1 Inproved pharnmaceutical -coated nedi ci nal products: their manufacture and
use 1. Medical and technical background Many di seases do not affect the
whol e organi sm at the sane tine, but arc,? restricted to particular kinds of
tissue and are frequently restricted to'certain limted areas of tissue or
to certain parts of organs. Exanples can be found in tunorous diseases,
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seases ar maco apy 0 ese di seases generally
takes place by the oral or intravenousU8@dm nistration of pharnmaceutical
subst ances which distribute thensel ves throughout the whole body and in
many cases can cause undesirable effects in healthy tissue and in healthy
organs, particularly with severe illnesses. These undesirable effects can
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application, since any repeated administration is out of the question.

Problems for pharmacotherapy are caused by the special method of application and
the necessity of achieving a significant prophylactic or therapeutic effect in one single
application. In the past 10 years significant success has been achieved particularly in
the treatment of arteriosclerotic vascular changes. Such changes frequently occur in
localised areas. They lead to constrictions or occlusions of specific sections of the
blood vessels which impair or prevent the supply of blood to the tissue which lies on
the other side of the blockage. This mainly affects the heart, the legs, the brain, the
kidneys and surgically altered vessels such as dialysis shunts. Narrowing of these
vessels can be treated with a catheter which is introduced percutaneously and which
can be introduced into the relevant blood vessels without causing a large amount of
injury because of its small diameter. They mostly contain a balloon in the distal part
which is folded around the catheter shaft and which can be expanded by means of a
fluid. When it is still folded this balloon is pushed into the restricted part of the blood
vessel where it is expanded for a short time (ranging from a few seconds to a few
minutes) so that the original vessel lumen is restored and the blood can again pass
through the originally constricted area.



vessel where it is expanded for a short tinme (ranging froma few seconds to
a few mnutes) so that the original vessel lunmen is restored and the bl ood
can again pass through the originally constricted area. 2 At the sane tine
a tubular piece of netal nesh (vessel sBpport, stent) can be introduced to
support the opened vessel lunen. This can be either nounted on the folded
ball oon or it can be released as an el astic, self-expanding stent by neans
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proliferation.

There are no controlled studies available for peripheral arteries which demonstrate
effective prophylaxis of restenosis by coating stents with pharmaceutical products.
Certain self-expanding nitinol stents do however appear to reduce the restenosis rate
to some extent without a coating of a pharmaceutical product being necessary
(Schillinger M, Sabeti S, Loewe C et al. Balloon angioplasty versus implantation of
nitinol stents in the superficial femoral artery N Engl J Med 2006; 354: 1879-88).

The coating of balloons is described in principle in EP 1 372 737 A. The active
substance is applied by, for example, immersing the balloon in a solution of the
active substance. In WO 2004 / 028582 A the possibilities of coating balloons in
various stages of folding are described including when the balloons are preformed.

Constricted arteries, often connected with solid calcification, can mainly be expanded
to their original lumen only by using a high pressure (8 to 20 atmospheres). This is
achieved by using pressure resistant balloons whose diameter does not significantly
change with increasing internal pressure.
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Constricted arteries, often connected with solid calcification, can mainly
be expanded to their original lunmen only by using a high pressure (8 to 20
atmospheres). This is achieved by using pressure resistant balloons whose
di aneter does not significantly change with increasing internal pressure. 3
The balloon forns a rigid cylinder which |ies against the vascular wall as
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active substance in an immediately bioavailable form.

In several earlier and later patent applications the coating of balloon catheters with
pharmaceutical products is described where continual attempts were indeed made to
achieve sustained levels of the active substances despite the short time the
angioplasty balloon was in contact with the vascular wall. The methods of coating
that were generally described produced products that demonstrated a significant lack
of quality and/or which were expensive and time-consuming to manufacture.

Lipophilic, active substances which were slightly soluble in water were preferred over
hydrophilic active substances, because lipophilic substances are easy to apply using
highly volatile organic solvents. It is not so easy for them to be prematurely washed
away from the surface of the balloon during the handling of the devices and when
they are in the bloodstream. They are also more rapidly absorbed by the cells and
remain there for longer. In individual cases hydrophilic active substances such as
methotrexate or arsenic trioxide have been used on stents to inhibit restenosis by
neointimal hyperplasia (US 20060348947; Yang W, Ge J, Liu H et al. Cardiovascular
Research 2006;72:483-493).The active substances are embedded in water insoluble



away fromthe surface of the balloon during the handling of the devices and
when they are in the bloodstream They are also nore rapidly absorbed by
the cells and remain there for longer. In individual cases hydrophilic
active substances such as nethotrexategor arsenic trioxide have been used
on stents to inhibit restenosis by neointiml hyperplasia (US 20060348947;
Yang W Ge J, Liu Het al. Cardiovascul ar Research 2006; 72: 483-493). The
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indocyanine green, fluorescein, methylene blue, sugar, sugar derivates, low
molecular weight PEG, organic and inorganic salts, benzoates, salicylates (WO
2004/028582) polymers, also for coating of pharmaceutical products (EP 0519063;
US 5,102,402), polymers such as starch, gelatine, PEG, albumin, chitosan, R-
cyclodextrins, hydroxyethyl cellulose as well as lipids, amphiphilic phospholipids and
radiocontrast media including amphiphilic iodoxamic acid (DE 102004046244),
substances which increase cell permeability such as linoleic acid, linolenic acid, oleic
acid, stearic acid, phenyl salicylate, antioxidants such as vitamin E, tocotrienols,
tocopherols, as well as nitrophenyi octyl ether, bis(ethylhexyl)sebacate, diisododecyl
phthalate, N-methylpyrrolidone, butylhydroxyanisol, butylhydroxtoluene,
phosphorylcholine and polymers (WO 2004/022124); oils, fatty acids, fatty acid
esters, contrast medium derivatives, amino acids, peptides, vitamins, o-
phosphoserine, neutral or charged amphiphilic substances, saits (WO 2007090385);
amphiphilic substances such as polyethylene glycol ester, fatty acid esters of sugars,
polyglyceryl-6-fatty acid ester, polyglyceryl-10-fatty acid ester, sucrose
monopalmitate, surfactants with lipid chains which incorporate themselves in lipid
membranes, ionic and non-ionic detergents, substances with more than 4 hydroxyl,
carboxyl or amino groups, sorbitan fatty acid ester, substances with a phenol ring,
sodium cholate, sodium taurocholate; furthermore there are vitamins and derivatives,



tocopherols, as well as nitrophenyl octyl ether, bis(ethyl hexyl)sebacate,
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t he ball oon nmenbrane. Application takes place by imrersion or by spraying.

Apart froma description of the i i
WO 92/11890 A describes the use of microcapsules as carriers of the

pharmaceutical product: the microcapsules ensure the prolonged release of the
active substances. The microcapsules are held in place by means of a binding agent
or by fusion to the surface of the balloon or the recesses in the balloon membrane.
Application takes place by immersion or by spraying. Apart from a description of the
recesses in the balloon membrane there are no indications of how a particular active
substance could be applied to the balloon in such a way that that it adheres
sufficiently securely on the journey through the insertion sheath and through fast
following blood and for it to subsequently be completely released when the balloon is
expanded.

According to WO 2004/006976 A active substances are applied onto a rough or
textured balloon surface by immersion, by absorption or by spraying where the
balloon is in the expanded state. A hydrophilic layer between the balloon membrane
and the lipophilic pharmaceutical product should facilitate the detachment of the
active substance.

In WO 00/21584 A pharmaceutical products that are insoluble in water are described
as being applied to a balloon by immersion, by spraying or by being applied drop



recesses in the balloon nenbrane there are no indications of how a
pacrticul ar active - substance could be applied to the balloon in such a way
that that it adheres sufficiently securely on the journey through the

i nsertion sheath and through fast foII§Mnng bl ood and for it to
subsequently be conpletely rel eased when the balloon is expanded. According

to WD 20 0 i u o are_appli ontp a raugh or textured
bal | con 15 By DS GCR plfesR EhE BEEGerDls osen Wib <BplpRergifs ABSorms e

bal | oon astive substanceaidhed releases. was fiyahnopiete durihgythe periodse of tdbsebadtionon
rrenbranew,ﬁé}flag%% frbﬂﬁ%mdté oo,p&jrgaceut I cal product should facilitate the
det achnent

active su st ance. In WO 00/21584 A pharnmaceuti cal
products that are insoluble in water are described as being applied to a

bal | oon hyel ﬁ’&%ﬁétgy?é&nérﬁr@ﬁ/ﬂﬁgc ti HH&ér”ﬂ"é‘lb‘?l:git mﬂm‘é!}?&%@ of%éﬁ}&%oﬁeans

of a pi pette oon |1s coate rbs active

subst ancEatheker ioidessubemsN; dRIBIINCYO (RRTAI0BHE Wheieo SeVeR| RXEMRIES | 4R
which | a ?&ﬂdéd O?hé‘lﬂli(hﬂ’éstébmﬁﬁf th@'%cﬁ&@%ﬁ%@ﬁc@ﬁ Hre lie@f béﬁ@atﬁ%b' ng

under th itudinal folds of t al | oon ter is described in detail

in WO 20 gegans ef Qé@@séﬁse'ﬁé{%m@s“‘@r é‘sepﬁ’ oD'PGBGS W@YHQ(P[”"@@C“O"

cont ai ni WhTé"Q pretisy @néthbdtoflfwﬁﬁng"i'i@cléﬁﬁéd itk BraAple’ ddtamémtitaat theremaags of
pi pettes, spraying or injection. Wile a

processes .invol vi ng {;u % ({q
preci se widespiead vapa ‘?rhm € Q958Pned t he exanpl es docunent that there was
w despread variation in the doses. US 2003/064965 A clains a rapid rel ease

or epar at USRI TAMEiaci J8fnsB”PrEReiesiticll Hrpppiiligns frm

Pr ol on?ed))alloem catheteSowhere ﬂ\qoprq:pmatlmnsetormmselmsehmldrmmxrarthamm is@at he
ormo

fl occul a;& gﬁﬁglﬁéﬁgns?pgﬁ@%gégggégagésl:%o@) é'g@o?glrtﬁé %gé s@fg)s %ncgg%rg%as% bri n

gel s, hynitbgdbenasfdcapsides)leug.oae lipaspmesy solicigsr mitropadiclasotaggregates or

coating. é@g%@fﬁ&hé’ﬁeﬁs‘f&% B\ st éﬁl%scgﬁfgbggg fgr %Eé%?ﬁ'fé‘lﬁé&%ré 'ﬁbH§ gels,

2006/ 002 eparations are ,
rol i ng, hyd mgﬂs]gndradﬁ%glugosmlmgoms |8‘YQT Si@luld)bwt%i @ﬁé@ng)y the act i on of

sol vent s piprbRetives ulé &/éhetﬁéveo%ungurst Q%b”&f@crib@% ino US> %008/0828781 ACITheed as

coating processes raying in a vacuu SO USi N pensi ons, or.
enul si onsP"?FEﬁaiO"?@@g aoRieD by swaymaelmuy@r%ﬁn fraliaga Reushing §n@%§ bipdingote4003
A, VO 20@re BaASIP mdmbrafes byeheactiol o solvestsAr the Dde bf @BResives.

Furthermore the following are disclosed as coating processes: spraying in a vacuum,
also using suspensions or emulsions (DE 10 2004 048 265 A), the use of fats and
oils (US 2004/224003 A, WO 2003/039612 A), the use of substances or conditions
which cause the release of the pharmaceutical product (WO 96/39949 A), the use of
lipophilic hydration inhibitors (WO 2005/089855 A), coating the balloon with
preassembled stents (e.g. DE 10 2004 046 244 A; US 2005/0033417 A) and the
protection of the coated balloon by means of coverings which are only retracted
shortly before the balloon is expanded.

In EP 1 372 737 A and WO 2004/028582 A processes are disclosed which describe
amongst other things coating balloon catheters with lipophilic active substances
which immediately become bioavailable when the balloons are expanded. The
coating takes place by immersion, by brushing, spraying or by using a device for
measuring volume.

The importance of the uniformity of the surface coating is taken into account in WO
2004/006976 A by coating the balloon in its expanded state with all parts of its
surface equally accessible from outside. In WO 2001/052772 A this problem is
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coverings which are only retracted shortly before the balloon is expanded.
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do not desificiently taligbly effentiyr, and amongst pther things becayuse theapbarmagaptical

di'ssol ve ¢Bgtafidk!dr¥ too unevenly distributed, because they adhere too strongly or do not
adhere strongly enough to the balloon membrane, because they dissolve too quickly
or too slowly, or because they contain additives which for their part can damage the
vascular wall, or because they are too unnecessarily complex in their construction
leading to disadvantages in terms of their manufacture, reproducibility, stability and

application.

Balloon catheters for the transfer of active substances to the vascular wall have not
previously been described which do not at the same time cause any overstretching
and damage to the vascular wall. If the customary angioplasty balloons are selected
with a diameter which does not produce any stretching of the vessel then their
membrane only comes into contact with the irregularly shaped vascular wall in a few
places and only transfers the pharmaceutical substance in those places.



or too slowy, or because they contain additives which for their part can
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bi ol ogi cal effect; Lipepppors); Subst ance: Affl nity to fats; neasured as a

di'stributd gle SBBEGRCEE A BIISGED Br medically effective substance; pharmaceutical
substances are preferred i.e. permitted active substances that
contain pharmaceuticals;

Additive: A substance without any intended biological effect;

Matrix substance: A substance which surrounds an active substance or holds it

' firmly in some other way; the matrix itself may display a biological
effect;

Lipophilic Substance: Affinity to fats; measured as a distribution coefficient between a
solvent that dissolves fats and an aqueous solvent;

Hydrophilic Substance: Affinity to water, measured as a distribution coefficient
between a solvent that dissolves fats and an aqueous solvent;

Water soluble and/or hydrophilic substances: Biologically effective substances which
either as they are, or in the form of a salt dissolve at a rate of at
least 1mg/ml (preferably at 5mg/ml, and more preferably at
20mg/ml) in water or an aqueous medium such as plasma or
blood or which demonstrate a distribution coefficient
butanol/water of less than 0.5;

Sparingly soluble: By the term ‘sparingly soluble’ means that the solubility in water
of the substance concerned is less than 5mg/ml and preferably
less than 1mg/mi;

Hydrophilic solvents: Solvents in which at room temperature at least 1% by volume of
water dissolves and preferably 10% by volume of water;
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hydr ophi |l i sed nenbranes are not be confuse anes are
nylon, for example, whose surfaces were changed by

subsequent treatment into a state that can be wetted with water
or other hydrophilic solvents. Hydrophilic or hydrophilised
membranes are not to be confused with membranes which are
provided with an additional hydrophilic layer;

Hydrophilically-coated balloon membrane: A membrane, which contains an
additionally applied layer, which can itself be wetted with water;

Open on the surface: Pharmaceuticals or additives which are not incorporated into
the balloon membrane or which are not incorporated into any
layers that are firmly attached to the balloon membrane. For
example, they are not incorporated in any polymeric water-
insoluble coatings particularly any hydrogels that may not
become detached. Open on the surface includes coatings which
become covered by the folds in the balloon membrane when it is
in its folded condition;

Good adhesion:  Folded balloon catheters (Orbus [X, Bavaria Medizin
Technologie, Oberpfaffenhofen, Germany, SeQent, BBraun,
Melsungen, Germany balloon size 3.5mm diameter, 20mm
length or comparable products from other manufacturers) are
coated in the folded state with 3ug active substance/mm?
according to the dosing procedure described below. The balloons
are expanded when dry and shaken for 5 seconds in a glass
vessel. More than 75% of the dose remains on the balloon;
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speci al rafdhoud the dependent claims. Novel balloon catheters using a special method of
construction are therefore disclosed together with methods for coating balloon
catheters which are provided in a sufficiently detailed form.

Active substances and additives

The following are preferred as active substances:

antiproliferative, antiinflammatory, antiphlogistic, antihyperplastic, antineoplastic,
antimitotic, cytostatic, cytotoxic, antiangiogenic, antirestenotic, microtubule inhibiting,
antimigrative or antithrombotic active substances.

Examples of antiproliferative, antiinflammatory, antiphlogistic, antihyperplastic,
antineoplastic, antimitotic, cytostatic, cytotoxic, antiangiogenic, antirestenotic,
microtubule inhibiting, antimigrative or antithrombotic active substances are:

abciximab, acemetacin, acetylvismione B, aclarubicin, ademetionine, adriamycin,
aescin, afromoson, akagerine, aldesleukin, amidorone, aminoglutethemide,
amsacrine, anakinra, anastrozole, anemonin, anopterine, antimycotics,
antithrombotics, apocymarin, argatroban, aristolactam-All, aristolochic acid, arsenic
trioxide and other compounds containing arsenic, ascomycin, asparaginase, aspirin,
atorvastatin, auranofin, azathioprine, azithromycin, baccatine, bafilomycin,
basiliximab, bendamustine, benzocaine, berberine, betulin, betulinic acid, bilobol,
biolimus, bisparthenolidine, bleomycin, bombrestatin, boswellic acids and their
derivatives, bruceanoles A, B and C, bryophylin A, busulfan, antithrombin,
bivalirudin, cadherins, camptothecin, capecitabine, o-carbamoylphenoxyacetic acid,
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and B, longikaurin B, sculponeatin C, kamebaunin, leukamenin A and B, 13,18-
dehydro-6-alpha-senecioyloxychaparrin, taxamairin A and B, regenilol, triptolide,
cymarin, hydroxyanopterin, protoanemonin, cheliburin chloride, sinococuline A and B,
dihydronitidine, nitidine chloride, 12-beta-hydroxypregnadien-3,20-dione, helenalin,
indicine, indicine-N-oxide, lasiocarpine, inotodiol, podophyllotoxin, justicidin A and B,
larreatin, malloterin, mallotochromanol, isobutyrylmallotochromanol, maquiroside A,
marchantin A, maytansin, lycoridicin, margetine, pancratistatin, liriodenine,
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psycorubin, ricin A, sanguinarine, manu wheat acid, methylsorbifolin,
sphatheliachromen, stizophyllin, mansonine, strebloside, dihydrousambaraensine,
hydroxyusambarine, strychnopentamine, strychnophylline, usambarine,
usambarensine, liriodenine, oxoushinsunine, daphnoretin, lariciresinol,
methoxylariciresinol, syringaresinol, sirolimus (rapamycin), rapamycin combined with
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thioprotease inhibitors, prostacyclin, vapiprost, interferon a, Q and vy,
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Balloon catheter for coating
In the patent specifications mentioned above then usually smooth walled balloon
catheters for percutaneous transluminal angioplasty are described, consisting of
various materials such as nylon, PEBAX, polyethylene and many others which are
disclosed in DE 10 2004 046 244 and in other patent specifications or there are
balloon catheters provided with grooves or with pores, in which the active substance
is placed, or there are balloon catheters with texturised and roughened membranes.
The aim of the structural changes with regard to an increase in surface area is to
increase the loading with active substances or to improve the adhesion of the active
substances to the balloon. Furthermore in WO 2004/006976 balloons are described
coated with an additional hydrophilic layer. The balloons of these catheters are
expandable up to a predetermined size and should preferably be pressure resistant
in order to be able expand stenotic arteries back to their original diameter.




somatostatin, tacrolinus, roxithronycin, troleandonycin, sinmastatin,
rosuvastatin, vinblastine, vincristine, vindesine, thalidom de, teniposide,
vi norel bi ne, trofosfanm de, treosulfan, trenozol om de, thiotepa, tretinoin,
spi ramycin, unbelliferone, desacetylviggione A vismone A and B, zeorin,
fasudil. Preferred active substances that can be applied to the catheter
bal | oon are paclitaxel and other taxanes, rapanycin and ot her nmlfOR
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it is securely attached to the surface of the balloon and does not become detached
when the balloon is dilatated.

This present invention also concerns balloon catheters that include a catheter balloon
with a hydrophilic or hydrophilised balloon membrane where the balloon membrane
is coated with at least one active substance lying open on its surface which is coated
in such a way that at least one substance is immediately released when the catheter
balloon is expanded.Furthermore the catheter balloon can additionally be coated with
additives if required.

The hydrophilic surface of the balloon, or the hydrophilically coated surface of the
balloon, or the surface of the balloon membrane that is provided with a firmly
adhering hydrophilic coating is preferably coated with at least one hydrophilic active
substance, or with at least one hydrophilic active substance together with at least one
hydrophilic additive.



rel ease of the active substance when the balloon is expanded in the vessels.
In their expanded state the balloons conpletely block the flow of bl ood

t hrough the vessels being treated. A bjgockage of the flow of blood is only
tolerated for a very short period of time, particularly in the coronary
arteries. The effective dose nust be released during this tinme. Every del ay
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coatings, a |ower hydrophilic coating which adheres securely and an outer
det achabl e coating nade from one active substance or froma m xture

cont ai ni iy adfurther preferred embodiment the balloon membrane or the hydrophilic balloon
membrane or the hydrophilically coated balloon membrane is coated with at least
one hydrophilic active substance which if required is present in the mixture with at
least one slightly water soluble additive. This embodiment offers the advantage that
the slightly water soluble additive inhibits premature detachment of the active
substance.
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By coating with active substances or additives the improved ability of the hydrophilic
balloons to slide is lost, at least when the coating is also situated on the outside of
the non-expanded balloon. Hydrophilic balloons have the disadvantage that when
they are expanded in constricted arteries they slip out of the desired position more
easily. According to our own observations this disadvantage is largely overcome by
coating using pharmaceuticals and matrix substances, because the coating that is
then released into the surrounding medium noticeably increases the friction between
the balloon and the arterial wall.



| east one active substance. It is furthernore preferred when the generally
| i.pophilic balloon surface is treated wwth active oxygen to make it
hydrophilic. The hydrophilic menbrane or nore specifically the hydrophilic
surface of the balloon nenbrane (i.e. ffie hydrophilic surface of the
bal | oon) can be produced by a hydrophilic coating on |ipophilic balloon
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t r ansf ercamparaively elow birstinge pressure: e.aseguak tavar| legs tthant 10,000hPa (9.87

atmospheres; [1 atmosphere = 1013hPa)), preferably equal to or less than 5000hPa
(4.93 atmospheres), because they cannot be expanded with high pressures.
Preferred expansion pressures are preferably below 4000hPa (3.95 atmospheres),
more preferred under 2000hPa (1.97 atmospheres) and even more preferred is
under 1000hPa (0.97 atmospheres) above normal pressure. Pressures between
2000hPa (1.97 atmospheres) and 200hPa (0.20 atmospheres) above normal are
particularly preferred. Catheters for the treatment of arteries, veins or dialysis shunts
preferably have a diameter to length ratio of less than 0.2, and more preferable is a
diameter to length ratio of less than 0.1.

The described balloons should not be confused with balloons which, for example, are
made from silicon or latex, are generally more spherical in shape and are used to
anchor catheters in cavities such as the bladder without completely filling the cavity
concerned.

According to the invention balloon catheters are also preferred which already achieve
their maximum diameters in their expanded condition at low pressures and which still
possess a certain flexibility in order to adapt to an uneven vascular wall. It is
therefore preferred when after it has been completely unfolded using an increase in
pressure that the radius of the catheter balloon increases by more than 15%,
preferably more than 30% and even more preferably by more than 60%. The



overstretching it, nenbranes are sel ected which are soft or conpliant and
which are expandable at |ow pressure, or which significantly exceed the

di aneter of the vessels. Significantly exceed neans that the di aneter of
the ball oon preferably exceeds the ref ¢fence dianeter of the vessel by at

| east 20% and nore preferably by nore than 30% where the ball oon preferably

IS stret with not no t hgn _around 2000hPa. These bal |,oons, are nat
intendedw%ggﬁﬁm PleSsHs gﬁ%‘ﬁso@ﬂcﬁ hg |r\§} '}jgralgt?ﬁéﬁ'gofaﬁ%%g'oxﬁﬁ)ﬁf@s fe on
t he vascdbrexample.a dostragtimediant, intodee cathetér bdlleoh umtive usual peanriercal |y the
renoval of an occlusion or a high grades stenosis, or the w dening of the

| umen by nore than 30% of the reference dianeter of the vessel. The

menbr ane Rurthesmore sballcon matheters\are Ipyefetredi irf owhiell, saftercttheyn havearbeemer t
of the‘c%' hon d d/ SLinen ' t he
f ol di ng. I %{ae:l){)ggﬁés“%gﬁo%g@eemégﬁgo%aP gésls@g?' y'ﬁ%@\% E{?Pg? fhr%ér;rb \ggé%'?’emyg.
equal t o radiuseefsthen gatheterobaligmns( mcarasest by sporer than | 5%t mokp ipseferably by

1013hPa] )mofe thEA3L Yn8ERN ,hgme{fﬁgﬁlyt%o@m%( 4.93 at nospheres),

because they cannot be expan I'gh pressures. Preferred expansion
pressures are preferably bel ow 4000hPa (3.95 atnospheres), nore preferred
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contain recesses, depressions and embossments or folds which become flattened
during expansion under low pressure because of the flexibility and elasticity of the
membrane. The use of these balloons is particularly advantageous in the treatment
of changes to the vessels which do not significantly restrict the flow of blood i.e. they
constrict the free vascular lumen by less than 50%. They permit the treatment of less
pressure resistant vessels, because at a low pressure they are able to position
themselves against an irregular vascular wall. Balloon catheters according to this
invention are particularly suitable for the treatment and prophylaxis of vascular
diseases and in particular for inflammatory vascular changes, vulnerable plaque,
sections of vessels that had previously been treated either surgically or mechanically,
extensive lesions without the necessity of (a renewed) stretching. It is also suitable
for narrow vessels which are inaccessible to stents. ,
Balloon catheters according to this invention are pre-eminently suitable for the
treatment of changes to the vascular wall which do not restrict the flow of blood.

Coating
One of the previously unsolved problems is to distribute an acceptably accurate dose

of the active substance sufficiently evenl{( on the surface of the balloon. In the
administration of pharmaceutical products there are stringent requirements



for exanple a contrast nmedium into the catheter balloon in the usual
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(Scheller Speck , B6hm M. Prevention of restenosis — is angioplasty the answer?
Heart 2007;93:539-541). A series of disadvantages was however evident in their
routine use for production.
The process is inconvenient and time consuming because it requires repeated
immersions, with drying processes taking place in between the immersions. The
amount of active substance adhering to the balloons is determined by a number of
not always controllable factors. While the coating of almost identical balloons from
one batch was largely reproducible to a satisfactory standard, this did not always
apply to batches from different production runs. A further problem that is difficult to
solve in an immersion process is the longitudinal distribution of the active
substances. In particular there is the possibility that the proximal section of the
balloon is not sufficiently well coated. Finally measures are necessary in the process
mentioned to prevent the penetration of the less viscous solution into the central
lumen of the catheter. The remaining previously known coating processes provide
even more unfavourable results. A coating of expanded balloons had the result that
the balloons had to be folded with the coating in place. From a consideration of the
dosage applied this is only realisable in any way that is reasonably free from losses



18 <concerning the accuracy of the dosage of the pharnmaceutical form which
Is; in this case, the coating of the balloon. Wile accurate dosing
procedures are well known in pharmacy,,in nost pharmaceutical applications
there is no necessity to distribute ac!éve substances evenly across a
surface. In addition the usual dosing apparatus used in pharmacy and
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In the coating mixture there is generally a coating solution or a coating fluid where a
gel, a suspension, emulsion, dispersion or slurry can however also be used.

During the coating it is important that the solvent from the coating solution cannot
evaporate before it is applied to the balloon. The solvent must not be in contact with
any gaseous phase, whose volume could affect the dose that is administered.

The catheter balloon is preferably mounted horizontally during the coating stage and
is rotated about its longitudinal axis while the micro-dosing unit moves to and fro
along the longitudinal axis of the catheter balloon in order to achieve the complete
coating of the folded or not completely unfolded balloon.

A syringe (see figure 3) a cannula, a tube or some other device can be used as a
micro-dosing unit that is precise enough for the administration of the necessary small
amounts onto the catheter balloon and which does not damage the catheter balloon
during the coating and preferably does not touch it at all.



| umen of the catheter. The remaining previously known coating processes
provide even nore unfavourable results. A coating of expanded ball oons had
the result that the balloons had to be folded with the coating in place.
From a consi deration of the dosage ap@q ed this is only realisable in any
way that is reasonably free fromlosses 19 when t he coating adheres firmy.
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stage and 1S rotate out | ongi tudi nal axi s | e the m cro-dosing
unit nove4PsBNERd fro al ong the I ongitudi naI axi's of the catheter balloon
in order to achieve the conplete coating of the folded or not conpletely

unf ol ded |nb%|dti%on it is preferred that at least one active substance is applied to the catheter

balloon in a form which is sparingly soluble in water.

As an alternative at least one active substance that may be readily soluble in water
i.e. is hydrophilic can be changed into a sparingly soluble form after it has been
applied to the balloon. This can occur, for example, by complexing with cyclodextrins
or by salt formation. The manufacture of a salt that is sparingly soluble in water and
the selection of a counterion or complex forming agent are part of the standard
knowledge possessed by an expert and can be determined by simple tests of
solubility.

A preferred embodiment of the coating process according to the invention is
described in the following section and includes:

A) The preparation:
1) selected balloon catheters or suitabIeA components that contain the balloon,

where the balloon is preferably in the folded condition or in a condition with
preformed folds, which are not however pressed tightly together.



A syringe (see figure 3) a cannula, a tube or sonme other device can be used
as a mcro-dosing unit that is precise enough for the adm nistration of the

necessary snall anounts onto the cat h? er balloon and which does not damage
the catheter balloon during the coati and preferably does not touch it at
all. 20 It is preferable that highly volatile solvents or chlorine

conpounds I | n It ) & ke I 2300, ed,
ond ot e piby 8 deiedto HOMRAY bdotn' BrteraBly i KBHontar okl h8e the S
for the coatibRflaankip@ preferied ambegdirentsam b Fatated around itsdorgitudinal axiss of at

| east one )l yeddvies foy dneasi g\q: rﬁ&'rd\ﬁiﬁrpg%yga t%ﬂnﬁﬁ?trgﬁoﬁ‘sﬁdsom@n

bal | oons aré ngewbéﬁl coate n therr ) orm, ~can however al so be
coated in anyPEI®/@PlynaipNgRighlyNalatieoyganie splventsdin; which the yelyse tabe
achi eve an evmmmbrewdoémo?&smé@ntﬁ%ﬁmmwm@W mgé%d%hééé fhichadould

I ncl uding all h? éol ds sHouI,d be  si nul t aneousl tted wth the coating
mxture duri APEARe dgse adpinisteteds. This shoul d however take place without

any drippi 4y @fcormponenbdésigoeditetrdhsfer fhedfijui€ HFonptHeovdiemeshdadisrirgd'@eieat i ng
m xture. Here ath l,east one of the active substances can itself function as
the gelling afene BAI0PAKe part in gel formation. The active substance

i tsel f can §)uasblutionacontaigivigl atrigastass activessubetaridekand optionallyrane or more

obt ai ned, wi t%@i‘b %tny further gel form ng substances bel ng present beside
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3) calibration of the volume measuring device for the calculated volume of the

solvent being used

4) filling of the volume measuring device with the coating solution which takes
place without any bubbles of gas being present

5) continual slow rotation of the balloon about its longitudinal axis

6) positioning of the component for transferring liquid with the opening through
which the solution exits either located on the balloon or just above the
balloon, or directly below the balloon or to one side of the balloon

7) transfer of the intended volume of coating solution onto the balloon while the
component for transferring liquid is moved with a steady speed backwards
and forwards along the cylindrical part of the balloon in the direction of the
longitudinal axis. The speed of transfer of the solution is preferably to be
adjusted so that all parts of the balloon are wetted with the liquid at the same
time without any drops forming on the balloon which could fall off.

The volume measuring device ensures an accurate dose on the balloon independent
of the balloon material and its surface structure (smooth or texturised), independent
of whether it is tightly folded or loosely folded or whether it is partially or completely
expanded, independent of the size and the type of balloon and of the individual
batches of balloons used. The movement of both the balioon and the component for
transferring liquid combined with the complete wetting of the balloon using the



where the balloon is preferably in the folded condition or in a condition
with preforned folds, which are not however pressed tightly together. 21

2) a device to hold the balloon preferably in a horizontal position where
“the balloon in a preferred enbodi nent @3n be rotated around its | ongi t udi nal
axis 3) a device for measuring m crovolunes for the adm nistration of
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surroundings is avoided. Any change in the coating mixture before the application to
the medicinal product by premature evaporation solvents is impossible.

Accelerated dissolution and detachment of lipophilic active substances

A series of solvents for the coating of medicinal products with pharmaceuticals are
described in EP 1 372 737 A and WO 2004/028582 A, in US patent no 6,306,166
and in other specifications. It was surprisingly found that lipophilic pharmaceutical
products, for example not only paclitaxel and other taxanes, but aiso rapamycin and
related substances become particularly easily detached from the balloon surface in
aqueous media, blood or tissue and go into solution when the coating of the
medicinal products is carried out with solutions of substances in chloroform or
dichloromethane or other highly volatile chlorine and fluorine compounds.

Further suitéble measures for accelerating the detachment of lipophilic active
substances and/or active substances that are sparingly soluble in water are the use
of volatile hydrophilic organic solvents particularly methanol, ethanol, propanol,
formic acid, acetic acid, tetrahydrofuran (THF), acetone, 3-pentanone, esters of
carboxylic acids in particular methyl formate, ethyl formate, methyl acetate, ethyl
acetate etc. and mixtures of these substances with water. One particularly preferred
form of coating with, for example, paclitaxel does without any additional coating of
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of the balloon material and its surface structure (snmooth or texturised),

I ndependent of whether it is tightly folded or |oosely folded or whether it
is partially or conpletely expanded, independent of the size and the type
of balloon and of the individual batcB8s of balloons used. The novenent of
both the ball oon and the conponent for transferring liquid conbined with
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substances are formed without any technological outlay. In one specific case
paclitaxel crystals are formed which adhere strongly to the folded balloon. When the
balloon is expanded, for example in constricted arteries, they are almost completely
detached and are to a large extent transferred to the tissue.

The crystals slowly dissolve there — as is known from pharmacy — and over a certain
period of time this ensures that there is an effective concentration of pharmaceutical
product. The application to the balloon is significantly more straightforward using the
dosing process described above. With regard to the dosage it is more accurate than
that described in WO 2007/090385. Not having a matrix substance has the great
advantage that the compatibility of the matrix with the active substance, its long term
stability, its effect on the balloon membrane and its biological tolerance do not have
to be tested. Additives can affect the adhesion of preassembled stents, for example
when the adhesion is reduced and the stent is prematurely lost or when the adhesion
is increased and the stent is not released from the balloon after expansion; in both

cases the patients are endangered. The reduced load on the balloon by not having
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the active substance, its long term stability, its effect on the balloon
menbr aneadditives andicontagi i maniner imwbichovhen thexfalded balloon is introduced into

an artery at least 70% of the paclitaxel, preferably at least 80% and more preferably
at least 90% of the paclitaxel remains adhering to it and where when the catheter
balloon is expanded in a restricted artery it is immediately released.

Soluble, water-soluble or micro-particular matrix substances can be added to the
liquid preparations for coating, as is already known, where the particular matrix
substance can also be the active substance itself. The selection of a suitable additive
is in most cases dependent on the active substance, the solvent and the surfaces of
the balloons. Examples of suitable additives that encourage detachment of the
coating are ascorbic acid, urea and polyethylene glycol preferably in the molecular
weight range from around 5000 to 20,000Da. On account of the unfavourable effect
of the loading on the diameter and flexibility of the coated balloon the total loading of
the balloon (active substance and additive) i.e. the total dose of all non-volatile
components applied to the balloon membrane should preferably be below 10ug/mm?
and more preferably below 5ug/mm? balloon surface in the expanded state and
additives should be applied at a rate of preferably below1pg/mm? balloon surface and
more preferably below 0.3ug/mm?2.
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coat ed bAm d&Gardiod reparted abauti anglight inhibition of neointimal proliferation using stents
coated with methotrexate which slowly released the active substance from a polymer.
The use of methotrexate for coating catheter balloons is disproportionately more
difficult, because the water soluble active substance dissolves quickly, even before
the balloon has reached the stenosis in the blood vessel. For arsenic trioxide efficacy
after the slow release from a polymer matrix was also described (Yang W, Ge J, Liu
H et al. Cardiovascular Research 2006;72:483-493). The restriction of
pharmaceutical products to lipophilic substances places undesirable limits on
selection with regard to efficacy, activity profile and availability. It is indeed from the
water soluble, less lipophilic substances that extraordinarily effective active
substances can be found. Despite their completely different physicochemical and
pharmokinetic properties it was surprisingly found that like lipophilic pharmaceutical
products water soluble and/or hydrophilic active substances could cause long lasting
effects from an exposure of cells lasting only a short period of time. Surprisingly there
was no need to compensate for the rapid dilution of these substances by means of
sustained release from a reservoir implanted for long term use.




-

t he bal |l oon (active substance and additive) i.e. the total dose of all
non-vol atile conponents applied to the balloon nenbrane should preferably
be below | OQpg/ M2 and nore preferabl éGbel ow 5pg/ m®2 bal | oon surface in the
expanded state and additives should b& applied at a rate of preferably

bel ow pg/ 2 bal | oon surface and nore preferably bel ow 0. 3pg/ m2. 25 The

bresent pkRid At el BcURABSINS s HdrRAfe AReNSH RyarbBi! FibidipSehaty oo

menbr ane o cat ete oon I's COa
subst and¥ateyi spjub l@peha@nawcabr farc administeatione byagwansi of £oatechmedieinabr a

sold tr 'p)‘bdﬁ@t%' ssrt@huarrg%auobﬁmﬁaw esddrlf@ g)* Waf@fréo?&blé éﬂgsféﬂcégté‘ubheéhe

glycol in | ecul a e fro I'tons, or a

preferrdf PErapanyfdn ?Haé*é J%'V t'Y‘ﬁaﬁw'ﬁEQeY ﬁommt&]toa@ h¢"§é@tth%ﬁﬁ e’ Ple
3@?2? agcotpelclabgtéarmand Of“"“by fﬁ@ﬁ@g@@aﬁ]&g& ﬁa&@@nﬁrnéahw@neaﬁws e:x@%ruhed
di f f er erf2'R® 'lé) tﬁﬁ%agdcﬁ t'l%g{%@ they B'P'yt ‘i? E ([? ¥’?ﬁa¥?sc%dwﬁ\l Hwaﬂ axi s
;)f artermebhahne@la@tﬁessteg %’lﬂbtoe)tmisg)rﬂbﬂﬂm ﬁa?v&hgm eyr ﬂlbbinyedgainshthe i
I ssue IC elrrec 1 L1L.C ru rer

1 oar od VERGHAY Sedt AT ftiooSb oo B3N et SR iR HikRentE of Bestbiweatiir
Speci f i aonembdame lipids iHydrephelid substances mmiheiedthemhlaad disselve abn tthenﬁqsbrt

t t US
6 506, 160t Wi BRRCQT Wi bloBF Bhh i Tost b Grel B hloiG mgy iddn ik
wer e i rtargeted e lacatient eHydnm@hulwersubstalneesethe‘reforelsgeneraﬂysameag protectieexanpl e
th t t t d
(he coat ngaiies BUBY1dka 10"k IAGALY, WhERRAL) ofo RS RREFIR Gy 0V
149: 415-time;that elapses hatwgen ttxerfu'al gontaat ot@aﬁsmngé rpedicingl pyedudl Bwith al .
J Am CO'é &'HLB' I%l@%tﬁ’gl&ﬁ]{b?)exam@%éfo@ aﬁiw étb8lloéatipr kg

about a tion of neol nt prolif |on usihg stents coated
Wt h netmétar%taé"‘#ﬂlaéﬁh%tafﬁﬂﬁ rlecationitseifhe act | ve substance froma pol yner.

The use PhedEehiisufadsRobiidr n&oﬁé'dbﬁftffs%hﬁttﬁrfoﬁﬁhlbﬂ@% wrﬁcrdleﬁ@bpa%élavéwt ely
nor e d|f i cult, becauyse t wat er Zol ubl eﬂfzﬂhl ve s nce,. di ssol

T kil v TelaAse B Gotvn csubstasien ah 166 188 . haNeaclledical Soian in oty
vessel . é?mrertﬁemh@ éffé oty ilakt cﬁiefrlacmger pétied dfhmeslmé raés@esef hyampmlmol ynmer

matri x was, a esc
Resear cHIBIREONES 36e sfibsAgss Sbovid thke plake MifdRlal % B siimiahee
| i pophi | has sdehedibe site lofipharmactisgicaldatiohi and should nettaketplace eadibr.r egard to
efficacy, activity profile and availability. It is indeed fromthe
A surprising anomaly is shown by arsenic trioxide despite its hydrophilic character. It
can be appl_ied on the balloon surface as a solution, but does however adhere
strongly to the membrane after drying and is almost completely released on
expansion.

The problem with hydrophilic and/or water soluble active substances begins with the
application onto the surface of the medicinal products. Many of these surfaces, in
particular the catheters which are usually used only allow themselves to not be
wetted, or else to be very unevenly wetted by aqueous or other hydrophilic solvents.
A further significant property is the adhesion of the coating to the surface of the
medicinal product or specifically the balloon membrane. The evenness of distribution
of the coating and its adhesive properties are surprisingly clearly influenced by slight
changes to the surface. Surfaces that are treated with activated oxygen (‘plasma’)
therefore not only demonstrate an even distribution but in particular they also show
very good adhesion to the folded membrane and very good detachment of the
coating from the balloon when it is expanded. Similar results are obtained with
hydrophilically derivatised or hydrophilically coated membranes.
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sur f acesmehsuring device, preferably according to the process described above using a
volume measuring device. In the case of balloon catheters the balloons are coated
when expanded, when folded or in some intermediate state.

A further possibility for coating with hydrophilic and/or water soluble substances is
that the substances are not applied to the surface in the form of a solution.
Hydrophilic and/or water soluble substances can for example be applied in the form
of microparticles, or nanoparticles in liquids in which they are only slightly soluble or
they are precipitated from liquids in which they are soluble. This permits the use of
lipophilic organic solvents and the addition of lipophilic additives in combination with
hydrophilic and/or water soluble substances. Premature detachment of the coating is
prevented by coating the surfaces with preformed particles and if required by the
addition of lipophilic additives in lipophilic solvents.

Many hydrophilic and/or water soluble substances contain functional groups which
can become electrically charged. They can be soluble in organic solvents when they
are not electrically charged and be used for coating in this form. They can form
readily soluble or sparingly soluble saits. One preferred possibility for coating



particular the catheters which are usually used only allow thensel ves to not
be wetted, or else to be very unevenly wetted by aqueous or other
hydrophilic solvents. A further significant property is the adhesion of the
coating to the surface of the nedicin@B8 product or specifically the balloon
menbr ane. The evenness of distribution of the coating and its adhesive

properties are surprisi.n clearly influenced by slight changes to the
surface.mgglcfr?ﬁ!&'oaﬂgﬁ '§%gtqs@a? ﬁg%'ﬂgﬂ\y seluble,salis St \nysrerhilig agﬁ@r)water

t Iher ef ﬁrsbmme wﬂs!anbésod dm&miat\ﬁ?wp{ﬁnsgr?ﬁédmﬁé%ﬁﬂe éwidémfdmmﬁrhg?gbﬁfadt hey
al SO S very. goed,a S| on L e 10l de rane a ver 00
Get acnmabit BRVYinfbRea SB(UTRNE lich BES, faF piSTel: UReR 16 vt dne EhthelErGr atpe,
r esul 1(:]I s fallewirigt abnta;tt wvitth bldygdirinpihséitioal blyeath?j \gaides edthetersy or lcqiké | diiesot | %/h

t s . S Sl v e
o T CarGaadGitn biobd it bidct SReam the Bicacl BF i Shdinddinea BBl
| i mited rottcamcelledbut by the/fanydtionlof insolublgsaits sol vents such as net hanol

t hanol , ' - di les ol ' : i id,

acetic &'F’%%?%ﬂﬁ%‘xiéﬁ%é%%%ﬁﬁ@%‘ﬁ?%a%&“%?@d@%ﬁﬁé%&'ﬁ%@%ﬂ?ﬁa@%am- de
etc., mifellawing s detachment from thenimedieinahpradust. This ¢ompletely satisfies dhe

| fo obLoof ; ; ; 4
oo bas aetulramEe for e Sxttfiaify sthaff ahfbuths oF of@fndeedtdat pradlictwiin ac) £
sol vent sareahecassapbimbe effestive when adpinisieredlocally theesame pAnaiple Gasgbei nal

product sysdd forPfREpRINY witbN8oluple Sadifited STREERANGE So ANshatirighfl YeRMBIPEaRSUT €.
ic and/ or water s bl e subst ance

The hydrophi | u ) . can be di ssol'ved, as ch or

in the ?'%Pkﬁso? sparingly watef gelu lﬁs@aﬁﬂx %m%#%vglcﬁrﬁgt,e%as'kyéfqlﬁﬂhﬁ an%r

doxor ubi water solgisle Ugctiveosubistanse frof ?harﬁétﬁré \eadHmédtl for e cbrtain petlod @ft he
ur

coating of surfagces,.can be nmanufac ed using a suitable se tjan of
concent rBEcH: RGN Ui BraNRuAGHN of 3 alGen cRinlaEbetm Bk AeRial iktelPr & on,
andde (ﬂﬂemwla?ﬁi bEfore Yiee Kctuﬁydgmhmeg_t bbtheysubstaricekondo A Viscosity
study o -assoclatfon o oxXQrubliclin I n ueous sol.utl on
Phar i BuT e Toesuble A8 AR b8 brostu st Bilore ihe wisg p e TREToR B¢ ol $RRR: o
as t he osdlybleoswestancesefoy avatingrthe anedicingh poaducts: and tcainnthenebe usedtirthe he
menbr ane reet N | kel 1,88, HSeq: 1 Dt b . ¥ Al l
The coat i CheRbPETaiohE 8 Fuable”SaliRr dghils, OF sfglsed BletRay i 18 Ef e
pr ocessemediginalnpreducisnyithythe psalybiegformyinban sanuegpusr salytiore andn cin grganiane
measur i ngo eyt ﬁﬁlch@o@iﬁﬁé@a\’?ra&ciﬂrad*&&i\}e& F\\Z@‘rophfﬂi&%?g?rﬂ&%weh?ﬁr Q%Y\f‘edt's' ng
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are coat Bixtuighdrhecs@lventds them evaporatedi and the sugaee which haaiustdesnsgeated
is next treated with a precipitating agent for use with the hydrophilic and/or water
soluble substances so that the subsequent change into the insoluble salt or the
insoluble electrically neutral form can take place. The precipitating agent can be
applied in any preferred form e.g. by immersion, spraying, brushing or using a

volume measuring device.

Examples of physiologically acceptable sparingly soluble salts are calcium,
magnesium, zinc and iron (it) or iron (lil) compounds on the one hand and on the
other hand there are phosphates, sulphates, oxalates or also salts of ionic radio
contrast media such as diatrizoates.

The present invention therefore concerns the use of at least one low molecular
weight, hydrophilic active substance in the form of a sparingly water soluble salt or as
a sparingly soluble water soluble acid or a sparingly soluble base for the treatment
and prophylaxis of vascular diseases and also for the achievement of lasting effects
from one single treatment with immediate bioavailability.
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or a sol eantachieve a deswed pharmacological effect or else act as addltlves These
additional coatings can be solids or else they can be liquids as is the case with
certain lipids. Examples of additional coatings which are solids are sugar, sugar
alcohols, other neutral organic substances, lipophilic amino acids, salts of organic
and inorganic acids and bases, contrast media that are usually used in medicine or
dyes, anticoagulants such as heparin, platelet aggregation inhibitors such as
acetylsalicylic acid or salicylic acid and many others. The effectiveness of this kind of
special additional coating in protecting any given coating is to be tested on an
individual basis. Additional protective coatings are therefore preferably applied so
that the solutions are made using solvents in which protective coating is insoluble.
For example, acetylsalicylic acid (as an additional protective coating) is readily
soluble in ethyl acetate in which many hydrophilic and/or water soluble active
substances are very slightly soluble.

Additional protective coatings should be as thin as possible. An application of
<30ug/mm? surface area is preferred.
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sparingly water soluble formor particularly a salt that is sparingly

soluble i ter or, a,.base tha ariingly . sqluble in water or. an acid
that is y Coating &f | W‘&BPE’PC n 88&?]99’859 % qaélogﬂap?ﬁ'&f%f séﬂ"ih‘bl e
in water after appbaclﬁhxalntésmnbbeozma awh128tR0ane or the hydrophilic

bal | oon nenbrane or the hydrophilically coated balloon nmenbrane The | oss of

hydrophilic and/or water soluble active substances from nedicinal products
duri ng t [Goatiagi selUtidon:030rmf paclitalelmidn acetpre t89%) ethaonl O Ulsavist®o3g0 t he

(Schering AG, Berlin) 2%, by immersing it 4 times and allowing it to dry between
each immersion:

Number of Hg paclitaxel/ mm?
Type of catheter balloon

catheters . balloon surface standard deviation
standard, 3.5 to 15mm 5 3.4 0.5
hydrophilic, 3.5 to 5 2.8 0.2
15mm
standard, 3.5 to 20mm 8 5.0 0.5
hydrophilic 3.5 to 8 5.6 0.2
20mm

Conclusion: balloons with hydrophilic surfaces can be reproducibly coated.

Example 2 Coating with a micro-dosing device: comparison Wwith coating by
immersion



insertion sheath or guide catheter to the |ocation where the treatnment is to
take place can also be achieved by the subsequent coating with
physi ol ogi cal |y acceptable substances that are slowy or slightly sol uble
in water. In so doing these substances31can achieve a desired

phar macol ogi cal effect or else act as additives. These additional coatings
can be solids or else they can be liquids as is the case with certain

| i pids. Exanples of additional coatings which are solids are sugar, sugar

al cohol stn tioé Airst sefigs (st A0S BRTand! 8263205 2ach tirwPBiready fldébalidcts werd t s of
or gani c nd |nor Cf aci ds_and bases ontrast nedi a hat ar% ua &/ used
*n°medi GIRET BPMErRRL4 igee DocRAng Rl Risach cas2 fhay avéle SaoRiBbY | on
i nhi bi t(m'ledSbEi'Weea eaxhaMeraiomyﬂrletseamechcﬁvewblstaddewa@ad heditwise wsirigher s.

I o 5 TG sl B B B oA A o s

pr ot ect icoating sblutivas averetapplied asingthighlyvoldtie erganiedolventst hat t he sol utions
are made using solvents in which protective coating is insoluble. For
exanpl e, acetylsalicylic acid (as an additional protective coating) is
readily soluble in ethyl acetate in which many hydrophilic and/Astivevat er

sol ubl e active substances are very slightly soluble. Additi ongul’sgn#%gecti ve
coati ngs shoul d be as &dhkionaS p055| bd;&hceml?@tmplNm&;,-@ncﬁ‘tmggwpg surface
area is piesteored. 30 Additi pr oi tiyve coatings can_on t hendber hand
be applied pp a a bakret yf§r wa "e'\kheP t?ét}fﬁ' ef erMMARAVds ar gppayi Ng
and a very br| ef i nmersuesh- | N a furt subsstamcef erred enbodi nent the present
invention is therefore concerned with balloon catheters which B/EM™oat ed
with at | east one hydrophilic active substance or a preparati ggan £8b
contains at | east one hydrophilic active substance where a further out er
protective? & er3Pd7appPiel on Aop of IMMHMcoating infthe formdit

bi oconpatible material that is slightly or onl wUﬁ{uav\bwo&QJgubl e in water.
Bal | oon catheters are therefore preferred in which at t.one active
substance or at |east one hydrophilic active s‘??ﬁé’t'ﬁﬂ%é"‘fl ®foated with or
inpregnated with a layer that is slightly or only wluawsy sol uble in water.

The prote c netrate the er of a t| ubst an It can
for exanpl éég?’gns?é% afn'ﬂ%gt ancés whi c:?td hot hav %%H\So@ cal géFPects but
it can al s@7 (:i)nsBstﬂof faided y| saBi cyl i c3tmgg/mdl or hepa&mi1d.5pExanpl €36 tlﬁxlarrpl el

coati ng Ola8 ¥ O8R! ¢ By non- BY I OPMidelgimPal | 00N J5ALMGEH ers W40,

pacl it axel nos 3 and 128/1
329(3) 3.0-17  folded D 30mg/mi 2 x 12.5u 37100

Applying the dosage using the Hamilton syringe leads to a significantly more
accurate dosage on the balloon.

Uniformity of the dosage was also successful on balloons of different sizes (tests
390/ 391) and was more accurate than when coating by immersion (392).

Active
. substance
Condition Concentration Number of dosing
Test no . on the
Balloon  ofthe Solvent  of the active  operations and their
(n) balloon
balloon- substance volumes
Hg/mm?
mean % SD
390 (4) 3.5-20 folded A 30mg/ml 2 x 14yl 37101
391(4) 2014  folded A 30mg/mil 2 x 6l 36+0.1
Number of coatings

by immersion

392 (4) 35-20 folded A 30mg/ml 4 44104



Coating solution: 30ng paclitaxel/m in acetone 89% ethanol 9%
Uitravist(r) -370 (Schering AG Berlin) 2% by imrersing it 4 times and
allowing it to dry between each inmrergpon: Nunmber of aclitaxel/ m?

bal | oon Type of catheter catheters balloon surface standard deviation
standard, 3.5 to 15mm 5 3.4 0.5 hydrophilic, 3.5 to 5 2.8 0.2 15mm
standard, 3.5 to 20mn8 5 0 0.5 hydrophilic 3.5to0 8 5.6 0.2 20mMm

Sl o -gRHIBART oh the' 5, SRsenge clbrd I8¢ iGTthuainal X Bh o BaIRgRy
i rrm;r s} omas Invelstigatesd farresatchsm!frIB ﬁsﬂmrﬂm IongsPTAZ&lhmds&ﬁGSrﬂﬁﬁ)ilametFrtThm 3

e | 0
tnd 1 CAEOnSweReARAS 10T Rind P Brép iRy B BeSeRE 048 o) o
t he act |&{Erat\mwmgethnalslaaplmn syringa (seeufigurg 1)10r by impiersion @@eeflgw‘euZ)L on
and a H"Tﬁ g@ﬂteq?o?qge urbsf l'ﬁythle'}ﬂ@ce bf %{:\fk%r’t W?—zrre rﬁQé‘éLLrBH Ffhg't | ONs

vere app usi ng VO organi’c so ven stance
condi ti ofP bGnden&heatllusﬁﬁaﬁ/@mﬁevalye efoat ommgbem:amn@oaﬁsmms kaithe Avesage he
Sol vent rit d%?ﬁbdtéd@é Hfﬁé% I 89éh tHbsUtdRce pg/ mm
mean SD@jaSZy(S) 17ef rﬁr@'ﬂer%ﬁ |?n1t|i§9?erf€6ioyl dﬁ nber of dosin
oper at i ohRe Sidribtia nr of the active substance on the Iongltudmal axis of the balloon afte
application using the dosing operation is in no single case more uneven than using
immersion, or rather it is in fact more uniform than immersing the balloon (see figures

1and 2).

Example 3

Device to apply the coating solution for use on the balloon:

Preferably using a needle with a narrow lumen which is 2 to 10cm long with
proximally a connection to the micro-dosing apparatus, the distal end is closed. The
needle has an outlet at the side in the form of a curved recess which fits the
curvature of the balloon (see figure 3).

Example 4 Coating the balloon catheters with methotrexate
Coating solution:

30mg methotrexic acid + 100pl sodium bicarbonate (7.5%) + 900ul methanol (coating
with 2 x 16, corresponding to ~ 4ug/mm? balloon surface) '

Balloons: 3.5 to 19mm
Additional coat: Ultravist®-370 + hydroxyethyl starch (HES) 10 % (1:1 by volume)
+ 30mg methotrexate/ml applied by immersing for a short time

Stents: stainless steel, balloon-expandable 3.5 to 18mm
Content of active substance: 5.3ug/mm? balloon surface
Example 5

The efficacy and tolerance of coated balloon catheters according to example 5 in
overstretched coronary arteries in pigs



volumes 326 (3) 3.0-17 folded A 30nmg/m 2 x 12.5pl 3.6 0.0 327 (3) 3.0-17
folded B 30ng/m 2 x 12.5pl 3.6 0.1 328 (3) 3.0-17 folded C 30ng/mM 2 x
12.5pi 3.8 0.1 329 (3) 3.0-17 folded D 30nmy/m 2 x 12.5p1 3.7 0.0

Appl yi ng the dosage using the Hanmilton 89ringe leads to a significantly nore
accurate dosage on the balloon. Uniformty of the dosage was al so successful

bal | f. diff i tests . 390/ 391 3 te.th
when coattosy SehaleE ik, Spags)0. Abtamivk Guiiierahaih ok . BiSkame Gt i on
Nunber ofPalsitaxey batisdn mam;{)t aenov@imethod fdr precetidry and tivéraph of aesteviesis.

ggerggbo?zﬂ,&ggg&ggbé%l(ﬂ@d%i | pon Dball oon- substance volunes Ng/mi nean i

my/m 2 x 14pl 3.7 0.1 391 (4) 2.0-14 fol ded
A 30ng/ niStenis aete dmplanted iNonpigs with theathielpysf myethatrexate woated of A)ncdated0

folded A ' 4 .3 ' ' ' { ' S '

al ong the@pﬂﬁé'mb&ﬁ?é%féag%t%fso?‘ f&egge\g%?%gﬂré; g%\%ﬁg °f§hvee§$?%§§t£°§??§#‘%e@%f 3
x 100nm liadie Rea obihexsiast was Breasurethesing quantitativalangiogsapiyt.e cut into 10mm
| ong pieces after coating with either the dosing operation using the
Ham | ton syringe (see figure 1) or by imersion (see figure 2). The content
of the ad®@switssubstance in the pieces of balloon were neasured using HPLC.
In the illustration a value of 1 on the y axis corresponds to the average
guantity i ' ' e Tt
di stribution. The distribution of the acéPREokubst Methotiaxatee | ongj t udi nal
axis of the balloon after application ushjeg the dosigggperationTs in no
singl e case more uneven tham usSing T NMMersiom, Oor ratner 1t 1s in ract nore

uni form than i pERFsHcE Yidniet]Aimjo0on (see 44 g ss 2.30 +0.39 0.495
Stent diameter [mm] 2.64+0.13 241 +0.29 0.045

Rate of overexpansion [-] 1.11+0.14 1.07+£0.20 0.068

Reference diameter 28d [mm]) 2.35+0.39 2.38+0.26 0.840

Minimum vessel diameter 28d [mm] 1.54 £ 0.32 1.74 + 0.41 0.273

Late lJumen loss [mm] 110+ 033 ° 0.67 £0.39 0.025

The late lumen loss means the amount by which the original coronary artery lumen
diameter decreases due to excessive cell growth within 4 weeks. With blood flowing
through them the original coronary artery lumen diameters were 2.64mm and
2.41mm respectively. In the control group (no methotrexate) the late lumen loss was
1.1mm and in the group treated with methotrexate the late lumen loss was 0.67mm.
Methotrexate has significantly reduced (p<0.025) the unwanted proliferation of the
arterial wall which constricted the vascular lumen.

Example 6 Coating of balloon catheters with thalidomide

Falcon Bravo RX 3.5 to 20mm, Invatec S.R.L., Roncadelle, ltaly 8 items;

Coating solution:

Dimethylformamide + 50mg/ml thalidomide

Coat each balloon 2 times with 8yl and leave to dry for at least 12 hours after each
coating.

Afterwards immerse 4 balloons for a short time in 50mg trimyristine in 3ml warm ethyl
acefate.



1 and 2). Exanple 3 Device to apply the coating solution for use on the
bal |l oon: Preferably using a needle with a narrow | unen which is 2 to 10cm
long with proximally a connection to é?e m cro- dosi ng apparatus, the distal
end is closed. The needle has an outl at the side in the formof a curved
recess which fits the curvature of the balloon (see figure 3). Exanple 4

Coat i t | t{Ret; Mt h ' | wtd ;
ot hot P o i ek 53 18 RSt halth, e Guftocopthefr A4 19, 1 mBltto W B ot ng

with 2 XCOrepary agenycafadmig Mpt expandsd) and than withdrawps ApalysisavsingdPLS, 5 t o

by ol sy Pne:, (VST SYrhmeNy> G18 U, 200K SN mobe Bhast e by (1

% encs: Qs COTREBEOn IR St outan pbhs 31 2% By hiluesh aeangriea S v o

subst anaal/min; Jegéctich: 2aB00MN. surface Exanple 5 The efficacy and tol erance
oon catheters, accor,

of coat bal h | to exanpl e ' verstretched

cor onar 1 1 PaJREE (AR yaS Rl ats 00t B raBe o 2495 of e Bt hRiance

Ber Ehgr ]gmn the Edynto!%hel%@oaa%gafﬁerie@anbi backe thé dlaliooms adich were nat mmadaédo

nmet ho / . eV 0] of NEr A enost 4 (] . :
510-4 s EUAQaI T Uooh T, B89 K nfcialer BORirty ot i@t riides 12 o
or uncoaadhesigreofithedhaliderhideda tbebalboanr.s. After 4 weeks the extent of the
constriction of the lumen in the area of the stent was neasured using
quantitative angi ography. Results: Control Methotrexate n=9 n=8 p
Referenmm&fer Pating of bailoop cathetemowitly ag®eni: UvRidet ent di ameter [mMmi 2. 64
0.13 2.41 0.29 0.045 Rate of overexpansion [-] 1.11 0.14 1.07 0.20 0.068

Ref erence di aneter 28d | 2.35 0.39 2.38 0.26 0.840 M ni mum vessel
di anet erF3lgan Brayo RXs3.5 tg 20mn, invates 3R b., Rogadelle, ltaly 12 items

Coating solution:

50mg As;03 are dissolved in 1ml water for injection; the solution is diluted with 3ml
acetone or methanol.

Coat each balloon 3 times with 25ul and leave to dry for at least 12 hours after each
coating.

Loss by means of the insertion sheath, the guide catheter and by 1 minute in a
coronary artery of a pig (not expanded) and then withdrawn, or following expansion in
a coronary artery for | minute; analysis by atomic absorption spectrometry after
ashing.

The balloons lost on average 25% of the active substance on the way to the coronary
arteries and back. After expansion in the arteries on average 13% of the dose
remained on the balloons (in each case n=4).

Example 8a Control of adhesion using just the solvent (series 1)

Falcon Bravo RX 3.5 to 20mm, Invatec S.R.L., Rocadelle, Italy 12 items

Each balloon was coated in the folded state with 3 to 4pg/mm? paclitaxel and was
tested for loss of the active substance during expansion in the dry state as defined
under ‘Definitions’.

Acetone 21%
Dioxane 12%
Dimethylformamide 24%
Dimethylsulfoxide 66%
Acetic acid 4%
Isopropanol 19%

Tetrahydrofuran 4%



Late lumen loss [mm 1.10 0.33 0.67 0.39 0.025 The late lunmen | oss neans
t e anobunt by which the original coronary artery lunmen dianeter decreases
due to excessive cell growh within 4 weeks. Wth blood flow ng through
themthe original coronary artery | umedP di ameters were 2.64nmand 2. 41mm
respectively. In the control group (no nethotrexate) the late |unen | oss was
1.1 mmand in the group treated with nethotrexate the late | unen | oss was
0.67mm Methotrexate has significantly reduced (p<0.025) the unwanted
prolifefxampledb t he EGontol af adiwdsiombsing justikée additied df waters to the limiten.

Exanpl e | f r | |, i ] : ravo RX 3.5
o 20mmo PRUEIERocatBPin B AnGARRRR'THE HY bt BBl GeFi8R 27 10,

D net hyl formanmi de + 50ng/ m thalidom de Coat each balloon 2 tinmes with 8pl
and | ea r at |east 12 hours aftefo,each coating. Afterwards

i mrer sevl%tﬁaﬂyﬁi)dcﬁ%iaﬂf or a short tine in 50m§g{°ri nyristine in 3m warm et hyl
acet at e Tetrabydiofaranoyitrd @¥swaterttyevaluser t i oiesheat h, the guide catheter and
by 1 m Mgkl BroturafORRI20Y, alétby RurdeP! oidoot expanded) “and then

wi t hdrawn. Anal ysis USI5{9 HPLC,  “columms: MAters Symmetry, C18, Spm 25cm X
4. 6nm iahydpsuran: with &7 s, waigs hyolwme 1M 3iweoni um acetate buffer pH 5.5 and
28% by vol une acetonitrile, 0.8 m/mn; detection: at 300nm The ball oons

treated with trimygistate | ost an aver of % of the active substance on
the. vy BXambie % o(alng spsfaontader WIS eHaTRIRTARE whi ch wer e not
treated wth trinyristate lost 95%i.e. the trinyristate coating had
significantlyoinpr h adhesi on t hg thaligdom t he bal | oon.
Exanpl e%lw};ﬁ% %Xe“gg}t? 28“"@%”@'? r@kﬁi"t EOQFg%?‘IfécWPS’?%QEW 'Fal con Bravo RX
3.5 to ZXpatinglsolatioc S. R L., Rocadelle, Italy 12 itens Coating solution:
50ng As2(3 are dissolved in Im water for injection; the solution is diluted

with 3nml acetone or nethanol. Coat each balloon 3 tinmes with 2Spl and | eave
to dry fi@mgureadissolyed imdmd watert 9ou detrahydsofuran +1500meppaciitaxal of t he

i nserti beactﬁ'\%aéébh 69%&%%\3% lqghpr and by 1 mnute in a



coronary artery of a pig (not expanded) and then w thdrawn, or follow ng
expansion in a coronary artery for | mnute; analysis by atom c absorption
spectronetry after ashing. The balloons |ost on average 25% of the active
substance on the way to the coronary ar8@ries and back. After expansion in
the arteries on average 13% of the dose remained on the balloons (in each
case n=4). Exanple 8a Control of adhesion using just the solvent (series 1)
Fal con Bravo RX 3.5 to 20mm |Invatec S.®aims Rrocadelle, Italy 12 itens Each
bal | oon was coated in the folded state with 3 to 4pg/ nm®2 paclitaxel and was

tested for, |l oss of the active subst{ance duri e nsion,in the dry state as
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the it of Teat AN ate SibsaRte bty o3aT Snta surtate i sHan) e togFa(least
tenperature (ome astid substangbyidr imediatélyo releisedhwiienf theavativeter Balléomisr
by vol une 3% Bg@rﬁgéarofuran with 20% wat er by vol une 16% Tetrahydrof uran
wi th 37% wat er 37 unme 37% Exanple 9 Coating a balloon catheter with the
addition of urea Falcon Bravo RX 3.5 to 20mm Invatec S.R L., Roncadelle,
Italy 8 itgens; ' INQRY 4 0.4 d] dil ;Ilm +
t et rahydrofur éoﬁ b%ﬂg%%%t@%%ﬂa{c%gu@?%aqﬁlﬁg1 gg@%@bgﬁ Bgfrilb once&ﬁmﬁﬁ]elgﬁlme%
Claims 1. A ba&atkeiar bg{fm srirgated withragtivategioxygen. bal | oon with a hydrophilic
or hydrophilised ball oon nenbrane where the ball oon nenbrane is coated with
at

3. Aballoon catheter according to claims 1 or claim 2 where the catheter balloon is
additionally coated with optional additives.

4. A balloon catheter according to claims 1 to 3 where the radius of the catheter
balloon is increased by more than 15%, preferably by more than 30% and more
preferably by more than 60% following the complete unfolding by means of an
pressure increase applied inside the catheter balloon.

5. A balloon catheter with at least one active substance that lies open on the
surface which is immediately released when the catheter balloon is expanded
and where the radius of the catheter balloon is increased by more than 15%,
preferably by more than 30% and more preferably by more than 60% following
the complete unfolding by means of an pressure increase applied inside the
catheter balloon.

6. A balloon catheter according to one of claims 1 to 5 where the catheter balloon
has a bursting pressure of below 10,000hPa, and preferably below 5000hPa,
more preferably below 4000hPa and even more preferably below 2000hPa.

7. A balloon catheter according to one of claims 1 to 6 where the catheter balloon
has a diameter that is at least 20% greater than the reference diameter of the
artery.



| east one active substance lying open on its surface in such a way that at

| past one active substance is immediately rel eased when the catheter

bal l oon is expanded. 2. A balloon catheter according to claim1 where the
bal | oon mermbrane of the catheter balI9bn is treated with activated oxygen.
3. A balloon catheter according to clainms 1 or claim2 where the catheter

bal | ' ddi i I d with opti | .addifi 4. A bal
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bal | oon has Isetublecamplexi th at -1 east one hydrophilic active substance or

with at | east one active substance together w th at |east one hydrophilic

additive. 9. A balloon catheter according to one of clains 1 to 8 where the
bal | oon 10nenté deloon catbetest aeaosdingatd one 0f claisised toi Shwihere dhet baklleoract i ve

substance | yhanpatlloPhe dinaidt bafiSorl B Gl it |68 oril adtRB RGP | Ve
substance is Inmedi ately teleased on expansion an ere af least one water
sol ubl e act ilyisg e omte surface: feauchie way thatiatdegstenecactive subsiareg is or a
sparingly immediately released on expansion and where at least one active substance

has been converted to a sparingly water soluble form, particularly a sparingly

water soluble salt or a sparingly water soluble acid or a sparingly water soluble

base or a sparingly water soluble complex after it has been applied to the

balloon membrane or the hydrophilic balloon membrane or the hydrophilically

coated balloon membrane.

11. A balloon catheter according to one of claims 1 to 10 where the balloon
membrane or the hydrophilic balloon membrane or the hydrophilicaily coated
balloon membrane of the catheter balloon has been coated with at least one
hydrophilic active substance which is present in the mixture along with at least
one slightly soluble water soluble additive.

12. A balloon catheter according to one of claims 1 to 11 where at least one
substance or at least one hydrophilic substance is coated with or impregnated
with a slightly or slowly water soluble biocompatible layer.

13. A balloon catheter according to one of claims 1 to 12 where the catheter
balloon contains optional additional protective coatings.
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water soluble acid or a sparingly water sol uble base or a sparingly water
say ubl e conpl ex. 10. A balloon catheter according to one of clains 1 to 9
where the balloon nenbrane of the cathgter balloon is coated with at | east
one active substance |ying open on the®surface in such a way that at |east
one active substance is imediately rel eased on expansion and where at
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18 A balloon catheter according to one of claims 1 to 17 where the catheter
balloon provided with a smooth-walled balloon membrane is coated with an
active substance dissolved in an organic solvent which contains at least 1%
water and preferably at least 10% water, is dried and sterilised and where the
active substance is present on the balloon membrane in a crystalline form.

19 A balloon catheter according to claim 18 where the catheter balloon provided
with a smooth-walled balloon membrane is coated in the folded state.

20 A balloon catheter according to one of claims 1 to 19 where the balloon
membrane of the catheter balloon is smooth walled and is coated with
paclitaxel crystals lying open on the surface without any additive in such a way
that at least 70% of the paclitaxel, preferably at least 80%, and more
preferably at least 90% of the paclitaxel continues to adhere when the folded
balloon is introduced into an artery and is immediately released when the
catheter balloon is expanded in a constricted artery.
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25. A balloon catheter according to one of claims 1 to 24 suitable for the localised
treatment and prophylaxis of vascular diseases. |

26. A balloon catheter according to one of claims 1 to 25 suitable for the treatment
of changes to the vascular wall which do not significantly restrict the flow of
blood.

27. A process for the coating of catheter balloons including the following stages:
a) preparation of a catheter balloon,
b) preparation of a micro-dosing unit containing a coating mixture which is
not in contact with a gaseous phase,
c) the loss-free and even coating of the catheter balloon with the coating
mixture using the micro-dosing unit.
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