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3 The balloon forms a rigid cylinder which |ies against the vascul ar
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pol yét hyl ene glycol as an additive to a suspension of pharnmaceuti cal
particles: organic acids, salts, anhydrides, am no acids and peptides
I ncl udi ng fibrinogen, many functionally defined substances and
coatings (US 2008/0118544). Only a few,of these additives are really
useful and often this is only for certain active substances and
coatings. Many of the additives nentioned have effects which damage
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ensure that there is a controlled (i.e. prolonged) release. For this
pur pose the active substances are used in the form of capsul es e.
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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



surface equally accessible fromoutside. In WO 2001/ 052772 A this
problemis 7 addressed for various kinds of product by the use of a
vi brator during the coating process. Wth the exception of the coated
bal | oons described in EP 1 372 737 A and WD 2004/ 028582 A none of the
previ ously described ball oon catheters $roves itself to be effective
froma consideration of the inprovements in clinical success
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cavities Qhial6UeS NYREMGIpyRBRRMe! S): butylhydroxyanisol,  butylhydroxtoluene,
phosphorylcholine and polymers (WO 2004/022124); oils, fatty acids, faity acid
esters, contrast medium derivatives, amino acids, peptides, vitamins, o-
phosphoserine, neutral or charged amphiphilic substances, salts (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
monopaimitate, 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,



Active substance: A biological or nedically effective substance;
pharmaceuti cal substances are preferred i.e. permtted active
substances that contain pharmaceuticals; Additive:A substance w thout
any i ntended biol ogical effect; Matrix substance: A substance which
surrounds an active substance or holds ¥t firmy in sone other way;
the matrix itself may display a biological effect; Lipophilic
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can then becone effective by dissolution in the course of a | onger

period of tinme;, Low nolecular weight: Substances with a nol ecul ar

wei ght | e%’hetfnmwmgqnm@smdh@veefpee\amw +eenodescrined fparthe axlating yof the
preferredpsififda@0a; Hydrophilic / hydrophilised balloon nenbrane:
hydrophilic menbr anes consisting of materials which can be wetted
with water or with hydrophilic solvents; hydrophilised nmenbranes are
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which ¢ anApplg@ppn 5%(%69 ace yﬁmme\;@%pr by spraylng part fro 2 descnptl n 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
balioon 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



Open on the surface: Pharmaceuticals or additives which are not

i ncorporated into the balloon nenbrane or which are not incorporated
intg any |layers that are firmy attached to the ball oon nenbrane. For
exanpl e, they are not incorporated in any polyneric water-insoluble
coatings particularly any hydrogels tha® may not becone detached.

Open on the surface includes coatings which beconme covered by the
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anti hyperplastic, antineoplastic, antimtotic, cytostatic, cytotoxic,
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or antit hrYRREEGTe the following e disclesed a5 coatingPregessas: saraying &t 4 vacum,
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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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Preferred active substances that can be applied to the catheter

bal | oon are paclitaxel and other taxanes, rapamycin and ot her niTOR
(mapmal i an target of rapanycin) inhibitors, nethotrexic acid, arsenic
or arseni c conmpounds, bisnuth or bisnutg conpounds or thalidomde. In
a further preferred enbodi nent at | east one active substance is
present as a neutral substance which is sparingly soluble in water,
as a sal t Definitionss sparingly soluble in water or as an acid whi chis
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Preferred catheter balloons according to the TNVENtToOm Lhararore—
denonstrate two coatings, a |lower hydrophilic coating which adheres
securely and an outer detachable coating nmade from one active
substance or froma mxture containing at | east one active substance.
It is furthernore preferred when the gegerally |ipophilic balloon
surface is treated wth active oxygen to nmake it hydrophilic. The
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Furthernore—baleen—eatheters are preferred Tn which, arter tney nave
been conpletely unfol ded by increasing the pressure inside the

cat heter balloon, the radius of the catheter balloons increases by
nore than 15% nore preferably by nore than 30% and even nore
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The present invention further concerns a balloon catheter in which
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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

-
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increasing the pressure inside the catheter balloon, the radius of the catheter
balloons increases by more than 15%, more preferably by more than 30% and even
more preferably by more than 60%. '

The active substance or active substances and if required further additives adhere to
the balloon membrane and/or despite its lack of rigidity are surprisingly well protected
from being prematurely detached because of its structure or because of the folding of
the ready to use balloon. The structure of the balloon membrane in the contracted or
non-operational position i.e. without the balloon membrane being expanded can
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 freatment 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 evenly on the surface of the balloon. In the
administration of pharmaceutical products there are stringent requirements



standard deviation standard, 3.5 to 15mm 5 3.4 0.5 hydrophilic, 3.5
to 15mm 5 2.8 0.2 standard, 3.5 to 20mm 8 5.0 0.5 hydrophilic 3.5 to

20mm 8

18

concerning the accuracy of the dosage of the pharmaceutical form, which is, in this
case, the coating of the balloon. While accurate dosing procedures are well known in
pharmacy, in most pharmaceutical applications there is no necessity to distribute
active substances evenly across a surface. In addition the usual dosing apparatus
used in pharmacy and biochemistry mainly operate using aqueous solutions where
the vapour pressure of the dose does not significantly cause any difficulties.

In the patent specifications described below there are some vague indications of how
this problem could be solved. The significance of the problem is however not
recognized. In particular no processes were described which would enable the expert
to coat balloons in an economical and reproducible manner so that the products are
reliably effective in releasing the pharmaceuticals rapidly and completely at the site of
pharmacological action.

The coating processes disclosed in EP 1 372 737 A and WO 2004/028582 A
involving the repeated immersion of ordinary ready-to-use balloons (when folded) in
less viscous solutions of lipophilic pharmaceutical products and suitable additives
have produced a dose on the balloon which in the first instance was sufficiently
reproducible for medical use. One important insight was that despite the
inhomogeneous distribution of the active substances on the balloons in a radial
direction, which was caused by the folding of the balloon, on expansion of the balloon
an even distribution of at least one active substance is produced on the balloon
(Scheller B, Speck U, 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
balioon 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 resuit 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
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active substance is located only on the surface of the balloon which leads to
increased losses when the balloon catheter is introduced through the insertion
sheath, through the guide catheters and.through the preceding blood vessels.
Spraying, brushing and pipetting ensure neither a reproducible dose that can be
accurately predetermined nor the even distribution of an active substance on the
catheters. With the usual pipettes the exact measurement of the very small volumes
that are necessary from the preferred highly volatile solvents is just as difficult as the
even distribution of solution onto the batloon. The advantage of the process
described in WO 2007/090385 is the placing of the active substances underneath the
folds of the balloon.

A process according to the invention for coating medicinal products or parts thereof

(e.g. balloons at the distal ends of catheters) includes the following stages:

a) preparation of a catheter balloon,

b} preparation of a micro-dosing unit containing a coating mixture which does not
come into contact with a gaseous phase,

c) uniform coating of the catheter balloon with the coating mixture using the micro-
dosing unit and without any losses.

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 ifs 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.
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it is preferable that highly volatile solvents or chlorine compounds or fluorine
compounds with a boiling point below 300°C are used, and more preferably with a
boiling point below 100°C are used as solvents for the coating mixture. Furthermore
hydrophilic solvents or mixtures of at least one solvent or hydrophilic solvent with
water can be used.

The balloons are preferably coated in their folded form, but can however also be
coated in any other form using a suitably adapted device.

In order to achieve an even coating, the entire membrane from proximal to distal
including afl the folds should be simultaneously wetted with the coating mixture
during the coating process. This should however take place without any dripping of
the coating mixture.

A gel can also be used as the coating mixture. Here at least one of the active
substances can itself function as the gelling agent or take part in gel formation. The
active substance itseif can function as a gelling agent if a gel like coating mixture is
obtained, without any further gel forming substances being present beside the active
substance.

In addition 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 sait 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 suitable- 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.
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2) a device to hold the balloon preferably in a horizontal position where the
balloon in a preferred embodiment can be rotated around its longitudinal axis

3) a device for measuring microvolumes for the administration of solutions
preferably containing highly volatile organic solvents in which the volume to be
administered does not come into contact with any gaseous phase which could
affect the dose administered.

4) a component designed to transfer the liquid from the volume measuring device
to the balloon.

5) a solution containing at least one active substance and optionally one or more
additives.

B) The work stages:

1) calculation of the necessary volume for the coating of the balloon at the
desired dosage using the known surface of the balloon in mm? and the
concentration of the active substance in the substance

2) introduction of the catheter or the part of the catheter that hoids the balloon
into the mounting

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 bhalloon 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 liguid 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 fail 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 balicon and of the individual
batches of balloons used. The movement of both the balloon and the component for
transferring liquid combined with the complete wetting of the balloon using the
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coating solution does however effect a surprisingly uniform distribution even on fong
stretched balloons.

After coating the balloons can under suitable conditions be ready folded and/or dried,
stents can be assembled and the catheters packed and sterilised in the usual way.

The principle described above for coating can be realised by an expert using various
items of equipment and different devices in various ways which can be matched to
the needs of the objects that require coating. They are characterized by the accuracy
of the dosage and the placement of the dose, the uniformity of distribution of the
coating on the surface of the area to be coated including the penetration of the
mixture into the folds and other not readily accessible structures. it is simple and
cost-effective to manipulate, because the amount of material needed and the amount
of time needed are both minimal; the process is also easy to control and can be
automated. In particular the loss of the coating mixture in containers and as a result
of any unwanted distribution of the mixture onto the medicinal product or onto its
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 also 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 highfy volatile chiorine and fluorine compounds.

Further suitable 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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the original balloon membrane with other polymers, hydrogels or other carrier layers
for pharmaceutical products, for all additives and for complex mixtures of solvents.
Such coatings have previously proved to be largely ineffective (Scheller B, Speck U,
Abramjuk C, Bernhardt U, Bshm M, Nickenig G: Paclitaxel balloon coating - a novel
method for prevention and therapy of restenosis. Circulation 2004; 110: 810-814, WO
2004/028582, example 7; Cremers B, Biedermann M, Mahnkopf D, Bshm M,
Scheller B. Paclitaxel-beschichtete PTCA-Katheter: Gibt es Unterschiede? Einfluss
von PACCOCATH®- und DIOR®-Ballonkathetern auf die Neointimaproliferation an
Schweinekoronarien (Paclitaxel coated PTCA catheters: are there any differences?
The effect of PACCOCATH® and DIOR® balloon catheters on neointimal
proliferation in coronary arteries in pigs) Clin Res Cardiol 2008; 97- Suppl 1: V1742).

Surprisingly the crystal structure and the adhesion of paclitaxel to the balloon
membrane is able to be very precisely controlled by the addition of a small amounts
of water to a solution of paclitaxel in, for example, isopropanol, tetrahydrofuran,
dimethyiformamide or acetic acid or mixtures containing these solvents. Preferred
solvents are (a) those that lead to a very strong adhesion of paclitaxel to the balloon
membrane and (b) those that dissolve at least one per cent by volume of water at
room temperature. From these simple solvent mixiures crystals of the active
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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an additive is also advantageous because the additionally applied substance makes
the necessary tight folding of the balloon more difficult. A smaller external diameter is
necessary for the balloons to pass through narrow stenoses.

Further embodiments according to this invention concern catheter balloons with a
smooth walled membrane that is coated with an active substance dissolved in an
organic solvent which contains at least 1% water, preferably at least 10% water,
which is then dried and sterilised and in which the active substance is present in a
crystalline form. Here it is preferred that the catheter balloons with smooth walled
balloon membranes are coated in the folded condition.

A further preferred embodiment of this present invention concerns the balloon
catheter in which the balloon membrane of the catheter balloon that is coated with an
active substance dissolved in an organic solvent which contains at least 1% water,
preferably at least 10% water, which is then dried and sterilised and in which the
active substance is present in a crystalline form.

A further preferred embodiment of this present invention therefore concems the
balloon catheter where the balloon membrane of the catheter balloon is smooth
walled and is coated with paclitaxel crystals that lie open on the surface, without any
additives and coated in a manner in which when the folded 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 itseif. 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 10pg/mm?
and more preferably below 5pg/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 0.3pg/mm?.
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The present invention further concerns a balloon catheter in which the balloon
membrane of the catheter balloon is coated with at least one active substance lying
open on the surface and either ascorbic acid or urea or a sold triglyceride at room
temperature like trimyristin or polyethylene glycol in the molecular weight range from
800 to 20,000 daltons, or any preferred mixture of the these in a manner in which at
least one active substance is immediately released when the catheter balloon is
expanded.

Water soluble and/or hydrophilic substances

Previously there were two different classes of compounds for the localized treatment
and prophylaxis of arterial diseases: ‘... hydrophobic drugs, which are retained within
tissue and have dramatic effects, and hydrophilic drugs, which are rapidly cleared
and ineffective’ (Levin AD, Vukmirovic N, Hwang C-W, Edelman ER. Specific binding
to intracellular proteins determines arterial transport properties for rapamycin and
paclitaxel. PNAS 2004;101:9463-9467). .

in US 6,306,166 it was explicitly stated that it was mainly active substances that were
insoluble in water that were selected for use in coating.. For example the coating of
stents with insuificiently lipophilic substances had proved ineffective for restenosis
prophylaxis (Muni NI et al. Am Heart J 2005;149:415-433; Kiesz RS et al. Circulation
2001;103:26-31; Kutryk MJB et al. J Am Coll Cardiol 2002;39:281-7). Huang y et al.
Am J Cardiol reported about a slight 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 disproporticnately 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;72:483-483). 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 physicochemicai 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.




Concentration Nunber of dosing on the (n) Balloon of the balrtoon-
Sol'vent of the active substance operations and their vol unmes ball oon

pgi,mMm?

26

Problems that are difficult to solve arise from the use of hydrophilic, mainly readily
water soluble pharmaceuticals for administration by means of coated medicinal

“products, particularly balloon catheters. Sparingly water soluble substances such as

paclitaxel or rapamycin and its derivatives largely continue to adhere to the surface of
the coated medicinal products when they are placed in insertion sheaths, in guide
catheters and in the blood; they only become détached from the vascular wail under
mechanical stress e.g. by the expansion of the balloon and by rubbing against the
vascular wall and if necessary they can be dissolved in the presence of proteins and
membrane lipids Hydrophilic substances on the other hand dissolve on the first
contact with water or with blood and are lost to a great extent before they reach the
targeted location. Hydrophilic substances therefore generally need protective
measures to be taken to inhibit their release when they are used during the short
time that elapses between the first contact of the sterilized medicinal product with
aqueous liquids (with blood for example) before arriving at the targeted location and
the actual arrival at the targeted location itself.

These measures should not be confused with formulations which effect a delayed
release of the active substance at the site of pharmacological action in order to
ensure that the effects last over a longer period of time. The release of hydrophilic,
water soluble active substances should take place immediately the active substance
has reached the site of pharmacological action and should not take place earlier.

A surprising anomaly is shown by arsenic trioxide despite its hydrophilic character. It
can be applied 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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Water is only suitable for use as the solvent for the application of hydrophilic and/or
water soluble active substances to a limited extent. Relatively hydrophilic organic
solvents such as methanol, ethanol, propanol, isopropanol, dimethylsulfoxide,
acetone, formic acid, acetic acid, ammonia, tetrahydrofuran, dimethylformamide,
dimethylacetamide etc., mixtures of these solvents with each other and mixtures of
these solvents with water where the pH of the solution can be adjusted using acids
and bases. It is preferable that solvents are to be removed before use. The solvents
are evaporated as far as possible before the use of the medicinal products, if
necessary using increased temperatures and a reduced pressure.

The hydrophilic and/or water soluble substances can be dissoived as such or in the
form of salts. In the case of anthracyclines, and particularly doxorubicin, viscous
solutions, which are surprisingly well suited to the coating of surfaces, can be
manufactured using a suitable selection of concentration, ion concentration,
preferably the sodium ion concentration, and pH (Hayakawa E, Furuya K, Kuroda T,
Moriyama M, Kondo A. Viscosity study on the self-association of doxorubicin in
aqueous solution. Chem. Pharm Bull 1991;39;1282-12886). Although these solutions
can contain water as the only solvent, very uniform coatings can be obtained even
when the membranes are rather lipophilic as used in the usual balloon catheters.

All the coatings mentioned above are applied according to one of the usuai
processes: by immersion, by spraying, by brushing or by means of a volume
measuring 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 liguids 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 salts. One preferred possibility for coating
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medicinal products is the use of sparingly soluble salts of hydrophilic and/or water
soluble substances. In this way premature detachment is avoided following contact
with physiological solutions which are, for example, used to wet the catheters or else
following contact with blood in insertion sheaths, guide catheters or else direct
contact with bloed in the blood stream. The efficacy of the pharmaceutical products is
not cancelled out by the formation of insoluble saits.

The sparingly soluble salt again releases the unchanged pharmaceutical substance
following its detachment from the medicinal product. This completely satisfies the
requirements for the extraordinarily small amounts of pharmaceutical product which
are necessary to be effective when administered locally. The same principle can be
used for hydrophilic water soluble additives. The change to a sparingly soluble salt
creates a sparingly water soluble matrix structure which protects a hydrophilic and/or
water soluble active substance from premature detachment for a certain period of
time e.g. during the manipulation of a balloon catheter before the actual dilatation of
the vessel and before the actual detachment of the substance.

The insoluble salts can be produced before the use of the hydrophilic and/or water
soluble substances for coating the medicinal products and can then be used in the
form of suspensions in suitable carrier liquids. A preferred method is to coat the
medicinal products with the soluble form in an agqueous solution or in an organic
solvent which contains water or in a relatively hydrophilic organic solvent or a solvent
mixture. The solvent is then evaporated and the surface which has just been coated
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 () or iron (1) 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 salf 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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balloon membrane

The loss of hydrophilic and/or water soluble active substances from medicinal
products during the manipulation of the device, in particular on the way through the
insertion sheath or guide catheter to the location where the treatment is to take place
can also be achieved by the subsequent coating with physiologically acceptable
substances that are slowly or slightly soluble in water. In so doing these substances
can achieve a desired pharmacological effect or else act as additives. 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 usuaily used in medicine or
dyes, anticoagulahts 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 fested 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 andfor 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.



33 Method: Scheller B, Speck U Abramuk C, Bernhardt U Bohm M

Ni ckenig G Paclitaxel balloon coating - a novel nethod for
preyvention and therapy of restenosis. G rcul ation 2004; 110: 810-4
Stents were inplanted into pigs with tgs hel p of methotrexate coated
or uncoated (control) balloon catheter After 4 weeks the extent of
the constriction of the lumen in the area of the stent was neasured
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n=8 Re‘L erer{ﬁe pre\%rred metF\ are spraymg and a very br?ef immersion.
in a further preferred embodiment the present invention is therefore concerned with
balloon catheters which are coated with at least one hydrophilic active substance ora
preparation that contains at least one hydrophilic active substance where a further
outer protective layer is applied on top of this coating in the form of a biocompatible
material that is slightly or only slowly soluble in water.
Balloon catheters are therefore preferred in which at least one active substance or at
least one hydrophilic active substance is coated with or impregnated with a layer that
is slightly or only slowly soluble in water. The protective layer can penetrate the layer
of active substance. it can for example consist of substances which do not have
biological effects, but it can also consist of acetylsalicylic acid or heparin.

Examples

Example 1 Coating of hydrophilic and non-hydrophilic balloon catheters with
paclitaxel: test nos 102/103 and 128/129

Coating solution: 30mg paclitaxel/ml in acetone 89%, ethanol 9%, Ultravist® -370
(Schering AG, Berlin) 2%, by immersing it 4 times and allowing it to dry between
each immersion:

Number of pg pacdlitaxel/ mm?
Type of catheter balloon o
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 with coating by
immersion
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In the first series (test nos. 323 and 326-329) each time 3 ready folded balloons were
either immersed 4 times in coating solution A and in each case they were thordughiy
dried between each immersion, or else the active substance was applied twice using
12.5pl of the same solution and a Hamilton CR-700 constant rate syringe, or 3 further
coating solutions were applied using highly volatile organic solvents.

Test no

(n)

323 (3)

326 (3)
327 (3)
328 (3)
329 (3)

Balloon

3.0-17

3.0-17
3.0-17
3.0-17
3.0-17

Condition
of the
balloon-

folded A

folded
folded
folded
folded

L B o T = « B =

Solvent

Active
substance
Concentration Number of coatings
on the
of the active by immersijon
balloon
substance
pg/mm?
mean & SD
30mg/mi 4 41207
Number of dosing
operations and their
volumes
30mg/ml 2x12.51 3.6+00
30mg/ml 2x12.5ul 36101
30mg/mi 2 x12.5ul 38101
30mg/mil 2 x12.54 3.7+00

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).

Test no
{n)

390 (4)
391 (4)

392 (4)

Ballocon

3.5-20
2.0-14

3.5-20

Condition
of the
balloon-
folded A
folded A
folded A

Solvent

Active
substance
Concentration Number of dosing
on the
of the active  operations and their
balloon
substance volumes
ugimm?
mean £ SD
30mg/ml 2 x 14ul 37101
30rng/rmi 2 x Byl 36+0.1
Number of coatings
by immersion
30mg/m! 4 44 +04
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immersion, or rather it is in fact more uniform than immersing the balloon (see figures
1 and 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
needie 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 + 100ul sodium bicarbonate (7.5%) + 900u1 methanol (coating
with 2 x 16, corresponding to ~ 4ug/mm? balloon surface) '

Balloons: 3.5 fo 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
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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 8 Coating of bailoon catheters with thatidomide

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 ieast 12 hours after each
coating.

Afterwards immerse 4 balloons for a short time in 50mg trimyristine in 3ml warm ethyl
acetate.
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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. Analysis using HPLC,
columns: Waters Symmetry, C18, 5um, 25cm x 4.6mm, mobile phase: 72% by
volume 0.01M ammonium acetate buffer pH 5.5 and 28% by volume acetonitrile, 0.8
ml/min; detection: at 300nm.

The balloons treated with trimyristate lost an average of 28% of the active substance
on the way to the coronary arteries and back, the balloons which were not treated
with trimyristate lost 95% i.e. the trimyristate coating had significantly improved the
adhesion of the thalidomide to the balloon.

Example 7 Coating of balloon catheters with arsenic trioxide

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

Coating solution:

50mg As,0s are dissolved in 1ml water for injection; the solution is diluted with 3ml
acetone or methanol.

Coat each balloon 3 times with 25pl 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, ltaly 12 items

Each balloon was coated in the folded state with 3 to 4ug/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%
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Falcon Bravo RX 3.5 to 20mm, Invatec S.R.L., Roncadelle, Italy 8 items;

Coating solution:

70mg urea dissolved in 1ml water + 9ml tetrahydrofuran + 500mg paclitaxel
Coating each balloon once with 18pl
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membrane or the hydrophilic balloon membrane or the hydrophilically coated balloon
membrane of the catheter balloon has been coated with at least one hydrophilic active
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hydrophilic inactive substance.

8. The balloon catheter according to any one of claims 1 - 7, wherein the balloon

membrane of the catheter balloon is coated with at least one active substance, said



16. The bal |l oon catheter according to any one of clains 1 - 15,
wherein the ball oon nenbrane of the catheter balloon is coated with
an active substance dissolved in an organic solvent that contains at
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active substance is present on the bal|l oon nenbrane in crystalline
form 17. The bal l oon catheter accordi ng to any one of clains 1 -
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11.  The balloon catheter according to any one of claims 1 - 10, wherein the at least
one active substance or the at least one hydrophilic active substance is coated or

impregnated with a poorly or slowly water soluble biocompatible coating.

12.  The balloon catheter according to any one of claims 1 - 11, wherein the catheter
balloon contains any desired protective coatings.

13.  The balloon catheter according to any one of claims 1 - 12, wherein the catheter
balioon has been coaied with a preparation containing at least one readily volatile
solvent or at least one chlorine compound or fluorine compound having a boiling point of
less than 300°C.



25. A nethod for coating catheter balloons of a balloon catheter,
conprising the follow ng steps: a) Preparing a catheter balloon
havi ng a hydrophilic or hydrophilized ball oon nmenbrane, b) Preparing
a mcrodosing unit containing a coating conmposition that is not in
contact with a gas phase, c) Coating %he catheter balloon in a

| oss-free and uni form manner with the coating conposition using the
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15.  The balloon catheter according to any one of claims 1 - 14, wherein the coating
composition contains at least one hydrophilic solvent or a mixture of at least one
hydrophilic scivent with water.,

16.  The balloon catheter according to any one of claims 1 — 15, wherein the balloon
membrane of the catheter balloon is coated with an active substance dissolved in an
organic solvent that contains at least 1% water, and is then dried and sterilized, and

wherein the active substance is present on the ballcon membrane in crystalline form.

17.  The balloon catheter according to any one of claims 1 - 16, wherein the catheter
balloon having a smooth-walled balloon membrane is coated with an active substance
dissolved in an organic solvent that contains at least 1% water, and is then dried and

sterilized, and wherein the active substance is present in crystalline form.

18. The balloon catheter according to claim 17, wherein the catheter balloon having
a smooth-walled balloon membrane is coated in the folded state.

18.  The balloon catheter according to any one of claims 1 - 18, wherein the balloon
membrane of the catheter balloon is smooth-walled and coated with paclitaxel crystals
without additive, said coating lying exposed on the surface of said balloon membrane, in
that at least 70% of the paclitaxel continues to adhere when the folded balloon is
inserted into an artery and is released immediately into a consiricted artery when the
catheter balloon is inflated.

20. The balloon catheter according to any one of claims 15 to 19, wherein the
organic solvent contains methanol, ethanol, propanol, isopropancl, acetone,

tetrahydrofuran, acetic acid, dioxan or dimethylformamide.
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21. The balloon catheter according to any one of claims 1 - 20, wherein the
balloon membrane of the catheter balloon is coated with at feast one active substance,
which lies exposed on the surface of said balloon membrane, and either ascorbic acid
or urea or a triglyceride that is solid at room temperature, in a molecular weight range of
8,000 to 20,000 Daltons, or any desired mixture thereof.

22.  The balloon catheter according to claim 21, wherein the total dose of all non-

volatile components applied to the balloon membrane is less than 10 pg/mm?.

23. The balloon catheter according to any one of claims 1 - 22, containing
methotrexic acid, arsenic or arsenic compounds, bismuth or bismuth compounds, or
thalidomide.

24.  The balloon catheter according to any one of claims 1 — 23 suitable for the
localized treatment and prophylactic treatment of vascular diseases, andfor for the

treatment of vascular wall changes that do not significantly restrict blood flow.

25. A method for coating catheter balloons of a balloon catheter, comprising the
following steps:

a) Preparing a catheter balloon having a hydrophilic or hydrophilized balloon
membrane,

b) Preparing a microdosing unit containing a coating composition that is not in
contact with a gas phase,

c) Coating the catheter balloon in a loss-free and uniform manner with the coating

composition using the microdosing unit.

26. The method according to claim 25, wherein during the coating process, the
catheter balloon rotates on its longitudinal axis while the microdosing unit moves back
and forth along the longitudinal axis of the catheter balloon.



