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A HOLLOW STENT FILLED WITH A THERAPEUTIC AGENT FORMULATION

FIELD OF THE INVENTION
This invention relates to drug compositions to befilled into a structural

element of a stent.

BACKGROUND OF THE INVENTION

The discussion that follows isintended solely as background information to
assist in the understanding of the invention herein; nothing in this section isintended
to be, nor isit to be construed as, prior art to this invention.

Until the mid-1980s, the accepted treatment for atherosclerosis, i.e., narrowing
of the coronary artery(ies), was coronary by-pass surgery. While effective and
evolved to arelatively high degree of safety for such an invasive procedure, by-pass
surgery still involves serious potential complications, and in the best of cases, an
extended recovery period.

With the advent of percutaneous transluminal coronary angioplasty (PTCA) in
1977, the scene changed dramatically. Using catheter techniques originally developed
for heart exploration, inflatable balloons were employed to re-open occluded regions
in arteries. The procedure was relatively non-invasive, took avery short time
compared to by-pass surgery and the recovery time was minimal. However, PTCA
brought with it another problem, elastic recoil of the stretched arterial wall which
could undo much of what was accomplished and, in addition, PTCA failed to
satisfactorily ameliorate another problem, restenosis, the re-clogging of the treated
artery.

The next improvement, advanced in the mid-1980s, was use of a stent to hold
the vessel walls open after PTCA. This for al intents and purposes put an end to
elastic recoil, but did not entirely resolve the issue of restenosis. That is, prior to the
introduction of stents, restenosis occurred in 30 - 50% of patients undergoing PTCA.
Stenting reduced this to about 15 - 30%, much improved but still more than desirable.

In 2003, the drug-eluting stent (DES) was introduced. The drugs initially
employed with the DES were cytostatic compounds, compounds that curtailed the
proliferation of cellsthat contributed to restenosis. Asaresult, restenosis was
reduced to about 5- 7%, arelatively acceptable figure. Today, the DES isthe default
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industry standard for the treatment of atherosclerosis and israpidly gaining favor for
treatment of stenoses of blood vessels other than coronary arteries such as peripheral
angioplasty of the popliteal artery.

The DES used today have a drug-polymer coating on the exterior surface of
the stent. The inclusion of the drug in apolymer matrix secures the drug to the stent
surface and alows for sustained delivery over time. One of the limitations of DES is
the amount of drug that may be contained in a coating on adevice. Another potential
drawback isthat the polymers used in the coating may contribute to an inflammatory
response when the stent isimplanted. Depending on the mechanical properties of the
coating, it may become damaged during aggressive delivery procedures such as
treating calcified lesions, or delivering the DES through apreviously deployed stent.
Also, the crimping of aDES onto a delivery device, such asthe balloon of a catheter,
must be done carefully to avoid damaging the coating.

Some alternatives to DES are stents with depots or channels in the structural
elements, or struts, of the stent, or stents with some structural elements that are hollow
tubes. Therapeutic agents or a composition including therapeutic agents may fill the
interior of the hollow tube or a channel or depots.

Thereis a continuing need for drug formulations that will meet the unique
challenges associated with filling the interior of ahollow structural element of a stent
or other medical device.

SUMMARY OF THE INVENTION

Various non-limiting embodiments of the present invention are described in
the following numbered paragraphs.

[0001] Embodiments of the invention encompass medical devices, where the
medical device, includes, but isnot limited to including, a device body including, but
not limited to, a least one structural element which includes, but isnot limited to
including, alumen and a least one opening to access the lumen; and where a
composition iswithin the lumen, the composition including, but isnot limited to
including, atherapeutic agent, and ametal ion stabilizer.

[0002] Embodiments of the invention encompass methods including, but not
limited to, providing amedica device including but not limited to a device body
including but not limited to a structural element or providing a structural element that



WO 2014/182542 PCT/US2014/036427

10

15

20

25

30

isto beused in forming at least apart of amedical device body of amedical device

where the structural element includes, but isnot limited to including, alumen and at
least one opening to access the lumen; and filling the lumen of the structural element
with a composition including, but not limited to including, atherapeutic agent, and a
metal ion stabilizer.

[0003] In some embodiments, such asthat of paragraph [0002], filling the
lumen includes, but isnot limited to including, forming afilling composition by
executing an operation comprising dissolving, dispersing, or both dissolving and
dispersing the therapeutic agent, the metal ion stabilizer, or both the therapeutic agent
and the metal ion stabilizer in a solvent, executing an operation comprising placing
the filling composition into the lumen, and executing an operation comprising
removing the solvent.

[0004] In some embodiments, such asthat of paragraph [0002], filling the
lumen includes, but isnot limited to including, dissolving, dispersing, or both
dissolving and dispersing the therapeutic agent, the metal ion stabilizer, or both the
therapeutic agent and the metal ion stabilizer in a solvent, placing the filling
composition into the lumen, and removing the solvent.

[0005] In some embodiments, such asthat of paragraph [0002], filling the
lumen includes, but isnot limited to including, forming afirst filling composition by
executing an operation comprising dissolving, dispersing, or both dissolving and
dispersing the therapeutic agent in afirst solvent, executing an operation comprising
placing the first filling composition into the lumen, and executing an operation
comprising removing the first solvent; and forming a second filling composition by
executing an operation comprising dissolving, dispersing, or both dissolving and
dispersing the metal ion stabilizer in a second solvent, which may bethe same asthe
first solvent or different from the first solvent, executing an operation comprising
placing the second filling composition into the lumen, and executing an operation
comprising removing the second solvent.

[0006] In some embodiments, such asthat of paragraph [0002], filling the
lumen includes, but isnot limited to including, forming afirst filling composition by
executing an operation comprising dissolving, dispersing, or both dissolving and
dispersing the therapeutic agent in afirst solvent; forming a second filling
composition by executing an operation comprising dissolving, dispersing, or both

dissolving and dispersing the metal ion stabilizer in a second solvent, which may be
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the same asthe first solvent or different from the first solvent, executing an operation
comprising blending the first and second filling compositions, and executing an
operation comprising removing the first and second solvents.

[0007] In some embodiments, such asthat of paragraph [0002], filling the
lumen includes, but isnot limited to including, forming afirst filling composition by
executing an operation comprising dissolving, dispersing, or both dissolving and
dispersing the therapeutic agent in afirst solvent; forming a second filling
composition by executing an operation comprising dissolving, dispersing, or both
dissolving and dispersing the metal ion stabilizer in a second solvent, which may be
the same asthe first solvent or different from the first solvent, executing an operation
comprising blending the first and second filling compositions, and removing the first
and second solvents.

[0008] In some embodiments, such as any of paragraphs [0003] - [0007],
removing the solvent or removing at least one of the first and second solvent
comprises executing an operation comprising allowing the solvent(s) to evaporate.

[0009] In some embodiments, such as any of paragraphs [0003] - [0007],
removing the solvent or removing at least one of the first and second solvents
comprises alowing the solvent(s) to evaporate.

[0010] In some embodiments, such as any of paragraphs [0003] - [0007],
removing the solvent or removing at least one of the first and second solvents
comprises lyophilization.

[001 1] In some embodiments, such as any of paragraphs [0003] - [0010], the
solvent or at least one of the first and second solvents is anon-polar solvent.

[0012] In some embodiments, such as any of paragraphs [0003] - [0010], the
solvent or at least one of the first and second solvents has a solubility parameter of not
more than 16 (MPa)¥2.

[0013] In some embodiments, such as any of paragraphs [0003] - [0010], the
solvent or at least one of the first and second solvents includes, but isnot limited to
including, a solvent selected from the group consisting of n-hexane, n-heptane,
octane, decane, ethyl ether, propyl ether, diisopropyl ether, butyl ether, diisobutyl
ketone, and combinations thereof.

[0014] In some embodiments, such as any of paragraphs [0001] - [0013], the

medical device is a stent.
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[0015] In some embodiments, such as any of paragraphs [0001] - [0014], the
device body of the medical deviceisbiostable.

[0016] In some embodiments, such asthat of any of paragraphs [0001] -
[0015], the device body of the medical device isformed of abiostable metal.

[0017] In some embodiments, such asthat of paragraph [0016], the biostable
metal is 316L stainless steel, CoNi, MP35N, CoCr L-605, elgiloy, nitinol or FePtCr.

[0018] In some embodiments, such asthat of paragraph [0017], the biostable
metal is MP35N.

[0019] In some embodiments, such as any of paragraphs [0016] - [0018], the
walls of the lumen of the a least one structural element of the device body is not
electropolished.

[0020] In some embodiments, such as any of paragraphs [0016] - [0018], the
degree of electropolishing of the walls of the lumen of the structural element of the
medical device islessthan the external surface of the device.

[0021] In some embodiments, such asthose of paragraph [0019] or paragraph
[0020], the walls of the lumen of the structural element of the medical device may
release at least 20% more, at least 50% more, or a least 200% more metal ions than
the externa surfaces of the structural element of the medical device, but not more
than 5000% more metal ions.

[0022] In some embodiments, such as any of paragraphs [0001] - [0021], the
metal ion stabilizer, includes, but isnot limited to including, ametal chelator.

[0023] In some embodiments, such asthat of paragraph [0022], the metal
chelator is selected from the group consisting of ethylene diamine tetraacetic acid
(EDTA), calcium disodium EDTA, EDTA with a counterion of potassium, EDTA
with a counterion of ammonium, EDTA with a counterion of a quaternary ammonium
compound, 2,3-dimereapto- 1 -propanesulfonic acid, dimercaptosuccinic acid,
dimercaprol, desferoxamine mesylate, alpha lipoic acid, nitrilotriacetate,
penicillamine, thiamine tetrahydrofurfiuyl disulfide, deferiprone, deferasirox, kojic
acid, bisphosphonates, 3,4-hydroxypyridinecarboxylic acids, including but not limited
to 3-hydroxy-4-pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-
Dimethyl-4-hydroxy-3-pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-
pyridinecarboxylic acid, and combinations thereof.

[0024] In some embodiments, such asthat of paragraph [0022], the metal

chelator is selected from the group consisting of sodium ascorbate, desferoxamine,
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malic acid, citric acid, succinic acid, sodium, calcium, and magnesium salts of malic
acid, citric acid, and succinic acid, feralex-G, clioquinol, curcumin, epigallocatechin,
3 -hydroxy-4-pyridinone derivatives, including, but not limited to, 3-hydroxy-4-
pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-Dimethyl-4-
hydroxy-3-pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-pyridinecarboxylic
acid, and combinations thereof.

[0025] In some embodiments, such as any of paragraphs [0001] - [0024], the
metal ion stabilizer, includes, but isnot limited to including, aprecipitation agent.

[0026] In some embodiments, such asthat of paragraph [0025], the
precipitation agent is selected from the group consisting of stearic acid, lauric acid,
capric acid, and caprylic acid, and sodium, calcium, and magnesium salts thereof.

[0027] In some embodiments, such as any of paragraphs [0001] - [0026], the
combination of the therapeutic agent and the metal ion stabilizer comprise at least 50
wit% of the composition filling the lumen, and not more than 100 wt%.

[0028] In some embodiments, such asthat of paragraph [0027], the
combination of the therapeutic agent and the metal ion stabilizer comprise at least 70
wit% of the composition, and not more than 100 wt%.

[0029] In some embodiments, such asthat of paragraph [0028], the
combination of the therapeutic agent and the metal ion stabilizer comprise at least 90
wit% of the composition, and not more than 100 wt%.

[0030] In some embodiments, such as any of paragraphs [0001] - [0029], the
weight percent of the metal ion stabilizer relative to the therapeutic agent isin the
range of 0.01 to 25 wt%.

[0031] In some embodiments, such asthat of paragraph [0030], the weight
percent of the metal ion stabilizer relative to the therapeutic agent isin the range of
0.1 to 10 wt%.

[0032] In some embodiments, such asthat of paragraph [0031], the weight
percent of the metal ion stabilizer relative to the therapeutic agent isin the range of
0.2 to 8%.

[0033] Embodiments of the invention encompass stents, including, but not
limited to including, aplurality of interconnected structural elements comprising a
metallic material, wherein at least some of the structural elements are annular and
comprise an interior lumen; and atherapeutic agent and an additive, optionally with in

combination with other substances, disposed within the interior lumen of a least some
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of the structural elements comprising an interior lumen; wherein an inner surface of
the annular structural elements is susceptible to release of metal ions which are
capable of degrading the therapeutic agent; and wherein the additive is for protecting
the therapeutic agent from degradation by the metal ions by rendering the metal ions
unable to interact with the therapeutic agent.

[0034] In some embodiments, such asthat of paragraph [0033], the additive is
a compound that binds to the metal ions, rendering them unable to interact with the
therapeutic agent.

[0035] In some embodiments, such asthat of paragraph [0034], the compound
is selected from the group consisting of chelating agents, cryptands, ligands,
multidentate ligands, and combinations thereof.

[0036] In some embodiments, such asthat of paragraph [0035], the compound
is selected from the group consisting of ethylene diamine tetraacetic acid (EDTA),
calcium disodium EDTA, EDTA with a counterion of potassium, EDTA with a
counterion of ammonium, EDTA with a counterion of a quaternary ammonium
compound, 2,3-dimereapto- 1 -propanesulfonic acid, dimercaptosuccinic acid,
dimercaprol, desferoxamine mesylate, alpha lipoic acid, nitrilotriacetate,
penicillamine, thiamine tetrahydrofurfiuyl disulfide, deferiprone, deferasirox, kojic
acid, bisphosphonates, 3,4-hydroxypyridinecarboxylic acids, including but not limited
to 3-hydroxy-4-pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-
Dimethyl-4-hydroxy-3-pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-
pyridinecarboxylic acid, and combinations thereof.

[0037] In some embodiments, such asthat of paragraph [0035], the compound
is selected from the group consisting of sodium ascorbate, desferoxamine, malic
acid, citric acid, succinic acid, sodium, calcium, and magnesium salts of malic acid,
citric acid, and succinic acid, feraex-G, clioguinol, curcumin, epigallocatechin, 3 -
hydroxy-4-pyridinone derivatives, including, but not limited to, 3-hydroxy-4-
pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-Dimethyl-4-
hydroxy-3-pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-pyridinecarboxylic
acid, and combinations thereof.

[0038] In some embodiments, such asthat of paragraph [0033], the additive is
a compound that forms an insoluble metal salt with the metal ions to prevent the metal

ion from interacting with the therapeutic agent.
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[0039] In some embodiments, such asthat of paragraph [0038], the compound
is selected from the group consisting of stearic acid, lauric acid, capric acid, and
caprylic acid, and sodium, calcium, and magnesium salts thereof.

[0040] In some embodiments, such as any of paragraphs [0033] - [0039], less
than 5 weight % of the therapeutic agent is degraded a the end of a shelf life of the
therapeutic agent.

[0041] In some embodiments, such as any of paragraphs [0033] - [0039], the
therapeutic agents is degraded by not more than 5 weight% at the end of the self-life
of the stent, and wherein the shelf-life of the stent is at least 6 months, at least 9
months, a least 12 months, & least 18 months, or a least 24 months.

[0042] In some embodiments, such as any of paragraphs [0033] - [0041], the
metallic material isbiostable.

[0043] In some embodiments, such as any of paragraphs [0033] - [0042], the
inner surface of the annular structural elements is more susceptible to release of metal
ions than an outer surface of the annular structural elements due to apassivation layer
on the outer surface.

[0044] In some embodiments, such as any of paragraphs [0033] - [0043], the
therapeutic agent is amember of the macrolide lactone family and the therapeutic
agent contains atriene moiety.

[0045] Embodiments of the invention encompass a hollow stent formed from
abiostable metal, where ahollow stent is a stent including, but not limited to, at least
one strut comprising alumen and a least one opening to access the lumen; and where
the lumen of the strut at least partially filled with ametal ion stabilizer and a
therapeutic agent which isamember of the macrolide lactone family and the
therapeutic agent contains atriene moiety.

[0046] In some embodiments, such asthat of any of paragraph [0045], the
metal ion stabilizer isor a least comprises calcium disodium EDTA.

DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts an exemplary and non-limiting embodiment of a stent with
hollow struts.

FIG. |1 B depicts aclose-up of ahollow strut of an exemplary embodiment of a
stent.

FIG. 2 depicts a cross-section of a co-extruded wire.
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DETAILED DESCRIPTION

Use of the singular herein (including the claims), includes the plural and vice
versa unless expressly stated to be otherwise. That is, "a" and "the" refer to one or
more of whatever the word modifies. For example, "a stent" may refer to one stent,
two stents, etc. Likewise, "the polymer" may mean one polymer or aplurality of
polymers. By the same token, words such as, without limitation, "stents* and
"polymers’ would refer to one stent or polymer aswell asto aplurality of stents or
polymers unless it is expressly stated or obvious from the context that such is not
intended.

Asused herein, words of approximation such as, without limitation, "about,"
"substantially,” "essentially,"” and "approximately" mean that the word or phrase
modified by the term need not be exactly that which iswritten but may vary from that
written description to some extent. The extent to which the description may vary
from the literal meaning of what iswritten, that isthe absolute or perfect form, will
depend on how great a change can beinstituted and have one of ordinary skill in the
art recognize the modified version as still having the properties, characteristics and
capabilities of the modified word or phrase. In general, but with the preceding
discussion in mind, anumerical value herein that ismodified by aword of
approximation may vary from the stated value by +15%, unless expressly stated
otherwise.

Asused herein, any ranges presented are inclusive of the end-points. For
example, "aweight % between 1% and 10%" or "aweight % from 1% to 10%"
includes 1weight % and 10 weight %, aswell as any weight % in between, including
fractions such as, but not limited to, 2.5%.

Asused herein, a"polymer" refers to amolecule comprised of, either actualy
or conceptualy, repeating "constitutional units." The constitutional units may derive
from the reaction of monomers. Asanon-limiting example, ethylene (CH ,=CH ,) isa
monomer that can be polymerized to form polyethylene, CH3CH ,(CH ,CH,),CH,CH3,
wherein n represents an integer, and the constitutional unit is-CH ,CH,-, ethylene
having lost the double bond as the result of the polymerization reaction. A polymer

may be derived from the polymerization of severa different monomers and therefore
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may comprise several different constitutional units. Such polymers are referred to as
"copolymers.” The constitutional units themselves can bethe product of the reactions
of other compounds. Asused herein, amolecule of more than 20 constitutional units
isapolymer. Those skilled in the art, given aparticular polymer, will readily
recognize the constitutional units of that polymer and will equally readily recognize
the structure of the monomer from which the constitutional units derive. A polymer
may be alinear chain, abranched chain, star-like or dendritic, or one polymer may be
attached (grafted) onto another. Polymers may have arandom disposition of
constitutional units along the chain, the constitutional units may be present as discrete
blocks, or constitutional units may be so disposed asto form gradients of
concentration along the polymer chain. Polymers may be cross-linked to form a
network.

An "oligomer" isamolecule comprised of, either actually, or conceptually,
repeating constitutional units, but where the number of constitutional units istoo
small to be considered to be apolymer. Asused herein, an oligomer is amolecule of
20 or fewer congtitutional units.

Asused herein, "biocompatible" refersto amateria that both in its intact, that
is, as synthesized, state and in its decomposed state, i.e., its degradation products, is
not, or & least isminimally, toxic to living tissue; does not, or a least minimally and
reparably, injure(s) living tissue; and/or does not, or at least minimally and/or
controllably, cause(s) an immunological reaction in living tissue.

Asused herein, the terms bioresorbable, biodegradable, bioabsorbable,
bioerodable, biosoluble, absorbable, and resorbable, aswell as degradable, erodable,
and dissolvable, are used interchangeably, and refer to materials that are capable of
being completely eroded, degraded, either biodegraded and/or chemically degraded,
and/or absorbed when exposed to bodily fluids, such asblood, and can be gradually
resorbed, absorbed and/or eliminated by the body.

Conversely, a"biostable” material refers to amaterial that is not
biodegradable, or which biodegrades over along time period, such as 10 years or
more than 10 years, under the conditions of use. A device made from abiostable
material will remain a an implant site (unless it ismoved) and retains its physical
form for an extended period of time that typically encompasses the lifetime of the
patient, or the remaining lifetime of the patient.

Asused herein, an "implantable medical device" refers to any type of

10
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appliance that istotally or partly introduced, surgically or medically, into apatient's
body or by medical intervention into anatura orifice, and which isintended to remain
there after the procedure. The duration of implantation may be essentially permanent,
i.e., intended to remain in place for the remaining lifespan of the patient; until the
device biodegrades; or until it isphysically removed.

One form of implantable medical device isa"stent." A stent refers generaly
to any device used to hold tissue in place in apatient's body. Stents may betypically
tubular shaped devices. Particularly useful stents, however, are those used for the
maintenance of the patency of avessel in apatient's body when the vessel is
narrowed or closed due to diseases or disorders including, without limitation, tumors
(in, for example, bile ducts, the esophagus, the trachea/bronchi, etc.), benign
pancreatic disease, coronary artery disease such as, without limitation, atherosclerosis,
carotid artery disease, peripheral arterial disease, restenosis and vulnerable plaque.

Other medical devices may bereferred to as an insertable medical device, that
is any type of appliance that istotally or partly introduced, surgically or medically,
into apatient's body or by medical intervention into anatura orifice, but the device
does not remain in the patient's body after the procedure.

A "lumen" as defined by Webster's Medical Dictionary isthe channel within a
tube such as ablood vessel, or the interior of ahollow organ such asthe intestine.
The term lumen isusually an anatomical term. Asused herein, the term "lumen" may
be broader, and may not only refer to the anatomy of an animal, but may aso refer to
the channel inside atube or atubular shaped object.

Asused herein, a"hole" isan opening or achannel in amaterial created by
any one or more of a combination of etching, laser machining, mechanical machining,
drilling, and conventional processes known by persons of ordinary skill in the art.
The location of holes may be predetermined.

Asused herein, a"pore" isan opening or channel in amateria that naturally
results from the properties of the material. The location of pores may not be pre-
determined.

Asused herein, the terms "pores’ and "holes’ will be used interchangeably
unless expressly stated otherwise.

Asused herein, amaterial that is described as alayer or afilm (e.g., a coating)
"disposed over" anindicated substrate refers to a coating of the material deposited

directly or indirectly over at least aportion of the surface of the substrate. "Directly
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deposited” means that the coating is applied directly to the surface of the substrate.
"Indirectly deposited” means that the coating is applied to an intervening layer that
has been deposited directly or indirectly over the substrate. Theterms "layer”, and
"coating layer" will be used interchangeably and refer to alayer or film as described
inthis paragraph. A coating may be one layer or more than one layer. Each layer
may be formed by one or multiple applications of coating material. In general, a
‘coating layer' of a given material is aregion of that material whose thickness is small
compared to both its length and width (for example, the length and width dimensions
may both be a least 5, 10, 20, 50, 100 or more times the thickness dimension in some
embodiments). A coating and a coating layer are supported by the substrate. A
coating layer may be discontinuous. Unless the context clearly indicates otherwise, a
reference to a coating, layer, or coating layer refers to alayer of material that covers
al, or substantially al, of the surface, whether deposited directly or indirectly.

Asused herein, a"therapeutic agent” refers to any substance that, when
administered in atherapeutically effective amount to apatient suffering from a
disease or condition, has atherapeutic beneficia effect on the health and well-being
of the patient (an animal, including ahuman). A therapeutic beneficial effect on the
health and well-being of apatient includes, but isnot limited to: (1) curing the disease
or condition; (2) slowing the progress of the disease or condition; (3) causing the
disease or condition to retrogress; or, (4) aleviating one or more symptoms of the
disease or condition.

Asused herein, atherapeutic agent also includes any substance that when
administered to apatient, known or suspected of being particularly susceptible to a
disease, in aprophylactically effective amount, has a prophylactic beneficial effect on
the health and well-being of the patient. A prophylactic beneficia effect on the health
and well-being of apatient includes, but isnot limited to: (1) preventing or delaying
on-set of the disease or condition in the first place; (2) maintaining a disease or
condition at aretrogressed level once such level has been achieved by a
therapeutically effective amount of a substance, which may bethe same as or different
from the substance used in aprophylacticaly effective amount; or, (3) preventing or
delaying recurrence of the disease or condition after a course of treatment with a
therapeutically effective amount of a substance, which may bethe same as or different

from the substance used in aprophylactically effective amount, has concluded.
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Asused herein, "therapeutic agent” also refers to pharmaceutically acceptable,
pharmacologically active derivatives of those therapeutic agents specifically
mentioned herein, including, but not limited to, salts, esters, amides, and the like.
Substances useful for diagnostics are also encompassed by the term "therapeutic agent”
asused herein.

Asused herein, the terms "therapeutic agent,” "drug,” "bioactive agent",
"biologically active agent,” "biological agent,” and "active ingredient,” will be used
interchangeably.

A "pharmaceutical formulation” may be atherapeutic agent in combination
with apharmaceutical excipient. A pharmaceutical formulation may be a solid, semi-
solid, agel, aliquid, a suspension, apowder, or another physical form.

Asused herein, an "excipient” may be a substance that is combined with a
therapeutic agent to form afinal dosage form. Excipients are non-toxic, and are
typically inert, that isthe excipient itself isnot atherapeutic agent. Excipients
typically perform afunction such as acting as abinder for the therapeutic agent, a
carrier or adiluent for the therapeutic agent, apermeation enhancer, or an antioxidant
or stabilizer for the therapeutic agent. In some cases vitamins, minerals, or both,
which may have therapeutic uses themselves, may also be an excipient. One of skill
in the art can readily determine if avitamin or mineral or other substance isbeing
used as an excipient in apharmaceutical formulation, if the vitamin or minera isa
therapeutic agent in the pharmaceutical formulation, or if the vitamin or minera
serves adual purpose. Unlike a solvent which isremoved from the final dosage form,
an excipient isnot removed, but remains part of the final dosage form.

A chelate istypically described as acompound in which ametal ionis
attached by coordinate bonds to at least two non-metal ions. The compound is often
in the form of aring. Asused herein a"chelator" will bebroadly defined as a
compound which binds ametal ion such that it cannot interact with atherapeutic
agent. Typically, these types of compounds are referred to as chelating agents,
chelators, cryptands, ligands, and multidentate ligands.

Asused herein a "precipitation agent” is a compound that forms an insoluble
metal salt with any metal ions to prevent the metal ion from interacting with other

compounds present, such as a drug.
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Asused herein, the term "metal ion stabilizer” will be used to refer to ametal
ion chelator, a chelating agent, a cryptand, aligand, amultidentate ligand, a
precipitation agent, or a combination thereof.

Asused herein, a"solvent" can be a substance capable of dissolving, partially
dissolving, dispersing, or suspending one or more substances to form auniform
dispersion and/or solution, with or without agitation, at a selected temperature and
pressure, and which isnot an excipient. The substance may be aliquid, agas, or a
supercritical fluid. A solvent herein may be ablend of two or more such substances.
Asused herein, asubstance used as an excipient in apharmaceutical formulation is
not asolvent evenif it is capable of dissolving, partially dissolving, dispersing, or
suspending one or more substances to form auniform dispersion and/or solution. As
used herein, a solvent may be used as aprocessing aid in forming a pharmaceutical
formulation, but isremoved, or substantially removed, during processing and does not
form part of the final pharmaceutical formulation (except for incidental residual
solvent).

Aspects of the present invention are directed to medical devices, and
especially stents, in which at least some of the structural elements, which may be
struts, have alumen. In other words, the struts or structural elements can be, for
example, essentially hollow cylinders or tubes. The following description will refer to
stents as an example of amedical device, but embodiments of the invention are not so
limited.

Asnoted previously, astent can be any device used to hold tissue in place in a
patient's body. A stent can be atubular shaped device formed of a scaffolding of a
plurality of interconnecting structural elements, or struts. Other variations of stents
include coiled or helical stents, and fibers or filaments, which may be braided or
woven, forming the structural elements of the stent. It isthe scaffolding that provides
support or outward radial force to support tissue, such as avessel wall, when
implanted. The pattern of the scaffolding, or stent pattern, can be designed so that the
stent can beradially compressed (crimped) and radially expanded (to alow
deployment). The cross-section of the stent and the structural elements forming the
stent isnot limited to acircle, but may be elliptical or some other cross-section.
Typical stent dimensions for an expanded coronary stent can be 2 to 5 mm in diameter,
and 6to 50 mm in length. Typical dimensions for an expanded periphera stent are 3
to 8 mm in diameter, 8 mm to 200 mm in length, and about 60 microns to 250
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microns in strut thickness. Aspects of the present invention are directed to devices,
such as stents, in which & least some of the structural elements, which may be struts,
have alumen. In other words, the struts can be, for example, are hollow cylinders, or
are essentially hollow cylinders. In some embodiments, the stent includes structural
elements in which the lumen extends for less than the entire length of the structural
element, or the structural element isonly hollow for part of its length. The lumenin a
structural element may be discontinuous.

Referring now in more detail to the exemplary drawings for purposes of
illustrating embodiments of the invention, wherein like reference numerals designate
corresponding or like elements among the several views, there isshown in FIG. 1A an
exemplary stent 50 comprising aplurality of interconnected stent struts 52 configured
to move relative to each other. The stent struts 52 can be, for example, arranged in a
sinusoidal or serpentine pattern. The stent struts 52 can form aplurality of
circumferential rings 54 that may be arranged axially to form atubular scaffold
configured to support biological tissue after implantation of the stent. The rings may
be connected by as few as one linking strut per ring, but two, three, or more may be
present, or many more as depicted in FIG. 1A. Surfaces of the tubular scaffold that
faceradialy inward arereferred to collectively as the luminal surface of the stent.
Surfaces of the tubular scaffold that face radially outward are referred to collectively
as the abluminal surface of the stent. The abluminal surface is atissue contacting
surface for a stent used in ablood vessel. In some embodiments, the structural
elements forming the scaffold have sidewall surfaces that connect the abluminal and
luminal surfaces. The "outer surface” of astent may be any surface that would bein
contact with tissue or blood when implanted in a patient and therefore includes
abluminal and luminal surfaces and if present, sidewall surfaces, and does not include
the interior surfaces of the lumen of any structural elements comprising an interior
lumen. In other words, if the device includes one or more structural elements
including an internal lumen, the outer surface isthe surface in contact with blood or
tissue when implanted assuming that all side openings to access any internal lumens
of the structural elements are plugged or closed. The pattern shown in FIG. 1A isan
exemplary embodiment, and the embodiments of the invention are not limited to what
has been illustrated as other stent patterns are easily applicable. Specifically, a stent
which isahelix and/or coil is an aternative configuration. The stent may be

comprised of individual ring sections, or made of one length of wire or tubing.
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Therings 54 can be configured to be collapsed or crimped to asmaller
diameter, thereby allowing the stent to be secured onto aballoon or other device for
delivering the stent to the desired implantation site within apatent. Therings 54 can
be also configured to expand when inside the patient. The rings 54 can be expanded
by inflation of aballoon on which the stent has been crimped, or aternatively, the
rings can self-expand like a spring upon removal of an outer sheath, or other restraint.

Each strut 52 and ring 54 may be, for example, made of a continuous tube
of material, a cross section of which isshown in FIG. IB. The struts 52 formed
from the continuous tube are referred to herein as "strut tubes.” These strut tubes
are exemplary, but not limiting, structural elements of a stent. Although the
exemplary stent is shown with astruts have acircular or essentially circular cross-
section, the cross-section of struts or structural elements isnot limited to these, and
may be elliptical, polygonal, rectangular, etc. The tube stock used to make the
struts can be made from an extrusion process or other processes known in the art
for making tube stock. Although the precise dimensions of the tube stock may
vary depending upon the intended use of the stent, suitable tube stock diameters
and wall thicknesses for coronary use may be between 40 and 200 microns and 10
to 80 microns, respectively. The tube stock isuniform or essentially uniform in
diameter and cross-section over its length, but in some embodiments, the diameter
and internal cross-section may vary or fluctuate over the length of thetube. To
make the stent, the tube stock may be bent into the serpentine pattern, and then
wrapped around circumferentially to formthe ring. Thus, bending may result in a
change both the shape of the cross section aswell asthe internal cross-sectional
area. A plurality of the rings can be made from asingle, continuous tube.
Alternatively, each ring can be made from its tube, and the rings can be connected
by welding or bonding the tubes together or by attaching links to adjacent rings. In
either case, there can be openings at one or both ends of the tube providing access
to the lumen. In some embodiments, one opening a the end of the tube may be
sealed, or plugged. In other embodiments, the ends of the tubes arejoined
together, leaving no openings at tube ends.

In other embodiments, the stock for forming structural elements of the stent
is acoextruded wire. An example of a cross-section of a co-extruded wire 20is
depicted in Fig. 2 where there is a core (21) and an outer shell (22) of the wire.

The wire may be formed into apattern, such as but not limited to, the crests of a
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sinusoid (as an example of a stent pattern). Holes may be drilled into a surface,
such as without limitation, the surface that will be the abluminal surface. These
holes will become the side openings discussed below. The wire may bewound
onto amandrel in apattern such as but not limited to a spiral, and links may be
formed between rings. One means of forming the linksis laser welding. Finally,
the stent may be exposed to an etching gas which selectively removes the
sacrificial core of the co-extruded wire by sublimation. Thus, the stent formed has
alumen in at least some of the struts.

In the discussion that follows areference to a strut tube or a structural element for
use in amethod or use with an apparatus or the like isnot so limited and embodiments of
the invention also encompass the use of a stent instead. Likewise, areference to a stent
in the description isnot so limited and embodiments of the invention also encompass the
use of the strut tubes or structural elements instead of the stent. Asan example, and
without limitation, the disclosure of immersing a structural element having alumen into
amateria encompasses both immersion of an individua ring or strut tube into the
material aswell asthe immersion of an entire stent having a strut tube.

A plurality of holes and/or pores, referred to hereinafter as side openings 56 (FIG.
IB), exist inthe strut tubes. In one aspect of the invention, the side openings may be
pores and may not include holes formed a predetermined locations. In another aspect of
the invention, the side openings may be holes formed at pre-determined locations and not
include any pores. In still another aspect, the side openings may be a combination of
pores and holes formed at pre-determined locations. Each side opening 56 accesses the
lumen of the strut tube 52 so that any composition 58 carried inside the lumen can escape
out of the openings after the stent isimplanted (as depicted by arrowsin FIG. IB). The
composition may include atherapeutic agent. One or more of the side openings are in
fluid communication with each other through the internal lumen. Although the side
openings are illustrated as essentialy circular in cross-section, the cross-section isnot so
limited and the openings may be of any shape or any combination of shapes, such as,
without limitation, elliptical, rectangular, circular, or polygonal. The side openings
extend from the internal surface or luminal surface of the strut tube to the exterior
surface of the strut tube. The side openings may bein the abluminal, luminal, and/or
sidewall surfaces of the strut. The side opening may be in the form of achannel or dlit
with auniform or substantially uniform cross-section, or the cross-section may vary.

The aspect ratio of the opening may be 1, from 1to 10, or in some cases greater than 10.
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The aspect ratio isthe width to height of an object, or more generally, the ratio of longest
dimension and the shortest dimension of an object. In this case the aspect ratio isthe
longest dimension and the shortest dimension of the opening.

The side openings may be of a diameter that is significantly smaller than that of
the openings at the ends of the tube if end openings are present. In some embodiments,
the size of an individual side opening, as determined by the area of the side opening on
the internal surface of the tube isnot more than 50% of the cross-sectional area of the
opening a the end of the tube. Asused herein "not more than 50% of the cross-sectional
area of the opening a the end of the tube" means the smaller of the areas if the two end
openings are present and do not have the same cross-sectional opening area. In an aspect
of the present invention, this ratio isnot more than 25%, and in still another aspect of the
invention, not more than 10%. In another aspect of the invention, this ratio isnot more
than 5%. The side openings may be distributed along the length of each structural
element. There may be about 4 to 144 side openings per ring. In other embodiments
there may be fewer than 4 side openings per ring, and in still other embodiments, there
may be more than 144 openings per ring. The distance between the side openings may
be uniform or non-uniform. In some embodiments, the side openings are distributed
along the length of at least one structural element, the separation between the openings
being approximately uniform (not more than 25% difference between the smallest
distance and the largest distance between openings).

Polishing and cleaning can be performed after the side openings 56 are formed
in order to remove debris, burs and/or sharp edges. The side openings 56 can be made
before or after the stock tube is formed into the struts and rings of the stent. In some
embodiments, initially, the stock tubes are hollow and contain no material. In other
embodiments, the stock is a coextruded wire.

After completion of the manufacturing process, the strut tubes 52 contain a
composition 58 which may include therapeutic agent and/or other substances, some of
which it may be desired to bereleased out from the stent after implantation. The
composition can be filled in before or after the stock tube is formed into the struts and
rings of the stent. The composition can befilled in before or after the side openings 56
are formed. Processes for tube bending, creating the side openings, polishing and
cleaning may generate heat, involve the application of heat to the tube, or use corrosive
chemicals. Therefore, when the composition to befilled into the tube is heat sensitive,
prone to degradation when exposed to heat, or susceptible to the chemicals used, it is
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preferred to load the tube with the composition after the tube has been formed into the
struts and rings of the stent, after the side openings are formed, and after any polishing.
If co-extruded wire isused a least removal of the core material must be completed
before filling the strut tubes.

The tubes, or the structural elements, used to form a stent are generally made
from, but not required to be made from, abiocompatible metal or metal aloy.
Exemplary metals and metal alloys include, without limitation, cobalt-chromium alloys
(e.g., ELGILOY ™, Haynes alloy 25™, L-605) stainless steel (316L), "MP35N,"
"MP20N," ELASTINITE™ (nitinol), platinum modified stainless steel, FePtCr,
tantalum, tantalum-based alloys, nickel-titanium alloy, platinum, platinum-based alloys
such as, e.g., platinum-iridium aloy, iridium, gold, magnesium, titanium, titanium-based
alloys, zirconium-based alloys, or combinations thereof. Examples of co-extruded wires
where the first and second materials are the outer tube and core material, respectively,
include MP35N/aluminum, MP35N/magnesium, MP35N/zinc, L-605/iron, and
nitinol/tin. In some embodiments, the structural elements forming the device body, or in
other words, the device body, is made from biostable materials, such as abiostable
metal, abiostable polymer, or a combination thereof. In some embodiments, the device
body or strut tubes are made completely of biostable materials such as biostable metals
and are not made of biodegradable materials such as biodegradable polymers or metals.
In other embodiments, the structural elements forming the device body, or in other
words, the device body, are made from biostable materias, such as abiostable metal, a
biostable polymer, or a combination thereof. The device body may be made from other
materials such as ceramics, and/or glass. Any of the above materials may beused in
combination. In other embodiments, the structural elements forming the device body, or
in other words, the device body, are made from biodegradable materials, such as and
without limitation biodegradable polymers, biodegradable metals, biodegradable glasses,
biodegradable ceramics, or any combination thereof.

Asnoted above, the lumen of the strut tube isintended to be filled, or loaded,
with one or more substances, such as a pharmaceutical composition, hereinafter a
"composition." Thus the substance filling or loaded into the strut tube lumen and which
are intended to remain there until the stent isimplanted may bereferred to as a
composition, and may include atherapeutic agent, and/or other substances.

Aspects of the present invention are directed to compositions for use in medical

devices, such as stents, having hollow struts or structural elements with alumen (a.k.a.
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"ahollow stent"), and medical devices filled (partially, completely, or substantially
completely (at least 90% of the volume)) with the compositions. Asused herein,
"filling" and "loading" the lumen of a structural element of a device, such as a stent,
refersto at least partially filling the lumen, and encompasses partially filing, complete
filling, and substantially complete filling of the lumen. Medical devices, such as stents,
with hollow struts that are accessible via a least one opening to the exterior have the
potential for more ion release due to several causes. One difference between hollow
versus conventional metallic stents isthe increased surface area of exposed metal that
leads to more metal ion release.

Metallic stents may be electropolished and their surfaces are highly characterized.
Electropolishing, aso known as electrochemical polishing or electrolytic polishing
(especialy in the metallography field), is an electrochemical process that removes
material from ametallic workpiece. It isused to polish, passivate, and deburr metal
parts. Passivation, refers to amaterial becoming "passive," that is, being less affected by
environmental factors such as air or water. For the alloys used to make stents,
electropolishing enriches the surface in the most corrosion resistant oxide of the alloy
composition which is often chromium oxide. This passive oxide layer, which will form
spontaneously on many aloys, serves as a corrosion resistant shield for the underlying
alloy. As atechnique, passivating istypically achemical treatment to generate alight
coat of material such as metal oxide to create abarrier against corrosion.
Electropolishing makes ametal surface less reactive, will produce athick and uniform
layer of oxide with some alloys, and render the surface less susceptible to release of
metal ions.

The outside surface of the stent of the present invention may be electropolished
and have the characteristics of an electropolished surface described herein. However,
electro-polishing the inside surface of the hollow structural elements is much more
difficult than the outside. At least aportion of or all of the interior walls of the lumen of
astructural element (interior lumen walls), such as astrut of a stent, may not be
electropolished. A more "raw" surface inside the struts will be more reactive and may
release more metallic ions than an electropolished surface. In addition, the interior walls
of the lumen of astructural element, such as astrut of a stent, may not be
electropolished, or may be electropolished less than an outer surface (exterior surface) of
the structural element of the device.
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Since electro-polishing increases the inertness of the metal, the lumen of a
structural element (interior walls) will be more likely than an electropolished surface to
release metal ions. In addition, if the device is formed using a co-extruded wire with a
core of asacrificial metal, the sacrificial metal may not be completely removed, thus
providing the potential for further metal ion generation. In some embodiments, the
interior or inner walls of the lumen of the structural element of the medical device are
less electropolished than the exterior surfaces of the structural element and as aresult
may release a least 20% more, a least 50% more, or at least 200% more metal ions than
the exterior surfaces of the structural element of the medical device, but not more than
5000% more metal ions.

Some therapeutic agents, and potentially some excipients, may interact with
metal ions. Regulatory agencies such asthe United States Food and Drug
Administration consider aproduct containing atherapeutic agent to have undergone a
significant change if 5% or more of the therapeutic agent is degraded during
manufacturing process or shelf-life. Consequently, this level of degradation can
represent expiry of the product. Thus, filling of alumen of ahollow stent with a
composition may impact the stability of the therapeutic agent, the composition
including the therapeutic agent, or both due to the potential interactions with metal
ions. A category of therapeutic agents that are particularly sensitive are those which
are in the macrolide lactone family and which contain atriene moiety. Some
therapeutic agents, such asthose in the macrolide lactone family and which contain a
triene moiety, are subject to metal ion induced oxidation and metal ion catalyzed
degradation processes including hydrolysis and oxidation/reduction reactions. Thus,
embodiments of the present invention encompass compositions for filling the lumen
of astructural element of amedical device, such asthe lumen of ahollow strut of a
stent, and medical devices with astructural element containing alumen having the
lumen filled with the compositions. The compositions include atherapeutic agent and
ametal ion stabilizer, such asbut not limited to, ametal chelator, chelating agent, a
cryptand, aligand, amultidentate ligand, aprecipitation agent, or a combination
thereof.

Therapeutic agents, such as but not limited to those described herein, may be
used individually or in any combination in any proportion in the compositions
described herein. In preferred embodiments, the therapeutic agent of the composition

isamember of the macrolide lactone family and the therapeutic agent contains a
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triene moiety. Examples of such therapeutic agents include, but are not limited to:
rapamycin (sirolimus), everolimus (40-O-(2-hydroxy) ethyl-rapamycin), biolimus A9
(Biosensors International, Singapore), umirolimus, ridaforolimus (ak.a. AP23573,
Ariad Pharmaceuticals; formerly known as deforolimus), tacrolimus, temsirolimus,

5  pimecrolimus, novolimus, merilimus, myolimus, zotarolimus (ak.a. ABT-578, Abbott
Laboratories), 40-O-(3-hydroxypropyl)rapamycin, 40-O-[2-(2-hydroxy)ethoxy] ethyl-
rapamycin, 40-O-tetrazolylrapamycin, and 40-epi-(NI-tetrazolyl)-rapamycin.
Therapeutic agents aso included in the preferred embodiments are those compounds
with a structure of rapamycin but with a substituent a the carbon corresponding to the

10 42 or 40 carbon of rapamycin as shown below:

HO,
Z,

Rapamycin with the 42 carbon labeled.

15  The carbon labeled C,, in the above figure is sometimes labeled C,, depending upon
the numbering scheme used. Thus, instead of "OH" a C,, as shown abovein
rapamycin, another moiety would be substituted for the "OH."

Compositions described herein may include other therapeutic agents,
individual therapeutic agents or a combination of these, in addition to or instead of the

20  ones described above.

Metal stabilizers, such asbut not limited to those described herein, may be
used individually or in any combination in any proportion in the compositions

described herein.
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Examples of metal chelators for D-block metal ions (such as but not limited to
iron, chromium, nickel, and cobalt) that may be used in the embodiments of the
invention described herein, include, but are not limited to: ethylene diamine
tetraacetic acid (EDTA); calcium disodium EDTA; EDTA with amore hydrophobic
counterion to render it organic soluble, where such counterions include, but are not
limited to, potassium, ammonium, and quaternary ammonium compounds; 2,3-
dimereapto-I-propanesulfonic acid (DMPS); dimercaptosuccinic acid (DMSA);
dimercaprol; desferoxamine mesylate; alphalipoic acid (ALA); nitrilotriacetate;
penicillamine; thiamine tetrahydrofurfuryl disulfide (TTFD); deferiprone; deferasirox;
kojic acid and kojic acid derivatives, such as but not limited to 6-[5-hydroxy-2-
hydroxymethyl-pyran-4-one] -5-hydroxy-2-hydroxymethyl-pyran-4-one;
bisphosphonates, such as but not limited to etidronic acid, pamidronate, alendronate
and 1-phenyl- 1-hydroxymethylene bisphosphonate; and 3,4-
hydroxypyridinecarboxylic acids, such as but not limited to 3-hydroxy-4-pyridine-
carboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, |,6-Dimethyl-4-hydroxy-3-
pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-pyridinecarboxylic acid. With
respect to metal chelators for D-block metal ions, apreferred metal chelator is
calcium disodium EDTA. Calcium disodium EDTA is currently used clinically in
chelation therapy to treat excess of iron in the body.

Examples of biocompatible metal chelating agents for auminum that may be
used in the embodiments of the invention described herein, include, but are not
limited to: sodium ascorbate (vitamin C); desferoxamine; malic acid (sodium,
calcium or magnesium salt); citric acid (sodium, calcium or magnesium salt); succinic
acid (sodium, calcium or magnesium salt); feralex-G; clioquinol; curcumin;
epigallocatechin; and 3 -hydroxy-4-pyridinone derivatives, such as but not limited to
3-hydroxy-4-pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-
Dimethyl-4-hydroxy-3-pyridinecarboxylic acid and 4-hydroxy-2-methyl-3-
pyridinecarboxylic acid.

Precipitation agents may be used in the embodiments of the invention
described herein. Aluminum ion (111) reacts with stearate and forms insoluble tri-
aluminum stearate. Other hydrophobic fatty acids such as laurate, caprate, and
caprylate will work similarly. Examples of precipitation agents for aluminum

include, but are not limited to: stearic acid (afatty acid); sodium stearate; laurate;
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sodium laurate; caprate; sodium caprate; caprylate; sodium caprylate; and other
biocompatible and soluble salts of these.

The use of anti-oxidants such as butylated hydroxytoluene (BHT) in the
formulation will not limit or prevent the impact of the metal ions on the degradation
of the therapeutic agent in the composition. Thus, any stabilizers can be specifically
selected to protect the therapeutic agent from degradation resulting from exposure to
metal ions.

In some embodiments, the composition includes atherapeutic agent, and an
ion stabilizer, such asametal chelator, aprecipitation agent, or both ametal chelator
and aprecipitation agent. In some embodiments, the composition consists essentially
of atherapeutic agent, and ametal ion stabilizer, where consists essentially of means
a least 98 weight percent. In some embodiments, the composition consists of a
therapeutic agent, and ametal ion stabilizer. In some embodiments, the composition
consists of therapeutic agent (in other words "pure drug"). In some embodiments, the
composition includes atherapeutic agent and ametal ion stabilizer, and the sum of the
weight percent (wt%) of the therapeutic agent and the metal ion stabilizer is & least
50 wt% of the composition and not more than 100 wt% of the composition, while in
other embodiments the sum is at least 60 wt%, at least 70 wt%, at least 80 wt%, a
least 90 wt%, at least 95 wt%, or at least 98 wt%, and not more than 100 wt% of the
composition.

In some embodiments, the composition includes an excipient in addition to the
therapeutic agent and the metal ion stabilizer. In some embodiments, the composition
isfree of, or essentially free of, polymers. In some embodiments, the composition is
free of, or essentially free of, oligomers. In some embodiments, the composition is
free of, or essentially free of, both polymers and oligomers.

In some embodiments, the weight percent of the metal ion stabilizer relative to
the therapeutic agent ((weight of metal ion stabilizer/weight of therapeutic agent) X
100%) isin the range of 0.01 to 25%, preferably in the range of 0.1 to 10%, and more
preferably in the range of 0.2 to 8%.

In some embodiments, the composition includes a sufficient amount of a metal
ion stabilizer such that there is a least 0.025 ug metal ion stabilizer/cm? of interior
surface of the lumen and not more than 25 ug metal ion stabilizer/cm? of interior
surface of the lumen, preferably a least 0.1 pgmetal ion stabilizer/cm? of interior

surface of the lumen and not more than 15 ug metal ion stabilizer/cm? of interior
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surface of the lumen, and even more preferably at least 0.25 pg metal ion
stabilizer/cm? of interior surface of the lumen and not more than 10 pg metal ion
stabilizer/cm? of interior surface of the lumen. The "interior surface of the lumen”
may refer to all of the interior surfaces of the medical device, or all the interior
surface of the lumen only for those lumens which will be filled with a composition
including atherapeutic agent and ametal ion stabilizer.

In some embodiments, the composition includes atherapeutic agent and a
sufficient amount of ametal ion stabilizer such that the therapeutic agent has
degraded by not more than 5% after 2 years (which may be stored at about 20 °C to
about 25 °C, and relative humidity in the range of 20% to 65%) when the composition
isused to fill the lumen of a structural element of amedical device, such as astent. In
other embodiments, the composition includes atherapeutic agent and a sufficient
amount of ametal ion stabilizer such that the therapeutic agent has degraded by not
more than 4.5%, not more than 4%, not more than 3.5%, or not more than 2% after 2
years when the composition isused to fill the lumen of a structural element of a
medical device, such asastent. In still other embodiments, the composition includes
atherapeutic agent and a sufficient amount of ametal ion stabilizer such that the
therapeutic agent has not degraded by more than 5% after 18 months, after 12 months,
after 9 months, or after 6 months when the composition isused to fill the lumen of a
structural element of amedical device, such asastent. Theterm "after 2 years' refers
to the date that is 2 years after the composition isfilled into the lumen of a structural
element of amedical device such as a stent, and after sterilization and packaging.
After filling, the medicated stent isthen sterilized by aterminal sterilization process,
such as, but not limited to, ethylene oxide sterilization, packaged in an inert gas
atmosphere, and aged under ambient conditions (which may be about 20 °C to about
25 °C, and relative humidity in the range of 20% to 65%).

The metal ion stabilizer may be combined with the drug a amolecular level
for the highest efficacy. Thus, combining atherapeutic agent in apowder form with a
metal ion stabilizer in apowder form and then filling the lumen of the device, such as
a stent, with the powder combination may not be the most effective means of
protecting the therapeutic agent from the effects of metal ions. Preferably, the
therapeutic agent, and the metal ion stabilizer, are dissolved, dispersed, or a
combination of dissolved and dispersed in a solvent to form acombination for filling.

In some embodiments the therapeutic agent, and the metal ion stabilizer, are dissolved
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in the solvent, and in other embodiments, the therapeutic agent, and the metal ion
stabilizer are dispersed in the solvent, or at least partially dispersed in the solvent. In
some embodiments, the therapeutic agent is dissolved in the solvent while the metal
ion stabilizer is dispersed, or a least partially dispersed in the solvent. In still other
embodiments, the therapeutic agent is dispersed, or & least partialy dispersed in the
solvent, and the metal ion stabilizer is dissolved in the solvent. The lumen of the
structural element of the stent is filled with the combination for filling via any means,
and the solvent isthen removed, or substantially removed (less than 5 wt% in the
composition filling the lumen) by any means. In some embodiments, the therapeutic
agent is dissolved, dispersed, or acombination of dissolved and dispersed in one
solvent, and the metal ion stabilizer is dissolved, dispersed, or a combination of
dissolved and dispersed in another solvent (which may bethe same as or different
from the solvent used for the therapeutic agent) and the two solvent combinations
may be used to fill the lumen sequentialy or may be combined together before filling,
during filling, or both before and during filling of the lumen. In still other
embodiments, the metal ion stabilizer could be dissolved in one solvent, such as a
polar solvent, for example, water, and the therapeutic agent is dissolved in an organic
solvent, such as acetone. Metal ion stabilizer solution can be filled into the stent
lumen first, followed by the therapeutic agent solution, or vice versa. Solvent
removal could proceed after both agents are filled into the stent lumen. Solvent
removal could also proceed after one agent isfilled. Non-limiting examples of filling
include injection a room temperature (about 20 °C to about 25 °C), injection a an
elevated temperature such as between 30 °C and 75 °C, or injection at atemperature
below room temperature, such as between -10 °C and 10 °C. Other non-limiting
examples of methods of filling include immersion, immersion followed by drawing a
vacuum, and direct dispensing. Non-limiting examples of solvent removal include
lyophilization, removal by evaporation a room temperature (about 20 °C to about 25
°C), evaporation a an elevated temperature (> about 30 °C, such as for example
between 32 °C and 120 °C) , evaporation under vacuum (below 1 atmosphere
pressure, for example not more than 200 Torr, or not more than 20 Torr, but not less
than 0.01 Torr), and any combination thereof.

The choice of solvent used to load the therapeutic agent into the lumen of a
structural element of a stent may also affect the number of metal ions which are in

contact with the therapeutic agent. As an example, amore polar solvent, such as
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methanol, may be able to solubilize more residual metal salts, thus increasing the
potential for contact with the therapeutic agent. In contrast, it isbelieved that avery
nonpolar solvent, for example and without limitation, hexane, would solubilize fewer
metal ions. Thus, in some embodiments, anonpolar solvent may beused. In some
embodiments a solvent with a solubility parameter of less than or equal to 16 (MPa) 2
may be used. Non-limiting examples of non-polar solvents that may be used,
individually or in combination, n-hexane, n-heptane, octane, decane, ethyl ether,
propy! ether, diisopropy! ether, butyl ether, and diisobutyl ketone.

Another means of combining the metal ion stabilizer and the therapeutic agent
isby melting the therapeutic agent, and potentially also melting the metal ion
stabilizer, and combining the metal ion stabilizer with the melted therapeutic agent.
The combination, with the therapeutic agent still melted, may be used to fill the lumen
of astructural element of a stent.

Oncethe structural elements of amedical device, such asthe strut tubes of a
stent, have been filled with a composition and some openings optionally sealed, the outer
surface, or a least aportion of the outer surface, of a stent having hollow struts may be
coated. The coating may be polymeric, metallic, glass, ceramic, other material, or any
combination thereof. In preferred embodiments, the coating includes apolymer. A
typical coating process involves dissolving and/or dispersing the coating materials, such
as, for example, apolymer, optionaly with other excipients, atherapeutic agent, or a
combination thereof, in a solvent to form a coating solution, and disposing the coating
solution over the outer surface of the stent by procedures such as spraying, brushing,
wiping or directly depositing the solution onto the surface of the stent. The solution may
be applied by immersing the stent in the solution. Non-limiting examples of other
processes of applying a coating, which may or may not include a solvent, are plasma
deposition processes, electrostatic deposition processes, and other dry powder
application processes. Such coating procedures are well-known in the art. Any coating
process may be executed in such amanner asto prevent or limit to aminima amount
(for example, not more than 25 wt%) removal of the composition within the lumens of
the strut tubes.

The coating may comprise apolymer, atherapeutic agent, another material, or
acombination thereof. If atherapeutic agent isincluded in the coating, the
therapeutic agent may be the same as, or different from, the therapeutic agent of the

composition in the lumens of the strut tubes. In some embodiments, the therapeutic
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agent of the composition within the strut tubes may differ from the therapeutic agent
in the coating only in that the one is asalt, hydrate, or polymorph of the other, or the
two are different salts or hydrates of the same chemical entity. In other embodiments
the therapeutic agent in the composition of the strut tubes may be different chemical
entities, that isthe chemical entity exhibiting the pharmacological activity is different.

In preferred embodiments, the coating comprises apolymer, which may be a
biostable polymer, abiodegradable polymer, or acombination thereof. The coating
may comprise aprimer layer free of, or essentialy free of (less than 5wt% or less
than 2 wt%), therapeutic agents. The coating may also include other excipients. Non-
limiting examples of such excipients include lubricating agents, fillers, plasticizing
agents, surfactants, diluents, mold release agents, agents which act as therapeutic
active agent carriers, binders, anti-tack agents, anti-foaming agents, viscosity
modifiers, anti-oxidants, stabilizers, potentially residual levels of solvents, and
potentially any other agent which aids in, or may be desirable in, the processing of the
material, and/or may be useful or desirable as a component of the final product.
Surfactants may be used for the preparation of a dispersion of polymer and/or
therapeutic agent in a solvent or fluid.

Embodiments of the present invention encompass coatings in which the
coating layer, or materials included in the coating layer such as a polymer and/or
therapeutic agents, are not covalently bound or chemically bound to the surface to
which the coating is applied (the substrate surface, or apreviously applied coating
layer). Embodiments also encompass stents and devices with a coating formed by the
application of one or more layers as described above, and includes stents and devices
with coatings in which one or more materials migrate from one layer to another either
during the coating application process, after the coating application process has been
completed, or both. In some embodiments, the therapeutic agent in the lumen may
migrate into the coating during the coating application process, after the coating
application process, or both.

Examples of polymers that may be used in the various embodiments of the
present invention include, without limitation, poly(N-acetylglucosamine) (chitin);
chitosan; poly(hydroxyvalerate); poly(hydroxybutyrate), poly(hydroxybutyrate-co-
valerate); poly(3-hydroxybutyrate); poly(4-hydroxybutyrate); poly(3-
hydroxyvalerate); poly(hydroxybutyrate-co-valerate); polyorthoesters;
polyanhydrides; homopolymers of any of the following and random and block
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copolymers of any combination of the following, and aso including block copolymers
with one block being polyethylene glycol and at least one other block being a
homopolymer or arandom copolymer of any combination of the following: D-lactic
acid, L-lactic acid, DL-lactic acid, meso-lactide, caprolactone (including but not
limited to, e-caprolactone), glycolide (glycolic acid), trimethylene carbonate,
valeroactone, y-undecalactone, P-methyl-5-valerolactone, and hydroxycarboxylic
acids (including, but not limited to, 3-hydroxybutyric acid, 4-hydroxybutyric acid, 3-
hydroxyvaleric acid, 4-hydroxyvaleric acid, 5-hydroxyvaleric acid, dimethylglycolic
acid, B-hydroxypropanic acid, ahydroxybutyric acid, a-hydroxycaproic acid, (-
hydroxycaproic  acid, y-hydroxycaproic acid, &-hydroxycaproic acid, &-
hydroxymethylcaproic  acid, e€-hydroxycaproic acid, and €-hydroxymethylcaproic
acid); poly(glycolide-co-caprolactone) polymers; poly(thioesters); polyethylene
amide; polyester amide polymers; polyethylene acrylate; acrylate and methacrylate
polymers; co-poly(ether-esters)  (e.g., PEO/PLA); polyphosphazenes, biomolecules
(e.g., fibrin, fibrinogen, cellulose, starch, collagen and hyaluronic acid);
polyurethanes; silicones; polyesters; polyolefms; polyisobutylene and ethylene-
alphaolefin  copolymers; acrylic polymers; vinyl halide polymers and copolymers
(e.g., polyvinyl chloride); polyvinyl ethers (e.g., polyvinyl methyl ether);
polyvinylidene halides (e.g., polyvinylidene chloride); polyacrylonitrile;  polyvinyl
ketones; polyvinyl aromatics (e.g., polystyrene); polyvinyl esters (e.g., polyvinyl
acetate); acrylonitrile-styrene  copolymers; ABS resins; polyamides (e.g., Nylon 66
and polycaprolactam);  polycarbonates; polyoxymethylenes;,  polyimides, polyethers;
rayon; rayon-triacetate; cellulose and derivatives thereof and copolymers thereof
(including without limitation cellulose acetate, cellulose butyrate, cellulose acetate
butyrate, cellophane, cellulose nitrate, cellulose propionate, cellulose ethers, and
carboxymethyl  cellulose); and any copolymers and any blends in any proportions of
the aforementioned polymers.

Additional representative examples of polymers for use in the various
embodiments of the present invention include, without limitation, ethylene vinyl
alcohol copolymer (commonly known by the generic name EVOH or by the trade
name EVAL™); poly(butyl methacrylate); poly(vinylidene fluoride-co-
hexafluoropropylene)  (e.g., SOLEF ® 21508, available from Solvay Solexis PVDF of
Thorofare, New Jersey); polyvinylidene fluoride (otherwise known as KYNAR™,
available from Atofina Chemicals of Philadelphia, Pennsylvania);
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poly(tetrafluoroethylene-co- hexafluoropropylene-co-vinylidene fluoride); ethylene-
vinyl acetate copolymers; and polyethylene glycol; and copolymers and combinations
thereof.

Asused herein, the terms poly(D,L-lactide) (PDLL), poly(L-lactide) (PLL),
poly(D,L-lactide-co-glycolide) (PDLLG), and poly(L-lactide-co-glycolide) (PLLG)
are used interchangeably with the terms poly(D,L-lactic acid) (PDLLA), poly(L-lactic
acid) (PLLA), poly(D,L-lactic acid-co-glycolic acid) (PDLLAGA), and poly(L-lactic
acid-co-glycolic acid) (PLLAGA), respectively.

Any of the above polymers or materials specifically listed may be used
individualy, in combination with any other polymer, in combination with any other
material, or in combination with any other polymer and any other material listed
herein, and may be used in combination a any proportions.

Various embodiments of the current invention encompass both uncross-linked
and cross-linked polymers, branched and unbranched polymers, and dendritic
polymers. In preferred embodiments, the polymers used may be uncross-linked or not
crosslinked.

With respect to the metal ion stabilizer, aswell as other excipients, it is
preferable that these compounds are biocompatible and may be released into the body
with the therapeutic agent.

Embodiments of the present invention include methods of using any of the
medical devices described herein to treat, prevent, diagnose, or a combination thereof,
various conditions or disorders in apatient (animal, including human) in need of
treatment, prevention, or diagnosis of a condition or disorder. Examples of such
conditions or disorders include, but are not limited to, benign pancreatic disease,
coronary artery disease, carotid artery disease, peripheral arterial disease,
atherosclerosis, thrombosis, restenosis, hemorrhage, vascular dissection, vascular
perforation, vascular aneurysm, vulnerable plague, chronic total occlusion, patent
foramen ovale, claudication, anastomotic proliferation of vein and artificial grafts,
arteriovenous anastamoses, bile duct obstruction, ureter obstruction and tumor
obstruction, and combinations thereof.

The medical devices, such as stents, of the various embodiments of the
invention can be used in, without limitation, neuro, carotid, coronary, pulmonary,
aorta, renal, biliary, iliac, femoral and popliteal, aswell as other peripheral

vasculatures, and in other bodily lumens such asthe urethra or bile duct.
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All publications, patents, and patent applications cited in this specification are
herein incorporated by reference asif each individual publication, patent, or patent
application were specifically and individually indicated to be incorporated by
reference.

While particular embodiments of the present invention have been shown and
described, it will be obvious to those skilled in the art that changes and modifications
can be made without departing from this invention in its broader aspects. Therefore,
the claims are to encompass within their scope all such changes and modifications as
fall within the true spirit and scope of this invention. Moreover, although individual
aspects or features may have been presented with respect to one embodiment, a
recitation of an aspect for one embodiment, or the recitation of an aspect in general, is
intended to discloseits use in al embodiments in which that aspect or feature can be
incorporated without undue experimentation. Also, embodiments of the present
invention specifically encompass embodiments resulting from treating any dependent
clamwhich follows as alternatively written in amultiple dependent form from all
prior claims which possess all antecedents referenced in such dependent claim (e.g.
each claim depending directly from claim 1 should be alternatively taken as
depending from any previous claims where such dependency would be logically

consistent).
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What isclaimed is;

1. A medica device, the device comprising:

adevice body comprising at least one structural element, the structural element
comprising alumen and at |least one opening to access the lumen; and

a composition within the lumen, the composition comprising atherapeutic agent,

and ametal ion stabilizer.

2. The medical device of claim 1, wherein the metal ion stabilizer comprises ametal
chelator.
3. The medical device of claim 1, wherein the metal ion stabilizer comprises a

precipitation agent.

4. Themedica device of claim 1, wherein the device body is biostable.

5. Themedica device of claim 1, wherein the device body is formed of abiostable metal.

6. Themedical device of claim 5, wherein the biostable metal is 316L stainless sted,
CoNi MP35N, CoCr L-605, egiloy, nitinol, FePtCr, or combination thereof.

7. Themedical device of claim 1, wherein the walls of the lumen of the a least one
structural element of the device body are not electropolished, or the degree of

electropolishing of the walls of the lumen is less than the external surface of the stent.

8. Themedical device of claim 1, wherein the therapeutic agent belongs to the macrolide

lactone family and the therapeutic agent contains atriene moiety.
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9. Themedica device of clam 1, wherein the therapeutic agent is selected from the
group consisting of rapamycin, everolimus, Biolimus A9, umirolimus, ridaforolimus,
tacrolimus, temsirolimus, pimecrolimus, novolimus, merilimus, zotarolimus, 40-O-(3-
hydroxypropyl)rapamycin, 40-O-[2-(2-hydroxy)ethoxy] ethyl -rapamycin, 40-O-
tetrazolylrapamycin, 40-epi-(NI-tetrazolyl)-rapamycin, and combinations thereof.

10. Themedica device of claim 1, wherein the metal ion stabilizer comprises a chelator
selected from the group consisting of ethylene diamine tetraacetic acid (EDTA), calcium
disodium EDTA, EDTA with a counterion of potassium, EDTA with a counterion of
ammonium, EDTA with a counterion of aquaternary ammonium compound, 2,3-
dimereapto- 1 -propanesulfonic acid, dimercaptosuccinic acid, dimercaprol,
desferoxamine mesylate, alphalipoic acid, nitrilotriacetate, penicillamine, thiamine
tetrahydrofurfiuyl disulfide, deferiprone, deferasirox, kojic acid, bisphosphonates, 3-
hydroxy-4-pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid, 1,6-Dimethyl-
4-hydroxy-3-pyridinecarboxylic acid, 4-hydroxy-2-methyl-3-pyridinecarboxylic acid, and

combinations thereof.

11. Themedical device of clam 1, wherein the metal ion stabilizer comprises a chelator
selected from the group consisting of sodium ascorbate, desferoxamine, malic acid,
citric acid, succinic acid, sodium, calcium, and magnesium salts of malic acid, citric acid,
and succinic acid, feralex-G, clioquinol, curcumin, epigallocatechin, 3-hydroxy-4-
pyridinone, 3-hydroxy-4-pyridinecarboxylic acid, 4-hydroxy-3-pyridinecarboxylic acid,
1,6-Dimethyl-4-hydroxy-3-pyridinecarboxylic acid, 4-hydroxy-2-methyl-3-
pyridinecarboxylic acid, and combinations thereof.

12. Themedica device of clam 1, wherein the metal ion stabilizer comprises a

precipitation agent selected from the group consisting of stearic acid, lauric acid, capric

acid, and caprylic acid, and sodium, calcium, and magnesium salts thereof.
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13. Themedica device of claim 1, where the medical deviceis stent with a device body
formed of MP35N, the therapeutic agent israpamycin or zotarolimus, and the metal ion
stabilizer is combined with the therapeutic agent at amolecular level.

14. Themedical device of claim 1, wherein the combination of the therapeutic agent and
the metal ion stabilizer comprise at least 50 wt% of the composition.

15. Themedica device of claim 14, wherein the combination of the therapeutic agent
and the metal ion stabilizer comprise at least 70 wt% of the composition.

16. Themedica device of claim 15, wherein the combination of the therapeutic agent
and the metal ion stabilizer comprise at least 90 wt% of the composition.

17. A method comprising:

providing amedica device having a structural element or providing astructural
element that isto be used in forming amedical device, the structural element comprising
alumen and a least one opening to access the lumen;

filling the lumen of the structural element with acomposition comprising a

therapeutic agent, and ametal ion stabilizer.

18. The method of claim 17, wherein the medical deviceis a stent.

19. The medical device of claim 17, wherein the metal ion stabilizer comprises a
metal chelator.

20. The medical device of claim 17, wherein the metal ion stabilizer comprises a

precipitation agent.
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21. Themethod of claim 17, wherein filling the lumen comprises forming afilling
composition by executing an operation comprising dissolving, dispersing, or both
dissolving and dispersing the therapeutic agent in a solvent and dissolving, dispersing, or
both dissolving and dispersing the metal ion stabilizer in the solvent, executing an
operation comprising placing the filling composition into the lumen, and executing an

operation comprising removing the solvent.

22. The method of claim 21, wherein removing the solvent comprises executing an
operation comprising alowing the solvent to evaporate.

23. The method of claim 21, wherein removing the solvent comprises lyophilization.

24. The method of claim 21, wherein the solvent is anon-polar solvent.

25. The method of claim 21, wherein the solvent has a solubility parameter of not more
than 16 (MPa)¥2,

26. The method of claim 21, wherein the solvent comprises a solvent selected from the
group consisting of n-hexane, n-heptane, octane, decane, ethyl ether, propyl ether,
diisopropy! ether, butyl ether, diisobutyl ketone, and combinations thereof.

27. A stent comprising:

aplurality of interconnected structural elements comprising ametallic material,
wherein a least some of the structural elements are annular and comprise an interior
lumen;

and

atherapeutic agent and an additive disposed within the interior lumen;

wherein an inner surface of the annular structural elements is susceptible to
release of metal ions which are capable of degrading the therapeutic agent; and

wherein the additive is for protecting the therapeutic agent from degradation by

the metal ions by rendering the metal ions unable to interact with the therapeutic agent.
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28. The stent of claim 27, wherein the additive is a compound that binds to the metal
ions, rendering them unable to interact with the therapeutic agent.

29. The stent of claim 28, wherein the compound is selected from the group
consisting of chelating agents, cryptands, ligands, multidentate ligands, and combinations

thereof.

30. The stent of claim 27, wherein the additive is a compound that forms an insoluble
metal salt with the metal ions to prevent the metal ion from interacting with the

therapeutic agent.

31  The stent of claim 27, wherein less than 5% of the therapeutic agent is degraded at
the end of a shelf life of the therapeutic agent.

32. The stent of claim 27, wherein the therapeutic agent is degraded by not more than
5wt% at the end of the self-life of the stent, and wherein the shelf-life of the stent is at
least 6 months, at least 9 months, at least 12 months, at least 18 months, or at least 24

months.

33. The stent of claim 27, wherein the metallic materia is biostable.

34. The stent of claim 27, wherein the inner surface of the annular structural e ements

ismore susceptible to release of metal ions than an outer surface of the annular structural

elements due to apassivation layer on the outer surface.
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