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BACKGROUND OF THE DISCLOSURE
(06011  Surgical procedures employing balloons and medical devices
incorporating those balioons {i.e., balloon catheters} are becoming more common
and routine. Thesse procedures, such as angioplasly procedures, are conducted
when it becomes necessary o expand or open narrow or ohstructed openings in
blood vessels and other passageways in the body {o increase the flow through the
obsiructed areas. For example, in an angioplasty procedure, a dilatation balloon
catheter is used to enlarge or open an occluded blood vessel which is partially
restricted or obstrucied due o the existence of a hardened stenosis or buildup within
the vessel. This procedure requires that a balloon catheter be inserted into the
patient’s body and positioned within the vessel so that the balloon, when inflated, will
dilate the site of the obstruction or stenosis so that the obstruction or stenosis is
minimized, thereby resulting in increased blood flow through the vessel.
00021 Many times, once the balioon has been arranged at the vessel narrowing,
it is repeatedly inflated and deflated. The inflation, with successive deflation, of the
balloon within the vessel (e.g., arfery) reduces the exient of the vessel luminal
narrowing, and restores a suitable blood flow in the cardige area suffering from the
stencsis. In some cases, the balioon serves to deliver a stent.
{08031 in both cases, afier a few months, some patients develop a new narrowing
of the vessel wall at the intervention point. Such narrowing, known under the name
of restenosis, is not due o the formation of new atherosclerotlic plaques, but o a call
hyper-proliferation process, particularly of the vascular smooth muscle cells,
probably due fo the dilating action operated by the foreign Body, stent or balioon.
[0004] It has been observed thal restenosis can be treated by coaling a stentora
balloon with a drug, e.g., having anii-proliferative action.  Such a stent is often
referred o as a “drug eluting stent” (DES) and such a balloon is referred o as a
“drug eluting bailoon” (BEB}. For various reasons, the use of a drug eluting balloon
is preferred over the use of a drug eluting stent. Conirol of the delivery, whether it be

immediate or over lime, from a balloon, for example, is a challenge, however.

SUMMARY
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[0805] The present disclosure provides textured dilatation balloons, methods of
making, and methods of using. The textured balioons are preferably non-compliant
or semi-compliant.

(08081 in one embodiment, a texiured dilatation non-compliant or semi-compliant
balloon includes a balloon body having a proximal end, a distal end, and atleast one
indentation in the balloon body in an un-inflated siate, whersin the balloon body
includes a continuous polymer fube with an external surface having at least one
therapeutic agent disposed in the at least one indentation prior {o use.

{08071 incertain embodiments, a texiured dilatation balioon includes a plurality of
indentations {i.e., depressions}. Such one or more indentations can be in a variety of
shapes, sizes, and/or volumes. For example, they can be in the form of circular
indentations, a.q., dimples, grooves, invertad pyramids, inverted square pyramids,
and the like, or combinations thereof in any one balioon. Alternatively, a balloon
body can include one continuous indentation, e.g., a continuous channel.

(68881 The conirol of the shape(s), size(s), and/or volume(s) of the one or more
indentations, as well as the number and location of the indentations, assist in the
control of the volume of therapeutic agent disposed therein for delivery to a farget
site {e.g., a vessel wall}. Significantly, the balloons of the present disclosure can
provide less loss of therapeutic agent during insertion of the balioon to the targst
sile, and less non-specific release at the {arget site.

(08091 In certain embodiments, the external surface of the continuous tube of the
balloon body further includes at least one organic polymer disposed thereon. in
certain embodiments, the at [zast one therapautic agent is located within the at least
one indentation and the at least one organic polymer is disposed over the at least
one therapeutic agent (e.g., as a cap coat). In cerfain embodiments, the at least one
therapeutic agent is mixed with the al least one organic polymer o form a mixture
that is disposed within the at least ong indentation. In certain embodiments, the at
lsast one therapsutic agent is mixed with at least one exciplent to form a mixture that
iz disposed within the at least one indentation.

(089101  in certain preferred embodimenis, the atl least one therapeutic agent,
optionaily mixed with an organic polymer and/or an excipient, is disposed only in the
at least one indentation

[0811] The present disclosure also provides methods using the dilatation balloons

of the present disclosure. In one eambodiment, a method of delivering at least one
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therapeutic ageni {0 a target site in a patient is provided. The method includes:
providing a textured non-compliant or semi-compliant dilatation balloon as described
herein, such as one comprising: a balloon body having a proximal end, a distal end,
and at least one indentation in the balloon body in an un-inflated stale, wherein the
balloon body comprises a continuous polymer tube with an exiemnal surface having
al least oneg therapsutic agent disposed within the atl least one indentation; inserting
a balloon catheter comprising the texiured dilatation balloon into the target site of the
patient; and inflating the textured balloon atl the target site under conditions effective
to flatten the at least one indentation and deliver at least a portion of the therapeutic
ageni{s) to the target sile.

[0812] Preferably, a "therapeutically effective amount” is delivered fo the target
site {e.g., a vessel wall). By this it is meant an amount capable of inducing a
therapeutic or preventive effect against the restenosis of the treaied vascular tissus
in the patient.

[0613] in another embodiment, the present disclosure provides a method of
making a dilalation balloon. The method typically includes a blow molding process.
in one embodiment, a method includes: providing a tubular parison comprising a
polymeric material; providing a mold having one or more profrusions on ifs inner
surface gorresponding io the desired texture of the balloon surface; expanding the
tubular parison o form an expanded parison in the mold and form a balloon body
comprising one or more indentations; and applying one or more therapeutic agents
into the one or more indentations. Preferably, the balicon is a non-compliant or
semi-compliant balloon. In cerfain preferred embodiments, sexpanding the twbular
parison to form an expanded parison comprises axiaily stretching and radially
expanding the tubular parison at a temperature above the Tg of the polymeric
malerial and at an elevated inflation pressure.

[0814] Herein, the terms “distal” and “proximal” are used with respect {0 a position
or direction relative o the freating clinician. “Distal” and “distally” are a position
distant from or in a direction away from the clinician. "Proximal” or “proximally” are a
position nsar or in a direction toward the clinician.

[08915] Herein, an “indentation in the balloon body in an un-inflated state” means
a predesigned surface cavity in the balloon surface of a spedcific size. An indentation
does not resull from two separate balloons proximal and distal to the target site.

Such balloons with indentations are not weeping bailloons. Such indentations are not
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folds as a result of balloon folding. The one or more indeniations are actually in the
material that forms the balloon. They are not pores {e.g., expandable pores). They
are not in a porous retaining material, such as a porous matrix, sheet, or bundle of
fibers, that forms an outer layer or sleeve on a balioon, nor are they pores direcily
formed in the balloon surface, as described in U.S. Pat. Pub. No. 2008/0140002.
[0818] Herein, “prior to use” refers {0 the state of the balloon prior to the balloon
being inserted into the target site of the patient.

(00171  “Fully inflated” means the balloon is inflated to a state where the
indentations are flattened out and the material contained therein (one or more
therapeutic agents optionally mixed with an organic polymer and/or an excipient) is
exposed o the target site {e.g., vascular tissue} and transferred therelo.

[0818] The lerms “comprises” and variations thereof do not have a limiting
meaning where these lerms appear in the description and claims.

(08191 The words “preferred” and “preferably” refer to ambodiments of the
disclosure thal may afford certain benefils, under certain circumsiances. However,
othaer embodimenis may also be preferred, under the same or other circumsiances.
Furthermore, the recitation of one or more preferred smbodiments does not imply
that other embodiments are not useful, and is not intended to exclude other
embodiments from the scope of the disclosure.

(00201 As used herein, "a,” “an,” “the,” “at least one,” and “one or more” are usad
interchangeably.

(08211  As used herein, the term “or” is generally emploved in its sense including
“and/or” unless the content clearly dictates otherwise. The term “and/or” means ong
or all of the listed elements or a combination of any of the listed elements.

[0822] Also herein, all numbers are assumed {0 be modified by the term “about”
and preferably by the term “exactly.” As used herein in connection with 3 measured
quantity, the term “aboutl” refers to that variation in the measured quantity as would
be expected by the skilled arlisan making the measurement and exercising a level of
care commensurale with the objective of the measurement and the precision of the
measuring equipment used.

[0823] The recitations of numerical ranges by endpoinis inciude all numbers
subsumed within that range as well as the endpoints (8.g., 110 &8 includes 1, 1.5, 2,
2.75,3,3.80, 4, 5, etc.}.
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[0824] The above summary of the present disclosure is not intended to describe
each disclosed embodiment or every implementation of the present disclosure. The
description that follows more particularly exemplifies Hustrative embodiments. In
several places throughout the application, guidance is provided through lists of
examples, which examples can be used in various combinations. In each instance,
the recited list serves only as a representative group and should not be interpreted

as an exclusive list,

BRIEF DESCRIPTION OF THE DRAWINGS
[0825] Figure 1 shows a detalled seclion of a balloon segment of the present
disclosure showing indentations.
[0028] Figure 2 shows the balioon catheter with balioon in an un-inflated state
showing indentations.
(868271  Figure 3 shows the distal section (100} of the balloon catheter with the
balloon in an un-inflated state showing one indentation.
[0828] Figure 4 shows the balloon catheter in an un-inflated state.
(08281 Figure 5 shows the distal section of the balioon catheter with the balloon in

an un~-inflated state.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
(08301 The present disclosure provides textured dilatation balloons, methods of
making, and methods of using.  In one embodiment, the texiured dilatation balloon
includes a balloon body having a proximal end, a distal end, and at least one
indentation in the balloon body in an un-inflated state, wherein the balioon body
includes a continuous polymer tube with an exfernal surface having at least one
therapeutic agent disposead in the at least one indentation prior {0 use.
(06311 in certain embodiments, the textured dilatation balloon includes a plurality
of indentations {i.e., depressions, cavilies, or craters), such as dimples, when in the
un-inflated state. Alternatively, a balloon body can include one confinuous
indentation, e.g., & continuous channel or trough, when in the un-inflated state. The
control of the shapes, sizes, and/or volumes of the one or more indeniations, as well
as the number and iocation of the indentations, assist in the control of the volume of
therapeutic agent disposed therein for delivery o a vessel wall.
[0632] Referring o FIG. 1, an sxemplary embodiment is shown in which an un-
inflated balloon segment (10) has circular indentations (20} {e.g., dimples) in the

<
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balloon body surface.  During fransport, when the balioon is in an un-inflated or
deflated siate, the openings in the balloon surface that provide access into the
indentations can be closed, thereby creating reservoirs for holding the one or more
therapeutic agents on the surface of the balloon. Upon inflation of the balloon, the
openings in the balloon surface that provide access into the indentations are openad.
That is, the force with which the inflated {i.e., expanded} condition of the balloon
exerts radially will open the indentations and fiatlen them oul, releasing the
therapeutic ageni(s) to the target sile. The indeniations are essentially eliminated
upon inflation. This provides for better control of the delivery of a specific amount of
one or more therapeutic agents io a target site.

(08331 The one or more indentations can be In a variely of shapes, sizes, and/or
volumes. For example, they can be in the form of circular indentations, s.g.,
dimples, grooves, inveried pyramids, inveried square pyramids, inveried cones,
wells, and the like, or combinations thereof in any one balloon. A plurality of
indentations can be evenly or unevenly, symmeitrically or unsymmetrically, spaced
on g balloon surface.

[0834] Allernatively, a balloon body can include one continuous indeniation, e.g.,
a continuous channel or trough. The control of the shape(s), size{s), andior
volume(s) of the one or more indentations, as well as the number and location of the
indentations, assist in the conirol of the volume of therapeutic ageni(s) disposed
therein for delivery {o a farget site, e.g., vessel wall.

[0635] Upon inflation of the balicon and contact with tissue al the target site, e.q.,
a vessel wall, al least a portion of the one or more therapeulic agents {preferably, 3
therapeutically effective amount} is transferred {o the tissue. The indentation(s) can
include different therapeutic agents in different regions of the balloon surface.
Alternatively or additionally, the indentation{s} can include the same therapeutic
agent at different concenirations. Alternatively or additionally, the indeniation{s} can
include different therapeutic agents in a layered configuration. In this way, for
exampie, a first agent may be deliverad when the balloon reaches its first diameter, a
second agent may be delivered upon further inflation, and a third agent may be
delivered upon yet even further inflation.

[80368] In certain embodiments, the loial area of the two-dimensional (surface)
opening of the at ieast one indentation is at least 20%, al lsast 30%, at least 40%, at

least 50%, or at least 80%, of the surface area of the exiernal surface of the
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continuous tube of the balloon body in an un-inflated stale. By this it is meant thal
the “total area” is the summation of the areas of the two-dimensional {(surface)
openings of all the indentations. In certain embodiments, the total area of the two-
dimensional (surface} opening of the at least one indentation is no greater than 80%,
no greater than 80%, no greater than 70%, no greater than 60%, no greater than
50%. of the surface area of the external surface of the continucus twbe of the balloon
body in an un-inflaled state.

(08371 Balloons of the present disclosure have a balloon body that includes a
continuous polymer tube. In certain embodiments, the balloon body includes a
plurality of indentations. The spacing and arrangement of the indentations can be of
any desired spacing or arrangemernt. For example, the length of the balloon body (in
an un-inflated siate) between the indentations {i.e., the continuous polymer tube) can
be atleast 6 mm in length. In certain embodiments, the length of the balloon body
between the indentations can be no more than 30 mm in length. The indentations
can be symmetrically or unsymmetrically arranged, typically symmelricaily arranged,
on the external surface of the continuous tubs of the balloon body. I desired, the
indentations can be distributed evenly over the entire external surface of the
continuous tube of the balloon body.

[3038] The dimensions of the balloons of the present disclosure can be those
typically used for coronary, peripheral, and valvuloplasty balloons,

[6838] The diameter of the balloon body at each indentation {in an un-inflated
state} may be the same or different. For example, the diameter of the balloon body
at the indentations is at least 0.4 mm in diameter smailer, and more preferably no
more than 0.5 mm in diameter smaller, than the balloon body diameter betweean the
indentations.

[0040] Preferably, a balloon of the present disclosure has a wall thickness thal
ranges from 0.0003 inch to 0.003 inch. Balloons of the present disclosure have a
balloon body between the indentations that includes a continuous polymer tube with
a wall thickness that is typically the same as that of the indentations in a deflated
staie (i.e., un-inflated state). In certain embodiments, the wall thickness of the
halloon body (in a deflated state) in the regions that are notl indented {e.g., between
the indentations) is at least 0.012 mm. In certain embodiments, the wall thickness of

the balloon body (in a deflated siale) in the regions that are not indented (s.g.,
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between the indentatlions} is no more than 0.025 mm. When inflaled to nominal
pressure, the indentations disappear.

{08411 Balloons of the present disclosure are preferably non-compliant or semi-
compliant. This classification is based upon the operating characteristics of the
individual balloon, which in turn depend upon the process used in forming the
bailoon, as well as the material used in the balloon forming process. All types of
balioons provide advantageous gualities. A balloon which is classified as "non-
compliant” is characterized by the balloon’s inability {o grow or expand appreciably
beyond its rated or nominal diameter. Non-compliant balloons are referred o as
having minimal distensibility. in balloons currently known in the art (e.g.,
polvethyiene terephihalate), this minimal distensibility resulis from the strength and
rigidity of the molecular chains which make up the base polymer, as well as the
orientation and structure of those chains resulting from the balloon formation
process.

[0642] A balloon which is referred to as being “compliant” is characterized by the
balloon's abiiity to grow or expand beyond ifs nominal or rated diameler. in balloons
currently known in the art {e.g., polysthylene, polyvinylchloride), the balloon’s
compliant nature or distensibility results from the chemical structure of the polymeric
material used in the formation of the balloon, as well as the balloon forming process.
Compliani balloons upon subsequent inflations, will achieve diameters which are
greater than the diameters which were originally obtained at any given pressure
during the course of the balioon's initial inflation.

[0043] A bhalloon which is referred o as being "semi-compliant” is characterized
by low compliance with moderate stretching upon the application of tensile force.
Typically, & semi-compliant balioon has a compliance of less than 0.045
millimeters/atmosphere (mm/atm), whereas g compliant balloon has a compliance of
greater than 0.045 mm/atm, and a non-compliant balloon has a compliance of not
greater than 0.025 mm/atm. Examples of such semi-compliant balloon materials
include Nylon 12 and Pebax 7033.

[0044]  Preferred halloons of the present disclosure have high elasticily and high
elastic recovery. Preferably, the balloon returns o approximaiely the same profile it
had before the initial inflation.

[0045] The lerm “elastic,” as it is used in connaction with this disclosure, refers

only to the ability of a malerial o follow the same stress-strain curve upon the
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multiple applications of stress. Elasticity, however, is not necessarily a function of
how distensible a material is. it is possible {0 have an elasiic, non-distensible
material or a nonslastic, distensibie material

[0848] Before inilial inflation and when deflaled, bailoons of the present
disclosure preferably have a much lower profile than wrapped conventional balloons,
and can have essentially the same dimensions as the tubular pre~-form. When
inflated, balloons of the present disclosure transition from a low profile ube to a
balloon having indentations at the proximal and distal ends. They preferably revert
to the initial tubular form when deflated, even after mulliple inflations and after
muitiple lesions have been dilated. Balloons of the present disclosure can have
elasticity at nominal strains of at least 30%. Alternatively, balioons of the present
disclosure can have slastic recovery from nominal sirains equal to, or greater than,
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%, where nominal strain is [{balloon
o.d. at nominal pressure-preform o.d. Ypreform o.d.} x 100, where “0.d.” is the outer
diameier. Preferred bailloons of the present disclosure may, therefore, be used to
dilate multiple lesions without compromising primary parformance.

{08471 Malerials used in balloons of the present disclosure are primarily
thermoplastics or thermoplastic elastomers. They may be block co-polymers, graf
co-polymers, a blend of slastomers and thermoplastics, and the like. Such polymers
may be crosslinked or not, but preferably are not crosslinked. Various combinations
of polymers may be used in making balloons of the present disclosure. For example,
in balloons described herein, the continuous polymer tube of the balioon body can
include one or more materials selected from the group consisling of a polyester
homopolyimer, a polyester copolymer, a polyamide homopolymer, a polvamide
copolymer, a polvethylene homopolymer, a polysthylene copolymer, a polyursthane,
a polyurethane copolymer, and combingtions thereof. Typically, and preferably,
suich polymers are block copolymers. Examples of mixtures of polymers include
mixtures of nylon and polyamide block copolymers and polyethylene terephthalate
and polyester block copolymers.

[0848] For example, the polymers may include polysthylene terephthalate
polymers and polybutylens terphihalate polymers. Other useful materials include
polyesterether and polyetherester amide copolymers such as those described in
U.S. Fat. No. 5,290,306 (Trotla et al.}, polyether-polvamide copolymers such as
those described in U5, Pat. No. 6,171,278 (Wang et al.), polyurethane block

g
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copolymers such as those described in U8, Pal. Nos. 6,210,364 B1, 6,283,539 B1,
and 5,500,180 {all to Anderson et al.). Suitable polymers also include materials such
as the multiblock copolymers of the zero-fold balioon described in U.S. Patl. Pub. No.
2005/0118370.

[00848] Particularly preferred non-compliant and semi-compliant balioons include
{wherein the continuous polymer tube of the balloon body comprises) a polyethyiene
terephthalate, a polybulylene terephthalate, a polyamide, a polyether block amide, a
polyblend comprising a pelyamide, a polyblend comprising a polyethylene
terephthalate, a polyblend comprising a polybutylene terephthalaie, a multi-ayer
construction comprising a polyamide layer, a mulli-layer construction comprising a
polyethyiene terephthalate layer, or a mulli-layer construction comprising a
polvbutylens terephthalate layer.

[0850] in the present disclosure, at least one therapeutic agent is disposed in at
least one indentation in the balloon body in an un-inflated state. In certain
embodiments, the al least one therapeutic agent is disposed only in the atleast one
indentation, as opposed to on the external surface adjacent the at least one
indentation {e.g., as opposed {o on the exiernal surface belween indentations).
[0851] A suitable therapeutic agent for use herein is one that is capable of
producing a beneficial effect against one or more conditions including inflammation,
coronary restenosis, cardiovascular restenosis, angiographic restenosis,
arteriosclerosis, hyperplasia, and other diseases and conditions. For example, the
therapeutic agent can be selactad o inhibit or prevent vascular restenosis, a
condiiion corresponding to a narrowing or constriction of the diameter of the bodily
fumen.

[0852] A suitable therapeutic agent for use herein is one that is capable of
producing a beneficial effect against one or more conditions including inflammation,
vascular stenosis, angioplasty restenosis, stent restenosis, arteriosclerosis,
atherosclerosis, arteritis, vascular lesion deveiopment associated with any type of
vascular injury or in the prevention, treatment of vuinerable plagues, and other
diseases and conditions. For example, the therapeutic agent can bs selected to
inhibit or prevent vascular resienosis, a condition corresponding to a narrowing or
constriction of the diameter of the vascular lumen where balloon angioplasty has

been performead or a sient placed. Additionally, such a therapeutic agent could be
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used to freat vascular stenosis caused by atherosclerosis or other vascular diseagses
in association with balloon dilatation of the lasion site.

{08531 Examples of therapeutic agents include, but are not limited to, an
antiangiogenesis agent, an antirestenotic agent, an anticoagulant, an antiendothelin
agent, an antimitogenic factor, an antioxidant, an antiplatelet agent, an antibictic, an
anti-inflammatory agenti, an antiproliferative agent, an mTor inhibitor, an
antineoplastic agent, an antisense oligonuciectide, an antithrombogenic agent, a
gens therapy agent, a caicium channel blocker, a clof dissolving enzyme, a growth
facior, a growth factor inhibitor, a nitric oxide releasing agent, a vasodilalor, a virus-
mediated gene transfer agent, a compound that affects microtubule development, a
celi cycle inhibitor, an inhibilors of smooth muscle proliferation, an endothelial celi
growth factor, a reverse cholastierol transport agonist, a reverse cholesterol transport
antagonist, and combinations of the above.

[0854] Specific examples of therapeutic agents include abciximab, angiopsptin,
colchicing, eptifibatide, heparin, hirudin, lovastatin, methotrexate, strepiokinase,
pachiiaxel, rapamycin, everolimus, deforolimus, zotarolimus, ticlopidine, lissue
plasminogen activator, frapidil, urokinase, MCP-1 antagonists, TNF alpha inhibitors,
dexamethasone, flucinclone, vinblastine, and growth factors and growth factor
inhibitors for VEGF, TGF-beig, IGF, PDGF, FGF, and combinations thereof.

[0855] The balloon construction, including the selection of the ons or more
therapeutic agents, is selected such that the one or more therapeutic agenis is
released from the balloon to the vessel wall in the very short contact time available
during an angioplasty procedurs, for example, from a few seconds to ong minute.
Once the one or more therapeutic agents have been released, at least a portion is
absorbed by the cell wall, before the blood flow washes it off. ideally, it is thersfore
desirabie that absorption of the one or more therapeutic agents occurs concomitantly
to the release thereof from the balloon. However, it is just as well necessary that the
one or more therapeutic agents are retained by the balloon surface in a manner
sufficient o resist all the handling operations to which they are subjected, both
during the production step and during the preparation and carrying out of the
angioplasty procedure, in any case, before the balloon reaches the freatment site.
{08581 The one or more therapsutic agents can be mixed with low {less than
10,000 g/mole} to medium (10,000 o 25,000 g/mole) weight average molecular

weight excipients that include a fatly acid ester of polysthylene glycol, a polyethyiene
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giveoi-polyester block copolymer, g fatty acid mono- or di-ester of ghycerol, a fatly
acid mono-, di-, or poly-aster of irimethylol ethane or trimethyiol propane or
pentaerythritol, a sugar, a water-soluble polvol. Also included within the ferm
“‘excipient” are cyclodexiring, ciathrates {cage compounds), sometimes referred to as
spacer molecules like urea, crown ethers, deoxycholic acid, and cryptands. Various
combinations of these can be used if desired. In cerfain embodiments, the at least
ane therapeutic agent is mixed with al least one excipient {o form a mixiure that is
disposed within the al least one indentation.

[0857] To further assist in the control of the retention and release of the one or
more therapeutic agents, in certain embodiments, the external surface of the
continuous tube of the balloon body can further include at least one organic polymer
disposed thereon. In cerfain embodiments, the al least one therapsutic agent is
located within the at least one indentation and the at least one organic polymer is
disposed over the at least one therapeutic agent {e.g., as a cap coat). in certain
embodiments, the al least one therapeutic agent is mixed with at least one organic
polymer to form a mixture that is disposed within the al least one indentation.
{08581 The one or more therapsutic agents can be mixed with, incorporated
within, encased or enclosed within, a therapeutic agent carrier, for example, that can
be made of one or more synthetic organic polymers, natural organic polymers, or
combinations {(.g., copolymers, mixiures, blends, layers, complexes, eic.) of these,
The polymers may be bicdegradable or non-bicdegradable. They may be
hydrophitic or hydrophobic. In certain embodiments, the polymers are preferably
hydrophilic. In certain embodiments, the polymers are preferably biodegradable.
{8088]  Protection of the therapeutic agents can also occur through the use of an
inert molecule (2.g., in a cap- or over-coating over the one or more therapeutic
agents) that prevents access (o the one or more therapeutic agents. For example, a
coaling of the one or more therapeutic agents can be over-coated readily with an
enzyme, which causes sither release of the therapeutic agents or activates the
therapeutic agents.

(08801  in some embodiments, a therapeutic agent/carrier formulation {e.g.,
therapeutic agent with an organic polymer cap-coat overcoaiing if, or a therapeutic
ageni/organic polymer mixiure therewith} is preferably adapted to exhibit a
combination of physical characleristics such as biocompatibility, and, in some

embodiments, biodegradability and bio-absorbability, while providing a delivery
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vehicle for release of the one or more therapeutic agents. For sxampie, the
formulation is preferabiy biocompatible such that if resuits in no induction of
inflammation or irritation when implanted, degraded or absorbed.

[00861] Blodegradable materials include synthetic polymers such as polyesters,
polyethers, polyanhydrides, poly{orthojesters, polyketals, polyamine acids,
poly(butyric acid), tyrosine-based polycarbonates, poly{ester amide)s such as based
o 1,4-butanedicl, adipic acid, and 1,6-aminchexanoic acid, poly(esiter urethanejs,
poly(ester anhydride)s, poly{ester carbonate)s such as tyrosine-poly(alkylene oxide}-
derived poly{sther carbonate)s, polyphosphazenes, polyurethanes such as those
based on polyamino acids, polyarylates such as tyrosine-derived polyarylates,
poly{ether esteris such as, poly{epsilon-caprolactonel-block-poly{ethylens glycol})
block copolymers, and poly(ethylene oxide}-block-poly(hydroxy bulyrate) block
copolymers.

[0062] Biodegradable polyesters, include, for example, poly{glycolic acid) (PGA]},
poly(iactic acid} (PLA), polyiglycolic-co-lactic acid} {(PGLA), poly(1,4dioxanone),
poly({caprolactone) (PCL), poly{3-hydroxybulyrate) (FHB), poly(3-hydroxyvalerate)
(PHV), poly(hydroxy butyraie-co-hydroxy valerate), poly{lactide-co-caprolactone}
(PLCL), poly{valerolactone} (PVL}, poly{tarironic acid}, poly{beta-malonic acid},
poly{propylene fumarate) (PPF) (preferably pholo cross-linkable)}, poly{ethylene
giycolypoly(lactic acid) (PELA) block copolymer, poly{l-lactic acid-epsilon-
caprolactone} copolymer, poly{irimethylene carbonate), poly{butylene succinate),
and poly(butviene adipaie).

[08683] Biodegradable polyanhydrides include, for example, polv[1,6-
bis{carboxyphenoxyhexane], poly{fumaric-co-sebaciclacid or P(FA:SA), and such
polvanhydrides used in the form of copolymers with polyimides or poly(anhvdrides-
co-imides) such as poly-firimeliitylimidoglycine-co-bis{carboxyphenoxy jhexane],
polylpyromaeliitviimidoalanine-co-1,6-bis{carboph-enoxy)-hexane], poly[sebacic acid-
co-1,8-bis{p-carboxyphenoxyihexane] or P(SA:CPH), poly[sebacic acids co-1,3-
bis{p-carboxyphenoxyjpropane] or P(SA:CPP}, and poly{adipic anhydride}.

[0084] Biodegradable materials include natural polymers and polymers derived
therafrom, such as altbumin, alginate, casein, chitin, chitosan, collagen, dexiran,
elastin, proteoglycans, gelatin and other hydrophilic proteins, glutin, zein and other
profamines and hydrophobic proteins, starch and other polysaccharides including

celiviose and derivatives thereof (such as methyl cellulose, sthyl celluiose,
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hydroxypropyl cellulose, hydroxy-propy! methyl cellulose, hydroxybutyl methyl
celiviose, carboxymethyl celiulose, cellulose acetate, celiulose propionats, celiviose
acetats bulyrate, cellulose acetats phthalate, celluinse acetale succinate,
hydroxypropyimethylceliulose phthalate, celiulose triacetate, celivlose sulphate},
poly-t-lysine, polyethylenimine, poly{allyl amineg), polyhyaluronic acids, alginic acid,
chitin, chitosan, chondroitin, dexirin or dexiran), and proteins {(such as albumin,
casein, collagen, gelatin, fibrin, fibrinogen, hemoglobin.

(08851 In certain embodiments, a preferred biodegradable polvmer includes a
polyether, a polyester, a poly(ortho)aster, a polyketal, a polyamino acid, and a
hydrogel. Various combinations, such as blends, of these can be used if desired.
[0868] in certain embodiments, preferred biodegradable polymers include
hyaluronic acid and derivatives thereof, dexiran and derivatives thersof, chitin,
chitosan, albumin. Various combinations, such as blends, of these can be used if
desired {e.g., blends of chitin, chitosan, and albumin in a wide variety of ratios).
{68671 Non-degradabie {i.e., biostable) polymers include polyolefins such as
polysthylene, polypropylens, polyursthanes, fluorinated polvolefins such as
polytetratiuorethylene, chiorinated polyolefins such as poly{vinyl chioride},
polvarnides, acryiate polymers such as poly{methyt methacrylate), acrylamides such
as poly{N-isopropylacrylamide), vinvi polymers such as polyiN-vinyipyrrolidone),
poly(vinyl aleohol), poly{vinyl acetate), and poly(ethylene-co-vinylacetale),
polyacetals, polycarbonates, polysthers such as based on poly(oxysthylene} and
poly(oxypropylene} units, aromatic polyesters such as poly{ethylene terephthalate}
and poly(propylene terephthalate), poly{ether ether Ketone)s, polysulfones, silicone
rubbers, epoxies, and poly(ester imide)s.

[0868] Freferred biodegradable polymers include polymers of lactide,
caprolactone, glycolide, trimethylene carbonate, p-dioxanone, gamma-butyrolactone,
or combinations thereof in the form of random or block copolymers. Preferred non-
biodegradabie polymers include polyesters, polvamides, polyurethanes, polyethers,
vinyl polymers, and combinations thereof.

(08891  in certaln embodiments, other polymers for use with the therapeutic agent,
e.g., as a cap-coat or mixed therewith, include the following: a polymer with
phosphoryl choline funclionality to encourage ionic inferactions, including but not
firnited to a methacrylate copolymer with a8 comonomer of Formula | a polymer with

mutiple hydroxyl groups encouraging hydrogen bonding interaction with the
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therapeutic agents, including but not limited io that shown in Formula if; a polymer
with acidic or basic groups encouraging acid-base interaction with the therapeutic

agenis, including but not limited fo those shown in Formulas Il and IV,
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[00878] in the above formulas (I through 1V}, the R groups are independently C1 {o
20 straight chain alkyl, C3 o C8 cycloalkyl, C2 to C20 alkenyl, C2 to C20 alkynyl,
2 to C14 heteroatom substituted alkyl, C2 to C14 heteroatom substituled cycloalkyl,
C4 to C10 substituted aryl, or C4 1o C10 substituied heleroatom substifuted
heteroaryl. In cerfain embodiments, m and n are individually integers from 1 to
20,000, in cerfain embodiments, m is an infeger ranging from 10 to 20,000; from 50
to 15,000; from 100 to 10,000, from 200 to 5,000; from 500 to 4,000; from 700 to
3,000; or from 1000 t© 2000. In certain embodiments, m is an integer ranging from
10 to 20,000; from 50 o 15,000; from 100 o 10,000; from 200 to §,000; from 500 o
4,000; from 700 to 3,000; or from 1000 to 2000.

[6871]  Other polymers for use with the therapeutic agent, e.g., as a cap-coat or

mixed therewith, are shown below in Formulas V and VE

Formula V
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{08721  In the above formulas V, the R1 groups are independently C1 to C20
straight chain alkylene, C3 o C8 cycloalkylene, CZ to C20 alkenviene, CZ2 1o C20
atkynylene, C2 to C14 heleroatom substituled alkylene, C2 to C14 heterogtom
substituted cycioalkviene, C4 to C10 substiluted arylene, or C4 o C10 substituied
heteroatom substituted hetercarylene. In the above formulas V, the RZ groups are
independently C1 fo C20 straight chain alkyl, C3 to C8 cycloalkyl, C2Z to C20 alkenyl,
G2 to C20 alkynyl, C2 to C14 heteroatormn substituted alkyl, C2 to C14 haleroalom
substituted cycloalkyl, C4 to C10 substituted aryl, or C4 to C10 substituted
hetercatom substituied hetercaryl. in certain embodiments, a is an infeger ranging
from 10 to 20,000; from 50 to 15,000; from 100 to 10,000; from 200 to 5,000; from
500 to 4,000; from 700 to 3,000; or from 1000 to 2000, In cerfain embodiments, b is
an integer ranging from 10 to 20,000; from 50 to 15,000; from 100 to 10,000; from
200 to 5,000; from 500 to 4,000, from 700 o 3,000; or from 1000 to 2000,

{08731  Inthe above formula Vi, the R1 and R2 groups are independently C1 to
(20 straight chain alkyl, C3 o €8 cycloalkyl, C2 to C20 alkenyl, C2 to C20 alkynyl,
C2 to C14 heteroatom substituted alkyl, C2 to C14 heteroatom substituted cycloalkyl,
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C4 to C10 substituted aryl, or C4 to C10 substituied heleroalom substiluted
heteroaryl. In certain embodiments, a is an integer ranging from 10 to 20,000; from
50 to 15,000; from 100 1o 16,000; from 200 {o 5,000; from 500 to 4,000; rom 700 o
3,000; or from 1000 to 2000. In certain embodiments, b is an infeger ranging from
10 to 20,000; from 50 to 15,000; from 100 to 10,000; from 200 io 5,000; from 500 (o
4,000; from 700 to 3,000; or from 1000 to 2000. In certain embodiments, ¢ is an
irteger ranging from 10 to 20,000; from 50 to 15,000; rom 100 to 10,000, from 200
to 5,000; from 500 to 4,000; from 700 to 3,000; or from 1000 to 2000,

{0074]  There are many polymer systems that can be used in delivering the one or
more therapeutic agents described herein. Suitable examples are described, for
sxample, in U8, Pat. Pub. Nos. 2006/0275340 and 2005/0084515. Cther examples
of polymer systems include phosphoryicholine malerials as described in U.S. Pat.
No. 5,648,442 (Bowers et al.). U.S. Pat. Pub. Nos. 2006/0275340 and
2005/0084515 describe miscible polymer Blends, wherein swellabilities of the
riscible polymer blends are used as a factor in determining the combinations of
polymers for a particular therapeutic agent.

{00751 U8, Pat. Pub. Nos. 2002/0037358 and 2008/0021388 describe a
therapeutic agent incorporated into a polymer coating of at ieast a portion of the
balloon, from which the therapeutic agent is released as the polymer is slowly
dissoived by the aquecus bodily fluids. U.8. Pat. Pub. Nos. 2008/0226502,
2008/0227948, and 2008/0227949 disclose a solvent-swellable polymer
incorporating a therapeutic agent that forms a bailoon wall or a coating disposed
over the balloon. U.S. Pat. Pub. No. 2007/0298069 discloses a medical device
comprising a polymeric carrier region that comprises a polymer, a therapeutic agent
and a solubilising agent {solvent), wherein the polymeric camrier regioncan be a
coating laver, but also a device component, or the entire device,

{08781 The polymer(s) used may be obtained from various chemical companies
known o those with skill in the art. However, because of the presence of unreacted
monomers, low molecular weight oligomers, catalysts, and other impurities, it may be
desirable {(and, depending upon the malerials used, may be necessary) o increase
the purity of the polymer used. The purification process yields polymers of better-
known, purer composition, and therefore increases both the predictability and
performance of the mechanical characleristics of the coatings. The purification
process will depend on the polymer or polymers chosen. Generally, in the

19



WO 2013/015941 PCT/US2012/044722

purification process, the polymer is dissolved in a suitable solvent. Suitable solvents
include {(but are not limited to) methylene chioride, ethyl acstate, chioroform, and
tetrahvydrofuran. The polymer solution usually is then mixed with a second malerial
that is miscible with the solvent, but in which the polyvmer is not solubie, so that the
polymer (bul not appreciable quantities of impurilies or unreacted monomer)
pracipitates oul of solution. For example, a methvlene chioride solution of the
polymer may be mixed with heptane, causing the polymer {o fali out of solution. The
solvent mixiure then is removed from the copolymer precipifate using conventional
tachnigues.

{88771  The therapeutic agenis may be linked by occlusion in the matrices of the
polymer coating, bound by covalent linkages to the coating, or encapsulated in
microcapsuies (8.g., as described in U.S. Pat. No. 5,893,840} that are disposed
within the one or more indentations of a balloon, and are themselvas bicdegradable,
{00781 The one or more therapeutic agents of the present disclosure aiso may be
preparad in a variely of "paste” or gel forms that can be applied to the one or more
indentations of a balloon, and optionally the entire surface of a balloon, as described
herein. For example, within one embodiment of the disclosurs, therapeutic coatings
are provided which are liquid at one lemperalure (e.¢., temperature greater than
37°C, such as 40°C, 45°C, 50°C, 55°C or 60°C), and solid or semi-solid at another
temperature {8.g., ambient body temperature, or any temperature lower than 37°C).
Such “thermopastes” may be made utilizing a variety of techniques. Other pastes
may be applied as a liquid, which solidify in vivo due o dissolution of a waler-soluble
component of the paste,

{0079] I it is desired to dispose one or more therapeutic agents in the
indentations and the surface of the balloon between the indentations, variocus coating
fechnigues, such as spray or dip coating, can be used. I il is desired to dispose one
or more therapeutic agents only in the indentations, ink-jet printing or other pattern
coating technique, can be used. Preferably, balloons of the present disclosurs have
one or more therapeutic agents disposed only in the indentations for greater control
of the amount of therapeutic agent dispensad.

{00801  In accordance with this disclosure, tubing can be formed from desired
balloon material using a conventional polymer extrusion process. Exiruded tubing
can then be blow-molded info a lexiured balloon using a moid, with various process

variables of pressure and temperature. The mold may be made from a variety of
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materiale, such as one or more metals or rigid polymers. The mold will have
profrusions {peaks) on its inner surface, which will correspond 1o the desired texiure
pattern {valleys} on the balloon surface. This can be accomplished, for example, by
placing a stent inside a mold.

{00811  In a preferred embodiment, for example a mold receives a ubular parison
made of a polymeric material. The ends of the parison exiend ocutwardly from the
mold and one of the ends is sealed while the other end is affixed 1o a source of
inflation fluid, typically nitrogen gas, under pressure. Clamps or “grippers” are
attached to both ends of the parison so that the parison can be drawn apart axially in
order to axially stretch the parison while at the same time said parison is capable of
being expanded radially or "blown” with the inflation fluid. The radial expansion and
axial siretch step or steps may be conducted simultaneously, or depending upon the
polymeric material of which the parison is made, following whatever sequence is
required to form a balloon. Failure to axially strefch the parison during the balloon
forming process will result in a balloon that will have an uneven wall thickness and
will exhibit & wall tensile strength lower than the tensile sirength obtained when the
parison is both radially expanded and axially strefched.

{0082] The polymeric parisons used in this disclosure are preferably drawn axially
and expanded radially simultaneocusly within the mold. To improve the overall
properties of the balicons formed, it is desirable that the parison is axially streiched
and blown at temperatures above the glass transition temperature (Tg) of the
polymeric material used. This expansion usually takes place al a lemperature of
80°C 1o 150°C, depending upon the polymeric material used in the procsss.

{00831  In accordance with this disclosure, based upon the polvmeric material
used, the parison is dimensioned with respect {o the intended final configuration of
ihe balloon. it is particularly imporiant thatl the parison have relatively thin walis. The
wall thickness is considerad relative to the inside diameler of the parison which has
wall thickness-io-inside diameter ratios of less than 0.6, and preferably between 0.57
and 0.09 or even lower. The use of a parison with such thin walls enables the
parison {o be siretched radially (o a greater and more uniform degree because there
is less stress gradient through the wall from the surface of the inside diameter o the
surface of the outside diameter. By utilizing a parison which has thin walls, there is
less difference in the degree to which the inner and outer surfaces of the tubular

parison are sirefchad.
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[0684] Preferably, the parison is drawn from a starting lengih L1 to a drawn length
L2, which preferably is between about 1.10 to about 6 times the initial length L1. The
tubular parison, which has an initial internal diameter D1 and an outer diameter
O01, is expanded by the inflation fluid emilted under pressure to the parison to an
internal diameler 1D2, which iz preferably 6 (o 8 fimes the initial internal diameter
i1, and an outer diamster OD2, which is about equal to or preferably greater than
about 3 times the initial ouler diameter OD1. The parison is preferably subjected to
between 1 and 5 cycles during which the parison is axially strelched and radially
expanded with an elevated inflation pressure (i.e., a pressure sufficient to inflate the
balloon}, preferably an elevated pressure of at least 100 psi, and more preferably up
to 500 psi. Nitrogen gas is the preferable inflation fluid for the radial expansion step.
{00851  Foliowing the initial expansion slep, the expanded parison is subjecied to
a “Heat Sel” siep, preferably while maintaining the elevated inflation pressure of at
lsast 100 psi and more preferably up fo 500 psi. The temperature chosen for the
“‘Heat Sel” step is one that induces crystallization and "freezes” or "locks” the
orientation of the polymer chains which resulted from axially siretching and radially
expanding the parison. The temperatures which can be used in this heat set step
are therefore dependent upon the particular polymeric material used o form the
parison and the ultimale properiies desirad in the balloon product {e.q., distensibility,
strength, and compliancy). The temperatures chosen for this "Heat Set” step will
more usually be above the temperature used during the initial expansion step but will
be below the melting temperature of the mell temperature of the polymeric material
from which the parison is formed. The heat set step ensures that the expanded
parison and the resulting balloon will have temperaiure and dimensional stability.
{0088}  The balloon thus formad may be removed from the mold, and affixed o a
catheter. Following balloon formation, and prior (0 mounting on the catheler, one
taper/cone region of the balloon is trimmed complstely off the balloon (distal balloon
region} while the other taper/cone region remains o form one of the bond regions.
The other bond region of the balloon is part of the batloon body.

{00871  Preferably, one or more therapsutic agents will be precisely loaded into
the valleys on the balioon surface by using ink-jet printing fechnology or by using a
dispensing nozzle connected to the therapeutic agent reserveir. A balloon leaded
with one or more therapeutic agents will be dried, pleated, folded, and wrapped as

desired, before or afier atiaching it to the delivery catheter.
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{00881  Referring now to FIGS. 2-3, an embodiment of a balloon catheter 100
according to the present disclosure is shown in an un-inflated state showing the
indentations 207, Balloon catheter 100 includes a proximal portion 102, a distal
portion 104, and a balloon 108 Incated at distal portion 104. Catheter 100 may be
used for angioplasty procedures involving localized delivery of one or more
therapeutic agents.

[0089] Catheter 100 includes an outer catheter shaft 106 which includes at least
one confinuous lumen 214 exiending from at or near its proximal end 110 o at or
near its disial end 112 in order (o provide for balloon inflation. Balloon 108 is located
at or near distal end 112 of shaft 106, and a hub 118 is located at or near proximal
end 110 of shaft 108. Hub 116 includes a balloon inflation port 118 o allow fiuid
communication betwsen inflation lumen 214 and balloon 108 so that the balloon 108
may be inflated. Hub 116 will serve in a conventional manner to provide a lusr or
other fitling in order to connect the catheter 10C 1o a source of balloon inflation, such
as a conventional angioplasty activation device.

{00801  Balloon 108 includes a proximal end 120 and a distal neck end 122 and
indentations 207, At joint transition area 124, proximal end 120 of balloon 108 is
placed inside and joined to the distal end 112 of cuter catheler shaft 106, as shown
in FIG. 3. Balloon 108 may be joined to ouler catheter shaft 106 in any conventional
manner, such as laser welding, adhesives, heat fusing, ulirasonic welding, or any
other mechanical method. The profile of balloon catheter 100 is reduced by placing
the proximal end 120 of balloon 108 inside culer catheler shaft 106 because such a
configuration allows for a smaller cuter digmeter at joint fransition area 124.

{00811 FIG. 3is an enlarged sectional view at the location along line B-B of FIG.
2, and illustrates joint transition area 124 of catheter 100, As previously mentioned,
typically an angioplasty balloon is welded or otherwise mechanically attached to the
outer catheter shaft by placing the proximal balloon neck on the outside of the
catheter shatt. By placing the proximal balloon neck on the cutside of the catheter
shaft, the catheater presumably possesses a smoother profile for racking the balloon
to the treatment sile since the “edge” crealed by the balloon o shaft joint is not
pushead against the vessel wall while the balloon is being fracked through the
patient’s tortucus anatomy. However, it is found that the edge 426 created by
proximal end 120 of ballocon 108 being placed inside the outer catheter shaft 106 will

not hinder the crossability and trackability of cathster 100 while balloon 108 is being
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tracked through the patient's torfuous anatomy. Rather, having the proximal end 120
of balloon 108 placed inside the outer catheter shaft aliows for a smaller outer
diameter at joint transition area 124 and thus provides a reduced catheter profile with
improved crossability, trackability and stiffness.

{00921  In addition, edge 428 may be moedified in order o creats a tapered edge
427. Tapered edge 427 is illusirated as a dolted line in FIG. 3. Tapered sdge 427
creates a smoother joint fransition area 124 o ensure that the distal edge of the
catheter shaft is not pushed against the vessel wall while being tracked through the
patient’s toriuous anatomy. Edge 426 may also be rounded or otherwise modified
such as by a necking or thinning operation o create a smoother joint transition area
124.

{00931 Now referring to FIGS. 4-5, another aspect of the present disclosure
relates fo a catheter 500 including a balloon 408 bonded {o an outer catheter shaft
506, whersin the balloon is shown in a deflated state. FIG. 4 ilustrates balioon
catheter 500 having a proximal portion 502 and a distal portion 504 with inflatable
halloon 408 located at distal portion 504, As best shown in FIG. 5, balloon 408 has a
tength 552.

{00847 Catheler 500 includes outer catheter shaft 508 which includes al least one
continuous lumen 614 extending from at or near ils proximal end 510 to at or near ils
distal end 512 in order io provide for balioon inflation. Balioon 408 is located ator
near distal end 512 of shaft 506, and a hub 516 is located at or near proximal end
510 of shaft 506. Hub 516 includes a balloon infiation port 518 to allow fluid
communication between inflation lumen 814 and balloon 408 so that the balloon 408
may be inflated. Hub 516 will serve in a conventional manner to provide a luer or
other fitling in order to connect the catheter 500 o a source of balloon inflation, such
as conventional angioplasty activation device.

{00951 FIG. 5is an enlarged sectional view at the location along ling C-C of FIG.
4, and illustrates ioint transition area 524 of catheter 500. Balloon 408 includes a
proximal end 520 and a distal end 522. Al joint transition area 524, proximal end
520 of balioon 408 is placed inside and joined o the distal end 512 of outer catheter
shaft 506, Balloon 408 may be joined to outer catheter shaft 508 in any conventional
manner, such as laser welding, adhesives, heat fusing, ultrasonic welding, or any
other mechanical method. The profile of balloon cathetler 500 is reduced by placing

the proximal end 520 of balloon 408 inside ouler catheter shaft 506 because such a
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configuration allows for a smaller cuter digmeter at joint fransition area 524.
Transition area 524 in Figure 5 may also be rounded or otherwise modified such as
by a necking or thinning operation to creale a smoother transition joint.

{0086] Catheler 500 includes an inner or guidewire shalt 528 disposed coaxially
within outer catheter shaft 506. Inner shaft 528 includes at least one continuous
lumen 630 extending from af or near its proximal end 534 to atf or near iis distal end
538 in order to provide a guidewire lumen 532, As illustraled in FIG. 4, inner shaft
528 may exiend the entire length of catheter 500, with a proximal guidewire port 538
provided in hub 516 and a distal guidewire port 540 provided at the distal portion of
catheter 500, The distal end 522 of balloon 408 is joined 1o the inner shaft 528 at
joint 850 (FIG. 5). Balloon 508 may be joined to inner shaft 528 in any conventional
manner, such as laser welding, adhesives, heat fusing, ulirasonic welding, or any
other mechanical method.

{08871  The embodiments illustrated in FIGS. 2-5 include inner shaft (128 or 528)
disposed within outer catheler shafl (106 or 5086}, with inner shaft (128 or 528)
extending the entire length of catheter (100 or 500). Such a configuration is typically
referred to as an over-the-wire {OTW) catheter. An OTW catheter's guidewire shaft
runs the entire length of the catheler and is atlached lo, or enveloped within, an
inflation shafl. Thus, the entire length of an OTW catheter is tracked over a guidewire
during a PTCA procedure.

{00981 One skilled in the art can appreciate how the balloon fo catheter joint of
the present disclosure, described in detail above, may also be incorporaled in a rapid
exchange {RX) catheter. A RX catheler has a guidewire shaft that extends within
only the distal-most portion of the catheler. Thus, during a PTCA procedure only the
distal-most portion of @ RX catheter is tracked over a guidewire.

{00991  Quter catheter shaft (106 or 508) may be formed of any appropriate
polymeric material. In addition, inner shaft (128 or 528) may be made of any
appropriate polymeric material. Non-exhaustive examples of material for outer
catheter shaft (106 or 508} and inner shaft (128 or 528} include polyethylene,
PEBAX, nvion or combinations of any of these, either blended or co-exirudad.
Preferrad materials for shafts {106 or 506 and 128 or 528} are polyethylens, nylon,
PEBAX, or co-extrusions of any of these materials.

{00100} Optionally, shafts (186 or 506 and 128 or 528) or some portion thersof

may be formed as a composite having a reinforcement material incorporated within a
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polymeric body in order to enhance sirength, flexibility, and/or toughness. Suitable
reinforcement layers include braiding, wire mesh layers, embedded axial wires,
embedded helical or circumferential wires, and the like. For example, atleast a
proximal portion of outer catheter shaft 106 may in some instances be formed from a
reinforced polymeric lube. As a further alternative, al least a proximal portion of
outer catheter shaft {106 or 506) may in some instances be formed from a metal,
highly elastic, or super elastic hypotube material.

[068181]  In any of the embodimenis shown herein, inner shaft {(e.g., 528 in FIG. 4)
and outer catheler shafi (a.g., 506 in FIG. 4) may be arranged in various dual lumen
configurations. For example, inner shaft and outer catheter shaft may be arranged in
a coaxial dual lumen configuration. In the coaxial dual lumen configuration, an
inflation lumen is created by a space between the ouler surface of inner shatl and
the inner surface of outer catheter shaft. This inflation lumen is in fluid
communication with an interior of balloon such that balloon may be inflated. Other
embodiments of balloon catheler may have guidewire lumen and inflation lumen in
other duagl lumen arrangements, such as a circular guidewire lumen above g D-
shaped inflation lumen or a circular guidewire lumen set above a crescent-shaped

inflation lumen.

ILLUSTRATIVE EMBODIMENTS

1 A texiured dilatation balloon comprising:

a non-compliant or semi-compliant bailoon body comprising a proximal end, a distal
end, and at least one indentation in the balloon body in an un-inflated stats;

wherein the balloon body comiprises a continuous polymer tube with an external
surface comprising at least one therapeutic agent disposed within the al least
one indeniation prior 1o use.

2} The texiured dilatation balloon of embodiment 1 wherein the external surface
of the continuous {ube of the balloon body further comprises at least one
organic polymer disposed thereon.

3} The textured dilatation balloon of embodiment 2 wherein the organic polymer
is a hydrophilic organic polymer.

43 The fextured dilatation balloon of embodiment 2 or embediment 3 wherein the

organic polymer is a biodegradable organic polymer.
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5}

6)

8)

10)

11)

12)

13)

The textured dilatation bailloon of embodiment 4 wherein the biodegradable
organic polymer is selected from the group consisting of a poivether, a
polyester, a poly{ortholester, a polyketal, a polyvamino acid, a hydrogel, and
combinations thereof,

The texiured dilatation balloon of embodiment 4 wherein the biodegradable
organic polymer is selected from the group consisting of hyaluronic acid, a
hyaluronic derivative, dexiran, a dexiran derivative, chitin, chitosan, albumin,
and combinations thereof.

The ifextured dilatation balloon of any one of embodiments 2 through 6
wherein the at least one therapeutic agent is located within the at least one
indentation and the at least one organic polymer is disposed over the al least
one therapeutic agent.

The texiured dilatation balloon of any one of embodiments 2 through 8
wherein the at least one therapeutic agent is mixed with the at least one
organic polymer to form a mixlure that is disposed within the at ieast one
indentation.

The fextured dilatation balloon of any one of embodiments 1 through 8
wherein the at least one therapeutic agent is mixed with at least one excipient
o form a mixdiure that is disposed within the at least one indentation.

The texiured dilatation balloon of embodiment @ wherein the excipient is
selected from the group consisting of a fatly acid ester of polyethvlene glyeol,
a polyethyviene glycol-polyester block copolymer, a fatly acid mono- or di-ester
of glveerol, a fatly acid mono-, di-, or poly-asier of trimethyiol ethane or
rimethylol propane or pentaerythritol, a sugar, a water-soluble polvol,
cyciodextrin, a clathrate, and combinations thereof.

The texiured dilatation balloon of any one of embodiments 1 through 10
wherein the at least one therapeutic agent is disposed only in the af least one
indentation.

The texiured dilatation balloon of any one of embodiments 1 through 11
wharsin the balloon body comprises g proximal end, a distal end, and a
plurality of indentations in the balloon body in an un-inflated state.

The fextured dilatation balloon of embodiment 12 wherein the plurality of
indentations are distributed symmetrically over the external surface of the

continuous tube of the balloon body.

27



WO 2013/015941 PCT/US2012/044722

14)

15)

16)

17)

18)

The textured dilatation balloon of any one of embodimsnts 1 through 13
wherain the at least one indentation comprises an inverted pyramid, an
inverted truncated pyramid, a dimple, a groove, and combinations thereof.
The textured dilatation balloon of any one of embodiments 1 through 11
whearein the balioon body comprises a proximal end, a distal end, and one
continuous indentation in the balloon body in an un-inflaled state.

The fexiured dilatation balloon of any one of embodiments 1 through 15
wharsin the conlinuous polymer tube of the balloon body comprises a
polysthylene terephthalate, a polybutylene terephthalate, a polyamide, a
polyether block amide, a polyblend comprising a polyamide, a polyblend
comprising a polyethylene terephthalate, a polybiend comprising a
polybulylens terephthalate, a multi-layer construction comprising a polyamide
laver, a multi-laver construction comprising a polyethylene tergphthalate layer,
or a multi-layer construction comprising a polybutylene terephthalate layer.
The texiured dilatation balloon of any one of embodiments 1 through 16
wherein the therapeutic agent is selected from the group consisling of an
antiangiogenesis agent, an antirestenotic agent, an anticoagulant, an
antiendothelin agent, an antimilegenic factor, an antioxidant, an antiplatelst
agent, an antibiotic, an anti-inflammatory agent, an antiproliferative agent, an
mTor inhibitor, an antineoplastic agent, an antisense oligonuclectids, an
antithrombogenic agent, a gene therapy agent, a calcium channel blocker, a
clot dissolving enzyme, a growth facior, a growth factor inhibitor, a nitric oxide
releasing agent, a vasodilator, g virus-mediated gene transfer agent, a
compound that affects microtubule development, a cell cycle inhibitor, an
inhibitors of smooth muscle proliferation, an endothelial cell growth factor, a
reverse cholesterol fransport agonist, a reverse cholesterol transport
antagonist, and combinations thereof.

The texiured dilatation balloon of embodiment 17 whereain the therapeutic
agent is selected from the group consisting of abciximab, angiopeptin,
colchicing, eplifibalide, heparin, hirudin, lovastatin, methotrexale,
streptokinase, paclitaxsl, rapamvein, everclimus, deforolimus, ticlopidine,
tissue plasminogen activator, trapidil, urokinase, and growth factors VEGF,
TGF-beta, IGF, PDGF, FGF, and combinations thereof.
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19)

20)

21)

A method of delivering at least one therapeutic agent to a larget site in a
patient, the method comprising:

providing a balioon catheter comprising a textured non-compliant or semi-
compliant dilatation balloon of any one of embodimenis 1 through 18;
inserting the balloon catheter comprising the {extured dilatation balloon into
the target site of the patient; and

inflating the texiured balioon af the target sife under conditions effective to
deliver at least a portion of the therapeutic agent to the targst site.

A method of delivering at least one therapeutic agent o a target site in a
patient, the method comprising:

providing a texiured non-compliant or semi-compliant dilatation balioon
comprising:

a balloon catheter comprising a balioon body having a proximal end, a
distal end, and at least one indentation in the balloon body in an un-inflated
state;

wherein the balloon body comprises a continuous polymer tube with an
external surface having at least one therapeutic agent disposed within the at
least one indentation prior to use;
inserting the balloon catheter comprising the {extured dilatation balloon into
the target site of the patient; and
inflating the texiured balioon at the target sile under conditions effective to
deliver at least a portion of the therapeutic agent to the target site.

A method of making a textured dilatagtion bailloon, the method comprising:
providing a tubular parison comprising a polymeric material;
providing a mold having one or more profrusions on its inner surface
corresponding to the desired texture of the balloon surface;
expanding the tubular parison o form an expandead parison in the mold and
form a balloon body comprising one or more indentations; and

applying one or more therapeutic agents into the one or more indentations.

22} The method of embodiment 21 wherein the balloon is a non-compliant or semi-

23)

compliant balioon.

The method of embodiment 21 or embodiment 22 wherein:
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expanding the ubular parison to form an expanded parison comprises axially
streiching and radially expanding the tubular parison at a temperature above

the Tg of the polymeric material and at an elevated inflation pressure.

The complele disclosuras of the patents, patent documents, and publications
cited herein are incorporated by reference in their entirety as if each were individually
incorporated. Various modifications and alterations 1o this disclosure will become
apparent to those skilled in the art without departing from the scope and spirit of this
disclosure. It should be understood that this disclosure is not intended fo be unduly
fimited by the illustrative embodiments and examples set forth herein and that such
examples and embediments are presented by way of example only with the scope of

the disclosure intended to be limiled only by the claims set forth herein as follows.
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WHAT IS CLAIMED 18!

1A textured dilatation balloon comprising:

a non-compliant or semi-compliant balioon body comprising a proximal
end, a distal end, and at least one indentation in the balloon body in an un-inflated
state;

wherein the balloon body comprises a continucus polymer tube with an
external surface comprising atl ieast one therapeutic agent disposed within the at

feast one indentation prior (o use.

2¥The textured dilatation balloon of claim 1 wherein the external
surface of the continuous tube of the balloon body further comprises al least one

organic polymer disposed thereon,

3iThe texiured dilatation balloon of claim 2 wherein the organic

polymer is a hydrophilic organic polymer.

4¥The textured dilatation balloon of claim 2 wherein the organic

polymer is a biodegradable organic polymer.

5iThe texiured dilatation balloon of claim 4 wherein the biodegradable
organic polymer is selected from the group consisting of a polyether, a polyester, a
poly{ortholester, a polyketal, a polyamino acid, a hydrogel, and combinations

thereof.

8iThe texiured dilatation balloon of claim 4 wherein the biodegradable
organic polymer is selected from the group consisting of hyaluronic acid, a
hyaluronic derivative, dexiran, a dexiran derivative, chitin, chifosan, albumin, and

combinations thereof.

7iThe texiured dilatation balloon of claim 2 wherein the at least one
therapeutic agent is located within the af least one indentation and the al least one

organic polymer is disposed over the at least one therapeutic agent.

31



WO 2013/015941 PCT/US2012/044722

8)The texiured dilatation balloon of claim 2 wherein the at least one
therapeutic agent is mixed with the at least one organic polymer to form a mixture

that is disposed within the at least one indentation.

8iThe texiured dilatation balloon of claim 1 wherein the at least one
therapeutic agent is mixed with at least ons excipient to form a mixture that is

disposed within the af least one indentation.

10)The textured dilatation balloon of claim 9 wherein the excipient is
selecied from the group consisting of a fatty acid esier of polyethylene glyeol, a
polysihviene glveol-polyester block copolymer, a fatly acid mono- or di-ester of
glycerol, a fatty acid mono-, di-, or poly-aster of irimethylol ethane or trimethylol
propans or pentaerythritol, a sugar, a water-soluble polyol, cyclodexirin, a clathrate,

and combinations thereof.

113 The texiured dilatation balloon of claim 1 wherein the at isast one

therapeutic agent is disposed only in the at leas! one indentation.

12)The texiured dilatation balloon of claim 1 wherein the balloon body
comprises a proximal end, a distal end, and a pluraiity of indentations in the balloon

body in an un-inflaled state.

13)The lextured dilatation balloon of claim 12 whersin the plurality of
indentations are distributed symmetrically over the extemal surface of the continuous

tube of the balloon body.

14)The texiured dilatation balloon of claim 1 wherein the at least one
indentation comprises an inverted pyramid, an inverted truncated pyramid, a dimple,

a groove, and combinations thereof.

15)The texiured dilatation balloon of claim 1 wherein the balloon body
comprises a proximal end, a distal end, and one continucus indentation in the

balioon body in an un-inflated slate.

16} The texiured dilatation balloon of claim 1 wherein the continuous
polymer tube of the balloon body comprises a polyethylene ferephihalate, a

polybutylene terephthalate, a polyamide, a polvether block amide, a polyblend
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comprising a pelyamide, a polyblend comprising a polyethyiene terephthalate, a
polyblend comprising a polybutylene terephthalate, a multi-layer construction
comprising a polyamide layer, a multi-layer construction comprising a polyethvlene
terephthalate layer, or a mulli-layer consiruction comprising a polybutylene

feraphthalate layer.

17YThe texiured dilatation balloon of claim 1 wherein the therapeutic
agent is selected from the group consisting of an antiangicgenesis agent, an
antirestenotic agent, an anticoagulant, an antiendothelin agent, an antimilogenic
factor, an antioxidant, an antiplatelet agent, an aniibiotic, an anti-inflammatory agent,
an antiproliferative agent, an mTor inhibitor, an antineoplastic agent, an antisense
oligonucleotide, an antithrombogenic agent, a gene therapy agent, a calcium
channei blocker, a clot dissoiving enzyme, a growth factor, a growth factor inhibitor,
a nitric oxide releasing agent, a vasodilalor, a virus-mediated gene iransfer agent, a
compound that affects microtubule development, a cell cycle inhibitor, an inhibitors of
smooth muscle proliferation, an endothelial cell growth factor, a reverse cholesterol
transport agonist, a reverse cholesterol transport antagonist, and combinations

thereof.

18)The texiured dilatation balloon of claim 17 wherein the therapeutic
agent is selected from the group consisting of aboiximab, angiopeptin, colchicine,
aptifibatide, heparin, hirudin, lovastatin, methotrexate, sirepliokinase, paclitaxel,
rapamycin, everolimus, deforolimus, liclopidine, tissue plasminogen activator,
trapidil, urckinase, and growth factors VEGF, TGF-beta, IGF, PDGF, FGF, and

combinations thereof.

19)A method of delivering at least one therapeutic agent to a targst site
in a patlent, the method comprising:

providing a balloon catheler comprising a textured non-compliant or
semi-compliant dilatation balloon of claim 1;

inserting the balloon catheter comprising the textured dilatation balloon
into the target sile of the patient; and

inflating the texiured balloon al the target sile under conditions effective

to deliver at least a portion of the therapsutic agent o the target sile.
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200A method of delivering at least one therapeutic agent to a target sife
in a patient, the method comprising:

providing a textured non-compliant or semi-compliant dilatation balloon
comprising:

a balloon catheler comprising g balioon body having a proximal end, 3
distal end, and at least one indentation in the balloon body in an un-inflated siate;

wherein the balloon body comprises a continuous polymer tube with an
external surface having at least one therapeutic agent disposed within the at least
one indentation prior o use;

inserting the balloon catheter comprising the fextured dilatation balloon
into the target site of the patient; and

inflating the extured balloon at the {arget site under conditions effective

to deliver at least a portion of the therapeutic agent {o the {arget site,

21y A method of making a textured dilatation balloon, the method
comprising:

providing a tubular parison comprising a polymeric material;

providing a mold having one or more protrusions on its inner surface
corresponding to the desired texture of the balloon surface;

expanding the tubular parison o form an expandead parison in the mold
and form a balloon body comprising one or more indentations; and

applving one or more therapeutic agents into the one or more

indentations.

223 The method of claim 21 wherein the balloon is a non-compliant or

sami~-compliant balloon.

23} The method of claim 21 whersin:
expanding the tubular parison o form an expanded parison comprises
axially stretching and radially expanding the tubular parison at g femperature above

the Tg of the polymeric material and at an elevated inflation pressurs.
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