-time bioresorbable and
biodegradable may be used interchangeably, however they are not coextensive.
Biodegradable polymers may or may not be reabsorbed into surrounding tissues,
however, all bioresorbable polymers are considered biodegradable. Biodegradable
polymers are capable of being cleaved into biocompatible byproducts through
chemical- or enzyme-catalyzed hydrolysis.

[0024] Nonbiodegradable: As used herein “nonbiodegradable” refers to a

polymeric composition that is biocompatible and not subject to being broken down in
vivo through the action of normal biochemical pathways.
[0025] Not Substantially Toxic: As used herein “not substantially toxic” shall

mean systemic or localized toxicity wherein the benefit to the recipient is out-
weighted by the physiologically harmful effects of the treatment as determined by
physicians and pharmacologists having ordinary skill in the art of toxicity.

[0026] Pharmaceutically Acceptable: As used herein “pharmaceutically

acceptable” refers to all derivatives and salts that are not substantially toxic at

effective levels in vivo.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Described herein is a polymer system and method for reducing the risk of
late thrombosis associated with Drug eluting stent (DES) therapy. A biodegradable
polymer-coated stent can be a solution to this problem. Ideally, a stent can be
implanted into an appropriate site in the vasculature wherein a bioabsorbable
polymer coating can aid in the local delivery of one or more bioactive agents. After
the polymer coating has fulfilled its requirement of local delivery of a bioactive agent,
it would be advantageous for the coating to be absorbed into the surrounding tissue
or expelled from the patient leaving behind the bare metal stent structure.

[0028] In one embodiment, stents may be used as a bioactive agent delivery

platform. The stents may be vascular stents, urethral stents, biliary stents, or stents
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intended for use in other ducts and organ lumens. Vascular stents, for example,
may be used in peripheral, cerebrovascular, or coronary artery applications. The
stents may be rigid expandable stents or pliable self-expanding stents. Any
biocompatible metal may be used to fabricate stents. In one embodiment, vascular
stents are implanted into coronary arteries immediately following angioplasty. In
another embodim'ent, vascular stents are implanted into the abdominal aorta to treat
an abdominal aneurysm.

[0029] In one embodiment, the stent is a vascular stent with a cylindrical
(tubular) shape. The shape can be defined by a longitudinal axis with a proximal end
and a distal end. In addition, the stent has an inner surface which can contact the
fluids flowing through the vessel of implantation and an outer surface which contacts
the surface of the vessel in which the stent is deployed.

[0030] In one embodiment, the stents can be coated with a biodegradable
polymer. One possible polymer coating can be a polymer blend. Described herein
are polymer blends useful in tailoring bioabsorbtion time by blending polymers with
different weight average molecular weights (My) and/or number average molecular
weight (M,). In one embodiment, the bioabsorbtion time is increased, in another
embodiment, the bioabsorbtion time is decreased.

[0031] In one embodiment, polymeric coatings can be applied to at least a
portion of a stent. Suitable bioabsorbable polymers include, but are not limited to,
polylactide, poylglycolide, polysaccharides, proteins, polyesters,
polyhydroxyalkanoates, polyalkelene esters, polyamides, polycaprolactone, polyvinyl
esters, polyamide esters, polyvinyl alcohols, modified derivatives of caprolactone
polymers, polytrimethylene carbonate, polyacrylates, polyethylene glycol, hydrogels,
photo-curable hydrogels, and terminal diols. The above polymers are generally well
received by the vasculature. However, the polymers tend to be hydrophobic and
therefore have longer biodegration times as a resullt.

[0032] In one embodiment, a least two polymers are blended to form a polymer
system. The polymer system can consist of polymers with different M,,. Generally,
polymers mentioned above with larger My, have fewer end groups per polymer unit
and tend to have large tensile strengths. The polymers with lower M,, can have more
end groups per polymer unit, more free volumes within the polymer chains, and have
more strain strength. The biodegradation time for the low M,, equivalent polymers is

faster as a result of the increased number of end groups per molecular weight and
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the ease of water penetration into the polymer chains. It is understood that different
polymer backbones have different degradation times, but identical polymer
backbones with polymer units of different M,, can have different biodegradation times
as well.

[0033] As a result, generally, a blend of larger M,, polymer and lower M,, polymer
can yield a blend with a tailored biodegradation rate depending on the amount of
each polymer added to the blend. In addition, in one embodiment, the higher My
polymers will contribute more tensile strength in the coating and the low M, polymers
will enhance the strain strength. Therefore, in addition to tailoring the biodegradation
time, the mechanical properties can be tailored as well.

[0034] In addition to the benefits of a tailorable biodegradation time, the polymer
blends described herein will have a characteristic polydispersity index (PDI). In one
embodiment, using one polymer with a low M,, and a second polymer with a high M,
the polymer blends will have a wide PDI. Generally, the wider the PDI, the more
mechanical strength distribution the polymer blend will have. Therefore, if the PDI is
very wide, for example 3, the polymer blend can have exceptional mechanical
strength both in tensile and strain. On the other hand, if the PDI is very narrow, for
example 1.5, the polymer blend can have reduced mechanical strength distribution
either in tensile or strain.

[0035] Degradation times for some bare metal stents can be about one month.
In one embodiment, the degradation time can be increased thereby creating a new
degradation time. In one embodiment, the new degradation time is less than 6
months. In another embodiment, the new degradation time is less than 9 months. In
another embodiment, the new degradation time is between about 1 month and about
3 months. [n another embodiment, the new degradation time is between about 1
month and about 6 months. In another embodiment, the new degradation time is
between about 1 month and about 9 months. In another embodiment, the new
degradation time is between about 3 months and about 9 months. In another
embodiment, the new degradation time is between about 6 months and about 9
months.

[0036] In addition to the tailored degradation time of the polymer coating, the
polymer coating can accommodate one or more bioactive agents. The choice of
bioactive agent to incorporate, or how much to incorporate, will have a great deal to

do with the polymer selected to coat or form the implantable medical device. A
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person skilled in the art will appreciate that hydrophobic agents prefer hydrophobic
polymers and hydrophilic agents prefer hydrophilic polymers. Therefore, coatings
and medical devices can be designed for agent or agent combinations with
immediate release, sustained release or a combination of the two.

[0037] In one embodiment, a polymer blend with hydrophobic regions and
hydrophilic regions can be used. For example, a polymer blend wherein the
hydrophilic polymers associate themselves on the surface and the hydrophobic
polymers assimilate in the core of the polymer blend. In such a case, a hydrophobic
bioactive agent can be dispersed in the hydrophobic core of the polymer biend.
[0038] Exemplary, non limiting examples of bioactive agents include anti-
proliferatives including, but not limited to, macrolide antibiotics including FKBP-12
binding compounds, estrogens, chaperone inhibitors, protease inhibitors, protein-
tyrosine kinase inhibitors, leptomycin B, peroxisome proliferator-activated receptor
gamma ligands (PPARYy), hypothemycin, nitric oxide, bisphosphonates, epidermal
growth factor inhibitors, antibodies, proteasome inhibitors, antibiotics, anti-
inflammatories, anti-sense nucleotides and transforming nucleic acids. Bioactive
agents can also refer to bioactive agents including anti-proliferative compounds,
cytostatic compounds, toxic compounds, anti-inflammatory compounds,
chemotherapeutic agents, analgesics, antibiotics, protease inhibitors, statins, nucleic
acids, polypeptides, growth factors and delivery vectors including recombinant micro-
organisms, liposomes, and the like.

[0039] Exemplary FKBP-12 binding agents include sirolimus (rapamycin),
tacrolimus (FK506), everolimus (certican or RAD-001), temsirolimus (CCI-779 or
amorphous rapamycin 42-ester with 3-hydroxy-2-(hydroxymethyl)-2-methylpropionic
acid as disclosed in USPASN 10/930,487) and zotarolimus (ABT-578; see USPNs
6,015,815 and 6,329,386). Additionally, other rapamycin hydroxyesters as disclosed
in USPN 5,362,718 may be used in combination with the polymers described herein.
[0040] The polymer coatings discussed herein may be designed with a specific
dose of bioactive agent. That dose may be a specific weight of each bioactive agent
added, or a ratio of each bioactive agent to polymer. In one embodiment, the
medical device can be loaded 0 to 1000 uyg of a bioactive agent; in another
embodiment, 5 to 500 pg of a bioactive agent; in another embodiment 10 to 250 ug

of a bioactive agent; in another embodiment, 15 to 150 pg of a bioactive agent. -
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[0041] A ratio may also be established describing how much bioactive agent is
added to the polymer coated on the medical device. In one embodiment, a ratio of 1
part bioactive agent to 1 part polymer may be used; in another embodiment, 1:1-5; in
another embodiment, 1:1-9; in another embodiment, 1:1-20. One skilled in the art
will appreciate that there are countless combinations that can be contemplated and
are all considered to be within the scope of the present description.

[0042] In one embodiment, at least a portion of the stent can be coated. In
another embodiment, different portions of the stent can be coated with different
polymer blends. For example, the external longitudinal body of the stent can be
coated with a polymer blend with a very wide PDI thereby providing high mechanical
strength to the stent onto which it is coated. In another embodiment, for example,
the longitudinal body can be coated as above, however, in addition, the proximal and
distal ends can be coated with a polymer having a narrower PDI thereby providing a

low mechanical strength to the ends of the stent.

Example 1
Synthesis of Copolymers of TMC/DLLA

[0043] 20 g of trimethylene carbonate (TMC), 30 g of dl-lactide (3,6-dimethyl-1, 4
-dioxane-2, 5-dione) (DLLA), 50 mg of 1,8 octanediol (initiator) and 50 mg of tin(ll)2-

ethylhexanoate were weighed into a 250 mL three neck flask. The three necks were

capped as follows: one neck was fitted with a mechanical stirrer, one neck was fitted
with a thermometer, and one neck was fitted with a condenser coupled to a nitrogen
bubbler. The flask was purged with nitrogen throughout the reaction. The reactant
was stirred with a Teflon® blade at 110 rpm. The flask was then placed in a 150°C
silicon oil bath with a stir bar mixing the reactants for 24 hours. When the reaction
was ended, the reactant was dissolved in 200 mL of chloroform and poured into 800
mL of methanol for precipitation at room temperature. This procedure was repeated
three times. The final purified polymer was dissolved into chloroform and poured into
a PTFE tray. The tray was placed in a vacuum oven over night at 50°C.

[0044] Different weight polymers were generated using different amounts of 1,8-

octanediol (initator). Some exemplary polymers are shown in Table 1 below.

Table 1

Polymer | Monomers NMR Proton Ratio M, M,, PDI Tg (°C)
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Polymer | Monomers NMR Proton Ratio M, M, PDI Tg (°C)
1 TMC/DLLA 19.72/80.28 13528 20373 1.49 30.66
2 TMC/DLLA 32.07/67.93 18162 27830 1.53 20.52
3 TMC/DLLA 32.05/67.95 28900 47667 1.65 23.07
4 TMC/DLLA 10.58/89.42 39818 62250 1.56 36.17
5 TMC/DLLA 34.37/65.63 54798 91292 1.67 22.14
6 TMC/DLLA 33.90/66.10 91337 167485 1.84 23.61
7 TMC/DLLA 21.72/78.28 161156 303624 1.89 25.95
8* TMC/DLLA - 23709 41459 1.75 26.63
9** TMC/DLLA - 32481 90420 278 20.63
10*** TMC/DLLA - 30688 75150 245 25.04

*Polymer 8 was a 50:50 weight mixture of Polymers 2 and 4.
**Polymer 9 was a 50:50 weight mixture of Polymers 2 and 6.
***Polymer 10 was a 33:33:33 weight mixture of Polymers 2, 4 and 6.

Example 2
Synthesis of Terpolymers of TMC/PEG/DLLA

[0045] 20 g of TMC, 30 g of DLLA, 2.5 gram of polyethylene glycol (PEG)
(molecular weight 3500), and 50 mg of tin(ll)2-ethylhexanoate were weighed into a

250 mL three neck flask. The three necks were capped as follows: one neck was
fitted with a mechanical stirrer, one neck was fitted with a thermometer, and one
neck was fitted with a condenser coupled to a nitrogen bubbler. The flask was
purged with nitrogen throughout the reaction. The reactant was stirred with a Teflon®
blade at 110 rpm. The flask was then placed in a 150°C silicon oil bath with a stir
bar mixing the reactants for 16 hours. When the reaction was ended, the reactant
was dissolved in 200 mL of chloroform and poured into 800 mL of methanol to
precipitate at room temperature. This procedure was repeated three times. The final
purified polymer was dissolved into chloroform and poured into a PTFE tray. The tray

was placed in a vacuum oven over night at 50°C.

[0046] Some exemplary polymers made according to this method are shown in
Table 2 below.
Table 2
Polymer | Feed Ratio (wt) | NMR Proton Ratio M., M., PDI Tg (°C)
11 PEG/TMC/DLLA |  0.12/33.68/66.07 52210 82141 1.58 12.51

2.5/20/30

10
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Polymer | Feed Ratio {wt) | NMR Proton Ratio M, M., PDI Tg (°C)
12 PEG/TMC/DLLA 0.12/33.28/66.48 50580 80421 1.60 14.37
2.5/20/30
13 PEG/TMC/DLLA 0.12/33.88/65.87 65935 98661 1.50 12.93
2.5/20/30
Example 3

Synthesis of Terpolymers of TMC/DLLA/GA
[0047] 15 g of TMC, 17.5 g of DLLA, 17.5 g of glycolide (GA), and 50 mg of
tin(ll)2-ethylhexanoate were weighed into a 250 mL three neck flask. The three

necks were capped as follows: one neck was fitted with a mechanical stirrer, one
neck was fitted with a thermometer, and one neck was fitted with a condenser
coupled to a nitrogen bubbler. The flask was purged with nitrogen throughout the
reaction. The reactant was stirred with a Teflon® blade at 110 rpm. The flask was
then placed in a 150°C silicon oil bath with a stir bar mixing the reactants for 16
hours. When the reaction was ended, the reactant was dissolved in 200 mL of
chloroform and poured into 800 mL of methanol to precipitate at room temperature.
This procedure was repeated three times. The final purified polymer was dissolved
into chloroform and poured into a PTFE tray. The tray was placed in a vacuum oven
over night at 50°C.

[0048] Some exemplary polymers made according to this method are shown in
Table 3 below.

Table 3
Polymer | Feed Ratio (wt) | NMR Proton Ratio M, M., PDI Tg
‘ (°C)
14 TMC/DLLA/GA | 22.06/31.21/46.73 11705 18388 1.57 18.81
15/17.5/17.5
15 TMC/DLLA/GA | 21.86/32.73/45.41 48997 78513 1.60 20.43
15/17.5/17.5
16 TMC/DLLA/GA | 21.47/33.51/45.02 61685 96827 1.57 19.54
15/17.5/17.5
17 TMC/DLLA/GA | 20.01/33.54/46.45 94216 | 149952 1.59 28.13
15/17.5/17.5

Example 4
Polymer Degradation Time

1



WO 2009/148857 PCT/US2009/044961

[0049] Several of the polymers produced according to Example 1 were tested in
vitro. Their respective degradation times were measured both as a function of
molecular weight and a function of percent mass remaining. Polymers used in this
example may have different molecular weights than polymers listed in Table 1, but
were made in a similar manner and are therefore numbered accordingly as a
reference.

[0050] Samples were prepared and tested according to the following procedure:
A_stainless steel NP35 sheet was cut into 3 x 1 inch rectangular coupons and
cleaned with methylene chloride in an ultrasonic bath. The cleaned coupons were
dried in a vacuum oven. Next, two polymers with different molecular weights, one
high and one low, were weighted out. These polymers were dissolved in methylene
chloride at 5% wi/v. The polymer solutions were placed on a shaker for 30 minutes.
Then, equal volumes of these two polymer solutions were extracted and mixed in a
pre-cleaned glass bottle. The cleaned coupons were dipped into the polymer
solutions and dried using a heating gun. The coated coupons were further dried in a
vacuum oven. The dried coupons were then weighted using a balance. The target
coating weight was 24 mg per coupon (equal to 0.6 mg per polymer on per 18mm
stent). The coated coupons were placed in test tubes filled with phosphate buffered
saline (PBS). The test tubes were placed in an isothermal incubator at 37°C. Three
coupons were prepared for each time point. The coupons were taken out at 2, 4, 8;
12 and 16 week intervals to dry by heating gun first, then by vacuum oven. The dried
coupons were weighed on balance to get remaining weight then washed with
tetrahydrofuran (THF). The THF solution was then subjected to gel permeation
chromatography to measure the molecular weight of the polymer in the THF solution.
[0051] The results indicated that mixing of a higher molecular weight polymer
and a lower molecular weight polymer results in a polymer blend with an
intermediate molecular weight and percent mass lost. Referring to Figure 1, polymer
6 has a high M, and polymer 2 has a much lower M, than polymer 6. Blending
50/50 (weight/weight) of polymer 2 and polymer 6 gives a polymer system with a M,
that is lower than that of polymer 6 but higher than polymer 2. One skilled in the art
can appreciate that mixing more or less of one polymer in the system will allow the
M, of the system to be fine tuned. Figure 2 shows the degradation of several

polymer systems described herein.
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[0052] Figure 3 shows the percent mass lost from a polymer system over time.
Polymer 6 with a higher M,, has a greater percent mass remaining after the 115 day
test period than polymer 2 with a lower M,. By blending 50/50 of polymer 2 and
polymer 6, the percent mass remaining is lowered as compared to polymer 6 alone.
One skilled in the art can appreciate that mixing more or less of one polymer in the
system will allow the percent mass lost (degradation time) of the system to be fine
tuned. For example, adding more of polymer 2 and less of polymer 6 will result in a
polymer system with a faster degradation time than a 50/50 blend. On the other
hand, a blend of more polymer 6 and less polymer 2 will result in a polymer system
with a longer degradation time as compared to the 50/50 blend.

Example 5
Metal Stent Cleaning Procedure

[0053] Stainless steel stents were placed a glass beaker and covered with
reagent grade or better hexane. The beaker containing the hexane immersed stents
was then placed into an ultrasonic water bath and treated for 15 minutes at a
frequency of between approximately 25 to 50 KHz. Next the stents were removed
from the hexane and the hexane was discarded. The stents were then immersed in
reagent grade or better 2-propanol and vessel containing the stents and the 2-
propanol was treated in an ultrasonic water bath as before. Following cleaning the
stents with organic solvents, they were thoroughly washed with distilled water and
thereafter immersed in 1.0 N sodium hydroxide solution and treated at in an
ultrasonic water bath as before. Finally, the stents were removed from the sodium
hydroxide, thoroughly rinsed in distilled water and then dried in a vacuum oven over
night at 40°C. After cooling the dried stents to room temperature in a desiccated

environment they were weighed their weights were recorded.

EXAMPLE 6

Coating a Clean, Dried Stent Using a Bioactive Agent/Polymer System

[0054] In a non-limiting example, the bioactive agent is zotarolimus and the
polymer system is Polymer 2 from the examples above. Both the polymer and
zotarolimus are dissolved in an appropriate solvent. Persons having ordinary skill in
the art of polymer chemistry can easily pair the appropriate solvent system to the
polymer-drug combination and achieve optimum results with no more than routine

experimentation.
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[0055] Zotarolimus is carefully weighed and added to a small neck glass bottle
containing solvent. The zotarolimus suspension is then thoroughly mixed until a
clear solution is achieved.

[0056] Next Polymer 2 is added to the zotarolimus solution and mixed until
Polymer 2 dissolves forming a bioactive agent/polymer solution.

[0057] The cleaned, dried stents are coated using either spraying techniques or
dipped into the drug/polymer solution. The stents are coated as necessary to
achieve a final coating weight of between approximately 10 ug to 1 mg. Finally, the
coated stents are dried in a vacuum oven at 50°C overnight. The dried, coated stents
are weighed and the weights recorded.

[0058] The concentration of bioactive agent loaded onto (into) the stents is
determined based on the final coating weight. Final coating weight is calculated by
subtracting the stent’s pre-coating weight from the weight of the dried, coated stent.
[0059] Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties such as molecular weight, reaction conditions, and so forth
used in the specification and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the specification and attached claims are
approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that
the numerical ranges and parameters setting forth the broad scope of the invention
are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in
their respective testing measurements.

[0060] The terms “a,” “an,” “the” and similar referents used in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein
or clearly contradicted by context. Recitation of ranges of values herein is merely
intended to serve as a shorthand method of referring individually to each separate

value falling within the range. Unless otherwise indicated herein, each individual
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value is incorporated into the specification as if it were individually recited herein. All
methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”) provided herein is intended
merely to better illuminate the invention and does not pose a limitation on the scope
of the invention otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element essential to the practice of the
invention.

[0061] Groupings of alternative elements or embodiments of the invention
disclosed herein are not to be construed as limitations. Each group member may be
referred to and claimed individually or in any combination with other members of the
group or other elements found herein. It is anticipated that one or more members of
a group may be included in, or deleted from, a group for reasons of convenience
and/or patentability. When any such inclusion or deletion occurs, the specification is
deemed to contain the group as modified thus fulfilling the written description of all
Markush groups used in the appended claims.

[0062] Certain embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Of course,
variations on these described embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing description. The inventor expects
skilled artisans to employ such variations as appropriate, and the inventors intend for
the invention to be practiced otherwise than specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein
or otherwise clearly contradicted by context.

[0063] Furthermore, numerous references have been made to patents and
printed publications throughout this specification. Each of the above-cited
references and printed publications are individually incorporated herein by reference
in their entirety.

[0064] In closing, it is to be understood that the embodiments of the invention
disclosed herein are illustrative of the principles of the present invention. Other

modifications that may be employed are within the scope of the invention. Thus, by
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way of example, but not of limitation, alternative configurations of the present

invention may be utilized in accordance with the teachings herein. Accordingly, the

present invention is not limited to that precisely as shown and described.

16



WO 2009/148857 PCT/US2009/044961

We claim:

1. A medical device comprising:

(a) a stent comprising a non-erodable metal;

(b)  abioabsorbable polymer system coated on at least a portion of
said metal; said polymer system comprising a blend of a least two polymers having
different weight average molecular weights; wherein the ratio of weight average
molecular weights provides a pre-selected bioabsorbtion time; and

(c) at least one bioactive agent dispersed in at least a portion of

said polymer coating.

2. The medical device system according to claim 1 wherein said
stent is selected from the group consisting of woven stents, individual ring stents,
sequential ring stents, closed cell stents, open cell stents, laser cut tube stents,

ratchet stents, and modular stents.

3. The medical device system according to claim 1 wherein said
metal is selected from the group consisting of stainless steel, tantalum, titanium,
nickel-titanium alloys, shape memory alloys, super elastic alloys, low-modulus Ti-Nb-

Zr alloys, cobalt-nickel alloy steel (MP-35N), and combinations thereof.

4. The medical device system according to claim 1 wherein said
polymers are selected from the group consisting of polylactide, poylglycolide,
polysaccharides, proteins, polyesters, polyhydroxyalkanoates, polyalkelene esters,
polyamides, polycaprolactone, polyvinyl esters, polyamide esters, polyvinyl alcohols,
modified derivatives of caprolactone polymers, polytrimethylene carbonate,
polyacrylates, polyethylene glycol, hydrogels, photo-curable hydrogels, terminal

diols, and combinations thereof.

5. The medical device system according to claim 1 wherein said

ratio of weight average molecular weights is 1:2 to 1:10.

6. The medical device system according to claim 1 wherein said

ratio of weight average molecular weights is 10:1 to 2:1.

7. The medical device system according to claim 1 wherein said

degradation time is less than 9 months.
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8. The medical device system according to claim 1 wherein said

degradation time is less than 6 months.

9. The medical device system according to claim 1 wherein said
bioactive agent is selected from the group consisting of anti-proliferatives, estrogens,
chaperone inhibitors, protease inhibitors, protein-tyrosine kinase inhibitors,
leptomycin B, peroxisome proliferator-activated receptor gamma ligands (PPARYy),
hypothemycin, nitric oxide, bisphosphonates, epidermal growth factor inhibitors,
antibodies, proteasome inhibitors, antibiotics, anti-inflammatories, anti-sense
nucleotides, transforming nucleic acids, sirolimus (rapamycin), tacrolimus (FK506),

everolimus (certican), temsirolimus (CCI-779) and zotarolimus (ABT-578).

10. A method of providing a non-erodable stent coating with a pre-
selected degredation time comprising the steps of:

(a) selecting a first bioabsorbable polymer with a first weight
average molecular weight;

(b) selecting at least one additional bioabsorbable polymer with a
second weight average molecular weight;

(c)  blending said first polymer and said at least one additional
polymer thereby forming a polymer blend;

(d)  optionally associating a bioactive agent with said polymer blend;
and

(e) coating said polymer biend on a non-erodable metal stent,
thereby providing a bioactive coating on said stent with a pre-selected degradation

time.

11.  The method according to claim 10 wherein said first polymer
and said at least one additional polymer are selected from the group consisting of
polylactide, poylglycolide, polysaccharides, proteins, polyesters,
polyhydroxyalkanoates, polyalkelene esters, polyamides, polycaprolactone, polyvinyl
esters, polyamide esters, polyvinyl alcohols, modified derivatives of caprolactone
polymers, polytrimethylene carbonate, polyacrylates, polyethylene glycol, hydrogels,

photo-curable hydrogels, terminal diols, and combinations thereof.
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12.  The method according to claim 10 wherein said non-erodable
stent comprises metals selected from the group consisting of stainless steel,
tantalum, titanium, nickel-titanium alloys, shape memory alloys, super elastic alloys,
low-modulus Ti-Nb-Zr alloys, cobalt-nickel alloy steel (MP-35N), and combinations

thereof.

13.  The method according to claim 10 wherein said bioactive agent

is dispersed within said polymer blend.

14.  The method according to claim 10 wherein said bioactive agent
is selected from the group consisting of anti-proliferatives, estrogens, chaperone
inhibitors, protease inhibitors, protein-tyrosine kinase inhibitors, leptomycin B,
peroxisome proliferator-activated receptor gamma ligands (PPARY), hypothemycin,
nitric oxide, bisphosphonates, epidermal growth factor inhibitors, antibodies,
proteasome inhibitors, antibiotics, anti-inflammatories, anti-sense nucleotides,
transforming nucleic acids, sirolimus (rapamycin), tacrolimus (FK506), everolimus
(certican), temsirolimus (CCI-779) and zotarolimus (ABT-578).

15.  The method according to claim 10 wherein said degradation

time is less than 9 months.

16.  The method according to claim 10 wherein said degradation

time is less than 6 months.

17.  The method according to claim 10 wherein said polymer blend
comprises a molecular weight ratio, wherein said molecular weight ratio is 1:2 to
1:10.

18.  The method according to claim 10 wherein said polymer blend
comprises a molecular weight ratio, wherein said molecular weight ratio is 10:1 to
2:1.
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