70552377 A2 | IV 00 0O

o

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
26 May 2006 (26.05.2006)

(10) International Publication Number

WO 2006/055237 A2

(51) International Patent Classification:
AG6IL 27/54 (2006.01) AG6IL 31/16 (2006.01)
AGIL 29/16 (2006.01)

(21) International Application Number:
PCT/US2005/039463

(22) International Filing Date:
1 November 2005 (01.11.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/989,519 17 November 2004 (17.11.2004) US
(71) Applicant (for all designated States except US): BOSTON
SCIENTIFIC SCIMED, INC [US/US]; One Scimed

Place, Maple Grove, MN 55311-1566 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): EPSTEIN, Samuel,
J [US/US]; 107 Irving Street, Watertown, MA 02472-2705
(US). OSTROVSKY, Irina [US/US]; 9 Hawthorne Place,
Apt. 15-D, Boston, MA 02114 (US). NAIMARK, Wendy
[CA/US]; 2 Ware Street, No. 306, Cambridge, MA 02138-
4024 (US). PANOS, Anastasia [US/GR]; Holy Monastery
of Saint John the Baptist, Kereas, P.O. Box 71527, Vyronas,
GR 162 33 Athens (GR).

(74) Agents: RINGEL, Douglas, E. et al.; Kenyon & Kenyon,
1500 K. Street, N.W. Suite 700, Washington, DC 20005-
1257 (US).
(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: THERAPEUTIC DRIVING LAYER FOR A MEDICAL DEVICE

(57) Abstract: The present invention regards the delivery of therapeutic at a target site. Systems that employ the present invention
& may employ a medical device sized to be inserted into a target site, a driving layer covering at least a portion of an accessible surface
& of the medical device, and a therapeutic interfaced with at least a portion of the driving layer. In this system, the driving layer may
have a material characteristic that serves to release the therapeutic from the medical device when the medical device is at the target
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at least a portion of the therapeutic.
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Therapeutic Driving Layer For A Medical Device

Field of the Invention

[0001] The present invention regards the use of a driving material to facilitate the release or
delivery of therapeutic from a medical device. More specifically, the present invention regards
the use of a driving layer, which may be positioned in contact with a therapeutic and the medical
device, the driving layer facilitating the release or delivery of therapeutic from the medical device

to a target site.

Background

[0002] The delivery of therapeutics to a target site is an often repeated procedure in
contemporary medicine. In some instances the therapeutic may be simply injected into the
vésculature of a patient in order to reach a target site. In other instances, the delivery of the
therapeutic is more focused, being intended to interface with specific target regions or target
tissue, whether they be inside or outside the body of a patient. The more focused delivery
techniques can be carried out by invasive as well as non-invasive procedures. For instance, an
implant or a catheter may each be used to deliver therapeutic to a specific target site such as the
hip. There are other methods for therapeutic delivery as well.

[0003] When medical implants are employed by a practitioner they may be used to deliver
thefapeutic to a target site, to reinforce a target site, for both of these reasons, and for other
reasons as well. For instance, in addition to delivering therapeutic, an implant may also be used
to support collapsed vessels in the vasculature, replace missing tissue or bone throughout the
body of a patient, and supplement existing tissue and structures within a patient. These implants
may be made with natural, synthetic, metallic or hybrid materials and may be intended to be
placed at a target site for both short and prolonged periods of time. During these various implant

life cycles, a therapeutic carried by the implant may be delivered prior to placement of the
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implant, immediately upon placement of the implant, over longer periods of time after the

implant is delivered, and in various combinations of these delivery time spans.

Summary of the Invention

[0004] The present invention regards the delivery of therapeutic at a target site. Quite often this
target site will be within the body of a patient. It may, however, be elsewhere. Systems that
employ the present invention may employ a medical device sized to be inserted into a target site,
a driving layer covering at least a portion of an accessible surface of the medical device, and a
therapeutic interfaced with at least a portion of the driving layer. In this system, the driving layer
may have a material characteristic that serves to release the therapeutic from the medical device
when the medical device is at the target site. Other systems that employ the invention may also
have properties that include having a driving layer with a higher solubility than the therapeutic at
the target site, a medical device that is hydrophobic while the therapeutic is hydrophilic, and a
coating covering at least a portion of the therapeutic. Furthermore, the driving layer may serve as
a mechanism to release the therapeuﬁc from the medical device, as a mechanism to retain the
therapeutic on the medical device prior to the release of the therapeutic from the medical device,

and as a transfection agent. There are further uses and embodiments of the present invention.

Detailed Description

[0005] The present invention regards the use of a driving material to, inter alia, improve the
release characteristics of a therapeutic from a medical device. The driving material of the present
invention may facilitate the release of therapeutic from the medical device by having a higher
solubility than the therapeutic, by having a higher rate of degradation than the therapeutic or by
having some other property that results in the therapeutic being more prone to be driven off of
the medical device when the medical device is at a target site. Moreover, in some instances not
only will the driving layer act to drive or impel the therapeutic off of the medical device, it may

also act to prevent the therapeutic from being dissolved in the medical device and to secure the
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therapeutic to the medical device until such time as the medical device is positioned near a target
site.

[0006] The driving material of the present invention may comprise a protein that has been
positioned onto a surface of a medical implant such as a metal stent while the therapeutic may
include strands of DNA. In this example, prior to deployment or placement of the metal stent,
the protein can act to affix the DNA to the stent, then, upon deployment, as the protein begins to
dissolve, it may now act to release the DNA from the stent. In this example, as well as in others,
the driving layer may exhibit other benefits as well. For one, it may serve as a transfection agent
improving the delivery across cell membranes of the therapeutic placed on the stent or other
medical device. For another, the driving layer may act as a shield between a hydrophillic
therapeutic and a hydrophobic metal implant, thereby improving the delivery characteristics of
systems employing these materials. There are other benefits and uses of the invention as well.
[0007] Figure 1 is a side sectional view of a medical device 10 that contains a driving layer 11
and a therapeutic 12 in accord with the present invention. The medical device 10 employed may
be any one of numerous medical devices that may be used to position and deploy therapeutic.
This would include balloon catheters, metal stents, and soft or hard tissue implants. Likewise,
various materials may comprise the driving layer 11 and the driving layer 11 may coat the entire
medical device or only portions of it. In this embodiment the exposed outer surface of the
medical device 10 is completely coated with the driving layer 11 while a therapeutic 12 is
positioned on top of the driving layer 11. The therapeutic 12 may cover the entire medical
device, only the portions covered with the driving layer and other areas as well. In Figure 1 the
therapeutic covers the entire medical device 10.

[0008] The driving layer 11 may be more soluble at the environment of the target site than the
therapeutic 12. The driving layer 11 may also be more compatible with the medical device than
the therapeutic 12. In addition, as mentioned above, the driving layer 11 may even act as a
transfection agent for the therapeutic 12 upon the implant’s delivery to the target site. In so

doing, therapeutic may be more efficiently delivered across cell boundaries at the target site. Still
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further, the driving layer 11 may also facilitate the release of the therapeutic through the driving
layer’s own degradation at the target site. In other words, covered by and supporting the
therapeutic, as the driving layer degrades at the target site, therapeutic supported by the driving
layer would be released from the medical device as a result of the degradation.

[0009] The driving layer of the present invention may be applied to the medical device in
numerous ways. It may be sprayed onto the medical device, poured over the medical device
while in solution, and directly deposited on the medical device to name a few. When the driving
layer is sprayed, application systems and methodologies that reduce or eliminate the amount of
webbing of the applied driving layer on a medical device are preferred. When the driving layer is
poured over the device within a carrier medium, this medium may evaporate away, leaving the
driving layer behind.

[0010] The therapeutic may, likewise, also be applied to the medical device using various
methods and techniques. These would include spray, liquid interface (i.e., pouring the
therapeutic over the medical device), and direct deposition. When the therapeutic is poured
using an aqueous carrying solution, some of the therapeutic may become embedded in the driving
layer as the aqueous carrying solution may displace or erode some of the driving layer. In this
instance, now embedded in the driving layer, the therapeutic may be released from the driving
layer when the driving layer begins to dissolve or degrade. Preferred methods for applying the
therapeutic and the driving layer would reduce waste and overspray of both the therapeutic and
the driving layer.

[0011]The driving layer 11, which may be highly soluble, highly degradable or both, may be an
ionic salt, an ionic surfactant, a non-ionic surfactant, a swellable polymer, a lipid, a
polysaccharide, a foaming agent, an inorganic polymer, a block copolymer, a dissolvable polymer
(such as Dextran) or any suitable combination or mixture.

[0012]In one specific example, a water soluble protein may be used as the driving layer. This
layer may serve to first adhere therapeutic to the surface of the medical device and then to

provide a complete release of the therapeutic upon dissolving. Thus, in this instance as well as in
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other examples, is it preferred that the driving layer be more soluble, more degradable or both
when compared with the therapeutic that overlies it. Furthermore, in this and the other
embodiments it is preferred that the driving layer be bio-compatible. The therapeutic 12 in this
and the other embodiments may be DNA, a protein or various cell therapies. Other therapeutics,
which are itemized below, may also be suitable.

[0013] Figure 2 is a side view of a medical device 20 in accord with the invention. As in Figure
1, the medical device 20 in this figure may be chosen from various medical devices including
both polymer and non-polymer devices. The medical device 20 in this figure is covered by a
driving layer 21, a therapeutic 22, and a coating 23. The coating 23, which is not illustrated in
Figure 1, may serve to further protect the therapeutic 22 during both the positioning and use of
the medical device 20. The coating 23 may be a polymer, among other things, and may serve to
shield the therapeutic during delivery and placement of the medical device 20. Once positioned
at a target delivery site, the coating 23 may then dissolve, exposing the therapeutic 22, which
may then be driven off of the medical device 20 by the driving layer 21. The coating 23 may
cover all of the therapeutic 22 as well as only portions of it and may be applied through the same
techniques used to apply the therapeutic and the driving layer. Other application techniques may
be used as well. When the medical device 20 is a stent to be delivered with a catheter, the
coating 23 may also serve to protect the therapeutic on the stent during the crimping process.
Once crimped, the stent may be maintained at -4° C to further protect the coating and the other
layers of material on the stent until their deployment.

{0014] Figure 3 is a cross-sectional view of a stent 30 that has been coated with driving layers 31
and 34 and therapeutics 35 and 32. The driving layers and therapeutics may function and behave
much like those discussed above. In this embodiment, however, rather than coating only a single
side of a medical device, Figure 3 illustrates that both sides of a medical device, in this case a
stent 30, may be coated with a driving layer and therapeutic. By coating both the inside and the
outside of the stent 30, vascular tissue that the stent contacts as well as fluids coursing through

the vessel in which the stent will be implanted may be treated with the therapeutic and may



WO 2006/055237 PCT/US2005/039463

benefit from the efficient delivery characteristics of the driving layer, especially when the driving
layer is behaving as a transfection agent. While the therapeutic in this figure is not coated it a
coating may be placed on either or both exposed faces of the therapeutic.

[0015] Figure 4 is a table entitled Mean Tissue Transfection. It reflects the data from an in-vivo
experiment using the invention, the mean of the delivered dose being shown with the height of
the columns and the range of the delivered doses for each experiment being shown with the lines
embedded within the columns. The first groups of columns 41 reflect that the range of delivered
dose from a rabbit iliac study using a pCMV-Luc reporter with multiple 8mm Express® WH
stents coated only with DNA, delivered a broad range of dosages, from points 401-402, 403-404
and 405-406 for proximal tissue, stent tissue, and distal tissue, respectively. When the DNA was
coated with PEG (columns 43), the range of dosage was found to be smaller (407-408, 409-410,
411-412), but the delivered dosage was also smaller. By comparison, when a driving layer of
Dextran was used beneath the DNA and PEG coatings, see columns 44, not only was the range of
dosage better controlled (413-414, 415-416, 417-418), but a greater dosage of DNA was
delivered from the stent to the surrounding tissue when compared with the DNA/PEG stent
control group (44 v. 43).

[0016] Figure 5 shows the test results for a second experiment. The table in Figure S is entitled,
“Sperm DNA In Vitro Release Profile.” In this experiment, a DNA covered stent was compared
with a stent covered with DNA and a PEG barrier coating and a stent covered with DNA, a
driving layer, and a barrier coating. Almost without exception, the stent that utilized the driving
layer and the barrier coating, labeled 505, 507, 509, 512, delivered the largest dosage at each time
interval. Thus, even the DNA only covered stent which is depicted with numbers 502, 508, 510,
and 513, did not exceed the deiivery characteristics of the DNA/PEG/driving layer stent. Also,
while not reflected in this table, which only reflects data from the first 70 minutes, the release of
the DNA from the PEG ouly coated stents (501, 504, 506, 514, 511) was incomplete after the
first day. Consequently, the addition of a Dextran driving layer in this experiment demonstrates

the improved release properties of DNA from the carrier stents.
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[0017] The therapeutic recited above may be any pharmaceutically acceptable agent such as a
non-genetic therapeutic agent, a biomolecule, a small molecule, or cells. Exemplary non-genetic
therapeutic agents include anti-thrombogenic agents such heparin, heparin derivatives,
prostaglandin (including micellar prostaglandin E1), urokinase, and PPack (dextrophenylalanine
proline arginine chloromethylketone); anti-proliferative agents such as enoxaprin, angiopeptin,
sirolimus (rapamycin), tacrolimus, everolimus, monoclonal antibodies capable of blocking
smooth muscle cell proliferation, hirudin, and acetylsalicylic acid; anti-inflammatory agents such
as triamcinolone and deriatives, dexamethasone, rosiglitazone, prednisolone, corticosterone,
budesonide, estrogen, estrodiol, sulfasalazine, acetylsalicylic acid, mycophenolic acid, and
mesalamine; anti-neoplastic/anti-proliferative/anti-mitotic agents such as paclitaxel, cladribine,
5-fluorouracil, methotrexate, doxorubicin, daunorubicin, cyclosporine, cisplatin, vinblastine,
vincristine, epothilones, endostatin, trapidil, and angiostatin; anti-cancer agents such as antisense
inhibitors of c-myc oncogene; anti-microbial agents such as triclosan, cephalosporins,
aminoglycosides, nitrofurantoin, silver ions, compounds, or salts; biofilm synthesis inhibitors
such as non-steroidal anti-inflammatory agents and chelating agents such as
ethylenediaminetetraacetic acid, O,0'-bis (2-aminoethyl)ethyleneglycol-N,N,N',N'*-tetraacetic
acid and mixtures thereof; antibiotics such as gentamycin, rifampin, minocyclin, and
ciprofolxacin; antibodies including chimeric antibodies and antibody fragments; anesthetic
agents such as lidocaine, bupivacaine, and ropivacaine; nitric oxide; nitric oxide (NO) donors
such as lisidomine, molsidomine, L-arginine, NO-carbohydrate adducts, polymeric or oligomeric
NO adducts; anti-coagulants such as D-Phe-Pro-Arg chloromethyl ketone, an RGD peptide-
containing compound, heparin, antithrombin compounds, platelet receptor antagonists, anti-
thrombin antibodies, anti-platelet receptor antibodies, enoxaparin, hirudin, Warfarin sodium,
Dicumarol, aspirin, prostaglandin inhibitors, platelet inhibitors and tick antiplatelet factors;
vascular cell growth promotors such as growth factors, transcriptional activators, and
translational promotors; vascular cell growth inhibitors such as growth factor inhibitors, growth

factor receptor antagonists, transcriptional repressors, translational repressors, replication
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inhibitors, inhibitory antibodies, antibodies directed against growth factors, bifunctional
molecules consisting of a growth factor and a cytotoxin, bifunctional molecules consisting of an
antibody and a cytotoxin; cholesterol-lowering agents; vasodilating agents; agents which
interfere with endogeneus vascoactive mechanisms; and any combinations and products of the
above.

[0018] Exemplary biomolecules include peptides, polypeptides and proteins; oligonucleotides;
nucleic acids such as double or single stranded DNA (including naked and cDNA), RNA,
antisense nucleic acids such as antisense DNA and RNA, small interfering RNA (siRNA), and
ribozymes; genes; carbohydrates; angiogenic factors including growth factors; cell cycle
inhibitors; and anti-restenosis agents. Nucleic acids may be incorporated into delivery systems
such as, for example, vectors (including viral vectors), plasmids or liposomes.
[0019]Non-limiting examples of proteins include monocyte chemoatiractant proteins ("MCP-1)
and bone morphogenic proteins ("BMP's"), such as, for example, BMP-2, BMP-3, BMP-4,
BMP-5, BMP-6 (Vgr-1), BMP-7 (OP-1), BMP-8, BMP-9, BMP-10, BMP-11, BMP-12, BMP-
13, BMP-14, BMP-15. Preferred BMPS are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6,
and BMP-7. These BMPs can be provided as homdimers, heterodimers, or combinations thereof,
alone or together with other molecules. Alternatively, or in addition, molecules capable of
inducing an upstream or downstream effect of a BMP can be provided. Such molecules include
any of the "hedgehog" proteins, or the DNA's encoding them. Non-limiting examples of genes
include survival genes that protect against cell death, such as anti-apoptotic Bcl-2 family factors
and Akt kinase and combinations thereof. Non-limiting examples of angiogenic factors include
acidic and basic fibroblast growth factors, vascular endothelial growth factor, epidermal growth
factor, transforming growth factor o, and B, platelet-derived endothelial growth factor, platelet-
derived growth factor, tumor necrosis factor o, hepatocyte growth factor, and insulin like growth
factor. A non-limiting example of a cell cycle inhibitor is a cathespin D (CD) inhibitor. Non-
limiting examples of anti-restenosis agents include p15, p16, p18, p19, p21, p27, p53, p57, Rb,
nFkB and E2F decoys, thymidine kinase ("TK") and combinations thereof and other agents
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useful for interfering with cell proliferation.

[0020]Exemplary small molecules include hormones, nucleotides, amino acids, sugars, and lipids
and compounds have a molecular weight of less than 100kD.

[0021] Exemplary cells include stem cells, progenitor cells, endothelial cells, adult
cardiomyocytes, and smooth muscle cells. Cells can be of human origin (autologous or allogenic)
or from an animal source (xenogenic), or genetically engineered.”

[0022] Any of the therapeutic agents may be combined to the extent such combination is
biologically compatible.

[0023] With respect to the type of polymers that may be used in the coating according to the
present invention, such polymers may be biodegradable or non-biodegradable. Non-limiting
examples of suitable non-biodegradable polymers include polyvinylpyrrolidone including cross-
linked polyvinylpyrrolidone; polyvinyl alcohols, copolymers of vinyl monomers such as EVA;
polyvinyl ethers; polyvinyl aromatics; polyethylene oxides; polyesters including polyethylene
terephthalate; polyamides; polyacrylamides; polyethers including polyether sulfone;
polyalkylenes including polypropylene, polyethylene and high molecular weight polyethylene;
polyurethanes; polycarbonates, silicones; siloxane polymers; cellulosic polymers such as
cellulose acetate; polymer dispersions such as polyurethane dispersions (BAYHDROL®),
squalene emulsions; and mixtures and copolymers of any of the foregoing.

[0024] Non-limiting examples of suitable biodegradable polymers include polycarboxylic acid,
polyanhydrides including maleic anhydride polymers; polyorthoesters; poly-amino acids;
polyethylene oxide; polyphosphazenes; polylactic acid, polyglycolic acid and copolymers and
mixtures thereof such as poly(L-lactic acid) (PLLA), poly(D,L,-lactide), poly(lactic acid-co-
glycolic acid), 50/50 (DL-lactide-co-glycolide); polydioxanone; polypropylene fumarate;
polydepsipeptides; polycaprolactone and co-polymers and mixtures thereof such as poly(D,L-
lactide-co-caprolactone) and polycaprolactone co-butylacrylate; polyhydroxybutyrate valerate
and blends; polycarbonates such as tyrosine-derived polycarbonates and arylates,

polyiminocarbonates, and polydimethyltrimethylcarbonates; cyanoacrylate; calcium phosphates;
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polyglycosaminoglycans; macromolecules such as polysaccharides (including hyaluronic acid;
cellulose, and hydroxypropylmethyl cellulose; gelatin; starches; dextrans; alginates and
derivatives thereof), proteins and polypeptides; and mixtures and copolymers of any of the
foregoing. The biodegradable polymer may also be a surface erodable polymer such as
polyhydroxybutyrate and its copolymers, polycaprolactone, polyanhydrides (both crystalline and
amorphous), maleic anhydride copolymers, and zinc-calcium phosphate.

[0025] In a preferred embodiment, the polymer is polyacrylic acid available as HYDROPLUS®
(Boston Scientific Corporation, Natick, Mass.), and described in U.S. Pat. No. 5,091,205, the
disclosure of which is incorporated by reference herein. In a more preferred embodiment, the
polymer is a co-polymer of polylactic acid and polycaprolactone.

[0026] Such coatings used with the present invention may be formed by any method known to
one in the art. For example, an initial polymer/solvent mixture can be formed and then the
therapeutic agent added to the polymer/solvent mixture. Alternatively, the polymer, solvent, and
therapeutic agent can be added simultaneously to form the mixture. The polymer/solvent
mixture may be a dispersion, suspension or a solution. The therapeutic agent may also be mixed
with the polymer in the absence of a solvent. The therapeutic agent may be dissolved in the
polymet/solvent mixture or in the polymer to be in a true solution with the mixture or polymer,
dispersed into fine or micronized particles in the mixture or polymer, suspended in the mixture or
polymer based on its solubility profile, or combined with micelle-forming compounds such as
surfactants or adsorbed onto small carrier particles to create a suspension in the mixture or
polymer. The coating may comprise multiple polymers and/or multiple therapeutic agents.
[0027] As recited above, the coating can be applied to the medical device by any known method
in the art including dipping, spraying, rolling, brushing, electrostatic plating or spinning, vapor
deposition, air spraying including atomized spray coating, and spray coating using an ultrasonic
nozzle.

[0028] The coating is typically from about 1 to about 50 microns thick. In the case of balloon

catheters, the thickness is preferably from about 1 to about 10 microns, and more preferably from
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about 2 to about 5 microns. Very thin polymer coatings, such as about 0.2-0.3 microns and much
thicker coatings, such as more than 10 microns, are also possible. It is also within the scope of
the present invention to apply multiple layers of polymer coatings onto the medical device. Such
multiple layers may contain the same or different therapeutic agents and/or the same or different
polymers.

{0029] The medical device may also contain a radio-opacifying agent within its structure to
facilitate viewing the medical device during insertion and at any point while the device is
implanted. Non-limiting examples of radio-opacifying agents are bismuth subcarbonate, bismuth
oxychloride, bismuth trioxide, barium sulfate, tungsten, and mixtures thereof.

[0030] Non-limiting examples of medical devices according to the present invention include
catheters, guide wires, balloons, filters (e.g., vena-cava filters), stents, stent grafts, vascular
grafts, intraluminal paving systems, implants and other devices used in connection with drug-
loaded polymer coatings. Such medical devices may be implanted or otherwise utilized in body
lumina and organs such as the coronary vasculature, esophagus, trachea, colon, biliary tract,
urinary tract, prostate, brain, and the like.

[0031] In addition to the various teachings provided above, other examples of the present
invention are also possible. For instance, the thicknesses of the various layers may be varied
without straying from the teachings of this disclosure. Moreover, portions of the medical implant
may contain a barrier/driving layer and a therapeutic while other portions may contain these two
in addition to a coating over the therapeutic: Still further, multiple layers of therapeutic or the

driving layer may also be used.

11
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What Is Claimed Is;

1. A system for delivering therapeutic to a target site, the system comprising:
a medical device sized to be positioned at a target site,
the medical device having an accessible surface;
a driving layer covering at least a portion of the accessible surface of the medical device;
and
a therapeutic in physical communication with at least a portion of the driving layer,
at least a portion of the therapeutic being a greater distance from the accessible
surface of the medical device than the driving layer,
the driving layer having a material characteristic that serves to increase the release
of the therapeutic from the medical device when the medical device is at the target site as
compared to the use of the same medical device and therapeutic at the same target site without

the use of the driving layer.

2. The system of claim 1 wherein the driving layer has a higher solubility at the target site
than the therapeutic at the target site.

3. The system of claim 1 wherein the medical device is hydrophobic and the therapeutic is

hydrophilic.

4. The system of claim 1 further comprising:

a coating covering at least a portion of the therapeutic.

5. The system of claim 1 wherein the degradation of the driving layer at the target site over
time serves as a material characteristic of the driving layer acting to release therapeutic from the

medical device.

12
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6. The system of claim 1 wherein a material characteristic of the driving layer also serves to

retain the therapeutic on the medical device prior to the release of the therapeutic from the

medical device.

7. The system of claim 1 wherein the driving layer is a protein and the therapeutic is DNA.
8. The system of claim 1 wherein the medical device is a stent.

9. The system of claim 8 wherein the stent has an inside surface and an outside surface and

both the inside surface and the outside surface of the stent are at least both partially covered with

a driving layer, a therapeutic, and a coating.
10.  The system of claim 1 wherein the driving layer is a transfection agent for the therapeutic.

11.  The system of claim 1 wherein the driving layer has a higher rate of degradation from the

medical device than the therapeutic when the medical device is at a target site.

12.  The system of claim 1 wherein the driving layer has a higher rate of degradation from the
medical device than the therapeutic when the medical device is at a target site and wherein the
driving layer has a higher solubility at the target site than the therapeutic.

13.  The system of claim 1 wherein the driving layer is an ionic salt.

14.  The system of claim 1 wherein the driving layer is an ionic surfactant.

15.  The system of claim 1 wherein the driving layer is a non-ionic surfactant.

13
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16.  The system of claim 1 wherein the driving layer is a lipid.

17.  The system of claim 1 wherein the driving layer is a polysaccharide.

18.  The system of claim 1 wherein the driving layer is dextran.

19.  The system of claim 1 wherein the driving layer is a foaming agent.

20.  The system of claim 1 wherein the driving layer is a block co-polymer.

21.  The system of claim | wherein the medical device is a bone implant.

22.  The system of claim 1 wherein the driving layer effects the complete release of the

therapeutic from the medical device when the medical device is at the target site.

23.  The system of claim 1 wherein the medical device is made with a polymer.

14
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