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IMPLANTABLE DEVICES COMPRISING BIOLOGICALLY AB-
SORBABLE STAR POLYMERS AND METHODS FOR FABRICAT-
ING THE SAME

BACKGROUND

1. Field of the Invention

[0001] This invention is directed to coatings for drug delivery devices, such as drug-

eluting vascular stents, and methods for producing the same.

2. Description of the State of the Art

[0002] Percutaneous transluminal coronary angioplasty (PTCA) is a procedure for treat-
ing heart disease. A catheter assembly having a balloon portion is introduced percutaneously into
the cardiovascular system of a patient via the brachial or femoral artery. The catheter assembly is
advanced through the coronary vasculature until the balloon portion is positioned across the oc-
clusive lesion. Once in position across the lesion, the balloon is inflated to a predetermined size
to radially compress against the atherosclerotic plaque of the lesion to remodel the lumen wall.
The balloon is then deflated to a smaller profile to allow the catheter to be withdrawn from the

patient’s vasculature.

[0003] A problem associated with the above procedure includes formation of intimal
flaps or torn arterial linings, which can collapse and occlude the conduit after the balloon 1is de-
flated. Moreover, thrombosis and restenosfs of the artery may develop over several months after
the procedure, which may require another angioplasty procedure or a surgical by-pass operation.
To reduce the partial or total occlusion of the artery by the collapse of arterial lining, and to re-
duce the chance of the development of thrombosis and restenosis, a stent is implanted in the lu-

men to maintain the vascular patency.

[0004] Stents are used not only as a mechanical intervention but also as a vehicle for
providing biological therapy. As a mechanical intervention, stents act as scaffoldings, functioning
to physically hold open and, if desired, to expand the wall of the passageway. Typically, stents

are capable of being compressed, so that they can be inserted through small vessels via catheters,
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and then expanded to a larger diameter once they are at the desired location. Examples in patent
literature disclosing stents which have been applied in PTCA procedures include stents illustrated
in U.S. Patent No. 4,733,665 issued to Palmaz, U.S. Patent No. 4,800,882 issued to Gianturco,
and U.S. Patent No. 4,886,062 issued to Wiktor.

[0005] Biological therapy can be achieved by medicating the stents. Medicated stents
provide for the local administration of a therapeutic substance at the diseased site. In order to
provide an efficacious concentration to the treated site, systemic administration of such medica-
tion often produces adverse or toxic side effects for the patient. Local delivery is a preferred
method of treatment in that smaller total levels of medication are administered in comparison to
systemic dosages, but are concentrated at a specific site. Local delivery thus produces fewer side
effects and achieves more favorable results. One proposed method for medicating stents involves
the use of a polymeric carrier coated onto the surface of a stent. A solution which includes a sol-
vent, a polymer dissolved in the solvent, and a therapeutic substance dispersed in the blend is ap-
plied to the stent. The solvent is allowed to evaporate, leaving on the stent surface a coating of the

polymer and the therapeutic substance impregnated in the polymer.

[0006] Local administration of therapeutic agents via stents has shown favorable results
in reducing restenosis. However, to the extent that the functionality of stents has been optimized

in recent years, stents still can cause some undesirable effects. For example, the continued expo-

sure of a stent to blood can lead to thrombus formation, and the presence of a stent in a blood ves
sel can, over time, cause the blood vessel wall to weaken, which creates the potential for an arte-
rial rupture or the formation of aneurisms. A stent can also become so overgrown by tissue after
its implantation that its usefulness may be substantially decreased while its continued presence

may cause a variety of problems or complications. It is therefore desirable for the stent to be bio-
degradable or bioabsorbable so as to diminish the adverse risks that would otherwise be associ-

ated with the stent’s continued presence once its usefulness at the treatment site has ceased or has

at least become substantially diminished.

[0007] To obviate such complications, stents can be fabricated of materials that are bio-
degradable or bioabsorbable. It is necessary to select a material that is both biodegradable and
biocompatible, and has suitable physical and mechanical properties such as sufficient strength, the
radial flexibility necessary for the stent to undergo expansion, and longitudinal flexibility to allow
the stent to be advanced through a contorted vasculature and to adapt to a non-linear deployment

site. In addition, it is desirable to have the biologically absorbable stent coatings having biologi-
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cally beneficial properties to also have a tunable absorption rate, a drug release rate that can be

modulated, and good mechanical properties.

[0008] In addition, using traditional polymers for fabricating stent coatings may create
some other difficulties. For example, the viscosity of a polymer solution commonly used for de-
positing coatings on stents can be quite high even when the concentration of the polymer in the
solution is relatively low. This is because in order to have good mechanical properties such as
ultimate elongation, the polymer molecular weight must be above a certain value, M, = 50 K
Daltons for example. Moreover, much of the manufacturing time in coating drug-eluting stents,
can consist of applying multiple applications of a coating, with drying in between, in order to
build up the desired thickness. The coating cannot be applied all at once dues to issues with coat-
ing defects and webbing in between the struts. A coating, which could be applied at higher per-
cent solids, would shorten the coating time. In some embodiments of drug-eluting stents, the
drug/polymer reservoir is placed into some type of depot on the stent. Filling these depots can
require multiple filling and drying cycles as most polymer coating formulations are only a few
percent (<10%) solids. It is, therefore, desirable to have polymers that are both suitable for mak-
ing stent coatings and are capable of forming solutions having the same or higher polymer con-

centration, but having reduced viscosity compared to traditional polymers.

SUMMARY

[0009] The inventions of this document are directed to articles comprising substrates that
are implantable into a human or animal body. These substrates can be partially coated with a ma-

terial comprising
a star polymer;

a comb polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone; or

a brush polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone.

[0010] In some embodiments the substrate is a stent, such as an intravascular stent. The
polymers can be durable or biologically absorbable and can comprise any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-lactide),
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poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-caprolactone), poly(3-
hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-hydroxyvalerate), poly(hydroxybutyrate-co-
valerate), poly(dioxanone), poly(trimethylene carbonate), and poly(D,L-lactide-co-trimethylene
carbonate). Some embodiments select the polymer to specifically exclude any one or any combi-

nation of the polymers listed here.

[0011] In some embodiments the polymer comprises homopolymer, copolymers, or ter-
polymers. Some embodiments select the polymer to specifically exclude any one or any combina-
tion of the polymers listed here. Some of these are selected from poly(n-butyl methacrylate) and
poly(isobutylene-co-block-styrene). Some embodiments select the polymer to specifically exclude

any one or any combination of the polymers listed here.
[0012] The polymers can be prepared by
ring-opening (co)polymerization,
radical (co)polymerization,
ionic (co)polymerization,
living cationic (co)polymerization;
anionic polymerization; or

living polymerization techniques (including atom transfer (co)polymerization,
metallocene catalysis, Ziegler-Natta catalysis, nitroxide mediated techniques, or

iniferter techniques),

wherein the polymerization is of one or more monomer types.

[0013] For articles comprising brush and comb polymers, some embodiments comprise
1 1o 1000 or 5 to 500 sidechains.

[0014] Methods of making these articles and methods of using these articles are also en-

compassed by this disclosure
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DETAILED DESCRIPTION

1. Terms and Definitions.

[0015] The term “polymer” is defined to be inclusive of homopolymers and copolymers
(further defined below), including any of the following:

random copolymers;
alternating copolymers;
cross-linked polymers;
linear polymers;
thermoplastic polymers; and

block-copolymers.

[0016] The term “polymer” is further defined as a synonym of the term “polymeric
compound.” The term “copolymer” is defined as a polymer derived from more than one species
of monomer, including copolymers that are obtained by copolymerization of two monomer spe-

cies, those obtained from three monomers species (“terpolymers”), etc.

[0017] The term “random copolymer™ is defined as a copolymer containing macromole-
cules in which the probability of finding a given monomeric unit at any given site in the chain is

substantially independent of the nature of the adjacent units.

[0018] The term “alternating copolymer” is defined as a copolymer containing macro-

molecules comprising two species of monomeric units in alternating sequence.

[0019] The term “cross-linked polymer” is defined as a polymer that includes cross-
links. “Cross-link” is defined as a region in a macromolecule from which at least four chains
emanate, and which is formed by reactions involving sites or groups on existing macromolecules
or by interactions between existing macromolecules. The region defining the “cross-link” can be
an atom, a group of atoms, or a number of branch points connected by bonds, groups of atoms, or

oligomeric chains.
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[0020] The term “linear polymer” is defined as a macromolecule, the structure of which
comprises a multiple repetition, in linear sequence, of units derived from low relative molecular

mass molecules.

[0021] The term “thermoplastic polymer>” is defined as a polymer that does not readily
form cross-links, even when heated, whether in the presence of a cross-linking catalyst or in the
absence of such catalyst. Typically, the cross-link's are not formed because the thermoplastic
polymers substantially lack reactive chemical fragiments in their macromolecules needed for form-
ing the cross-link. As a result, a thermoplastic polymer can be softened and fused when heated
and hardened when cooled. Cycles of melting and solidifying a thermoplastic polymer can be re-
peated many times without the polymer undergoing any appreciable chemical change. Also, a
thermoplastic polymer that is soluble in a solvent remains soluble in that solvent after being sub-

jected to many melting-solidifying cycles.

[0022] Polymers that are both linear and thermoplastic are defined as “linear thermoplas-
tic polymers.” For the purposes of some embodiments of the present invention, whenever the
terms “linear polymer,” or “thermoplastic polymer,” or “linear thermoplastic polymer” are used,
these terms specifically exclude materials with cross-links. In other words, as used in some em-

bodiments of the present invention, “linear polymers” and “thermoplastic polymers” are substan

tially free of cross-linked fragments.

[0023] The term “block copolymer” is defined aé a copolymer containing a linear ar-
rangement of blocks, a block being defined as a portion of a polymer molecule in which the
monomeric units have at least one constitutional or configurational feature absent from adjacent
portions. For example, a block copolymer of moiety A and moiety B may be written as —A—A—
A-B-B-B-B—. Such block copolymer is often referred to as an “AB block copolymer.” The
blocks need not be linked on the ends, since the individual blocks are usually long enough to be
considered polymers in their own right. The AB block copolymer can be, accordingly, named
poly(A-block-B-block). The term “block copolymer” is intended to broadly include copolymers
having two or more types of blocks, for example, di-block and tri-block copolymers.

[0024] The terms “biologically absorbable, bioabsorbable, biodegradable, bioresorbable,
bioerodable, absorbable, degradable, resorbable, or erodable coatings and/or polymers is defined
as coatings or polymers that are capable of being substantially to completely degraded, dissolved,
or eroded when exposed to bodily fluids such as blood and that are gradually resorbed, absorbed

or eliminated by the body. The processes of degradation, dissolution, erosion, and eventual ab-
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sorption and elimination of the coating or polymer can be caused, for example, by hydrolysis, en-
zymatic action, oxidation, phagocytosis, metabolic processes, bulk or surface erosion, and the
like.

[0025] Whenever reference is made to “biologically absorbable, bioabsorbable, biode-
gradable, bioresorbable, bioerodable, absorbable, degradable, resorbable, or erodable ” stent coat-
ings or polymers forming such stent coatings, it is understood that after the process of degrada-
tion, dissolution, erosion, absorptior, or resorption has been substantially completed, substantially

no coating will remain on the stent.

[0026] The term “durable polymers” is defined as polymers that are intended to remain
in the body permanently or in some embodiments greater than 1, 2, or 3 years. They have limited
mechanisms by which the polymer backbone may be cleaved in vivo by hydrolytic, enzymatic, or

oxidative means. They are not “biologically absorbable” as defined above.

[0027] The term “star polymer” is defined as a polymer composed of star macromole-
cules, in accordance with the IUPAC Definition 2.32. “Star macromolecules” are defined as mac-
romolecule containing relatively fews branch points from which substantially linear chains or arms

emanate.

[0028] For the purposes of the present invention, “star macromolecules” include “n-star

29 Cc

macromolecules,” “regular star macromolecules,” and “variegated star macromolecules.” An “n-

_star macromolecule” contains n, sub stantially linear chains or arms attached to the branch point,
e.g., a three-star macromolecule, if 7z = 3. A “regular star macromolecule” contains substantially
identical arms. A “variegated star maacromolecule” contains substantially different arms such as
difference in the composition of momomeric units composing the arms, e.g., the arms may be dif-

ferent in respect to their constitution. or degree of polymerization.

[0029] The advantage to using star polymers is that they have a lower solution viscosity
(for a given percent solids) or a lower melt viscosity. Moreover, they retain good mechanical
properties due to their entanglement. These features are also present in comb and brush polymers
when the brushes or combs extending from the polymer backbone have chain lengths similar to
that of the backbone itself. In some embodiments, the contour length of the side brush or comb is

at least 10, 20, 30, 40, 60, 80, or 90246 of the contour length of the main polymer backbone.
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[0030] These types of comb and brush polymers can also be used instead of star poly-
mers if the brushes or combs extending from the polymer backbone are at least 10% of the con-

tour length of the main polymer backbone itself.

[0031] The terms “ring-opening polymerization or copolymerization,” also used as

“ring-opening (co)polymerization” are defined as:

with respect to the ring-opening po lymerization, a process of polymerization in
which a cyclic monomer yields a monomeric unit which is acyclic or contains
fewer rings than the monomer;

with respect to the ring-opening copolymerization, a process of copolymerization
of more than one monomer that is a ring-opening polymerization with respect to at
least one monomet.

[0032] The term “radical polymerization or copolymerization,” also used as “radical
(co)polymerization” is defined as a chain polymerization or copolymerization, respectively, in
which the kinetic-chain carriers are radicals. “Chain polymerization or copolymerization” is a
chain reaction in which the growth of a polymer chain proceeds substantially exclusively by reac-
tion(s) between monomer(s) and reactive site(s) on the polymer chain with regeneration of the

reactive site(s) at the end of each step.

[0033] The term “ionic polymerization or copolymerization,” also used as “ionic
(co)polymerization” is defined as a chain polymerization or copolymerization, respectively in
which substantially all of the kinetic-chain carriers are ions or ion-pairs. “Anionic polymerization
or copolymerization” (or “anionic (co)polymerization™) and “cationic polymerization or copoly-
merization” (or “cationic (co)polymerization)” are particular cases of “ionic (co)polymerization™

where the ions or ion-pairs are anions and cations, respectively.

[0034] The term “living polymerization or copolymerization” (or “living
‘(co)polymerization”) is defined as a chain polymerization or copolymerization from which chain

transfer and chain termination are substantially absent.

[0035] The term “polycondensation or copolycondensation,” also used as

“(co)polycondensation” is defined as a polymerization or copolymerization in which the growth



WO 2006/049907 PCT/US2005/037987

of polymer chains substantially proceeds by condensation reactions between molecules of all de-

grees of polymerization.

2. Embodiments of the Invention.

[0036] According to embodiments of the invention, a star polymer can be deposited on
at least a portion of a stent to form a stent coating. One suitable example of the general structure
is schematically illustrated by Structure I In Structure I, X is a central moiety serving as a focal

branching point from which polymeric chains or arms emanate.

“‘m)gﬂ““

Structure 1
[0037] Useful polymeric arms can comprise linear polymers of various compositions,
including linear homopolymers, linear copolymers or linear terpolymers. In some embo diments,
useful polymeric arms include polymers formed as a result of any of the following polyrnerization

processes using one or more monomer(s):

ring-opening polymerization or copolymerization;

radical polymerization or copolymerization, e.g., using a trifunctional free radical
initiator;

ionic polymerization or copolymerization, including cationic polymerization or co-
polymerization and anionic polymerization or copolymerization; and

living polymerization.

[0038] The stent coating can be a multi-layer structure that can include any of the fol-

lowing four layers or combination thereof:

a primer layer;
a drug-polymer layer (also referred to as “reservoir” or “reservoir layer”);

a polymer-free drug layer; and
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a topcoat layer.

[0039] Each stent coating layer can be formed by dissolving a star polymer or star-
polymer blend in a solvent, or a solvent mixture, and applying the solution to the stent by spraying
the stent or immersing it in the solution. After application, the solvent evaporates, drying the ma—
terial. Drying can be accelerated by conducting at an elevated temperature or reduced pressure or
both.

[0040] To incorporate a drug into the reservoir layer, the drug can be combined with the
polymer solution described above. Alternatively, a polymer-free reservoir can be made. To fab-
ricate a polymer free reservoir, the drug can be dissolved in a suitable solvent or solvent mixture

and the resulting solution can be applied to the stent.

[0041] Instead of introducing the drug as a solution, the drug can be introduced as a col—-
loidal system, such as a suspension or dispersion in an appropriate solvent. To make the suspen-
sion, the drug can be dispersed in the solvent phase using conventional colloidal chemistry tech-
niques. Depending on a variety of factors, e.g., the nature of the drug, those having ordinary skill
in the art can select the appropriate solvent phase of the suspension, as well as the quantity of drug
to be dispersed in the solvent phase. The suspension can be mixed with a polymer solution, and
the mixture can be applied to the stent as described above. Alternatively, the drug suspension can

be applied on the stent without being mixed with the polymer solution.

[0042] The drug-polymer layer can be applied directly onto at least a part of the stent
surface to serve as a reservoir for at least one active agent or a drug, which is incorporated into the
reservoir layer. The optional primer layer can be applied between the stent and the reservoir to
improve the adhesion of the drug-polymer layer to the stent. The topcoat layer, if used, can be
applied over at least a portion of the reservoir and can serve as a rate-limiting membrane, which
helps to control the drug’s release. In one embodiment, the topcoat layer can be essentially free
from any active agents or drugs. In another embodiment, the topcoat layer contains active agents

in order to alter the drug-release profile or the drug permeability of the topcoat.

[0043] In one embodiment, any or all of the layers of the stent coating can be made of a
star polymer. In another embodiment, the outermost layer of the coating can be limited to such a
polymer. To illustrate in more detail, in the stent coating having all three layers described above
(i.e., the primer, the reservoir, and the topcoat layer), the outermost layer of the stent coating is the

topcoat layer, which can comprise a star polymer. In this case, optionally, the remaining layers

10
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(i.e., the primer and the reservoir) can also comprise a star polymer; and each layer can comprise
the same star polymer as on a different star polymer from the other layers. The stent coating can
comprise any combination of primer layers, drug layers and topcoat layers and each of these can

contain similar or dissimilar polymers.

[0044] According to embodiments of the present invention, star polymers belonging to
one of two classes can be used to fabricate any or all layers of a stent coating: (1) biologically ab-
sorbable star polymers; and/or (2) durable star polymers. These two classes of star polymers can

be described as follows.

1. Biologically Absorbable Star Polymers

[0045] To make biologically absorbable star polymers, special synthetic techniques can
be used. Generally, useful biologically absorbable star polymers may have between 3 and
24 arms in the case where there is a central moiety “X,” Alternatively, the polymers may have
5-20, or 10-15 arms. Particularly, the biologically absorbable star polymers can be obtained by
ring-opening (co)polymerization, by free radical (co)polymerization, or by living
(co)polymerization of a suitable monomer or monomers. Any monomer(s) capable of forming a
biologically absorbable star (co)polymer via ring-opening polymerization or polycondensation

can be used.

[0046] Examples of biologically absorbable star polymers that can be made by ring-
opening polymerization or polycondensation and used include poly(D,L-lactide), poly(D-lactide),
poly(L-lactide), poly(L-lactide-co-D,L-lactide), poly(glycolide), poly(D,L-lactide-co-glycolide),
poly(caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-caprolactone), poly(3-
hydroxypropionate), poly(3-hydroxy-2-methylpropionate), poly(3-hydroxybutyrate), poly(4—
hydroxybutyrate), poly(3-hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L-lactide-co-trimethylene carbonate). Following the proc-
ess of ring opening polymerization, the resulting star polymer can be applied on a stent to foxrm a

stent coating as described above.

[0047] Each of these polymers can be synthesized in a star form using the technique of
ring-opening (co)polymerization or (co)polycondensation in the presence of a multifunctional ini-

tiator. The process of ring-opening polymerization can be illustrated for making r-star poly(D,L~
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lactides) as follows. The process of synthesis of other biologically absorbable star polymers 1isted

above can be similar.

[0048] The synthesis of n-star poly(D,L-lactides) includes ring-opening polymerization
of lactide (a cyclic dimer of lactic acid), in the presence of an m-functional initiator leading to
formation of a variety of n-star poly(D,L-lactides), both regular and variegated. The term “m—
functional initiator” is defined as an initiator having m reactive functional groups, where m is an
integer having the value of 3 or higher. An example of reactive functional groups in the initia tor

is hydroxyl.

[0049] The number » of arms in the final n-star poly(D,L-lactide) can correspond to the
value of m. To illustrate, to make a 3-armed poly(D,L-lactide) (n = 3), a trifunctional initiator (m
= 3) can be used. To make a 4-armed poly(D,L-lactide) (n = 4), a tetrafunctional initiator (1 = 4)

can be used, and so on.

[0050] One example of a particular n-star poly(D,L-lactide) that can be synthesized and
used is a 3-armed poly(D,L-lactide), which is a three-star polymer shown below as Polymer I:

? CH3]
0 C—CH OH
Ja

CH; THZ

O m | O

Polymer 1
[0051] In Polymer I, the length of the three arms is determined by the value of integexs

[T TR TINT)
1,

,~ and “p,” which can be the same or different.

[0052] A 3-armed poly(D,L-lactide) (A) can be obtained by ring-opening polﬁeﬁzaﬁon
of lactide, in the presence of a trifunctional initiator such as 1,1,1-trimethylolpropane or glycerol.
The process, which can be catalyzed by stannous octoate, can be summarized schematically as
Reaction I:

12
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I
CHj,
/// C
2 \
”TH/ cl) CH,OH
O G
o zH +  CH;—CH,—C—CH,OH
“ CH,
D,L-lactide 1,1,1-trimethylolpropane
+ Stannous Octoate
ﬁ CH,
O—C—CH OH
CH, CHy n
O m

O—C—CH—0OH

Reaction I

[0053] The polymerization may be carried out neat or in a solvent such as toluene. Typi-
cal conditions for the ring opening polymerization is a temperature of 60°C to 140°C for 1 to 24
hours. A useful catalyst is stannous octoate, but those of ordinary skill in the art can supply oth-

ers. Useful catalyst to initiator ratios are 0.1/1 to 2/1 on a molar basis.

[0054] Another example of a particular n-star poly(D,L-lactide) that can be synthesized
and used is a 4-armed poly(D,L-lactide), which is a four-star polymer (Polymer IT) : '

13
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O CHs
0—C—CH—OH
n
CH, THZ 0
HO CH—|c|:—‘ CHZ—clj CH, |-O C—CH—-0H
I L
m HZ CH3

Polymer II
[0055] In Polymer I, the length of the four arms is determined by the value of integers

13 29 G677 6C_ P

m,” “n,” “p,” and “q,” which can be the same or different.

[0056] A 4-armed poly(D,L-lactide) Polymer II can be obtained by ring-opening polym-
erization of lactide. The process is similar to the process shown by Reaction I, except that instead
of a trifunctional initiator used in. Reaction I, the process can be carried in the presence of a tetra-
functional initiator, for example, pentaerythritol (tetramethylolmethane). The process can be also

catalyzed by stannous octoate and can be summarized schematically as Reaction II:
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i
CH;,
////// C\

7,

fle/ 0 CH,OH

O _~-CH

— + HOCH, — C—CH,0H
C %, 2
H CH3
O CH,0H
D,L-lactide pentaerythritol
+ Stannous Octoate
O CHs
O—C—CH—T0OH
n
CH, THZ 0
HO CH—ﬁ—— CHZ—Clj CH, {O C—CH OH
m | b
0 H, CH,
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Reaction II
[0057] Star poly(D,L-lactide) having larger number of arms can be made in a manner
that is similar to the procedure described above. For example, a 6-armed poly(D,L-lactide) can be
made using a hexafunctional initiator; such as an a-cyclodextrin. Other hexafunctional, or higher,
polyhydric initiators may be low molecular weight poly(3-hydroxymethyl propionate), or den-
drimers of 2,2-bis-hydroxymethyl-propionic acid.

2. Durable Star Polymers

[0058] Generally, the durable star polymers that can be made and used can have between
3 and 24 arms. The durable star polyrmers can be synthesized using various techniques, for exam-
ple, ionic (co)polymerization, living polymerization, or free radical polymerization. For example,
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the durable star polymers can be synthesized by ionic (co)polymerization, such as living cationic
(co)polymerization or anionic polymerization, or by living polymerization techniques including

atom transfer (co)polymerization, metallocene catalysis, Ziegler-Natta catalysis, nitxoxide medi-
ated, or iniferter techniques on any monomer or monomers capable of being (co)polymerized by

these techniques.

[0059] Typically, the process of (co)polymerization leading to the formation of a durable
star polymer can be carried out in the presence of an m-functional initiator defined above. The
number # of arms in the final n-star durable polymer can correspond to the value of m. To illus-
trate, to make a 3-armed 7n-star durable polymer (n = 3), a trifunctional initiator (7n = 3) can be
used. To make a 4-armed 7z-star durable polymer (7 = 4), a tetrafunctional initiator (72 =4) can be
used, and so on. Those having ordinary skill in the art can select the monomer(s) that can be po-
lymerized to form durable star polymers and conditions under which the synthesis can be carried
out. Typical conditions to be chosen include the kind and the quantity of an appropriate initiator,

catalyst, temperature, reaction time, and so on.

[0060] One example of a particular n-star durable polymer that can be synthesized and
used is n-star poly(n-butyl methacrylate) (PBMA), such as 3-armed PBMA, which 1is a three-star
polymer shown below as P olymer III:

C4Hy—O
] o=
CH3—(I3 CHZ-—(ll
O:(ll CH;s u
C|4H9 O (I34H9
o )
(13-—'0 (|3H3 ﬁ (I)l (IZH3 C=0
C—CHjy Cc—C-0 O0—C—C CHz—(lZ
CH3 mCH3 CH; CHj p
Polymer III

[0061] A 3-armed PBMA, Polymer III, can be obtained by the process of atom transfer
polymerization of n-butyl xmethacrylate monomer, in the presence of a trifunctional initiator such
as 1,3,5-tris-(cyclohexanos/1-2-bromo-isobutyrate). This initiator can be separately” synthesized
first, by reacting three equivalents of 2-bromoisobutyryl bromide with 1,3,5-cyclohexanetriol in

the presence of a suitable base such as triethyamine to absorb the liberated HBr. The polymeriza-
16
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tion can be catalyzed by a copper bromide (I)/2,2"-bipyridine complex , can be summarized sche-

matically as R .eaction III:

O_—_(Ij
)
CH;
t CH,=—=C—C—0C,H,
CH, O CH;
|| 0
Br_c_ﬁ_o O—C—C—Br
CH; O CH;
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C4H9—
H;
CHz—
|C4H9
7
(I::O H3 C 0]
?—CHz C C 0] 0— C C CH2—
CH;
~ m
Reaction ITI

[0062] Appropriate conditions are ambient temperature to 110°C for 0.5 to 4 hours un-

der an inert atrmosphere such as argon. The reaction may be done neat or in solvents such as ben-

zene, 2-butanome, chlorobenzene, or diphenylether. Useful monomer to initiator ratios are 10/1 to

1000/1. Additional synthetic details may be found in V. Coessens et al. Prog. Polym. Sci. 26
(2001) 337-377.



WO 2006/049907 PCT/US2005/037987

[0063] Other examples of durable n-star polymers that can be synthesized and used in-

clude n-star polymers in which linear branch arms comprise copolymers, for example block-

copolymers, such as star poly(isobutylene-co-block-styrene) (PIBS), which is a three-star block-
copolymer shown below as Polymer IV:

[ CH CHJ [ Ic CH, ]
[ é J"{ CH, J"‘
Polymer IV
[0064] A 3-armed PIBS, Polymer IV, can be obtained by the process of living cationic

copolymerization of iso-butylene and styrene, in the presence of a trifunctional initiator such as

1,3,5-tris-(2-propyl-2-chloro)benzene. The process, which can be catalyzed by titanium tetrachlo-

ride, can be summarized schematically as Reaction IV:

c
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Reaction IV
[0065] This reaction is done under an inert atmosphere at temperatures of -120 to 0°C in
a suitable solvent such as cyclohexane, hexane, heptane, methylene chloride, benzene, or toluene
~ for reaction times of 1 to 24 hours. Further details may be found in Kennedy, J.P. et al. “Design

of Polymers by Carbocationic Molecular Engineering,” Hanser, NY, Munich (1992).

[0066] The viscosity of polymeric solutions containing one of the star polymers de-
scribed above is expected to be lower than that of polymeric solutions containing the same poly-
mers in a non-star form, with about the same concentration of the polymer in both kinds of solu-
tions. Greater branching will generally compact the packing of the polymer in solution, with the

result that, at equal molecular weights, the star polymer will have lower intrinsic viscosity.

[0067] The number averaged molecular weight determined chromatographically (e.g., by
gel-permeation chromatography method or GPC) (M, gpc) can differ from the star polymers de-
scribed above from the molecular weight determined osmometrically (My, osm). The ratio M gpc/
M, 0sm can be within the range of between about 0.5 and about 1. For the same polymers in the

non-star form the ratio can be between about 0.7 and about 1.2.

[0068] Any layer of the stent coating can contain any amount of the star polymer(s) de-
scribed above, or a blend of more than one of such polymers. If less than 100% of the layer is
made of the star polymer(s) described above, alternative polymers other than star poiymers, can
comprise the balance. Examples of the alternative polymers that can be used include polyacry-
lates, such as poly(butyl methacrylate), poly(ethyl methacrylate), poly(ethyl methacrylate-co-
butyl methacrylate), poly(acrylonitrile), poly(ethylene-co-methy1 methacrylate),
poly(acrylonitrile-co-styrene), and poly(cyanoacrylates); fluorinated polymers and/or copolymers,
such as poly(vinylidene fluoride) and poly(vinylidene fluoride-co-hexafluoro propene); poly(IN-
vinyl pyrrolidone); polyorthoester; polyanhydride; poly(glycolic acid-co-trimethylene carbonate);
polyphosphoester; polyphosphoester urethane; poly(amino acids); co-poly(ether-esters); polyal-
kylene oxalates; polyphosphazenes; biomolecules, such as fibrin, fibrinogen, cellulose, starch,
collagen and hyaluronic acid; polyurethanes; silicones; polyesters; polyolefins; polyisobutylene
and ethylene-alphaolefin copolymers; vinyl halide polymers and copolymers, such as polyvinyl
chloride; polyvinyl ethers, such as polyvinyl methyl ether; polyvinylidene chloride; polyvinyl ke-
tones; polyvinyl aromatics such as polystyrene; polyvinyl esters such as polyvinyl acetate; co-
polymers of vinyl monomers with each other and olefins, e.g., p oly(ethylene-co-vinyl alcohol)

(EVAL); ABS resins; and poly(ethylene-co-vinyl acetate); polyamides such as Nylon 66 and
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polycaprolactam; alkyd resins; polycarbonates; polyoxymethylenes; polyimides; polyethers, ep-
oXy resins; polyurethanes; rayon; rayon-triacetate; cellulose; cellulose acetate; cellulose butyrate;
cellulose acetate butyrate; cellophane; cellulose nitrate; cellulose propionate; cellulose ethers; and

carboxymethyl cellulose.

[0069] Representative examples of some solvents suitable for making the stent coatings
include N,N-dimethylacetamide (DMAC), N,N-dimethylformamide (DMF), tethrahydrofurane
(THF), cyclohexanone, xylene, toluene, acetone, i-propanol, methyl ethyl ketone, propylene gly-
col monomethyl ether, methyl butyl ketone, ethyl acetate, n-butyl acetate, and dioxane. Some

solvent mixtures can be used as well. Representative examples of the mixtures include:

DMAC and methanol (e.g., a 50:50 by mass mixture);
water, i-propanol, and DMAC (e.g., a 10:3:87 by mass mixture);
i-propanol, and DMAC (e.g., 80:20, 50:50, or 20:80 by mass mixtures);
|
acetone and cyclohexanone (e.g., 80:20, 50:50, or 20:80 by mass mixtures);
acetone and xylene (e.g. a 50:50 by mass mixture);

acetone, FLUX REMOVER AMS, and xylene (e.g., a 10:50:40 by mass mixture);
and

1,1,2-trichloroethane and chloroform (e.g., an 80:20 by mass mixture).

[0070] FLUX REMOVER AMS is trade name of a solvent manufactured by Tech Spray,
Inc. of Amarillo, Texas comprising about 93.7% of a mixture of 3,3-dichloro-1,1,1,2,2-
pentafluoropropane and 1,3-dichloro-1,1,2,2,3-pentafluoropropane, and the balance of methanol,
with trace amounts of nitromethane. Those having ordinary skill in the art will select the solvent

or a mixture of solvents suitable for a particular polymer being dissolved.

[0071] The therapeutic substance which can be used in the reservoir layer can include
any substance capable of exerting a therapeutic or prophylactic effect for a patient. The therapeu-
tic substance may include small molecule substances, peptides, proteins, oligonucleotides, and the

like. The therapeutic substance could be designed, for example, to inhibit the activity of vascular
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smooth muscle cells. It can be directed at inhibiting abnormal or inappropriate migration and/or

proliferation of smooth muscle cells to inhibit restenosis.

[0072] These bioactive agents can be any agent which is a therapeutic, prophylactic, or
diagnostic agent. These agents can have anti-proliferative or anti-inflammmatory properties or
can have other properties such as antineoplastic, antiplatelet, anti-coagulant, anti-fibrin, anti-
thrombonic, antimitotic, antibiotic, antiallergic, antioxidant as well as cystostatic agents. Exam-
ples of suitable therapeutic and prophylactic agents include synthetic inorganic and organic com-
pounds, proteins and peptides, polysaccharides and other sugars, lipids, and DNNA and RNA nu-
cleic acid sequences having therapeutic, prophylactic or diagnostic activities. Nucleic acid se-
quences include genes, antisense molecules which bind to complementary DNA to inhibit tran-
scription, and ribozymes. Some other examples of other bioactive agents include antibodies, re-
ceptor ligands, enzymes, adhesion peptides, blood clotting factors, inhibitors or clot dissolving
agents such as streptokinase and tissue plasminogen activator, antigens for immunization, hor-
mones and growth factors, oligonucleotides such as antisense oligonucleotides and ribozymes and
retroviral vectors for use in gene therapy. Examples of anti-proliferative agents include rapamy-
cin and its functional or structural derivatives, 40-0-(2-hydroxy)ethyl-rapamycin (everolimus),
and its functional or structural derivatives, paclitaxel and its functional and stru ctural derivatives.
Examples of rapamycin derivatives include methyl rapamycin (ABT-578), 40-O-(3-
hydroxy)propyl-rapamycin, 40-O-[2-(2-hydroxy)ethoxy]ethyl-rapamycin, and 40-O-tetrazole-
rapamycin. Examples of paclitaxel derivatives include docetaxel. Examples of antineoplastics
and[or antimitotics include methotrexate, azathioprine, vincristine, vinblastine, fluorouracil,
doxorubicin hydrochloride (e.g. Adriamycin® from Pharmacia & Upjohn, Peapack N.J.), and mi-
tomycin (e.g. Mutamycin® from Bristol-Myers Squibb Co., Stamford, Conn.). Examples of such
antiplatelets, anticoagulants, antifibrin, and antithrombins include sodium heparin, low molecular
weight heparins, heparinoids, hirudin, argatroban, forskolin, vapiprost, prostacy clin and prostacy-
clin analogues, dextran, D-phe-pro-arg-chloromethylketone (synthetic antithrombin), dipyrida-
mole, glycoprotein ITb/IITa platelet membrane receptor antagonist antibody, recombinant hirudin,
thrombin inhibitors such as Angiomax & (Biogen, Inc., Cambridge, Mass.), calcium chamnel
blockers (such as nifedipine), colchicine, fibroblast growth factor (FGF) antagomists, fish oil
(omega 3-fatty acid), histamine antagonists, lovastatin (an inhibitor of HMG-COA reductase, a
cholesterol lowering drug, brand name Mevacor® from Merck & Co., Inc., Whitehouse Station,
NJ), monoclonal antibodies (such as those specific for Platelet-Derived Growth Factor (PDGF)

receptors), nitroprusside, phosphodiesterase inhibitors, prostaglandin inhibitors, suramin, sero-
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tonin blockers, steroids, thioprotease inhibitors, triazolopyrimidine (a PIDGF antagonist), nitric
oxide or nitric oxide donors, super oxide dismutases, super oxide dismu-tase mimetic, 4-amino-
2,2,6,6-tetramethylpiperidine-1-oxyl (4-amino-TEMPO), estradiol, anticancer agents, dietary sup-
plements such as various vitamins, and a combination thereof. Examples of anti-inflammatory
agents including steroidal and non-steroidal anti-inflammatory agents include tacrolimus, dexa-
methasone, clobetasol, combinations thereof. Examples of such cytostatic substance include an-
giopeptin, angiotensin converting enzyme inhibitors such as captopril (e. g. Capoten® and Ca-
pozide® from Bristol-Myers Squibb Co., Stamford, Conn.), cilazapril or lisinopril (e.g. Prinivil®
and Prinzide® from Merck & Co., Inc., Whitehouse Station, NJ). An example of an antiallergic
agent is permirolast potassium. Other therapeutic substances or agents which may be appropriate
include alpha-interferon, bioactive RGD, and genetically engineered epithelial cells. The forego-
iﬁg substances can also be used in the form of prodrugs or co-drugs thereof. The foregoing sub-
stances are listed by way of example and are not meant to be limiting. Other active agents which

are currently available or that may be developed in the future are equally” applicable.

[0073] The dosage or concentration of the bioactive agent required to produce a favor-
able therapeutic effect should be less than the level at which the bioactiv-e agent produces toxic
effects and greater than the level at which non-therapeutic results are obtained. The dosage or
concentration of the bioactive agent required to inhibit the desired cellular activity of the vascular
region can depend upon factors such as the particular circumstances of the patient; the nature of
the tissues being delivered to; the nature of the therapy desired; the time over which the ingredient
administered resides at the vascular site; and if other active agents are employed, the nature and
type of the substance or combination of substances. Therapeutic effectivze dosages can be deter-
mined empirically, for example by infusing vessels from suitable animal model systems and using
immunohistochemical, fluorescent or electron microscopy methods to detect the agent and its ef-
fects, or by conducting suitable in vitro studies. Standard pharmacological test procedures to de-

termine dosages are understood by one of ordinary skill in the art.

[0074] The coatings and methods of the present invention have been described with ref-
erence to a stent, such as a balloon expandable or self-expandable stent. The use of the coating is
not limited to stents, however, and the coating can also be used with a vaxiety of other medical
devices. Examples of the implantable medical device that can be used in. conjunction with the
embodiments of this invention include stent-grafts, grafts (e.g., aortic gra fis), artificial heart
valves, cerebrospinal fluid shunts, pacemaker electrodes, axius coronary shunts and endocardial

leads (e.g., FINELINE and ENDOTAK, available from Guidant Corpora-tion). The underlying
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structure of the device can be of virtually any design. The device can be made ofa metallic mate-
rial or an alloy such as, but not limited to, cobalt-chromium alloys (e.g., ELGILOY), stainless
steel (316L), “MP35N,” “MP20N,” ELASTINITE (Nitinol), tantadum, tantalum-based alloys,
nickel-titanium alloy, platinum, platinum-based alloys such as, e.g., platinum-iridium alloy, irid-
ium, gold, magnesium, titanium, titanium-based alloys, zirconjum—based alloys, or combinations
thereof. Devices made from bioabsorbable or biostable polymers can also be used with the em-

bodiments of the present invention.

[0075] “MP35N” and “MP20N” are trade names for alloy/s of cobalt, nickel, chromium
and molybdenum available from Standard Press Steel Co. of Jenkimtown, Pennsylvania.
“MP35N” consists of 35% cobalt, 35% nickel, 20% chromium, and 10% molybdenum. “MP20N”

consists of 50% cobalt, 20% nickel, 20% chromium, and 10% molybdenum.

Examples

[0076] The following examples are provided to further ill-ustrate embodiments of the

present invention.

Example 1. Making the polymer (A) as shown be Reaction I aboves.

[0077] To a 500 ml flask equipped with magnetic stirrer, ©il bath, distillation column
with receiver, vacuum line, and argon inlet is added 125 ml of dry toluene, D,L-lactide (125 gm,
0.868 mole), and trimethylolpropane (0.2 gm, 0.0015 mole). Undex reduced pressure and with
stirring, the toluene is distilled off at 80°C to remove water. After Ppurging with argon, another
125 ml portion of dry toluene is added and the process repeated. A final 125 ml of dry toluene is
added with stannous octoate (0.608 gm, 0.0015 mole) and the reaction mixture heated with stir-
ring to 90°C for 14 hours. After cooling to ambient temperature, th.e reaction mixture is slowly
poured into 2 liters of cold methanol with gentle stiring. The polyrmer is isolated by filtration and

dried under vacuum at 40°C.

Example 2. Making the polymer (B) as shown be Reaction II above.

[0078] To a 500 ml flask equipped with magnetic stirrer, oil bath, distillation column
with receiver, vacuum line, and argon inlet is added 125 ml of dry toluene, D,L-lactide (125 gm,
0.868 mole), and pentaerythritol (0.2 gm, 0.0015 mole). Under redvaced pressure and with stir-
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ring, the toluene is distilled off at 80°C to remove water. After purging with argon, another 125
ml portion of dry toluenie is added and the process repeated. A final 125 ml of dry toluene is
added with stannous octoate (0.608 gm, 0.0015 mole) and the reaction mixture heated with stir-
ring to 90°C for 14 hours. After cooling to ambient temperature, the reaction mixture is slowly
poured into 2 liters of cold methanol with gentle stirring. The polymer is isolated by filtration and

dried under vacuum at 40°C.

Example 3. Making the polymer (C) as shown for Reaction III above.

[0079] Toa 250 ml 3-necked flask equipped with magnetic stirrer, vacuum line, argon
inlet, and oil bath is added 125 ml of dry toluene, n-butyl methacrylate (25 gm, 0.176 mole),
1,3,5-tris-cyclohexanoy1-2-bromo-isobutyrate (0.112 gm, 3.35 x 10* mole) and 2,2’-bipyridine
(0.105 gm, 6.7 x 10* mole,) . After dissolution by stirring, the reaction mixture is subjected to
three freeze thaw cycles using a liquid nitrogen bath while pulling vacuum. After a final purge
with argon, cuprous broxmide (0.048 gm, 3.35 x 10 mole) is added and the temperature slowly

raised to 90°C. After stirring for 24 hours, the solution is cooled and the polymer precipitated

into 1 liter of methanol. After isolation by filtration, the polymer is dried under vacuaam at 40°C.

Example 5. Stent coating containing star polymer, Polymer II

[0080] A first composition is prepared by mixing the following components:

about 2 mass % poly(D,L-lactide-co-caprolactone);

dissolved in a mixture of acetone and cyclohexanone (70% and 30% by’ weight re-
spectively’).

[0081] The first composition is applied onto the surface of a bare 12 mm VISION stent
(available from Guidant Corporation) by spraying and dried to form a stent primer coating. A
spray coater is used, having a 0.014 round nozzle maintained at ambient temperature with a feed
pressure of about 0.2 atnn (about 3 psi) and an atomization pressure of about 1.3 atm (about 20
psi). About20 ug of the wet coating is applied per pass. Between the passes, the coating was
dried at about 50°C for about 10 seconds. F ollowing the last pass, the coating was baked at about
60°C for about 1 hour, yielding a dry primer layer. The dry primer layer contains about 80 pg of
poly(D,L-lactide-co-caprolactone).
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[0082] A second composition was prepared by mixing the following components:

about 6 mass % the polymer of example 2; and
about 2 mass % EVEROLIMUS; and

the balance, a mixture of acetone and cyclohexanone (30% and 70% respectively.

[0083] The second composition was applied onto the dry primer layer. Using the same
coating technique, about 60 pg of the wet coating is applied per pass. Between the passes, the
coating is dried at about 50°C for about 10 seconds. Following the last pass, the coating is baked
at about 50°C for about 1 hour, yielding a dry reservoir layer. Due to the high percent solids that
can be sprayed, only 8 passes are required. The dry reservoir layer contains about 430 ng of star

polymer B and 140 pg of everolimus. The total weight of the coating is about 570 pug.

[0084] While particular embodiments of the present invention have been shown and de-
scribed, it will be obvious to those skilled in the art that changes and modifications can be made
without departing from the embodiments of this invention in its broader aspects and, therefore, the
appended claims are to encompass within their scope all such changes and modifications as fall

within the true spirit and scope of the embodiments of this invention.

[0085] Additionally, various embodiments have been described above. For con'ven-
ience's sake, combinations of aspects (such as monomer type or gas flow rate) composing inven-
tion embodiments have been listed in such a way that one of ordinary skill in the art may read
them exclusive of each other when they are not necessarily intended to be exclusive. But a recita-
tion of an aspect for one embodiment is meant to disclose its potential use in all embodiments in
which that aspect can be incorporated without undue experimentation. In like manner, a recitation
of an aspect as composing part of an embodiment is a tacit recognition that a supplementary em-

bodiment exists in which that aspect is specifically excluded.
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CLAIMS

WHAT IS CLAIMED IS:

1. A article comprising:

an implantable substrate; and

a coating deposited on at least a portion of the substrate, wherein the coating com-

prises:
a star polymer;

a comb polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone; or

a brush polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone.

2. The article of Claim 1 wherein the implantable substrate is a stent.

3. The article of Claim 1 wherein the star polymer comprises any one or any combination of

biologically absorbable polymers and durable polymers.

4. The article of Claim 3 wherein the star polymer comprises n-star poly(D,L-lactide).

5. The article of Claim 3 wherein the star polymer comprises any one or any combination of
3-armed poly(D,L-lactides), 4-armed poly(D,L-lactides), 5-armed poly(D,L-lactides), or 6-
armed poly(D,L-lactides).

6. The article of Claim 1 wherein the star polymer comprises any one or any combimation of

polymers having the formula of Polymer I or Polymer II:
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The article of Claim 3 wherein the star polymer comprises any one or any combination of

polymers having the formulas of Polymer I or Polymer II:
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The article of Claim 1 wherein the star polymer comprises any one or any combination of
poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-1actide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).
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The article of Claim 3 wherein the star polymer comprises any one or any combination of
poly(D,L-1actic acid), poly(D-lactic acid), poly(L-lactic acid), poly (IL-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(gly colide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The article of Claim 3 wherein the star polymer comprises any one or any combination of

n-star poly(n-butyl methacrylate) and n-star poly(isobutylene-co-block-styrene).

The article of Claim 1 wherein the star polymer comprises homopolymers, copolymers or

terpolymers.

The article of Claim 11 wherein the homopolymers, copolymers, Or terpolymers are linear.

The artic1e of Claim 1 wherein the star polymer is a product of
ring-opening (co)polymerization,
radical (co)polymerization,
ionic (co)polymerization,
living cationic (co)polymerization;
anijonic polymerization; or
living polymerization techniques,
wherein the polymerization reacts one or mMOoTe MONOMmers -
The article of Claim 13 wherein living polymerizatién techniques include atom transfer

(co)polymerization, metallocene catalysis, Ziegler-Natta catalysis, nitroxide mediated

techniques, or iniferter techniques.
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15.  The article of Claim 1 wherein the ratio between the number averaged molecular weight of
the star polymer measured chromatographically and the number averaged molecular

weight of the star polymer measured osmometrically is from about 0.5 to about 1.0.

16.  The article of Claim 1 wherein the comb polymer comprises 1 to 1000 sidechains.
17.  The article of Claim 1 where in the comb polymer comprises 5 to 500 sidechains.

18.  The article of Claim 1 wherein the sidechains are at least 50% of the con'tour length of the

polymer backbone.
19.  The article of Claim 1 wherein the brush polymer comprises 1 to 1000 sidechains.

20.  The article of Claim 1 where in the brush polymer comprises 5 to 500 sidechains.

21.  The article of Claim 1 wherein the brush polymer comprises any one or any combination

of biologically absorbable polymers and durable polymers.

29, The article of Claim 1 wherein the brush polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide—co-giycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

23.  The article of Claim 21 wherein the brush polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L.-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly (3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).
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The article of Claim 1 wherein the comb polymer comprises any one or any combination

of biologically absorbable polymers and durable polymers.

The article of Claim 1 wherein the comb polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The article of Claim 24 wherein the comb polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The article of Claim 1 wherein the brush polymer comprises homopolymers, copolymers
or terpolymers.

The article of Claim 27 wherein the homopolymers, copolymers, or terpolymers are linear.

The article of Claim 1 wherein the comb polymer comprises homopolymers, copolymers

or terpolymers.

The article of Claim 29 wherein the homopolymers, copolymers, or terpolymers are linear.

An article comprising:

a stent; and
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a coating deposited on at least a portion of the substrate

wherein the coating comprises:
a star polymer comprising:

any one or any combination of biologically absorbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one or any combination of poly(D,L-lactic acid), poly(D-lactic acid),

| poly(L-lactic acid), poly(L-lactide-co-D,L-lactide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hiydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L-lactide-co-trimethylene carbonate),
poly(n-butyl methacrylate) or pol(isobutylene-co-block-styrene).

32. An article comprising:

a stent; and

a coating deposited on at least a portion of the substrate

wherein the coating comprises

a star polymer comprising any one or any combination of polymers having the formula of

Polymer I or Polymer IL:
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33.  An article comprising:

a stent; and

a coating deposited on at least a portion of the substrate
wherein the coating comprises:

a comb polymer wherein the sidechains are at least 10% of the contour length of

the polymer backbone and comprising:
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any one or any combination of biologically abs orbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one or any combination of poly(D,L-lactic acid), poly(D-lactic acid),
poly(L-lactic acid), poly(L-lactide-co-D,L-lactide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L-lactide-co-trimethylene carbonate),
poly(n-butyl methacrylate) or poly(isobutylene-co-block-styrene).

34.  An article comprising:

a stent; and

a coating deposited on at least a portion of the substrate

wherein the coating comprises:

a brush polymer wherein the sidechains are at least 10% of the contour length of

the polymer backbone and comprising:

any one or any combination of biologically absorbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one.or any combination of poly(D,L-lactic acid), poly(D-lactic acid),
poly(L-lactic acid), poly(L-lactide-co-D,L-lacttide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L—lactide-éo~trimethylene carbonate),
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poly(n-butyl methacrylate) or poly(isobutylene-co-block-styrene).

A method for fabricating a device comprising depositing a coating on at least a portion of

an implantable substrate wherein the coating comprises:
a star polymer;

a comb polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone; or

a brush polymer wherein the sidechains are at least 10% of the contour

length of the polymer backbone.

The method of Claim 35 wherein the implantable substrate is a stent.

The method of Claim 35 wherein the star polymer is selected from a group consisting of

biologically absorbable polymers and durable polymers.

The method of Claim 37 wherein the star polymer is n-star poly(D,L-lactide).

The method of Claim 37 wherein the star polymer is selected from a group consisting of a

3-armed poly(D,L-lactide), a 4-armed poly(D,L-lactide), and a 6-armed poly(D,L-lactide).

The method of Claim 37 wherein the star polymer is selected from a group consisting of

polymers having formulae (I) and (II):
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41.  The method of Claim 37 wherein the star polymer is selected from a group consisting of
poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(L-
lactide-co-caprolactone), poly(D,L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

42.  The method of Claim 37 wherein the durable star polymer is selected from a group con-
sisting of n-star poly(n-butyl methacrylate) and n-star poly(isobutylene-co-block-styrene).
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43. The method of Claim 35 wherein the star polymer comprise homopolymers, copolymers
or terpolymers.

44, The method of Claim 43 wherein homopolymers, copolymers, or terpolymers are linear.

45.  The method of Claim 35 additionally including polymerizing at least one monomer using
ring-opening (co)polymerization,
radical (co)polymerization,
ionic (co)polymerization,
living cationic (co)polymerization;
anionic polymerization; or
| living polymerization techniques.
46. The method of Claim 45 wherein living polymerization techniques include atom transfer

(co)polymerization, metallocene catalysis, Ziegler-Natta catalysis, nitroxide mediated

techniques, or iniferter techniques.
47. A method comprising coating on at least a portion of an implantable substrate with a mate-
rial comprising:
a star polymer;

a comb polymer wherein the sidechains are at least 10% of the contour length of

the polymer backbone; or
a brush polymer wherein the sidechains are at least 10% of the contour length of

the polymer backbone.

48.  The method of Claim 47 wherein the implantable substrate is a stent.
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The method of Claim 47 wherein the star polymer comprises any one or any combination

of biologically absorbable polymers and durable polymers.

The method of Claim 49 wherein the star polymer comprises n-star poly(D,L-lactide).

The method of Claim 49 wherein the star polymer comprises any one or any combination
of 3-armed poly(D,L-lactides), 4-armed poly(D,L-lactides), 5-armed poly(D,L-lactides), or
6-armed poly(D,L-lactides).

The method of Claim 47 wherein the star polymer comprises any one or any combination

of polymers having formulas I and II:

0 CH,
O——c——c|:H OH
CH, CH; n
HO CH—ﬁ—— CH, — C—CH,—CHj
0 m LLHZ 0

I

O—C—CH—OH

| b
CH,

Formula I
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53 The method of Claim 49 wherein the star polymer comprises any one or any combination
of polymers having formulas I and II:
0O (|3H3
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Formula I
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O—C—CH—0OH

CH,

Formula II

The method of Claiim 47 wherein the star polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly (3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 49 wherein the star polymer comprises any one or any combination
of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-D,L-
lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-
lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly (3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 49 wherein the star polymer comprises any one or any combination

of n-star poly(n-burtyl methacrylate) and n-star poly(isobutylene-co-block-styrene).
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The method of Claim 47 wherein the star polymer comprises homopolymers, copolymers
or terpolymers.

The method of Claim 57 wherein the homopolymers, copolymers, or terpolymers are lin-

car.

The method of Claim 47 wherein the star polymer is a product of
ring-opening (co)polymerization,
radical (co)polymerization,
ionic (co)polymerization,
living cationic (co)polymerization;
anionic polymerization; or
living polymerization techniques,
wherein the polymerization is of one or more monomer types.
The method of Claim 59 wherein living polymerization techniques include atom transfer

(co)polymerization, metallocene catalysis, Ziegler-Natta catalysis, nitroxide mediated

techniques, or iniferter techniques.

The method of Claim 47 wherein the ratio between the number averaged molecular weight
of the star polymer measured chromatographically and the number averaged molecular

weight of the star polymer measured osmometrically is from about 0.5 to about 1.0.

The method of Claim 47 wherein the comb polymer comprises 1 to 1000 sidechains.

The method of Claim 47 where in the comb polymer comprises 5 to 500 sidechains.
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The method of Claim 47 wherein the sidechains are at least 50% of the contowr length of

the polyymer backbone.

65.

66.

67.

68.

69.

70.

71.

The method of Claim 47 wherein the brush polymer comprises 1 to 1000 sidechains.

The method of Claim 47 where in the brush polymer comprises 5 to 500 sidec hains.

The method of Claim 47 wherein the brush polymer comprises any one or any” combina-

tion of biologically absorbable polymers and durable polymers.

The method of Claim 47 wherein the brush polymer comprises any one or any” combina-
tion of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-L actide-co-
D,L-lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone),
poly(D,L-lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(tximethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 67 wherein the brush polymer comprises any one or any” combina-
tion of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-Lactide-co-
D,L-lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone),
poly(D,L-lactide-co-caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 47 wherein the comb polymer comprises any one or any’ combina-

tion of biologically absorbable polymers and durable polymers.

The method of Claim 47 wherein the comb polymer comprises any one or any’ combina-
tion of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-Ractide-co-
D,L-lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone),
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poly(D,L-lactide-co-caprolactone), poly(XI_-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene
carbonate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 70 wherein the comb polymer comprises any one or any combina-
tion of poly(D,L-lactic acid), poly(D-lactic acid), poly(L-lactic acid), poly(L-lactide-co-
D,L-lactide), poly(glycolide), poly(D,L-lactide-co-glycolide), poly(caprolactone),
poly(D,L-lactide-co-caprolactone), poly(I.-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone), poly(trimethylene

carbenate), and poly(D,L-lactide-co-trimethylene carbonate).

The method of Claim 47 wherein the brush polymer comprises homopolymers, copoly-

mets or terpolymers.

The method of Claim 73 wherein the homopolymers, copolymers, or terpolymers are lin-

ear.

The method of Claim 47 wherein the comb polymer comprises homopolymers, copoly-

mers or terpolymers.

The method of Claim 75 wherein the homopolymers, copolymers, or terpolymers are lin-
ear.
A method comprising:
a stent; and
a coating deposited on at least a portion of the substrate
wherein the coating comprises:

a star polymer comprising:
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any one or anxy combination of biologically absorbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one or arty combination of poly(D,L-lactic acid), poly(D-lactic acid),
poly(L-lactic acid), poly(L-lactide-co-D,L-lactide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethyylene carbonate), poly(D,L-lactide-co-trimethylene carbonate),
poly(n-butyl methacrylate) or poly(isobutylene-co-block-styrene).

78.  An method comprising:

a stent; and

a coating deposited on at least a portion of the substrate

wherein the coating comprises

a star polymer comprising any one or any combination of polymers having formu-

las I and II:
T
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79.  Anmethod comprising:

a stent; and

a coating deposited on at least a portion of the subsirate

wherein the coating comprises:

a comb polymer wherein the sidechains are at least 1 0% of the contour length of

the polymer backbone and comprising:

any one or any combination of biologically absorbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one or any combination of poly(D,L-lactic acid), poly(D-lactic acid),
poly(L-lactic acid), poly(L-lactide-co-D,L-lactide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprqlactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L-lactide-co-trimethylene carbonate),
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poly(n-butyl methacrylate) or p oly(isobutylene-co-block-styrene).

80.  An method comprising:

a stent; and

a coating deposited on at least a portion of the substrate

wherein the coating comprises:

a brush polymer wherein the sidechairs are at least 10% of the contour length of

the polymer backbone and comprising :

any one or any combination of” biologically absorbable polymers and dura-

ble polymers and

wherein biologically absorbable polymers and durable polymers comprise

any one or any combination of” poly(D,L-lactic acid), poly(D-lactic acid),
poly(L-lactic acid), poly(L-lac tide-co-D,L-lactide), poly(glycolide),
poly(D,L-lactide-co-glycolide), poly(caprolactone), poly(D,L-lactide-co-
caprolactone), poly(L-lactide-co-caprolactone), poly(glycolide-co-
caprolactone), poly(3-hydroxybutyrate), poly(4-hydroxybutyrate), poly(3-
hydroxyvalerate), poly(hydroxybutyrate-co-valerate), poly(dioxanone),
poly(trimethylene carbonate), poly(D,L-lactide-co-trimethylene carbonate),
poly(n-butyl methacrylate) or poly(isobutylene-co-block-styrene).

46



	Abstract
	Bibliographic
	Description
	Claims

