1 Medical product with a particle-free coating rel easing an active
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t he 35 Bidildviainfgecy.hat, al t hough the ball oons are coated with the
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However, use of PTCA shows clear advantages in comparison to the stent, not least

because there is at no time after treatment a foreign body in the organism, resulting in

additional stress or being the starting point of after-effects, such as restenosis.

Therefore there exist linkages to work done in the late 80s concerning an active
25  substance releasing balloon catheter.

For example, different embodiments of balloon catheters are described, where holes
are disposed over parts of the hull in direct contact with the surrounding area and during
dilatation, solubilized or liquid active substances are pressed under pressure to the

30  vessel walls (e.g. in US5087244, US4994033, US4186745). EP 0 383 429 A
discloses, for instance, a balloon catheter with tiny holes, whereby during dilatation
heparin solution is delivered.

Of those few drug-eluting balloons (DEB) available on the market today, some have the
35 disadvantage that, although the balloons are coated with the active substance
paclitaxel, they are not able to release it during dilatation and hence are not more
effective than an uncoated balloon catheter. Others show the disadvantage that during
dilatation the active substance paclitaxel is delivered in form of hardly soluble particles,
raising the risk of vessel occlusion, distal from the site of dilatation and thereby



effective than an uncoated ball oon catheter. O hers show the

di sadvantage that during dilatation the active substance paclitaxel
is delivered in formof hardly solubleZarticles, raising the risk of
vessel occlusion, distal fromthe site of dilatation and thereby 2
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25 organism (US5648506A; US6262107B1, US6441025B2); however with no success.

In particular, the antiproliferative active substances paclitaxel and rapamycin were not
only effective in antitumor therapy but proved to be generally effective against excessive
cell growth. To this end the active substances are brought into direct contact with the
30 area to be treated, either systemically or with the aid of a medical product without a
polymer matrix or embedded in a solid and preferably polymer matrix. The advantage
of a non-systemic application is apparent, given that by means of a medical product, the
applicated active substance concentrations are so low, that toxic side effects, as known
from systemic administrations, do not accur and no further stress is placed on the
35 organism.

However, the non-systemic and far less strenuous direct freatment of the affected area
and in particular of narrowed areas in blood vessels with hydrophobic and effective



30 area to be treated, either systemcally or with the aid of a
medi cal product WIthOUt a polynmer matrix or enbedded in a solid and
preferably polymer matrix. The advantag® of a non-systenic
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Of the afore-mentioned catheters, the balloon the catheter balioon or the dilatable area
of the catheter is provided with a coating in form of a stably spreadable solution.

Preferred are coatings that are not a suspension and are not a solid dispersion, since
35 solid dispersions are too fragile and flake with high probability during implantation or
introduction of the catheter balloon. Particular severe risks come off fragile or brittle
coatings, applied to expandable medical devices. This is in particular harmful for
implants in hollow organs (stents, balloon catheters), since the fragments can cause an
occlusion. Especially in the blood vessel system coating fragments must be prevented,



4 because in the increasingly smaller vessels, already the snallest
fragnents bring the danger of stenosis and of acute injury of the
respective tissue, even up to a heart #nfarct. These fragnents can be
crystalline particles of the active substance or particles of the
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In particular, it is known for the active substance paclitaxel, that bigger particles,

30 consisting of or comprising the active substance paclitaxel are considerably less
effective or even uneffective for prophlyaxis of restenosis, when compared fo very fine
active substance crystals. The applicant has found that this is also true for rapamycin
and for other indications than restenosis.

35 The stably spreadable solution or rather the coating on the medical device, the stent,
the catheter balloon without a stent or the catheter balloon with a stent, has preferably a
dynamic viscosity between 10° mPa-s and 10'® mPa-s, further preferred between
1,5-10° mPa-s and 10" mPa-s, more preferred between 2,5-10° mPa-s and 10" mPa's
and in particular preferred between 10° mPa's and 10° mPa's. The stably spreadable



solution or the coating of the inventive device has preferably a
viscosity > 250 Pas and nore preferred > 1000Pa s. All herein
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Assuming a liquid state of a substance above its melting temperature T, (melt),
crystallization of the substance usually occurs on falling below Tm. On the other hand,
if during cooling of the meit, no crystallization occurs after falling below T, the result is

30 aso called undercooled melt. In such a scenario either the cooling process is too rapid
for the crystallization process due to a high cooling rate, or the molecules of the
investigated substance have unfavourable properties for a fast crystallization. The
sudden change in enthalpy or of the free volume, which is common to phase transitions
of the first order, does not occur if no crystallization happens after falling below Tp,.

35
The molecular mobility of the undercooled melt is reduced so far at the glass transition,
that further lowering of temperature cannot establish a state of equilibrium of the
undercooled melt as fast as thermal energy is withdrawn from the system. The
molecules of the undercooled liquid become kinetic frozen at glass transition and



6 therefore have a simlar randomdistribution pattern as in the
liquid state. However, contrary to the undercooled nelt, the
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Because of their structure (low degree of order), solutions show the advantage that
there is no occurrence of strong lattice forces that would oppose a fast dissolution of the
carrier and the release of the active substance. Stably spreadable solutions with
strongly reduced flowing capabilities or strongly increased viscosity additionally show



10 I'n the inventive stably spreadable solution, the active substance
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g "dissolution of the active substance in the carrier, whereby the molecules are mainly
separated from each other.

Medical devices are preferred, wherein the proportion of the at least one active

25 substance and the at least one carrier ranges from 90% by weight of the active
substance to 10% by weight of the carrier to 10% by weight of the active substance to
90% by weight of the carrier.

Preferred are in the present application all antirestenotic effective substances and active

30 substances for treatment and prophylaxis of disorders of the blood and the biood-
building organs, in particular antithrombotic and anticoagulating active substances.
Further preferred are antiproliferative, antimicrotubuli, antimitotic and cytostatic active
substances.

35 Medical devices are preferred, whereby the at least one active substance is selected
from the group comprising or consisting of:
Taxanes such as paclitaxel, docetaxel, limus-compounds such as rapamycin
(sirolimus), biolimus A9, zotarclimus, everolimus, myolimus, novolimus, pimecrolimus,
tacrolimus, ridaforolimus, temsirolimus, lapachon, vitamin K, vitamin D, propofol,
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conprising or consisting of: poly(Nvinyl) pyrrolidone, derivatives
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A further embodiment concerns the use of a crystallization inhibitor as adjuvant in the

coating of the inventive medical devices. The orderly aggregation of the drug

molecules to a subnucleus and the crystallization or recrystallization is prevented by a
35 crystallization inhibitor due to specific interactions with the active substance molecules.

Furthermore, the viscosity of the coating can be increased by addition of an adjuvant, if
the distribution of the adjuvant in the carrier lowers the mobility of the active substance
in the system. The present invention therefore is also directed to medical devices,
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30

Further preferred adjuvants are thickeners, gelling agents or binders. According to the
invention, thickeners are used to lower the molecular mobility. There are also higher
molecular crystallization inhibitors that can be classified as adjuvants for increasing
viscosity. Hence, in the following it is only referred to adjuvants in general. Thickeners
35 can be able o bind water. As a result viscosity is increased or they can also be used to

preserve the high viscosity especially during storage by binding e.g. condensed water.

Most thickeners are linear or branched macro molecules (e.g. polysaccharides or
proteins) able to interact with each other through intermolecular interactions such as
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I nvent i empetatir® of YerRgindaR itey RshidN oflhA Rt IddmeRCt | v substance in
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carri ermixturatoflcaasdr meaciilev@iistance thereby form a stably spreadable solution.

30
Since a crystallization of the active substance shall be prevented, sclvents with a high
vapour pressure are preferred, i.e. solvents that are gaseous at low temperatures (e.g.
50°C) or are highly volatile at room temperature. The boiling range of the solvent lies
preferably between 0 and 150°C and further preferred between 10°C and 100°C and

35 particular preferred between 20°C and 50°C. Suitable organic solvents are acetonitrile,
dimethylsuffoxide, ethers such as dioxane, tetrahydrofurane (THF), light petroleum,
diethyl ether, methyl-tert.-butyl ether (MTDC), ketones such as acetone, butanone or
pentanone, alcohols such as methanol, ethanol, propanol, isopropanol, carboxylic acids
such as formic acid, acetic acid, propionic acid, amides such as dimethylformamide



and c) applying the coating solution of at |east one active substance
and carrier by 25spraying, dipping, spreading, brushing, pipetting,
cheni cal vapor deposition or squirtingldnd d) evaporating the sol vent
or drying at elevated tenperature and/ or under reduced pressure. 30
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i s, whépMpsdencs ofdbeiskilledraftiswsand evhe aayioheamicaidgh efwigiaase and t he

phagse of the carrier are not different. Hence, the occurrence of
clouding or,a m./lk 5 eafance is either a sign fo ,
(r o) or Johd bRstfeut it SRS Sat Ekccann paricigy 98pd 30bedduneeating methods
Thus, of dheyfolipwirgdaipee solhe imethodpfagacogtiref§ er ahihetedl Ballod comprises the
transpapent Zﬂ':! 3 does not exclude that they are col oured or al so
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b) providing a coating solution confaining at least one anti-restenotic active
substance and a carrier in at least one solvent,
and
c) applying the coating solution of at least one active substance and carrier by
25 spraying, dipping, spreading, brushing, pipetting, chemical vapor deposition or
squirting and
d) evaporating the solvent or drying at elevated temperature and/or under reduced
pressure.

30 The present invention also comprises coated medical devices obtainable according to
above method.

The surface can be provided with an additional hemocompatible layer as base coat by
applying semisynthetic heparin derivatives, such as desulfated reacetylated heparin or

35 chitosane derivatives such as N-carboxy methylated, partially N-acetylated chitosane
through covalent immobilization.

After introduction or implantation of the inventive medical device into the body, the
coating is pressed against the surrounding tissue, adheres there due to its high viscosity



20 Tenperature dependent changes in a sanple can be observed by
thermal anal yzi ng nmet hods. These are especially phase transitions of
first and second order. Phase transitio of first order are phase
transitions that are associated with an absorption or em ssion of
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30 A distinction between a solid solution, an undercoocled melt, which is still in accordance
with the invention or a highly viscose solution, can be made by differential scanning
calorimetry (DSC). By means of DSC a predication about the miscibility of substances
can also he taken. In a heterogenous mixture, phase transitions of both pure
substances can be observed, wherein in homogenous mixtures only phase fransitions

35  of the mixture can be cbserved.

In heat flux DSC, sample and reference are located on a thermoconductive disc with a
good thermal conductivity, under which temperature sensors are affixed. The
difference between the heat flows of sample and reference are measured. If sample



25The present invention is directed preferably to cathether balloons
with or without a stent, wherein the surface of the catheter balloon
as well as the surface of the stent isl4oated conpletely or partially
with a stably spreadabl e solution containing at | east one active
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or particles of the active substance. The carrier and the at |east
one active substance thereby forma stably spreadable sol ution.
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bal |l oon, a coating of the mddle third of the balloon is preferred as
on t ki
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pr ef er wheein e stidace ioh thy gethetes kallpenaas webk asitbe _tswa@e@idh@ @tent is coated
m ni M ZembREeREr YAENP HitRANS StIP PHERI difle IBRIBAL EGRAIning at least one active
substance. I is preferred, if the active substance is anti-restenotic and water insoluble
or rather poorly water soluble. In particular preferred are substances with already
30 proven anti-restenotic efficacy on stents, as the taxanes such as paclitaxel, docetaxel
as well as the limus-compounds such as rapamycin (sirolimus), biolimus A9,
zotarolimus, everolimus, myolimus, novolimus, pimecrolimus, tacrolimus, ridaforolimus
and temsirolimus. However, the choice of active substances is not restricted to these
two groups. In principal, any given active substance, able to hinder the development of
35 restenosis, can be used, such as antiproliferative, antiangiogenic or antimigrative
substances.

Common catheter ballons, bifurcation balloons and folding balloons or special balloons
such as the slit balloon or the scoring balloon can be used as catheter ballons.



25 Preferably, the inventive coated catheter balloons are used

W thout a stent, however, use with a biostable or biodegradabl e stent

Is al so possible. This stent can either!Sbe uncoated or can be coated
according to the invention together with the catheter balloon or can

al ready be coated before attachment, i.e. before crinping the stent
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the catheter ballon. Therefore, the inventive expandabl e syst em al so
provi des a combi natjon of catheter balloon with a stent.

Mor eovePuring @adeemdilatation teg a9atipg dgindespeshagaingt W%V%%Mpé*ﬂhﬁf@ there
coafg ngduervntbmt@rh;ght Wisthsign apgt re&@awsﬁ@r@cﬁwew@bgahb@t.ﬂr whﬂéémﬂ@:ﬂd;spers

Wi th a nt. can be coa neous or,th
bl 1 oo TSI St in ke Y RBlRE e EcrsSeal ot | ol it EHeticase, the
coat ed fstreahorn sf aricnopeysiafs isheiggeadedy cahtaet withithelageous sYsient dlood, after

"coat i nge b&f}ﬁ*n{g fﬁb%orﬁp Yacg@w ?ﬁreaad%?)f’et isB?J.tIBI\ ;Eht?arlﬁ#%rfrgg %Ft Wssel wall,

cat het er or coa

por es, hRcausadbelirendve 6oRBRY ppntaenﬂ BO @p@cﬁesulaﬁtaa@e batsiale or activen suth%tance
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Preferably, the inventive coated catheter balloons are used without a stent, however,
use with a biostable or biodegradable stent is also possible. This stent can either be
uncoated or can be coated according to the invention together with the catheter balloon
or can already be coated before attachment, i.e. before crimping the stent on the
30 catheter ballon either with the same or with another active substance as well as either
with the same or with another carrier.

The complete surface of the catheter balloon or only the folds of the balloon as well as
the surface of the stent can be coated completely or partially with a stably spreadable
35 solution containing at least one anti-restenctic active substance and one carrier. Of
course, the stent can also be provided with another coating of choice. Also the release
kinetic of the anti-restenotic active substance on the stent can be different from the
release kinetic of the active substance on the catheter ballon. Therefore, the inventive
expandable system also provides a combination of catheter balloon with a stent.



partition coefficient between n-butanol and water is0.5,
preferably0.7, nore preferred i0.9 and in particular preferred
Surprisingly, stably spreadable soluti®s are in particular suitable
for a coating 30containing active substances and preferably
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or decreases the formation of crystals after addition to an active substance in a stably
spreadable solution.

20  Carriers (Tow) are termed as “hydrophil” if the partition coefficient between n-octanol
and water is Tow < 6.30 (log Tow < 0.80), preferably Tow < 1.80 (log Tow < 0.26), more
preferred Tow < 0.63 ({log Tow < -0.20) and further preferred Tow < 0.40
(log Tow < -0.40).

25 Anit-restenotic active substances are termed as “hydrophobic” or “lipophilic” if the
partition coefficient between n-butanol and water is = 0.5, preferably = 0.7, more
preferred =0.9 and in particular preferred =1.1.

Surprisingly, stably spreadable solutions are in particular suitable for a coating
30 containing active substances and preferably hydrophobic, anti-restenctic active
substances and impart the following properties for succesfull local application:

1) The contact time of the catheter ballon is suificient for transfer of a suitable quantity
of a therapeutic active substance info and on the vessel wall,
35 2) during contact, in the course of balloon dilatation, sufficient active substance
containing coating material adheres to the vessel wall, to achieve the desired
therapeutic effect, and



9) The high viscosity of the coating and the higher affinity of the
coating to the vessel wall than to the ball oon surface, results in a
prol onged active substance rel ease, 17 when conpared to the
actual contact tinme of the vessel wall with the ball oon 20cat heter.
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during dilatation.

8) The active substance is transferred in molecular form, i.e. as single molecules to the
vessel segment to be treated and not as colloides, crystals or amorphous particles,

15 whereby the highest efficacy can be achieved and the quantity of active substance
used can be minimized.

8) The high viscosity of the coating and the higher affinity of the coating to the vessel
wall than to the balloon surface, resuits in a prolonged active substance release,
when compared to the actual contact time of the vessel wall with the balloon

20 catheter.

10) The coating adhered to the vessel wall, dissolves, due to its high viscosity, evenly
with no residues and without the risk of releasing free solid particles into the blood
circulation.

25  Therefore it has been found that a coating method of the following art solves the task at
hand particularly well.

The method for coating a catheter balloon comprises the following steps:

30 a) Providing an uncoated catheter balloon with or without a stent,
and
b) Providing a coating solution containing at least one anti-restenotic active
substance and a carrier in at least one solvent
and
35 c) Applying the coating solution of at least one active substance and the carrier
and at least one solvent by spraying, dipping, spreading, brushing, pipetting,
chemical vapor depaosition or squirting on the uncoated catheter ballon and
d) Evaporating the solvent or drying at elevated temperature and/or under
reduced pressure.



above nethod for coating or |loading a catheter ballon, the coating
solution is applied to all surfaces to be coated. This includes the
surface of the catheter ballon as well1&s the 5surface of the

catheter ballon and the stent. The catheter balloon can al so be

coated only partially. The catheter balloon can be coated in its
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prﬁ;erred Wth reference to a catheter ballon and/or a stent,
preferred are in the present invention, all anti-restenotic effective
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30 The coating can also be dried actively by heating or by applying a vacuum or in a gas
flow. Use of temperatures between 50°C and 100°C is preferred.

With reference to a catheter ballon and/or a stent, preferred are in the present invention,
all anti-restenotic effective hydrophobic substances such as paclitaxel, docetaxel,

35 rapamycin (sirolimus), biolimus A9, zotarolimus, everolimus, myolimus, novolimus,
pimecrolimus, tacrolimus, ridaforolimus, temsirolimus, cyclosporines, vitamin K,
propofol, and diazepam. Particularly preferred are taxanes and rapamycin and its
derivatives (limus-compounds).



5 The termderivative denotes a derived substance of simlar
structure to a correspondi ng basic structure. Derivatives are
subst ances, which nol ecul es have in pldf of an Hatomor a
functional group anot her atom or anot her functional group, whereby
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bi s- (4- d@h@ﬁbé@ﬁi%él)at[ﬁ@eﬂa}t 'd&ﬂi MQHMFQWC@F{&%% W|th a monocontent of 50 to 95 w.-%,
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35 and nonylphenolic diglycol ether.

Particularly preferred as carrier are dexpanthenol, hyaluronic acid, carboxymethyl
chitosane, vanillin and PEG and especially dexpanthenol.



met hyl ene chloride or its mxtures, such as nethanol /et hanol - m xtures
or ethanol/waterm xtures can be used as solvent for the m xture of
active substance and carrier. A suitab?@® solvent dissolves the

requi red anmount of active substance and carrier and does not or only
sl i ght the f e r | cal ar
prefer?%%gggﬁgfbla%eggﬁ%ﬁ{ @kéﬁoﬁﬁg t%é%ﬁ@#ﬁ BB@LbQQnFﬁ%%%% %Xpﬂgms
chosen pgathpéiengly Bﬂaarabe@oioarlparghencdmd@e UrAGarame éf)afF?)e%Midihgdmesy-N-
500 rrg@n%&g@?r@%)ag BYdiie®hyE buBFakidD - 250 ng active substance are
di ssol ved. Furtherrnore, in one nL of the chosen sol vent preferably
0.1 ng - 600 ng, nore 25 preferred 1 ng to 250 ng and particularly

pr ef er Mad chenitgal-st2furads aafftlikys:ar e di ssol ved. Further preferred is
a catheter ballon with a coating exhibiting a proportion of anti-
restenotic active substance and carrier of 90 percent by wei ght
anti-restenotic active 30 supstan tp 10 percent by weight carrier
to 10 percent by weight anti estzgﬂrfc active substance to 90
percent by weight carrier. 219 over preferred is a catheter
ballon with a coating exhibiti gilo of actlve S nce to
carrier of 90 % acti rier %

substance to 9 rrier. erred nlxtu of 1 : 5to
5 : 1 and even nore prefer to2: 1. 51t is also possible
to include a further adjuvan . lds crystallization inhibitor in
the active substance sol ufi on. Furtﬁ:} sui tabl e adjuvants are for
exanpl e bi ol ogically acceptabl e organi c substances that inprove the
coating properties and increase the uptake of active substances in

t he vessel such as am no acids, vitam ns, benzoic acid 10 benzyl

ester, U%[lhﬁ%} R amdft Qf 08t ﬂilto @Ot f@bé‘ﬁ\?‘e stisdthMca ¢ Qﬁpl?éfﬁf c@Sof the
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enbodi ment of the present invention conprises a coated catheter
bal | oon W|th a crinped stent. 20 In this enbodi nent, the stent can be

unkdat ehlaseionay ethanelsaethanekdeirabrdredranngcaionenhmetiayl roetatebaihyb aeetate,

methylene chloride or its mixtures, such as methanol/ethanol-mixtures or ethanol/water-
mixtures can be used as solvent for the mixture of active substance and carrier. A

suitable solvent dissolves the required amount of active substance and carrier and does
not or only slightly damages the material of the catheter ballon. Particularly preferred
20  are acetone, ethanol and ethyl acetate.

In one mL of the chosen solvent preferably 0.1 mg — 600 mg, further preferred 1 mg to
500 mg and particularly preferred 10 mg — 250 mg active substance are dissolved.
Furthermore, in one mL of the chosen solvent preferably 0.1 mg — 600 mg, more

25 preferred 1 mg to 250 mg and particularly preferred 10 mg — 250 mg carrier are
dissolved.

Further preferred is a catheter ballon with a coating exhibiting a proportion of anti-
restenotic active substance and carrier of 90 percent by weight anti-restenotic active

30 substance to 10 percent by weight carrier to 10 percent by weight anti-restenotic active
substance to 90 percent by weight carrier.



The catheter balloon with or without a stent is coated conpletely or
partially with a glass-like solid solution of anti-restenotic active
substance in a carrier by spraying, 25Blushing, squirting, dragging,
rolling or pipetting nmethod or el ectrospinning, wherein a further
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det ai | f t

appl 1 oAl G0 TRD0OHLIERTH Gheete snale 8 55 3 Slifile R Nyhapoe carer
met hod systepml dAlserplyysindegioal: accepiie salis kad besustekas atiprants ideirmiorpdration
t hespat giithe RAVE ggbg@ﬂcgf the international patent application

W)2008086794 p.82, line 10 to p. 84, line 19.
A further preferred embodiment of the present invention comprises a coated catheter
balloon with a crimped stent.

20 In this embodiment, the stent can be uncoated or have the same inventive coating as
the catheter balloon.

The catheter balloon with or without a stent is coated completely or partially with a

glass-like solid solution of anti-restenotic active substance in a carrier by spraying,
25  brushing, squirting, dragging, rolling or pipetting method or electrospinning, wherein a

further adjuvant such as a crystallization inhibitor can be added to the coating solution.

The catheter balloon can be coated partially or completely in the expanded or in the
folded state or together with a stent crimped thereon. Moreover, the coating can be
30 applied exclusively to the folds or exclusively outside of the folds.

The coating can be realized by spraying, dipping, brushing, squirting, dragging, thread
dragging, rolling or pipetting method.  The pipetting, dragging, rolling or squirting
method is especially suitable for use on a folded catheter balloon or a catheter balloon

35  with folds, because with these methods it is possible to apply substances directly in the
folds or under the folds. Drying of the coated balloon catheters with or without a stent
can be done by rotation-drying.  The coating methods are described in defail in
W0O2008086794A.



Drag nmet hod or drop-drag nethod: This method is described in
detail in the patent application of the international patent

15appl i cati on W2008086794 p. 84, line 24 to p.86, line 25. Thread
drag nethod: This nethod is described in detail in the patent

appl i cadil | g patent appl i cati on W2008086794
86, Fival i rga%”!éﬁ{é .ﬁéu Bal | poi nt met hod or_ roll nethod:

?m s matiometeodiis depoiapd i d@‘taél in tha patenpapelinatiap pfi tbatintainaionai oatent

'ntern@bg%h’%lonWBOS@BBi?Q@%W@fﬁnm )38/} @ 88, line 7 to p.89,
line 6. 25Rotation-drying: This nethod is descrlbed in detail in the
patent application of the international patent application

W)ZS)OS%@‘ﬁ-Eﬁqm@aodbrsem&qé memhdd, i ne 8 The term"active substance

cont ai as .use erein 30 is t

e undal By BEAEE N HeSHind in,88RYR 4B et BraRitE % 8! Hletndfrel dafent
car r i eappleet@nsdIC2HM8086734 pvéhtingi 2t tore82t lines. an actual sol ution of
an active substance, a carrier and at |east one further conponent

selected fromthe solvents nentioned herein. An adjuvant can be added
to t he SiaingMmethod of foldispray wethadal | i zation inhibitor or a substance
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"solution"” shall further clarify that a liquid m xture is concerned,

whi ch f | -1i ke, thick or paste-like (thlckly
Vi scou?%gﬂ?ﬁ{1ﬂ€0§-u?@€gﬂal§ '%?mf’g]?st ency. 23

This method Is described in detail in the patent application of the international patent
15 application WO2008086794 p.84, line 21 to p.86, line 25.

Thread drag method:
This method is described in detail in the patent application of the international patent
application W0O2008086794 p.86, line 27 to p.88, line 3.

20
Ballpoint method or roll method:
This method is described in detail in the patent application of the international patent
application W0O2008086794 p.88, line 7 to p.89, line 6.

25 Rotation-drying:
This method is described in detail in the patent application of the international patent
application WO2008086794 p.89, line 8 to p.91, line 8.

The term “active substance containing composition” or “coating solution” as used herein

30 is to be understood as the mixture of at least one active substance, a carrier and a
solvent or solvent mixture, thus, an actual solution of an active substance, a carrier and
at least one further component selected from the solvents mentioned herein.  An
adjuvant can be added to the coating. This can be a crystallization inhibitor or a
substance that further accelerates the dissolving of the coating during dilatation, fatty

35 acid esters, amino acids, vitamins, salts and/or membrane-forming or membrane-
disruptive substances. The term “solution” shall further clarify that a liquid mixture is
concerned, which can have a rubber-like, gel-like, thick or paste-like (thickly viscous or
highly viscous) consistency.



The coating solution is not necessarily a stably spreadabl e sol ution.
These can be obtained by use of a coating solution, only after
application and after renmoval of the s@dent e.g. by drying. Wth the
mel ti ng method, stably spreadabl e solutions can nostly only be

obtai ned by rapid cooling or shock-freezing of the nmelt of active
substance and carrier. |t is also possible to coat the balloon
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The folding balloon is held in a horizontal position on a revolvable
axis and sprayed with active substance containing solution. The
solvent is evaporated afterwards in a & ying 30 chanber at 70C for 30
m n. Subsequently, if desired, a coated or uncoated (bare stent)

stent can be crinped thereon. Thereg{ .89 the possibility to coat a
henobconpati bl e coated stent with the coating of choice by pipetting
nmet hod or spray nethod, while it is crinped on the 35al ready coated

bal | OOVExféﬁid!@HePrepé%ﬁtlJﬁ'@f hebdting s@ﬁiﬂtlbﬁ% p‘a%htﬂ%gptﬂ and @&k 7ol

position on a revol vable axis, such that the fold to be filled al ways
cones to rest on the upper S|de Each fold is then filled step by
step WiHdreldne \I0s ey paaithisie(SigiatAldreh CngraienGngbls 0 Gérinanypis elcativied in

end” ot 2RI Rt B S0 3 ?%%P%Eﬁ% 1EaDRBLM G oaien) s Hissd el 500
and subsethamal. dfiarwgrdsbethdojitiopsaratberbingd.70C for 30 nmin. The

result is a folding balloon, wherein exclusively the folds are coated

with a transparent, stably spreadable solution. This can be se
parti cEXamBle e Preparation iof at(‘@@i'ﬁg SOIIE'PantP@P{“@P(eHﬂ?dX) ad B&R ﬁo? 2 Ww:w)
smpfl amout of a coul oring agent such as curcum n can be |ntroduced

10 Sub ue tl i f de r t ed uncoat ba nt) stent .
can_ be TETPBsd DB R s S0E s e Y0688 B g PES ebaré gesolVed in
henncorfﬁﬁﬂublaeemat ed stent with the coating of choice by pipetting

et hod 45 S r t e e
bal | oorﬁ%(r:at'ﬁe E’r@ lﬂ%j F% wicya?a%gp%&bg—?cggﬁn%w %ﬂut Iegsﬁtaoﬁloiecular
pacl i t ®@ss taﬁiweearam anda&%ﬁad @naerage malesulaxmiass M dofgkil.ved in

1099 pL acetone. Likew se 100 ng vanillin is dissolved in 500 pL

et hano fterwards both so i ned. Exa

coat | nS’E&Aé it @nPoliet i%@o@ixqqu(sé@natﬁleﬂc Clsimia @nﬁpbhcﬁefrag&) with a
| ni ti aMoletdiar slagsbetwess 05Demdordsd. f ol di ng bal | oon. The fol di ng

ball oon with stent is held in a horizontal position on a revolvable
axis and sprayed with active substance 25containing solution. The

sol venExampis ABo Paepatatibn of asoding solutidnyaf sgolimasiamd REG0Q:2 av:w3g)

m By
Herefore 100 mg sirolimus (Merck4Biosciences, Germany) is dissolved in ethyl acetate
and 200 mg PEG A and 200 mg PEG B are dissolved in 1000 ul absoclute ethanol.
Both solutions are combined.

25 Example 3: Complete coating of a folding balloon with a coating solution of
PEG/paclitaxe! according to exampie 2A

The folding balloon is held in a horizontal position on a revolvable axis and sprayed with
active substance containing solution. The solvent is evaporated afterwards in a drying
30 chamber at 70°C for 30 min.

Subsequently, if desired, a coated or uncoated (bare stent} stent can be crimped

thereon. There is also the possibility to coat a hemocompatible coated stent with the

coating of choice by pipetting method or spray method, while it is crimped on the
35 already coated balloon catheter.

Example 4: Coating of a folding balloon with a coating solution of
paclitaxel/dexpanthenol according to example 1 in the folds of the balloon.




Exanple 7: Preparation of a coating solution of rapamycin, glycerine

and carrageenan 30 Herefore 100 ng rap%¥%cin I's dissolved in 500 pL

et hanol and 500 pL gl ycerine is added. erein 5 ng carrageenans are
added. Exanple 8: Conplete coating of a folding balloon with a

coating | g o in, : ' 35..Th

Fol ci ng. bl oy o2fod PRAUE .o ol il BoSn <a! kaRoaRaNle Bys fuch, that the

and i s 8¢ ¢mbefilladicbvars epmeosie fedrashedunparnsidae Bagh fadd isbendilled step by

Cﬁnm‘i NERG With tié QRcolld acH0 LBBStdnte RRARRGEshIald I bBLS%ipld 1 ydfihd @ach
chanber

0C f 0 . Aft t hat the bal| 26
ot ded. T 5@ &R 1o Prdinator diane Johna v Gribsdoednt uteroacanaula as
Cri lrﬂ_oedextbasieor‘to a neddhs dipplrel Q}bslgqeea‘t?{tyinyﬁincﬁ ?q/irﬁg)?lgémbesgi EtlbﬁGt)fbr(%‘O min.
t 11 x_Herefor aclitaxel .
P2C i sonft o3t oco ARG MRflePn” WhiRRel), Fyb SRRt T JRifSiPR “sargdonin a
nol t en ansparaaist $tablySepresmdablr isohitiCheni eltGaidgn Ger seery ) pdrtieaadyd well after
i mat el 80 \ . . . \
001,05 il SOyl KENE S, S gty gl il BBen suen s

Conpl et @UTEHBYR AN & BiredWehichg bal l oon with a coating sol ution of
pacig taxel (ptx), Carbopol 980 and masti x 15The fol ding balloon is

hel d | nSngé)({de%?lg,t ?# dggf?éé,' 8"coated of \ﬁglcggtglde(t?aﬁésst%g gf%%?yc%% Wet Qrimped
thereon. There is also the possibility to coat a hemocompatible coated stent with the
coating of choice by pipetting method or spray method, while it is crimped on the
already coated balloon catheter.

15
Example &: Preparation of a coating solution of paclitaxel and vanilin
Herefore 100 mg paclitaxel is dissolved in 1000 yL acetone. Likewise 100 mg vanillin
is dissolved in 500 pL ethanol. Afterwards both solutions are combined.

20

Example 6: Complete coating of a stent with a coating solution of vanillin/paciitaxel

Initially the stent is crimped on a folding balloon. The folding balloon with stent is held
in a horizontal position on a revolvable axis and sprayed with active substance

25  containing solution. The solvent is evaporated afterwards in a drying chamber at 80°C
for 30 min.

Example 7: Preparation of a coating solution of rapamycin, glycerine and carrageenan

30 Herefore 100 mg rapamycin is dissolved in 500 pyL ethanol and 500 pL glycerine is
added. Therein 5 mg carrageenans are added.

Example 8: Complete coating of a folding balloon with a coating solution of rapamycin,
glycerine and carrageenan

35
The folding balloon is held in a horizontal position on a revolvable axis and is slightly
delated and then brushed with the active substance containing solution. The solvent is
evaporated afterwards in a drying chamber at 60°C for 20 min. After that the balloon is



t he active substance containing solution according to exanple 9. The
solvent is evaporated afterwards in a drying chanber at 70C for 30
m n. Subsequently, if desired, a coatedor uncoated (bare stent)
stent can be crinped 20 thereon. There is also the possibility to

coat ahenpeagmat i @L%ségééﬁngﬁ g@&\,\%}ﬁté‘ cbg?eoCB?Un'aga fq Ql}ém%ﬁnbéfe cdmped

plpettl g met hod or 'spr 'S Cri € a
coat ed fEPBon cat heter. Exanpl e 11: Preparatlon of a coating
sol ution of paclitaxel (pb(), dexpanthenol and 25ricinoleic acid

Herefore 12 aclitaxel .is di soI d in 1000 Li

50 . Exepine 1 BeRast i o6 4 choT RO of HARUIEX A PR ATRORRIPGR0 and
sol sit i omesstizr e conbi ned and 10 ng ri ci noI eic acid is added. 30 Exarrpl e
12: Coating of a folding balloon with a coating solution of

pacl it axel / dexpant henol and ricinoleic acid in the folds of the

bal | oohlerglose flO0 dna gpablitbkelda dissaivsddini T plo ethanl.al This sitution ismized with
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rest on the upper Ssi l'ed s
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fikdi ngfieanirdstdih sbibys fare@ esiitindegi nning of the fold to the end of
the fold with a Teflon cannula as extension to a needle tip and

subsequent drying in a drying chanber at 70C for 30 mn. 27
Subseqizatriple 10f (ﬁmqble@dco&tmgo«aﬁ & doldinguibaiminewitl aceatiigesd|ution efpacitaxel

be cri %ﬁf c;é}%g 86-% ‘Ji)&[)@l so the possibility to coat a

henoco W th the coating of choice by pipetting
nmet hod or spray rret hod vvhlle it is crinped on the already coated

baj 4 oorrhearéiaﬁ{gebauo%nﬁwa;& f é%on%ﬁ’tﬁ%@éuh@ﬁ‘ ofifa Pe\FoRPatHEé‘Qxé%{rHﬁ é&%@aﬁ with

paclit X ene and resorcin

pacl i t%@elac{ cﬁ)@@%ﬂﬁ'@dc‘?%"a@@ﬂ pio lgf%ﬁSFo@H?ﬂ 3o r@@'@%’@r%l ni Eeaﬁfd‘éé]%
10 ( Meevhddaasrafanesds Bea Bayibg chhimb@nias 20206omep R B (see exanpl e
2) is dissolved in 1000 pL acetone. Afterwards both solutions are

conbi ned.
Subsequently, if desired, a coated or uncoated (bare stent) stent can be crimped

20 thereon. There is also the possibility to coat a hemocompatible coated stent with the
coating of choice by pipetting method or spray method, while it is crimped on the
already coated balloon catheter.

Example 11: Preparation of a coating solution of paclitaxel (ptx), dexpantheno! and
25  ricinoleic acid

Herefore 120 mg paclitaxel is dissolved in 1000 uyL acetone. Likewise 30 mg
dexpanthenol is dissolved in 500 uL ethanol. Afterwards both solutions are combined
and 10 mg ricinoleic acid is added.

30
Example 12: Coating of a folding balloon with a coating solution of
paclitaxel/dexpanthencl and ricinoleic acid in the folds of the balloon.

The folding balloon is held in a horizontal position on a revolvable axis, such that the
35 fold to be filled always comes to rest on the upper side. Each fold is then filled step by
step with the viscous active substance containing sclution of example 11 by filling each
fold slowly from the beginning of the fold to the end of the fold with a Teflon cannula as
extension to a needle tip and subsequent drying in a drying chamber at 70°C for 30 min.



Exanpl e 14: Coating of a balloon catheter with a coating solution of
paclitaxel (ptx), polyethylene glycol and resorcin 15 The balloon
catheter is pinned through an adapter t?d the drive shaft of a
rotation notor and is fixated in such a way that it conmes to rest in

the horgzea a“ﬁd@%ﬁeﬂ’“é &?étﬁ@ aeﬂﬂeg%te f b%{rea&%‘gc&gn? c%ﬁat)!a crimped

under pressu e t on sur e 1s

with t hBesent i Bhensyis piso e gossibilibaia eeat amﬁm%omatlmﬁm@atedfstgm with the
pai nt i ngtsati oﬁ%ﬁa&eobytmsedﬂgam@tmﬁﬁ@kespaév;l rhé@ode ek Arigderh 8d h the
drop of the sol |gn IS \%%9 over the rotating balloon, unti

sol vent Ir%adé’v%ﬁ?g ¢ @HO%C‘? %'hat a stably spreadabl e sol ution |s
formed. Afterwards, the catheter is taken fromthe machine and dried

at 60C ry 0 | t esired

2 coat ctambli b BB e AL Eor S PR il Fos e AR EpLand
i s al soeshecipossi bility to coat a henoconpatible coated stent with

the coating of choice by pipetting nethod or spray nethod, while it

is crinped_on the already coated bal | oon catheter. 30Exanp| e 15:

Pr epar atgHorss 120 Haﬁapﬁﬁlgaé% igtdigHolvad naPaPnpdi ﬁthaa@k@awh@@dresamn is added
i somal t Mﬁbﬁi@b@mbﬁ@eméwm leéMﬁ(aCZ@(Bh@PE@B%ee SREARRY )2? lsSdissolved
di ssol Vedlq{)ﬁ égoo etwgﬁl e ai b i LI Eevm se 60 H&egexpant heno

di ssol VBd n@t BIWards POHLEPIHUORR A <Y1 ns are conbi ned

and 5 ng isomalt (Carl Rot h GrbH, Gernmany) 35is added 28 After

cl eani sk gn f el r oat

exanpl 2B E1EDa g dri bal ¥ lcatiprb LR8I coBRp oL ot EBEag) (oo,
tenperd@QlY%fhylﬁ%@imﬁdandy@SOf@fn the coating solution from exanpl e 15

I s 1gprayed on the stent and then the stent is dried in a drying

chanber__ at for 5 Subsequent | I f desired, a coated or
uncoat el§ Baﬁ’%%% e@%mne@a r%@f&an%(@@ teHerBefrvenalt pisa spiagon wrotor

possi bidnd is faatedat sachwwes?rthat itb:lomespﬁi esbt m ﬂilié hetizdntahplagealitmgutteing

the ot on R BN € il HhoBEpteSuntlte' B beliGert: inFRARgRE baioon

t he adimgfage & opetead emtl'bthea sodididm dpyHpaistiogethe bhbooh weittsed sieé number of

extipact RAndiRM BPiIrfe AN of Y 8B8shge MELEIPLLAG tF8 Wbl Mrag-wire, a drop of the
solution is dragged over the rotating balloon, until the solvent is evaporated so far that a
stably spreadable solution is formed. Afterwards, the catheter is taken from the
machine and dried at 60°C and further rotation over night.

25 Subsequently, if desired, a coated or uncoated (bare stent) stent can be crimped
thereon. There is also the possibility to coat a hemocompatible coated stent with the
coating of choice by pipetting method or spray method, while it is crimped on the
already coated balloon catheter.

30 Example 15: Preparation of a coating solution of rapamycin, dexpanthenol and isomalt

Herefore 150 mg rapamycin (Merck4Biosciences, Germany) is dissolved in 1000 pl

ethyle acetate. Likewise 60 mg dexpanthenol is dissolved in 500 pL ethanol.

Afterwards both solutions are combined and 5 mg isomalt (Carl Roth GmbH, Germany)
35 is added.

Example 16: Coating of a stent with a coating solution of rapamycin/dexpanthenol and
isomait in the folds of a balloon



solution, which shall also perfuse through the vessel. Subsequently,
the balloon 15 catheter is expanded in the vessel and the anount of
coating adhered to as well as remai ningBon the balloon catheter is
determ ned. This test showed that all catheter balloons, which were

f t
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m nutes, in,a 9 ution of am nopropyl tri ethoxysilane in a

i xtur&hemb@trﬁé% f%?toem'Q 50/ 50 : (v/v)) and dried afterwards.

Subsequent |y, the stents were vvashed over night 25 with dem neralized

wat er . t t e
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car bodi t I n
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this soI ut | on at d 'by extensive
washi nd rﬁﬁﬁhcﬂﬁieé’r Eﬁ'ﬁ&”@l@l &-- sol ut ion. 29 dains 5 1.Medical
deypce, wherein the surface of the device is coated conpletely or
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carrier. 102. Medi cal device according to claim1l, wherein the

Propor Rl 4 Mot Vo888 isPBtracted from a pig and stored in physiological saline
solution, which shall also perfuse through the vessel. Subsequently, the balloon

15 catheter is expanded in the vessel and the amount of coating adhered to as well as

remaining on the balloon catheter is determined. This test showed that all catheter
balloons, which were manufactured according to the examples, only had small amounts
(< 15 %) of the coating remaining on the balloon surface.

20 Example 18: Covalent hemocompatible coating of stents:

Not-expanded, cleaned stents made of medical stainless steel LVM 316 were dipped for

5 minutes in a 2 % solution of 3 aminopropyitriethoxysilane in a mixture of ethanol/water

(50/50 : (v/v)) and dried afterwards. Subsequently, the stents were washed over night
25  with demineralized water.

3 mg desuifated and reacetylated heparin is dissolved in 30 ml 0.1 M MES buffer (2 (N-
morpholino) ethane sulfonic acid) pH 4.75 and mixed with 30 mg N-cyclohexyl-N" (2-
morpholinoethyl) carbodiimide-methyl p toluenesulfonate. The stents were stirred in

30 this solution at 4°C over night. This was followed by extensive washing with water and
4M NaCl-solution.



active substance and the at |east one carrier ranges from 90% by

wei ght of the active substance to 10%%\/\@ ght of the carrier to 10%
by wei ght of the active substance to 9 by weight of the carrier.
153. Medi cal device according to claim1 or 2, wherein the at | east
one carrier is selected fromthe group conprising or consisting of
pol yet her, polylactonic acid, polyethylene glycol, poly(Nvinyl)
pyrrolidone, N-dodecyl pyrrolidone, N-decyl pyrrolidone, N-octyl
pyrrolidone, polyvinyl alcohols, deriggimhses of polyvinyl alcohols,
gl ycol at ed pol yester, pol yphosphoester, polyethylene oxide propyl ene
20 oxi de, polyethyl ene oxide, hyaluronic acid, copolyners with PEG
and 3ol ypropyl ene gI ycol, i p| ds, phospholi p| ds, poI yacrylic acid,
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polyoxyethylene oleyl ether, bis-[alpha-methyl-(4-methyl-benzyl)]-phenyl-

polyglycol ether, bis-[alpha-methyl-(4-n-dodecyl)}-phenyl-polyglycol ether, bis-(4-

35 methyl-benzyl)-phenyl-polyglycol ether, bis-(4-n-dodecyl-benzyl)-phenyl-

polyglycol ether, tris-[alpha-methyl-(4-methyl-benzyl)]-phenyi-polyglycol ether,
nonylphenolic polyglycol ether and nonylphenolic diglycol ether.



and c) applying the coating solution of at |east one active substance
and the carrier by spraying, dipping, readi ng, brushing, pipetting,
chem cal vapor deposition or qu|rt|ng3&nd d) evaporating the sol vent
or drying at elevated tenperature and/ or under reduced pressure.
Coated catheter balloon with or without a stent obtainable by the

met hod according to claim@8. Medical device according to clains 1 -

7, wherein the nedical device is a catheter balloon with or without a

stent. 4,31 Medisat b@mé Q@édr@m@ Q@C@Iéﬁ'h ng, tphdred Thd Oat w@@étebnet BSrrdh s
| east one active F‘u bstance i s antij Ienot C arég IS s{e ect eg ﬁrom
bed chi E

the group cORPPFUNRRCl y%'HF%r?'%tg‘PWgV%W“ n, 383%@’ BeRRPh

sir®linmus, biolinus AQ zotarolinus, everolimnus, nyolinus, novolinus,
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claim 11, whert nsutfaee af thecd@yico fusthemnicontains shiseiston®adjuvest. subst ance

Is paclitaxel. 13. Catheter balloon according to claim1l, wherein

the at | east one anti-restenotic active substance is sirolinmus. 15
6. Medical device according fo claim 5, wherein the adjuvant is a crystallization

10 inhibitor and/or thickener.

7. Medical device according to claim 5 or 6, wherein the at least one adjuvant is
selected from the group comprising or consisting of. agar, alginic acid, chicle,
dammar, afthaea extract, gellan gum (E 418), guar gum (E 412), gum Arabic

15 (E 414), gum from planiago, gum from spruce juice, locust bean gum (E 410),
karaya (E 416), konjac flour (E 425), mastix, pectin, tara gum (E 417), tragacanth
(E 413), xanthan (E 415), carrageenan, cellulose, cellulose ether, gelatin, sago
and starch.

20 8. Method for coating a catheter balloon comprising the following steps:
a) Providing an uncoated catheter balloon with or without a stent,
and
b} providing a coating solution containing at least one anti-restenotic active
substance and a carrier in at least one solvent
25 and
c) applying the coating solution of at least one active substance and the
carrier by spraying, dipping, spreading, brushing, pipetting, chemical vapor
deposition or squirting and
d) evaporating the solvent or drying at elevated temperature and/or under
30 reduced pressure.

9. Coated catheter balloon with or without a stent obtainable by the method
according to claim 8.

35 10. Medical device according to claims 1 — 7, wherein the medical device is a
catheter balloon with or without a stent.



11.

5
12.

10
13.

15

31

Catheter balloon according to claim 10, wherein the at least one active substance
is anti-restenotic and is selected from the group comprising or consisting of:
paclitaxel, docetaxel, sirolimus, biolimus A9, zotarolimus, everolimus, myolimus,
hovolimus, pimecrolimus, tacrolimus, ridaforolimus, temsirolimus, cyclosporine,
vitamin K, propofol and diazepam.

Catheter balloon according to claim 11, wherein the at least one anti-restenotic
active substance is paclitaxel.

Catheter balloon according to claim 11, wherein the at least one anti-restenotic
active substance is sirolimus.





