(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/174001 A1

19 November 2015 (19.11.2015) WIPO | PCT
(51) International Patent Classification: (74) Agents: WATANABE, Mochitoshi et al.; Yusen Iwamo-
A61L 29/00 (2006.01) AG6IM 25/10 (2013.01) to-cho Bldg. 6F., 3-3, Iwamoto-cho 2-chome, Chiyoda-ku,
T 1010032 (JP).
(21) International Application Number: okyo, ()
PCT/JP2015/001398 (81) Designated States (uniess otherwise indicated, for every
. . ) kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: 12 Match 2015 (12.03.2015 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
aro (12.03.2015) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. ) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
61/994,467 16 May 2014 (16.05.2014) US PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
14/321,282 1 July 2014 (01.07.2014) US SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
14/457,383 12 August 2014 (12.08.2014) US IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: TERUMO KABUSHIKI KAISHA [JP/JP] (84) Designated States (unless otherwise indicated, fO}" every
44-1, Hatagaya 2-chome, Shibuya-ku, Tokyo, 1510072 kind of regional protection available): ARIPO (BW, GH,
(JP). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: YAMASHITA, Keiko; c¢/o0 Terumo Kabushiki TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Kaisha, 1500, Inokuchi, Nakai-machi, Ashigarakami-gun, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Kanagawa, 2590151 (JP). NOZAWA, Shigenori; c/o Ter- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
umo Kabushiki Kaisha, 1500, Inokuchi, Nakai-machi, Ash- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
igarakami-gun, Kanagawa, 2590151 (JP). MORIMOTO, GW, KM, ML, MR, NE, SN, TD, TG).
Katsumi; c¢/o0 Terumo Kabushiki Kaisha, 1500, Inokuchi, Published
ublished:

Nakai-machi, Ashigarakami-gun, Kanagawa, 2590151 (JP).
SHIMAMURA, Kyoko; c¢/o Terumo Kabushiki Kaisha,
1500, Inokuchi, Nakai-machi,  Ashigarakami-gun,
Kanagawa, 2590151 (JP).

with international search report (Art. 21(3))

(54) Title: METHOD OF TREATING PERIPHERAL ARTERY DISEASES IN LOWER LIMBS

wo 2015/174001 A 1[I I 00000 O OO O

(57) Abstract: A method of treating peripheral artery diseases in lower limbs by providing a medical device having an expandable
member having a drug coating layer which has a crystalline morphological form including a plurality of crystal particles of a wa-
ter-insoluble drug regularly arranged and uniformly sized on the surface of the medical device, inserting the medical device in peri-
pheral blood vessels, expanding the expandable member, pressing the drug coating layer to a blood vessel wall such that at least part
of the plurality of crystals are transferred to the blood vessel wall, and deflating the expandable member such that a pharmacokinet -
ics profile is presented in which a drug concentration in the blood vessels is kept for the inhibition of smooth muscle cell prolifera -
tion in a high drug-concentration period of time, and for the non-inhibition of endothelial cell growth in a later low drug-concentra -
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Description
Title of Invention: METHOD OF TREATING PERIPHERAL

ARTERY DISEASES IN LOWER LIMBS
Technical Field

[0001]  Disclosed is a drug coating layer of water-insoluble drugs, and a drug coating layer
exhibiting a specific crystalline morphological form of the water-insoluble drugs, and a

method of treating peripheral artery diseases in lower limbs.

Background Art

[0002]  Inrecent years, development of a drug eluting balloon (DEB) in which a balloon
catheter is coated with drugs has been actively performed, and it has been reported to
be effective in the treatment and prevention of restenosis. The balloon is coated by a
coating film including drugs and excipients, and when a blood vessel is dilated, the
balloon presses against a blood vessel wall, and it delivers the drugs to target tissue.

[0003]  Inrecent years, it has been found that a morphological form of the drugs coated on
the balloon surface influences releasing property and tissue transferability of drugs
from the balloon surface in a lesion affected area, and it is known that control of the
crystal form or amorphous form of drugs is important.

[0004]  Since it cannot be said that the drug eluting balloon having a coating layer in the
related art sufficiently exhibits low toxicity and a high effect on a stenosis inhibition
rate when treating a stenosis portion in a blood vessel, a medical device of which the
toxicity is even lower and the stenosis inhibiting effect is high is desired.

[0005]  DEB has an advantage of use because DEB does not leave any foreign bodies in the
blood vessels, unlike BMS (bare metal stent) and DES (drug-eluting stent). In
particular, although use of stents is not recommended in the treatment of lower limbs, a
demand for DEB is required. Meanwhile, a risk for the embolization of downstream
peripheral blood vessels is feared which is caused by microparticulates upon use of
DEB. Since embolization of peripheral blood vessels could cause a risk of amputation
of lower limbs due to necrosis, alleviation of embolization of peripheral blood vessels
is clinically significant. The blood vessels in the BTK (below-the-knee) area are po-
sitioned to the peripheral, and the diameter of the blood vessels is small. Therefore a
risk for the embolization is focused on and DEB is required to have a lower risk of the
embolization. It is presumed that this is relevant not only to the number of the mi-
croparticulates, but also the size of microparticulates. The larger the size is, the more
possibility the microparticulates are distributed in the muscles adjacent downstream
peripheral blood vessels. It is thought that this raises the risk of the embolization, and

the size of the microparticulates is expected to be small.
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To obtain sufficient treatment effects of DEB, it is important to keep the drug con-
centration to be transferred to the lesion of the vascular tissue and chronological
transition of drug concentration. Further, in the initial term to inhibit the proliferation
of smooth muscle cells, relatively high drug concentration is necessary in the vascular
tissue, although in the final term to non-inhibit endothelial cells growth, prompt
clearance of drug from the tissue is required. When these two points are achieved by
DEB in terms of a change of drug concentration, DEB can provide superior treatment
effects in both efficacy and safety.

Summary of Invention

Technical Problem

One of the features of DEB is to immediately release drug upon the dilation of the
balloon in a couple of minutes and to transfer a sufficient amount of the drug to the
vascular tissue. If the drug is not transferred uniformly to the entire treated lesion,
uniform inhibitory effects cannot be expected to be imparted to the lesion under
treatment. Particularly, since the length of lesion in the blood vessels of lower limbs is
longer than that of coronary arteries, it is difficult to obtain uniform efficacy in lower
limbs.

Solution to Problem

A challenge in the art is to provide a drug coating layer having a morphological form
of water-insoluble drugs of which the intravascular stenosis inhibitory effect in a lesion
affected area is high, when delivering medical device coated with a drug into the body
and medical device using the same.

The challenge is addressed by a drug coating layer having a specific crystalline mor-
phological form of a water-insoluble drug which has a high intravascular stenosis in-
hibitory effect in a lesion affected area.

Various aspects are disclosed as follows:

(1) A drug coating layer which has a morphological form including a plurality of
elongated bodies with long axes that each crystal of a water-insoluble drug inde-
pendently has, on a substrate surface, in which the long axes of the elongated bodies
are nearly linear in shape, and the long axes of the elongated bodies form an angle in a
predetermined range, preferably an angle in a range of 45 degrees to 135 degrees, with
respect to a substrate plane with which the long axis of the elongated body intersects.

(2) The drug coating layer described in (1) in which at least near the distal of the
elongated body is hollow.

(3) The drug coating layer described in (1) or (2) in which a cross-sectional shape of
the elongated body on a surface perpendicular to the long axis is a polygon.

(4) The drug coating layer which is a drug coating layer in which crystals of a flatly
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elongated hair-like shape of crystals of the water-insoluble drug are randomly
laminated on the substrate surface, and in which the long axes of some of the crystals
have a portion curved in shape, and crystals having other shapes are not mixed in the

same crystal plane.
(5) The drug coating layer described in (4) in which the surface of the crystal of the

water-insoluble drug is covered with an amorphous film.

(6) The drug coating layer including a crystalline morphological form of the water-
insoluble drug, crystal particles of the water-insoluble drug arranged with regularity on
the substrate surface, and excipient particles formed of an excipient irregularly
arranged between the crystal particles, wherein a molecular weight of the excipient is
less than a molecular weight of the water-insoluble drug, a ratio occupied by the
excipient particles per a predetermined area of the substrate is less than a ratio
occupied by the crystal particles, and the excipient particles do not form a matrix.

(7) The drug coating layer described in any one of (1) to (6) in which the water-
insoluble drug is rapamycin, paclitaxel, docetaxel, or everolimus.

(8) Medical device having the drug coating layer described in any one of (1) to (7) on
the surface of the medical device, which is reduced in diameter to be delivered when
delivered into a body, and enlarged in diameter to release a drug from the drug coating
layer at an affected part.

(9) A method for delivering a drug having a step of delivering the medical device
described in (8) to a lumen, a step of radially dilating a dilatable portion provided in
the medical device, and a step in which the drug coating layer which has the dilatable
portion is applied to the lumen.

Advantageous Effects of Invention

A drug coating layer for drug eluting medical device can be provided of which the
intravascular stenosis inhibitory effect in a lesion affected area is high and/or the
toxicity is low.

A method is provided for reducing the risk of embolization of peripheral blood
vessels, comprising providing a medical device having an expandable member having
a drug coating layer which has a crystalline morphological form including a plurality
of crystal particles of a water-insoluble drug regularly arranged and uniformly sized on
the surface of the medical device, inserting the medical device in peripheral blood
vessels, expanding the expandable member, pressing the drug coating layer to the
blood vessel wall such that at least part of the plurality of crystal particles are
transferred to the blood vessel wall, and deflating the expandable member such that the
generation microparticulates having a size that causes embolization of peripheral blood

vessels is suppressed.
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A method is provided for treating peripheral artery diseases in lower limbs,
comprising providing a medical device having an expandable member having a drug
coating layer which has a crystalline morphological form including a plurality of
crystal particles of a water-insoluble drug regularly arranged and uniformly sized on
the surface of the medical device, inserting the medical device in peripheral blood
vessels, expanding the expandable member, pressing the drug coating layer to the
blood vessel wall such that at least part of the plurality of crystals are transferred to the
blood vessel wall, and deflating the expandable member such that a pharmacokinetics
profile is presented in which a drug concentration in the blood vessels is kept for the
inhibition of smooth muscle cell proliferation in a high drug-concentration period of
time, and for the non-inhibition of endothelial cell growth in a later low drug-

concentration period of time.
A method is provided for inhibiting thickening of vascular intima, comprising

providing a medical device having an expandable member having a drug coating layer
which has a crystalline morphological form including a plurality of crystal particles of
a water-insoluble drug regularly arranged and uniformly sized on the surface of the
medical device, inserting the medical device in peripheral blood vessels, expanding the
expandable member, pressing the drug coating layer to a blood vessel wall such that at
least part of the plurality of crystals are transferred to the blood vessel wall, and
deflating the expandable member such that a vascular intima thickening is inhibited
uniformly in an entire treated lesion (entire long lesion) of stenosis to uniformly cause
patentcy of the lesion.

Hereinafter, in this description, "micro m" means micro meter.
Brief Description of Drawings
[fig.1A]Figs. 1A to 1D are diagrams showing a scanning electron microscopic image
(hereinafter, referred to as SEM) of a surface of a drug coating layer prepared in
Example 1. Fig. 1A is a SEM image at 2,000 times magnification of crystals observed
on a substrate surface of the drug coating layer prepared in Example 1.
[fig.1B]Fig. 1B is a SEM image at 1,000 times magnification of crystals observed on
another portion of a substrate surface prepared in Example 1.
[fig. 1C]Fig. 1C is a SEM image at 400 times magnification of crystals observed on
another portion of the substrate surface prepared in Example 1.
[fig.1D]Fig. 1D is a SEM image at 4,000 times magnification of crystals observed at a
cross-section perpendicular to the substrate surface of the drug coating layer prepared
in Example 1.
[fig.2]Fig. 2 is a diagram showing a SEM image at 2,000 times magnification of

crystals observed on the substrate surface of the drug coating layer prepared in
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Example 2.

[fig.3A]Fig. 3A is a diagram showing a SEM image at 2,000 times magnification of
crystals observed on the substrate surface of the drug coating layer prepared in
Example 3.

[fig.3B]Fig. 3B is a SEM image at 4,000 times magnification of crystals observed at a
cross-section perpendicular to the substrate surface of the drug coating layer prepared
in Example 3.

[fig.4]Fig. 4 is a diagram showing a SEM image at 2,000 times magnification of
crystals observed on the substrate surface of the drug coating layer prepared in
Example 4.

[fig.5]Fig. 5 is a diagram showing a SEM image at 2,000 times magnification of
crystals observed on the substrate surface of the drug coating layer prepared in
Example 5.

[fig.6A]Fig. 6A is a diagram showing a SEM image at 2,000 times magnification of
crystals observed on the substrate surface of the drug coating layer prepared in
Example 6.

[fig.6B]Fig. 6B is a diagram showing a SEM image at 400 times magnification of
crystals observed on another portion of the substrate surface of the drug coating layer
prepared in Example 6.

[fig.7]Fig. 7 is a diagram showing a SEM image at 2,000 times magnification of
crystals observed on the substrate surface of the drug coating layer of a commercially
available drug eluting balloon (IN.PACT) manufactured by INVAtec JAPAN in Com-
parative Example 1.

[fig.8]Fig. 8 is a graph of an intravascular stenosis rate (%) showing an inhibitory
effect on an intravascular stenosis in a pig coronary artery.

[fig.9A]Figs. 9A is a graph showing the particulate ratios of particle size 10-25 micro
m, of Example 7 and Comparative Example 3.

[fig.9B]Fig. 9B is a graph showing the particulate ratios of particle size 100-900 micro
m, of Example 7 and Comparative Example 3.

[fig.10]Fig. 10 is a graph showing the AUC of the drug on 0.02-0.04 day (0.5-1 hour)
to 7 day of Example 9 and of Comparative Examples C6 to C9 for the transfer in the
porcine femoral arterial tissue.

[fig.11]Fig. 11 is a graph showing the pharmacokinetic profile up to 27 + 1 day of
Example 9 and of Comparative Examples C6 to C9 for the transfer in the porcine
femoral arterial tissue.

[fig.12]Fig. 12 is a graph showing percent area stenosis at 28 days of Example 10 and
of Comparative Examples C6-b to C8-b, C10 and C11 for the intravascular stenosis in-

hibitory effect in porcine coronary arteries.



WO 2015/174001 PCT/JP2015/001398

[0025]

[0026]
[0027]
[0028]

[fig.13]Fig. 13 is a graph showing uniformity of area stenosis rate (%) at 28 days of
Example 10, Comparative Examples C6-b and C11 for the intravascular stenosis in-
hibitory effect in porcine coronary arteries.
[fig.14]Fig. 14 is scanning electron microscope images of Example 10, showing
uniform paclitaxel micro-crystals.
[fig.15]Fig. 15 is scanning electron microscope images of Comparative Example C6-b
(C6-b), showing a non-uniform drug coating layer.
[fig.16]Fig. 16 is a graph showing the pharmacokinetic profile of Example 9, Com-
parative Example 6-a (C6-a), Comparative Example 7-a (C7-a) and Comparative
Example 13 (C13) for the transfer in the porcine femoral arterial tissue.
[fig.17]Fig. 17 is a graph showing the AUC of the drug of Example 9, Comparative
Example 6-a (C6-a), Comparative Example 7-a (C7-a) and Comparative Example 13
(C13) for the transfer in the porcine femoral arterial tissue.
Description of Embodiments

It has been determined that a drug coating layer having low toxicity in the lesion
affected area and a high intravascular stenosis inhibitory effect, can be provided with a
specific crystal form of a water-insoluble drug when delivering medical device coated
with a drug into the body.

The following crystal forms are preferably exemplified.

(1) Layer including crystalline morphological form of long hollow object

The layer having a morphological form including crystals of a long hollow object is a
drug coating layer in which a plurality of elongated bodies having long axes formed of
crystals of the water-insoluble drug are present in a brush shape on the substrate
surface. The plurality of elongated bodies are circumferentially arranged in a brush
shape on the substrate surface. Each of the elongated bodies is independently present,
has a length, and has one end (proximal) of the elongated body fixed to the substrate
surface. The elongated bodies do not form a composite structure with adjacent
elongated bodies, and are not connected to each other. The long axis of the crystal is
nearly linear in shape. The elongated body forms a predetermined angle with respect to
the substrate plane which the long axis intersects. The predetermined angle is in the
range of 45 degrees to 135 degrees. The predetermined angle is preferably in the range
of 70 degrees to 110 degrees, and more preferably in the range of 80 degrees to 100
degrees. It is more preferable that the long axis of the elongated body forms an angle
of nearly 90 degrees with respect to the substrate plane. At least near the distal, the
elongated body is hollow. The cross section of the elongated body is hollow in a
surface perpendicular to the long axis of the elongated body. The hollow cross section

of the elongated body in a surface perpendicular to the long axis is a polygon.
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Examples of the polygon include a tetragon, a pentagon, and a hexagon. Accordingly,
the elongated body has the distal (or distal surface) and the proximal (or proximal
surface), and a side surface between the distal (or distal surface) and the proximal (or
proximal surface) is formed as a long polyhedron which is constituted with a plurality
of planes. The crystalline morphological form constitutes the whole of or at least a part
of a plane on the substrate surface. For example, the layer including the crystalline
morphological form of the long hollow object is a layer having the crystalline mor-
phological form shown in SEM images of Figs. 1 to 5.

For example, characteristics of the layer having the morphological form including the
crystals of a long hollow object are as follows.

1) A plurality of elongated bodies (rod) having independent long axes, and the
elongated body is hollow.

2) The elongated body has a rod shape.

3) The elongated bodies have long axes, and in many cases, is a polyhedron, in which
the cross section of the elongated body in a surface perpendicular to the long axis is
polygonal. Equal to or greater than 50% by volume of the elongated body crystal is a
long polyhedron. The side surface of the polyhedron is mainly a tetrahedron. In some
cases, the long polyhedron has a plurality of surfaces (grooves) which are formed of a
reentrant angle in which a vertex is extended in a long axis direction. Herein, the
reentrant angle means that at least one of the interior angles of the polygon of a cross
section of the elongated body in a plane perpendicular to the long axis is greater than
an angle of 180e.

4) In many cases, the elongated body having a long axis is a long polyhedron. When
viewed in a cross section perpendicular to the long axis, the cross section is polygonal,
and is observed as a tetragon, a pentagon, or a hexagon.

5) A plurality of elongated bodies having independent long axes stand in a row with
an angle in a predetermined range, preferably in the range of 45° to 135° with respect to
the substrate surface, that is, the plurality of elongated bodies having independent long
axes nearly uniformly stand like a forest on the substrate surface. The region where the
elongated bodies stand like a forest is nearly uniformly formed in the circumferential
direction and the axial direction on the substrate surface. Each angle with respect to the
substrate surface of each independent elongated body may be different or the same in
the predetermined range.

6) One end (proximal) of each elongated body having an independent long axis is
fixed to the substrate surface.

7) In some cases, in a portion near the substrate surface, particle-like, short rod-like
or short curve-like crystals are laminated. The elongated body which directly or in-

directly has a long axis on the substrate surface is present. Therefore, there is a case
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where the elongated bodies having long axes on the laminate stand like a forest.

8) A length in the axial direction of the elongated body having a long axis is
preferably 5 micro m to 20 micro m, more preferably 9 micro m to 11 micro m, and
still more preferably about 10 micro m. A diameter of the elongated body having a
long axis is preferably 0.01 micro m to 5 micro m, more preferably 0.05 micro m to 4
micro m, and still more preferably 0.1 micro m to 3 micro m.

9) Other morphological forms (for example, a plate shaped morphological form
which is amorphous) are not mixed on the surface of the layer including the crystalline
morphological form of a long hollow object, which is present in an amount equal to or
greater than 50% by volume, and more preferably equal to or greater than 70% by
volume, and is present as the crystalline morphological forms of 1) to 7). More
preferably, almost all of the long hollow object is the crystalline morphological form of
7).

10) In the crystalline morphological form of the long hollow object, it is possible that
other compounds are present in the drug coating layer including the water-insoluble
drug constituting crystals. In this case, the compounds are present in a state of being
distributed in the space between crystals (elongated body) of a plurality of the water-
insoluble drugs which stand like a forest on a balloon substrate surface. In the ratio of
the materials constituting the drug coating layer, the crystals of the water-insoluble
drugs occupy a much greater volume than other compounds in this case.

11) In the crystalline morphological form of long hollow object, the water-insoluble
drugs constituting crystals are present on the balloon substrate surface. In the drug
coating layer of the balloon substrate surface having the water-insoluble drugs con-
stituting crystals, a matrix by the excipient is not formed. Therefore, the water-
insoluble drugs constituting crystals are not attached to the matrix material. The water-
insoluble drugs constituting crystals are also not embedded in the matrix material.

12) In the crystalline morphological form of long hollow object, the drug coating
layer may include crystal particles of the water-insoluble drugs which are arranged
with regularity on the substrate surface, and excipient particles formed of an excipient
which are irregularly arranged between the crystal particles. In this case, a molecular
weight of the excipient is less than a molecular weight of the water-insoluble drugs.
Therefore, the ratio that the excipient particles occupy per a predetermined area of the
substrate is smaller than the ratio that crystal particles occupy and the excipient
particles do not form a matrix. Here, the crystal particles of the water-insoluble drugs
may be one of the elongated body, and since the excipient particles are present in a
state of being much smaller than the crystal particles of the water-insoluble drugs, and
are dispersed among the crystal particles of the water-insoluble drugs, there is a case

where the excipient particles are not observed in the SEM image.



WO 2015/174001 PCT/JP2015/001398

[0042]
[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

(2) Layer including flat hair-like shape crystalline morphological form

The flat hair-like shape crystalline morphological form to be described below
occupies at least a part of the drug coating layer (including an amorphous form), equal
to or greater than 50% by volume, equal to or greater than 80% by volume, (equal to or
greater than 50% by volume as a crystal form, more and preferably equal to or greater
than 70% by volume), and still more preferably nearly 100% by volume. In a case of
occupying nearly 100% by volume, it is in a state that a plurality of crystalline mor-
phological forms are not mixed, and only a single crystalline morphological form is
present.

The layer including a flat hair-like shape crystalline morphological form is a drug
coating layer in which crystals of a flatly elongated hair-like shape of crystals of the
water-insoluble drug are randomly laminated on the substrate surface, and in which
some of the crystals have a portion curved in shape, and crystals having other mor-
phological forms are not mixed in the same crystal plane. In a case where an
amorphous layer and a crystal layer are present, "not the same crystal plane” means
that the amorphous film is present on the crystal layer. For example, the layer
including the flat hair-like shape crystalline morphological form is a layer having the
crystal form of Example 6 shown in Fig. 6A.

For example, characteristics of the layer including the flat hair-like shape crystalline
morphological form are as follows.

1) A hair-like shape crystal having a long axis has a shape flatly jointed in a plurality
of width directions, is not hollow, and has a tapered shape.

2) The joint shape of the hair-like shape crystal is randomly laminated on the
substrate surface. The long axis is present in a state reclined along the substrate
surface.

3) Some of the crystals have a portion curved in shape.

4) A length in the long-axis direction of the hair-like shape crystal is preferably 10
micro m to 100 micro m, more preferably about 20 micro m, and is longer than a
length of the crystalline morphological form of a long hollow object in many cases.

(3) Layer including morphological form in which an amorphous film is present on
the surface of the flat hair-like shape crystal

The layer is a drug coating layer in which the surface of the flat hair-like shape
crystal is covered with an amorphous film. The layer including the morphological form
in which an amorphous film is present on the surface of the flat hair-like shape crystal,
in which a layer of an amorphous film is present on the flat hair-like shape crystal, is
formed of two layers, one of the crystal and the other the amorphous film. For
example, the layer including the morphological form in which an amorphous film is

present on the surface of the flat hair-like shape crystal is a layer having the crystal



10

WO 2015/174001 PCT/JP2015/001398

[0052]

[0053]

[0054]

[0055]

form of Example 6 shown in Fig. 6B.

Specifically, on a certain plane (plane in which crystal/amorphous film are present), a
certain crystal form is at least partly present, or a certain crystal form is present in an
amount equal to or greater than 50% by volume, or equal to or greater than §0% by
volume, (equal to or greater than 50% by volume as a crystal form, and more
preferably equal to or greater than 70% by volume), still more preferably a plurality of
crystal forms are not mixed, and an amorphous film may be present on the outside of a
certain plane.

The crystal layers of the morphological form of the long hollow object, the mor-
phological form of the flat hair-like shape, and the morphological form in which an
amorphous film is present on the surface of the flat hair-like shape crystal have low
toxicity and a high intravascular stenosis inhibitory effect when delivering medical
device in which the substrate surface is coated with a drug into the body as a drug
coating layer. While not limiting, it is considered that the reason is because solubility
and retentivity in tissue after a drug having a certain crystal form is transferred into the
tissue 1s affected. For example, in a case of an amorphous form, since solubility is
high, even when the drug is transferred into a tissue, it immediately flows into the
blood stream. Therefore, the retentivity in a tissue is low, and thus an excellent stenosis
inhibitory effect cannot be obtained. On the other hand, the water-insoluble drug
having the described specific crystal form effectively acts to inhibit the stenosis since
when the drug is transferred into a tissue, one unit of the crystal becomes small, and
therefore, the permeability into a tissue and the solubility thereof are excellent. In
addition, it is considered that since the quantity of the drug remaining in a tissue as a
large mass is small, the toxicity is low.

In particular, the layer including the crystalline morphological form of a long hollow
object is a plurality of nearly uniform elongated bodies having long axes, and a mor-
phological form which substantially uniformly stands in a row with regularity on the
substrate surface. Therefore, the crystals transferred into a tissue have a small size
(length in long-axis direction) of about 10 micro m. For this reason, the drug uniformly
acts on the lesion affected area, and tissue penetrability is increased. Further, it is
considered that since the size of the crystals transferred is small, an excessive amount
of the drug does not remain in the lesion affected area for an excessive amount of time,
and the toxicity is not expressed, and a high stenosis inhibitory effect can be exhibited.

For any of the crystal forms, such as the exemplified crystal forms (1) to (3)
described above, a plurality of crystal particles of a water-insoluble drug regularly
arranged and uniformly sized on the surface of the medical device may comprise a
plurality of high aspect ratio paclitaxel crystals projecting from a substrate at a certain

angle, preferably at an angle of at least 20 degrees to 90 degrees relative to the



11

WO 2015/174001 PCT/JP2015/001398

[0056]

[0057]

[0058]

[0059]

[0060]

substrate. Drug crystals may be a plurality of high aspect ratio paclitaxel crystals
having a hollow crystal habit, or an acicular crystal habit. Drug crystals may be a
plurality of high aspect ratio paclitaxel crystals having a hollow acicular crystal habit.
A "high aspect ratio"” habit is a crystal habit that has a major dimension length and a
minor dimension length, such that the major dimension length is substantially longer,
such as about at least four (4) times longer, than the minor dimension length.
Water-insoluble drug

The water-insoluble drug means a drug that is insoluble or poorly soluble in water,
and specifically, solubility in water is less than 5 mg/mL at pH 5 to 8. The solubility
may be less than 1 mg/mL, and further, may be less than 0.1 mg/mL. The water-
insoluble drug includes a fat-soluble drug.

Examples of some preferable water-insoluble drugs include immunosuppressive
drugs such as cyclosporines including cyclosporine, immunoactive drugs such as
rapamycin, anticancer drugs such as paclitaxel, an antiviral drug or an antibacterial
drug, an antineoplastic tissue drug, an analgesic drug and an antiinflammatory drug, an
antibiotic drug, an antiepileptic drug, an anxiolytic drug, an antiparalysis drug, an an-
tagonist, a neuron blocking drug, an anticholinergic drug and a cholinergic drug, an an-
timuscarinic drug and a muscarinic drug, an antiadrenergic drug, an antiarrhythmic
drug, an antihypertensive drug, a hormone drug, and a nutritional supplement.

The water-insoluble drug is preferably at least one selected from a group formed of
rapamycin, paclitaxel, docetaxel, and everolimus. In the specification, rapamycin, pa-
clitaxel, docetaxel, and everolimus include analogs and/or derivatives thereof as long
as these have similar drug efficacy. For example, the paclitaxel is an analogue of the
docetaxel. The rapamycin is an analogue of the everolimus. Among these, the pa-
clitaxel is more preferable.

The water-insoluble drug may further include an excipient. The excipient is not
limited as long as it is pharmaceutically acceptable, and examples thereof include
water-soluble polymers, sugars, contrast agents, citric acid esters, amino acid esters,
glycerol esters of short-chain monocarboxylic acid, pharmaceutically acceptable salts,
surfactants, and the like. The ratio of the excipient and the water-insoluble drug is not
limited, but specifically, the ratio excipient/ water-insoluble drug is in the range from
0.5 to 4.0 (mol/mol), and more preferably, in the range from 1.0 to 3.2 (mol/mol). The
excipient may be amino acid esters, preferably serine ethyl ester, and water-insoluble
drug is paclitaxel.

Method for preparing crystalline layer

A coating solution is prepared by dissolving a water-insoluble drug in a solvent. The
coating solution is coated on a dilated balloon such that the solvent of the coating

solution is slowly volatilized. Thereafter, the balloon is deflated after coating is dried,
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thereby preparing a drug coating layer including the crystal layer.

The solvent used is not particularly limited and is exemplified by tetrahydrofuran,
ethanol, glycerin (also referred to as glycerol or propane-1,2,3-triol), acetone,
methanol, dichloromethane, hexane, ethyl acetate, and water. Among these, a mixed
solvent in which some from among tetrahydrofuran, ethanol, acetone, and water are
mixed is preferable.

A coating solution is applied to the surface of a medical device (e.g. medical device,
for example, balloon catheter, etc.) by using a coating apparatus. The coating apparatus
includes a motor, a platform, and a dispensing tube. The motor is connected to a
rotation member that is fixed to the proximal end of the medical device. The medical
device is mounted on the rotation member and configured to rotate about its lon-
gitudinal axis. The medical device is supported on the platform so that the medical
device is rotatable on the platform. The coating solution is coated on the surface of the
medical device with the dispensing tube. The dispensing tube has a hollow tubular
structure, and has an opening at the distal end. The lateral part of the distal portion of
the dispensing tube is disposed to contact the surface of the medical device, and the
coating solution is dispensed from the distal opening onto the surface of the medical
device. The medical device is rotated about the longitudinal axis in the opposition
direction (reverse direction) of dispensing the coating solution. The dispensing tube
translates along the longitudinal axis of the medical device to apply the coating
solution on the medical device. The coating solution applied on the surface of the
medical device is dried to form a coating layer. The rotation of the medical device
(balloon catheter) is made at 10 - 200 rpm, preferably 30 - 180 rpm, more preferably
50 - 150 rpm. The translational movement is made at 0.01 - 2 mm/sec, preferably 0.03
- 1.5 mm/sec, more preferably 0.05 - 1.0 mm/sec. The part of the medical device
(balloon catheter) where a coating layer is formed has a round or annular shape in
cross-section and its diameter is 1 - 10 mm, preferably 2 - 7 mm. The dispensing of the
coating solution on the surface of the medical device is made at 0.01 - 1.5 micro L/sec,
preferably 0.01 - 1.0 micro L/sec, more preferably 0.03 - 0.8 micro L/sec.

Medical device

The medical device can have the drug coating layer applied directly or through a pre-
treatment layer, such as a primer layer, on the surface of the substrate. The drug
coating layer contains a drug at a density of 0.1 micro g/mm? to 10 micro g/mm?,
preferably at a density of 0.5 micro g/mm? to 5 micro g/mm?, more preferably at a
density of 0.5 micro g/mm? to 3.5 micro g/mm?, even more preferably at a density of
1.0 micro g/mm? to 3.0 micro g/mm?, but it is not particularly limited thereto.

The shape and materials of the substrate are not particularly limited. Metals and

resins may be used as materials. The material may be any one of a film, a plate, a wire
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rod, and an irregularly shaped material, and may be a particulate.

The medical device used is not limited. Any medical device that is transplantable or
insertable may be used. The medical device which is long, delivered in the non-dilated
state with a reduced diameter in a body cavity such as blood, and enlarged in diameter
in a circumferential direction at a part, such as a blood vessel or a tissue, to release a
drug from the drug coating layer is preferable. Therefore, the medical device that is
reduced in diameter to be delivered, and enlarged in diameter to be applied to an
affected area is a medical device having a dilation portion. The drug coating layer is
provided on at least a part of the surface of the dilation portion. That is, the drug is
coated on, at least, the outer surface of the dilation portion.

The materials of the dilation portion of the medical device preferably have a certain
degree of flexibility, and a certain degree of hardness such that the drug is released
from the drug coating layer on the surface by being dilated when the medical device
reaches a blood vessel or a tissue. Specifically, the medical device is constituted with a
metal or a resin, and the surface of the dilation portion on which the drug coating layer
is provided is preferably constituted of a resin. The resin constituting the surface of the
dilation portion is not particularly limited, and preferable examples thereof include
polyamides. That is, at least a part of the surface of the dilation portion of the medical
device which is coated with a drug is a polyamide. Examples of the polyamide, which
is not particularly limited as long as it is a polymer having an amide bond, include ho-
mopolymers such as polytetramethylene adipamide (Nylon 46), polycaprolactam
(Nylon 6), polyhexamethylene adipamide (Nylon 66), polyhexamethylene sebacamide
(Nylon 610), polyhexamethylene dodecamide (Nylon 612), polyundecanolactam
(Nylon 11), polydodecanolactam (Nylon 12), coploymers such as a caprolactam/lauryl
lactam copolymer (Nylon 6/12), a caprolactam/aminoundecanoic acid copolymer
(Nylon 6/11), a caprolactam/omega-aminononanoic acid copolymer (Nylon 6/9), a
caprolactam/hexamethylene diammonium adipate copolymer (Nylon 6/66), and
aromatic polyamides such as a copolymer of adipic acid and m-xylene diamine, or a
copolymer of hexamethylene diamine and m,p-phthalic acid. Further, a polyamide
elastomer which is a block copolymer in which Nylon 6, Nylon 66, Nylon 11, or
Nylon 12 is a hard segment, and a polyalkylene glycol, a polyether, or an aliphatic
polyester is a soft segment can be used as a substrate material for a medical device.
The polyamides may be solely used, or two or more kinds thereof may be jointly used.

Specifically, as the medical device having the dilation portion, a long catheter having
a dilation portion (stent) or a dilation portion (balloon) is exemplified (balloon
catheter).

In the balloon of one embodiment, preferably, the drug coating layer is formed on the

surface at the time of dilating, and the balloon is wrapped (folded), inserted into a
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blood vessel, a body cavity or the like, delivered to tissue or affected area, and
enlarged in diameter in the affected area, and then, the drug is released.
Method of treating peripheral artery diseases in lower limbs

As mentioned above, a medical device is provided as DEB having an expandable
member (e.g., a balloon) having a drug coating layer which has a crystalline mor-
phological form including a plurality of crystal particles of water-insoluble drug
regularly arranged and uniformly sized on the surface of the medical device. The
medical device is inserted in peripheral blood vessels, through an incision of an access
point made in an artery. An access point can be made in radial artery or femoral artery,
which is called a trans-radial approach or a trans-femoral approach, respectively. The
medical device is introduced in the artery through the access point using other medical
devices like guidewires and guiding catheters to the lesion of peripheral artery diseases
to be treated in the lower limbs. When the medical device is positioned next to the
lesion, an expandable member is dilated by fluid and expanded. The drug coating layer
of the surface of the expandable member contacts and is pressed to the wall of the
blood vessels. The drug is immediately released from the surface of the expandable
member, and at least part of a plurality of crystal particles are transferred to the
vascular tissue of the blood vessels. The expandable member is deflated and the
medical device is withdrawn from the blood vessels.

By using the medical device as described herein, methods are provided treating pe-
ripheral artery diseases in lower limbs. The lesions of peripheral artery diseases are
formed by arterial sclerosis which is generated by/with aging, infection, diabetes
mellitus, and the like in the blood vessels (arteries) of lower limbs. As described
herein, it was shown that the size of the microparticulates generated in the lesion is
small enough and generation of the relatively large microparticulates having a size that
can cause embolization of peripheral blood vessels is suppressed. This is thought to be
caused by crystal particles of paclitaxel uniformly arranged and constantly sized in the
drug coating layer on the surface of the balloon. It was demonstrated that DEB as
described herein is capable of reducing the risk of peripheral embolization because of
less distribution of microparticulates in the muscle adjacent downstream peripheral
blood vessels compared to DEB manufactured by others. This was shown in the ex-
periments to see the effects of microparticulates on muscles adjacent downstream pe-
ripheral blood vessels using porcine lower limbs.

As described herein, a pharmacokinetic profile (PK profile) is provided by using
DEB. This PK profile is achieved by uniform paclitaxel crystal particles in a micro
size. A high drug concentration in tissue by day 7 after dilation of the balloon affects
smooth muscle cell proliferation. After that, prompt clearance from the tissue does not

inhibit endothelial cell growth. The DEB provides superior outcomes in both efficacy
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and safety. That is, the DEB disclosed herein can give no influence on the vascular re-
modeling, which reduces the risk of its late thrombosis. Although it strongly inhibits
the stenosis, dual anti-platelet therapy (DAPT) expects to be limited for 4 weeks to the
same extent that non-drug coated balloon provides. The PK profile comprises the area
under the blood concentration-time curve (AUC) of the drug on day 0.04 (60 minutes)
to day 7 after the balloon dilation is at least 200 ng day/mg tissue, the drug con-
centration in the tissue is 5 ng/mg tissue to 40 ng/mg, and more preferably 9 ng/mg
tissue to 40 ng/mg tissue on day 7, the drug concentration in the tissue is 0.5 ng/mg
tissue to 3 ng/mg tissue on day 28, and the reduction rate of the drug from 0.04 day to
1 day was at most 50%.

As described herein, it was shown that DEB provides uniform inhibitory effects of
vascular intima thickening in the entire treated lesion (in the entire long lesion). The
long lesion is treated by, for example, a balloon catheter having a longitudinal length in
the range of 4 cm to 20 cm. This is achieved by the micro crystals of paclitaxel
uniformly arranged and constantly sized in the drug coating layer on the surface of the
balloon. Further, the micro crystals of paclitaxel are delivered without being detached
from the surface of the balloon during a process to be delivered to the lesion of the
treatment. DEB can be expanded in the lesion of the treatment while keeping the
uniformity (regular arrangement and uniform sizing of a plurality of crystal particles)
of the drug coating layer until dilated. This is how DEB can uniformly deliver drugs,
such as paclitaxel to the entire lesion. The size of uniformly arranged paclitaxel
crystals is not limited in particular. The crystal size can be, for example, both in the
range from 0.5 micro m to 5 micro m, and in the range 5 micro m to 30 micro m.

1. A water-insoluble drug for use in a method of reducing the risk of embolization of
peripheral blood vessels,

wherein the water-insoluble drug has a crystalline morphological form and wherein a
plurality of crystal particles is regularly arranged and uniformly sized in a drug coating
layer on the surface of a medical device having an expandable member,

wherein the generation of microparticulates having a size that causes embolization of
peripheral blood vessels is suppressed.

2. The water-insoluble drug for use according to 1, wherein

the treatment includes

inserting the medical device in peripheral blood vessels,

expanding the expandable member,

pressing the drug coating layer to a blood vessel wall such that at least part of the
plurality of crystal particles are transferred to the blood vessel wall, and

deflating the expandable member.

3. The water-insoluble drug for use according to 1 or 2, wherein each of the plurality
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of crystal particles has an elongated body with a long axis which is nearly linear in
shape and forms an angle in a predetermined range with respect to the surface of the
expandable member with which the long axis of the elongated body intersects.

4. The water-insoluble drug for use according to 3, wherein said predetermined range
with respect to the surface of the expandable member is in the range of 45 degrees to
135 degrees with respect to the surface of the expandable member with which the long
axis of the elongated body intersects.

5. The water-insoluble drug for use according to 2, 3 or 4, wherein at least a vicinity of
a distal end of the elongated body is hollow.

6. The water-insoluble drug for use according to anyone of 2 to 5, wherein a cross-
sectional shape of the elongated body perpendicular to the long axis is a polygon.

7. The water-insoluble drug for use according to anyone of 1 to 6, wherein said drug
coating layer comprises a plurality of high aspect ratio paclitaxel crystals having an
acicular crystal habit.

8. The water-insoluble drug for use according to anyone of 1 to 7, wherein the drug
coating layer which has the crystalline morphological form including the plurality of
crystal particles of the water-insoluble drug comprises excipient particles formed of an
excipient which are irregularly arranged between the crystal particles; preferably
wherein a molecular weight of the excipient is less than a molecular weight of the
water-insoluble drug, a ratio occupied by the excipient particles per a predetermined
area of the substrate is less than a ratio occupied by the crystal particles, and the
excipient particles do not form a matrix.

9. The water-insoluble drug for use according to anyone of 1 to 8, wherein the water-
insoluble drug is selected from a group consisting of paclitaxel, rapamycin, docetaxel,
and everolimus.

10. The water-insoluble drug for use according to anyone of 1 to 9, wherein small
microparticulates are generated in the blood vessels.

11. The water-insoluble drug for use according to anyone of 1 to 10, wherein a low
level of the crystal particles are distributed in a muscle adjacent downstream peripheral
blood vessels.

12. The water-insoluble drug for use according to anyone of 1 to 11, wherein the
therapeutic use further comprises lowering the level of necrosis.

13. The water-insoluble drug for use according to anyone of 1 to 12, wherein the
therapeutic use further comprising lowering a risk of amputation.

14. The water-insoluble drug for use according to anyone of 1 to 13, wherein the mi-
croparticulates having a size that causes embolization of peripheral blood vessels are of
a diameter of 100 micro m to 900 micro m.

15. The water-insoluble drug of 10, wherein the small microparticulates have a
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diameter of 10-25 micro m.
Examples

Hereinafter, examples and the comparative examples will be described, but, the em-
bodiments are not limited to the examples.

A. Manufacture or preparation of drug eluting balloon, or preparation of non-drug
coated balloon

Example 1

(1) Preparation of coating solution 1

L-serine ethyl ester hydrochloride (CAS No.26348-61-8) (56 mg) and paclitaxel
(CAS No0.33069-62-4) (134.4 mg) were weighed. Absolute ethanol (1.2 mL), tetrahy-
drofuran (1.6 mL), and RO (reverse osmosis) membrane-treated water (hereinafter,
referred to as RO water) (0.4 mL) were respectively added thereto and dissolved,
thereby preparing a coating solution 1.

(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 1 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?. That is, a dispensing tube
having an opening at the distal most end was transferred horizontally in the traverse
direction and was placed on the surface of the balloon. At least a portion of the lateral
side of the dispensing tube was contacted and disposed along the surface of the
balloon. While at least a portion of the lateral side of the dispensing tube was
maintained in contact with the surface of the balloon, the coating solution was
dispensed from the opening at the distal most end of the dispensing tube. In this state
the balloon was rotated about the longitudinal axis in the opposite direction (reverse
direction) against the direction of the dispensing the coating solution from the distal
opening. The translational movement of the dispensing tube along the longitudinal axis
and the rotational movement of the balloon were adjusted, and concurrent with the
beginning of the rotation, the coating solution was dispensed on the surface of the
balloon at 0.053 micro L/sec to perform coating of the balloon.

Thereafter, the coating was dried, thereby making a drug eluting balloon.

Example 2

(1) Preparation of coating solution 2

L-serine ethyl ester hydrochloride (70 mg) and paclitaxel (180 mg) were weighed.
Absolute ethanol (1.5 mL), acetone (2.0 mL), tetrahydrofuran (0.5 mL), and RO water
(1 mL) were added thereto respectively and dissolved, thereby preparing a coating
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solution 2.
(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 2 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 1 except that the coating
solution was dispensed on the surface of the balloon at 0.088 micro L/sec.

Thereafter, the coating was dried, thereby making a drug eluting balloon.

Example 3

(1) Preparation of coating solution 3

L-serine ethyl ester hydrochloride (70 mg) and paclitaxel (168 mg) were weighed.
Absolute ethanol (1.5 mL), tetrahydrofuran (1.5 mL), and RO water (1 mL) were
added thereto respectively and dissolved, thereby preparing a coating solution 3.

(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 3 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 1 except that the coating
solution was dispensed on the surface of the balloon at 0.101 micro L/sec.

Thereafter, the coating was dried, thereby making a drug eluting balloon.

Example 4

(1) Preparation of coating solution 4

L-serine ethyl ester hydrochloride (70 mg) and paclitaxel (180 mg) were weighed.
Absolute ethanol (1.75 mL), tetrahydrofuran (1.5 mL), and RO water (0.75 mL) were
added thereto respectively and dissolved, thereby preparing a coating solution 4.

(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 4 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?2.

That is, the coating was performed as in the Example 1 except that the coating
solution was dispensed on the surface of the balloon at 0.092 micro L/sec.

Thereafter, the coating was dried, thereby making a drug eluting balloon.
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Example 5
(1) Preparation of coating solution 5

L-aspartic acid dimethyl ester hydrochloride (CAS No0.32213-95-9) (37.8 mg) and
paclitaxel (81 mg) were weighed. Absolute ethanol (0.75 mL), tetrahydrofuran (0.96
mL), and RO water (0.27 mL) were added thereto respectively and dissolved, thereby
preparing a coating solution 5.

(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 5 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 1 except that the coating
solution was dispensed on the surface of the balloon at 0.055 micro L/sec.

Thereafter, the coating was dried, thereby making a drug eluting balloon.

Example 6

(1) Preparation of coating solution 6

L-serine ethyl ester hydrochloride (56 mg) and paclitaxel (134.4 mg) were weighed.
Absolute ethanol (0.4 mL), tetrahydrofuran (2.4 mL), and RO water (0.4 mL) were
added thereto respectively and dissolved, thereby preparing a coating solution 6.

(2) Drug coating on balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared. The coating solution 6 was coated on
the dilated balloon such that the solvent of the coating solution is slowly volatilized to
make the amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 1 except that the coating
solution was dispensed on the surface of the balloon at 0.053 micro L/sec.

Thereafter, the coating was dried, thereby making a drug eluting balloon.

Comparative Example 1

IN.PACT® (manufactured by INVAtec JAPAN, Interventional Cardiology, 58(11),
2011, 1105-1109) which is a commercially available drug-eluting balloon catheter
comprising paclitaxel and an excipient of urea was provided. The balloon in Com-
parative Example 1 is a drug eluting balloon of which the surface is coated with pa-
clitaxel.

Comparative Example 2

A balloon catheter (manufactured by Terumo Corp., the material of the balloon

(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
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mm (dilation portion) when dilated was prepared. The balloon in Comparative example
2 is a non-drug coated balloon of which the surface is not coated with a drug.
B. Measurement of amount of paclitaxel coated on balloon

For the drug eluting balloon in Examples 1 to 6, the amount of paclitaxel coated on
the balloon was measured according to the following procedure.

1. Method

After the prepared drug eluting balloon was immersed in a methanol solution, it was
shaken with a shaking apparatus for 10 minutes, and then, paclitaxel coated on the
balloon was extracted. The absorbance at 227 nm of the methanol solution by which
paclitaxel was extracted was measured by high performance liquid chromatography
using an ultraviolet-visible spectrophotometer, and the amount of paclitaxel per
balloon ([micro g/balloon]) was determined. In addition, the amount of paclitaxel per
unit area of balloon ([micro g/mm?]) was calculated from the amount of obtained pa-
clitaxel and the balloon surface area.

2. Result

Table 1 shows the obtained results. In addition, in Table 1, "Balloon surface area”
represents a surface area (unit: mm?) when the balloon is dilated, "per each balloon" in
"Amount of PTX on a balloon" represents the amount of paclitaxel per one balloon
(unit: micro g/balloon), and "per unit area” in "Amount of PTX on a balloon"
represents the amount of paclitaxel per surface area 1 mm? of the balloon (unit: micro
g/ mm?), respectively.

As shown in Table 1, the amount of paclitaxel coated on the balloon in all of
Examples 1 to 6 is about 3 micro g/mm?, and it was possible to coat the target amount

of paclitaxel on the balloon surface.

[Table 1]
Coating Amount of PTX on a balloon
Examples solution per each per unit area
No. [ug/balloon] ng/mm?)
1 Coating solution 1 588.9 31
2 Coating solution 2 665.5 3.5
3 Coating solution 3 652.6 3.5
4 Coating solution 4 661.3 3.5
5 Coating solution 5 653.3 3.5
6 Coating solution 6 560.2 3.0

C. Observation of drug coating layer of drug eluting balloon by scanning electron mi-
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1. Method
[0105]  The drug eluting balloons in Examples 1 to 5 and Example 6 were dried, and after

[0106]

[0107]

[0108]

the dried drug eluting balloons were cut to an appropriate size, these were placed on a
support, and platinum deposition was performed thereon. In addition, in the same
manner, after a commercially available drug eluting balloon (IN.PACT) manufactured
by INVAtec JAPAN in Comparative Example 1 also was cut to an appropriate size, it
was placed on a support, and platinum deposition was performed thereon. The surface
and the inside of the drug coating layers of these platinum deposited samples were
observed by a scanning electron microscope (SEM).

2. Result

In the drug coating layers of the Examples, crystal layers having a morphological
form of a long hollow object, a morphological form of a flat hair-like shape, and a
morphological form in which an amorphous film is present on the surface of the flat
hair-like shape crystals were observed.

SEM images shown in Figs. 1 to 6 were obtained. Figs. 1 to 5, which are SEM
images of Examples 1 to 5, show a layer, including the morphological form of a long
hollow object, and it was made clear that uniform paclitaxel crystals of the long hollow
objects having a length of about 10 micro m are uniformly formed on the balloon
surface. These paclitaxel crystals of the long hollow objects have long axes, and the
elongated bodies (about 10 micro m) having the long axes were formed so as to be in a
direction nearly perpendicular to the balloon surface. The diameter of an elongated
body was about 2 micro m. In addition, the cross section of the elongated body in a
surface perpendicular to the long axis was a polygon. The polygon was, for example, a
polygon of a tetragon. Further, these nearly uniform long hollow objects of paclitaxel
were uniformly and densely (at the same density) formed on the entire surface of the
balloon in the same morphological form (structure and shape).

On the other hand, SEM images of Fig. 6A and Fig. 6B in Example 6 show a layer
including a morphological form of a flat hair-like shape and a morphological form in
which an amorphous film is present on the surface of the flat hair-like shape crystals,
which were paclitaxel crystals of a flatly elongated hair-like shape. Many of these
crystals have a comparatively large size equal to or greater than 20 micro m, and the
long axes are present in a state reclined along the balloon surface (Fig. 6A). Further, as
shown in Fig. 6B, a region in which the upper portion of a layer including a mor-
phological form of a flat hair-like shape is covered with an amorphous film was
present. In the region, the layer including a morphological form in which a layer of an
amorphous film is present on the flat crystal structure, two layers are formed of the

crystals and the amorphous film, and the amorphous film is present on the surface of
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the flat hair-like shape crystals.

Fig. 7 in Comparative example 1 is a SEM image of the drug coating layer of a com-
mercially available drug eluting balloon (IN.PACT) manufactured by INVAtec
JAPAN. In this, amorphous material and crystals were mixed in the same plane. It was
observed that most of them were nearly amorphous, and needle-like crystals were
partly mixed in the same plane.

D. Intravascular stenosis inhibitory effect in a pig coronary artery and effect on blood
vessel remodeling

For Examples 1 and 6, Comparative Example 1 (C1: commercially available
balloon), and Comparative Example 2 (C2: non-drug coated balloon), the intravascular
stenosis inhibitory effect in a pig coronary artery and an effect on blood vessel re-
modeling were evaluated in according to the following procedure.

1. Method

(1) A guiding catheter with a guide wire was inserted by an 8Fr sheath, and guided to
the left and right coronary artery opening portion under X-ray fluoroscopy.

(2) Angiography of each coronary artery was performed (coronary artery: left
anterior descending coronary artery (LAD), right coronary artery (RCA), and left
circumflex coronary artery (LCX)), and a diameter of coronary artery obtained by an-
giography was measured by a QCA software.

(3) A site in which a diameter of a stent is 1.2 times, and a diameter of the drug
eluting balloon is 1.3 times with respect to a diameter of a blood vessel was selected,
and work after stent placement was performed.

(4) After extended for 30 seconds such that BMS (bare metal stent) stent (stent
diameter 3 mm x length 15 mm) in the coronary artery selected is 1.2 times, a balloon
catheter for the stent placement was removed. At the stent placement site, after the
drug eluting balloon (balloon diameter 3 mm x length 20 mm) having the drug coating
layer prepared in Examples 1 and 6 and Comparative Examples 1 and 2 was dilated for
1 minute so as to be 1.3 times with respect to the diameter of a blood vessel, the
balloon catheter was removed.

(5) After the drug eluting balloon was dilated, the guiding catheter and the sheath
were removed. After a central side of a carotid artery was ligated, a gap of muscles of
an incision opening of cervical region was sutured with a suture, and the skin was
sutured by a surgical stapler for sutures.

(6) 28 days after the balloon dilatation, autopsy was performed.

Calculation method of intravascular stenosis rate

An intravascular stenosis rate was calculated in according to the following procedure.

Blood vessel images were taken by a Leica microscope and a pathology imaging

system. By these images, internal area of an external elastic lamina area, internal
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elastic lamina area, internal area of lumen, internal area of stent were measured.

Area stenosis rate (%) was calculated from "area stenosis rate = (neointimal area /
internal elastic lamina area) x 100",

Calculation method of fibrin content, Fibrin Content Score

Evaluation of fibrin content was performed in all circumferences of blood vessel
according to the method of Suzuki et al. (Suzuki Y., et. al Stent-based delivery of
sirolimus reduces neointimal formation in aprocine coronary model. Circulation 2001;
1188-93).

The content of the score of fibrin content is as follows.

Score 1: Fibrin localized in a blood vessel was observed, or fibrin is moderately
deposited in a region less than 25% of all circumferences of blood vessel observable
near a strut of the stent.

Score 2: Fibrin is moderately deposited in a region greater than 25% of all circum-
ferences of blood vessel observable, or fibrin is heavily deposited in a region less than
25% of all circumferences of blood vessel observable between the struts and the
proximity of the strut.

Score 3: Fibrin is severely deposited in a region greater than 25% of all circum-
ferences of blood vessel observable.

In addition, all the scores were obtained by calculating the average value of the three
locations, that is, a proximal location, a middle location, and a distal location of the
stent placement sites for each blood vessel.

Endothelialization score calculation method, endothelialization score

The content of an endothelialization score is as follows.

Score 1: Up to 25% of all circumferences of vascular lumen observable is covered
with endothelial cells.

Score 2: 25% to 75% of all circumferences of vascular lumen observable is covered
with endothelial cells.

Score 3: Equal to or greater than 75% of all circumferences of vascular lumen ob-
servable is covered with endothelial cells.

In addition, all the scores were calculated as an average value of three locations, that
is, a proximal, a middle and a distal location to the stent placement site, for each blood
vessel.

2. Results for intravascular stenosis inhibitory effect in a pig coronary artery

An intravascular stenosis rate was calculated according to the above-described
procedure. Table 2 shows the obtained results. In Table 2, 1 and 6 in a column of
Examples/Comparative Examples are Examples, and C1 to C2 are Comparative
Examples.

In addition, Fig. 8 is a graph showing the blood vessel stenosis rate of Examples 1
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and 6, and of Comparative Examples C1 to C2 for the intravascular stenosis inhibitory
effect in pig coronary arteries. In Fig. 8, the horizontal axis represents Examples or
Comparative Examples, the numbers 1 and 6 mean Examples 1 and 6, respectively,
and the numbers with letters, that is, C1 to C2 mean Comparative Example 1 (C1) and
Comparative Example 2 (C2), respectively. In addition, the vertical axis represents the
area stenosis rate (unit: %) of a blood vessel.

In Comparative Example 2 (C2), the area stenosis rate of a blood vessel treated with
the non-drug coated balloon as a non-drug treated control was 38.9%. The area
stenosis rate of a blood vessel treated with the drug eluting balloon in Example 6 was
20.6%, and a significant stenosis inhibitory effect was confirmed as compared to the
non-drug treated control. On the other hand, the area stenosis rate of a blood vessel
treated with the commercially available drug eluting balloon (IN.PACT) in Com-
parative Example 1 was 30.4%, and it was found that the area stenosis rate tends to be
decreased as compared to the non-drug coated balloon; however, it was estimated that
there is sufficient room for improvement in the effect.

In contrast, the area stenosis rate of a blood vessel treated with the drug eluting
balloon according to Example 1 was 16.8%, and a significant stenosis inhibitory effect
was observed as compared to the non-drug treated control and the IN.PACT of Com-
parative Example 1 (C1). In addition, it showed a stronger effect than in Example 6,
and the most excellent stenosis inhibitory effect was obtained.

Based on what has been described above, it was made clear that the drug eluting
balloon of the drug coating layer having the paclitaxel crystalline morphological form
according to Examples 1 and 6 exhibits a significantly stronger stenosis inhibitory

effect than the commercially available drug eluting balloon.

[Table 2]
Examples/ Stenosis rate S.D.
Comparative [%]
Examples
1 16.8 3.9
6 20.6 5.9
C1 30.4 10.3
C2 38.9 13.8

3. Results for blood vessel remodeling after stent placement in a pig coronary artery
(toxicity)

As the effect (toxicity) on the blood vessel remodeling after the stent placement in a
pig coronary artery, the fibrin content score and endothelialization score were
observed. The results are shown in Table 3. Moreover, the larger the number the fibrin

content score is, the larger the fibrin content is, which is not preferable. On the other
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hand, the smaller the number the endothelialization score is, the less blood vessel is
covered with the endothelial cells, which is not preferable. In Table 3, 1 and 6 in a
column of Examples/Comparative Examples are Examples, and C1 and C2 are Com-
parative Examples.

The fibrin content score and endothelialization score of a blood vessel treated with
the non-drug coated balloon as a non-drug treated control in Comparative Example 2
(C2) do not have an influence on the vascular remodeling since there is no effect
(toxicity) by drugs, and the scores were 1.00 £ 0.00 and 3.00 £ 0.00, respectively.

The fibrin content score and endothelialization score in Comparative Example 1 (C1)
were 1.27 +0.15 and 2.80 + 0.11, respectively, and the scores were nearly the same as
those in the non-drug coated balloon. It is estimated that effect (toxicity) on the
vascular remodeling is also small since the stenosis inhibition effect by drugs is small.

On the other hand, the fibrin content score and endothelialization score of a blood
vessel treated with the drug eluting balloon according to Example 6 were 2.61 £ 0.16
and 1.78 £ 0.17, respectively, and it was suggested that the effect on the vascular re-
modeling was great as compared to those of Comparative Example 1 (C1) and Com-
parative Example 2 (C2). It is considered that this is because the stenosis inhibition
effect is stronger than in Comparative Example 1 (C1) and Comparative Example 2
(C2).

In contrast, the fibrin content score and endothelialization score of a blood vessel
treated with the drug eluting balloon according to Example 1 were 1.53 £ 0.17 and
2.87 £ 0.09, respectively, and it was made clear that the effect (toxicity) on the
vascular remodeling was the same as that of the commercially available product in
Comparative Example 1 (C1), and in spite that high stenosis inhibition effect was
obtained, the toxicity was extremely low.

Based on what has been described above, the drug eluting balloon of the drug coating
layer having the paclitaxel crystalline morphological form according to Example 6 has
a significantly stronger stenosis inhibition effect. Further, it was made clear that the
drug eluting balloon of the drug coating layer having the paclitaxel crystalline mor-
phological form according to Example 1 has a significantly stronger stenosis inhibition
effect, hardly exhibits the effect (toxicity) on the vascular remodeling, and thus, it is an

excellent drug eluting balloon in terms of effectiveness and side effects (toxicity).
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[Table 3]
Examples/
Comparative Fibrin content score Endothelialization score

Examples

1 1.83£0.17 287 +0.08

6 2.61+0.16 1.78 £ 0.17

C1 1.27 £0.15 2.80+ 0.1

C2 1.00 = 0.00 3.00 £ 0.00

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

E. Particulate sizes generated from the drug eluting balloon

For the drug eluting balloon in Example 7 and Comparative Example 3 (C3), par-
ticulate suspensions were generated by tracking drug eluting balloon through a
simulated peripheral model and collected.

Example 7

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 7.0 x a length 200
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 2.

Comparative Example 3

IN.PACT® (manufactured by INV Atec/ Medtronic, Inc., same as mentioned in Com-
parative Example 1 above) which is a commercially available balloon catheter having a
size of a diameter 7.0 x a length 120 mm (dilation portion) when dilated was provided.
The balloon in Comparative Example 3 is a drug eluting balloon of which the surface
is coated with paclitaxel.

1. Method

Particulate suspensions were generated according to the following procedure. A
guiding sheath was filled with normal saline and was set having an angle of about 45
degrees. And then, a guide wire was passed through a lumen of the guiding sheath.
During this test, normal saline in the guiding sheath was kept at 37 degree C. The drug
eluting balloon was tracked over a guide wire for Iminute until the balloon exited the
model (the guiding sheath) into a mock vessel made of silicone rubber tubing in which
the guiding sheath is placed. The balloon was inflated to 11 atm, held for Iminute,
deflated, and retracted through the model. A guiding sheath was flushed with physi-
ological salt solution. The mock vessel was flushed with normal saline. All flush

solutions were pooled in glass vials. Measurement of particulate counts and sizes were
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performed by a Liquid Particle Counter HIAC 8000A (Hach Company) and a mi-
croscope VH-5500 (KEYENCE).
2. Result

Particulates generated by the drug eluting balloon tracked through a simulated pe-
ripheral model with balloon expansion in a silicone rubber mock vessel (mean total
counts per balloon catheter) was measured. The results are shown in FIG. 9A and FIG.
9B. In FIG. 9A and FIG. 9B, 7 is Example, and C3 is Comparative Example 3.

It was shown that the drug eluting balloon in Example 7 generated an approximate
10-fold higher number of particulates having a diameter of 10 micro m - 25 micro m
(fine particulates) per balloon catheter than the drug eluting balloon (IN.PACT®) in
Comparative Example C3. In addition, the drug eluting balloon in Example 7 also
generated fewer large-sized particulates 100 - 900 micro m than IN.PACT in Com-
parative Example C3. In this embodiment, greater than 90% of the total particulates
generated from the drug eluting balloon in Example 7 was 10 - 25 micro m in
diameter, and the rest (10% or less) of the particulates is 100 - 900 micro m in diameter
as shown in FIG. 9A and FIG. 9B.

F. Histologic evaluation downstream vascular and skeletal muscle

For the drug eluting balloon in Example 7 and Comparative Example 4 (C4),
histologic evaluation of downstream vascular and skeletal muscle (in the peripheral
arteries of the lower limb) was performed in according to the following procedure.

Comparative Example 4 (C4)

Comparative Example 4 (C4) in Table 4 is data of the commercially available drug
coating balloon (Lutonix®) manufactured by Bard, that is referred to the literature
(Catheterization and Cardiovascular Interventions 83, 2014, 132-140), which
comprises paclitaxel and a carrier comprised of polysorbate and sorbitol.

1. Method

Particulate suspensions were generated by using a simulated peripheral model as in
Example 7. Five porcine were designated to histologic evaluation of downstream
vascular and skeletal muscle. After the drug eluting balloon treatment procedure has
concluded, the animals were recovered and allowed to reach the predetermined 29 + 1
day survival time point. A single animal received intra- arterial injection of either 1 x
clinical dose (3 micro g/mm? paclitaxel) or 3 x dose (correspond to 9 micro g/mm? pa-
clitaxel) particulate suspension or control suspension to the left and right iliofemoral
arteries. For each injection, the guiding catheter was positioned in a distal end of bi-
furcation of superficial femoral arteries and deep femoral arteries and paclitaxel
particle suspension or control suspension was injected over a period of approximately
5 sec. Immediately following injection, the catheter was flashed with approximately 20

ml of normal saline to ensure the entire suspension had been delivered to the target
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area. An angiogram was performed to assess vessel patency. The presence of emboli
within lower limb muscles was evaluated at 29 £ 1 day by sectioning the semi-
tendinosus, semimembranous, biceps femoris, Gastroconnemius femoris, musculus
soleus, flexor digitorum profundus and flexor digitorum superficialis with parallel cuts
at 1-2 cm apart . Histologic sections were prepared on a microtome at 3-4 microns and
stained with hematoxylin and eosin (H&E). The histologic sections immunos-
tainedwith anti -von Willebrand factor antibodes (Abcam) to detect endothelial cells.
Histologic sections were examined to identify and quantify any embolic particulate as
well as any associated regions of ischemic necrosis/inflammation. The number of ar-
terioles with findings was expressed as a percentage of total number of arterioles
histologic section.

[0154]  Histological analyses of downstream skeletal muscle were performed to determine
whether there is any evidence of ischemia from downstream emboli.

2. Result

[0155]  Percentage of arterioles with any pathological findings downstream such as emboli
and necrosis were evaluated. Table 4 shows the obtained results. In Table 4, "7 " in
column of Examples/Comparative Examples is an Example, and "C4 " is a Com-
parative Example.

[0156] In Example 7, the percentage of arterioles with any pathological findings
downstream of 3 x dose treated arteries was maximally 0.012% at 28 days. It was
showed that changes in skeletal muscle sections were overall very low. In addition, the
percentage of downstream emboli and/or necrosis observed in Example 7 was less than
Lutonix® according to Comparative Example 4 (C4) (Catheterization and Cardio-
vascular Interventions, 83, 2014, 132-140). Example 7 showed favorable downstream
safety. It was shown that the drug eluting balloon as described herein has an effect with

the decreased level of necrosis in the peripheral arteries.

[Table 4]
Examples/ Thromboemboli/ Vasculitis
Comparative PTX dose [ug] {arterioles with
Examples findings/total) [%]
15825.6
! (x1dose) 0.002
47476.8
7 (x3 dose) 0.012
C4 3014.4 0.18
C4 12057.6 0.24

G. Drug concentration in downstream muscle

[0157]  For the drug eluting balloon in Example 8 and Comparative Example 5 (CS5), a con-
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centration of paclitaxel distributed in downstream muscle was evaluated in according
to the following procedure.

Example 8

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 6.0 x a length 40
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?>.

That is, the coating was performed as in the Example 2.

Comparative Example 5 (C5)

"CS5 " in Table 5 is from the data of IN.PACT® normalized to the dose of Example 8.
The IN.PACT® data was presented by R. J. Melder, Sc. D. at LINC 2013 (IN.PACT
DEB technology and Pre-clinical Science).

1. Method

Three porcine animals were designated to evaluate the amount of paclitaxel dis-
tributed in downstream muscle (in the peripheral arteries of the lower limb). At the
treatment procedure, angiography was utilized to identify target treatment sites within
the iliofemoral and superficial femoral arteries. One drug eluting balloon treatment was
performed per animal. After the drug eluting balloon treatment procedure has
concluded, the animals were recovered and allowed to reach the predetermined 1 day
(24 + 0.5 hours) survival time point. Muscles (beneath dilated segment [treatment site]
and downstream) was carefully dissected from surrounding tissue at 1day (24 £ 0.5
hours) following treatment with the drug eluting balloon. The paclitaxel concentration
measurement in muscle was performed by LC-MS/MS analysis.

2. Result

The amount of paclitaxel distributed in downstream muscle correlates with sequence
of drug exposure was evaluated. Table 5 shows the paclitaxel concentration in
downstream muscle. In Table 5, "8" in column of Examples/Comparative Examples is
an Example, and "C5" is a Comparative Example.

The paclitaxel concentration in downstream muscle observed in Example 8 is less
than IN.PACT of Comparative Example 5 (C5).

Based on what has been described above, it was made clear that the drug eluting
balloon disclosed herein is capable of reducing the risk of peripheral embolization
because of less distribution of (large-sized) micro-particulates in downstream muscle

compared to drug eluting balloon manufactured by others.
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[Table 5]
Cséirggzie PTX concentration in
Example downstream Muscle [ng/mg]
8 0.0176
82 0.0529

H. Pharmacokinetics in Porcine ilio-femoral arteries

[0166]  For the drug eluting balloon in Example 9 and Comparative Example 6-a (C6-a) to
Comparative Example 8-a (C8-a), Comparative Example 9 (C9), pharmacokinetics in
porcine ilio-femoral arteries was evaluated in according to the following procedure.

Example 9
Preparation of drug eluting balloon

[0167] A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 6.0 x a length 40
mm (dilation portion) when dilated was prepared.

[0168]  Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?>.

[0169]  Thatis, the coating was performed as in the Example 2.

Comparative Example 6-a (C6-a)

[0170] Comparative Example 6-a (C6-a) in FIG. 10 and FIG. 11 is from the data of
IN.PACT®. The IN.PACT® data was presented by R. J. Melder, Sc. D. at LINC 2013
(IN.PACT DEB technology and Pre-clinical Science).

Comparative Example 7-a (C7-a)

[0171] Comparative Example 7-a (C7-a) in FIG. 10 and FIG. 11 is from the data of Lutonix
®), The Lutonix® data was presented by R.Virmani, MD at LINC 2014 (Pre-clinical
safety data and technology review).

Comparative Example §-a (C8-a)

[0172] Comparative Example 8-a (C8-a) in FIG. 10 and FIG. 11 is from the data of
Cotavance®. The Cotavance® data was referred to in the literature (Cardiovascular In-
terventions, 6, 8, 2013, 883-890) and was presented by R. Virmani, MD (Pros and
Cons of Different Technologies in Peripheral Arteries: Insights from A Pathologist).

Comparative Example 9 (C9)

[0173]  Comparative Example 9 (C9) in FIG. 10 and FIG. 11 is from the data of Freeway®.
The Freeway® data was presented by R. P. Strandmann at euro PCR 2013 (Effect of
drug-coated balloon on porcine peripheral arteries: physiologic vascular function,

safety and efficacy experiments).
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1. Method
[0174]  Twenty-four porcine animals were designated to pharmacokinetic study. At the

[0175]

[0176]

[0177]

[0178]

[0179]

treatment procedure, angiography was utilized to identify target treatment sits within
the iliofemoral and superficial femoral arteries

In the studies, two arteries (left and right iliofemoral arteries) were used in each
animal. Angiography was performed prior, during and post-treatment to evaluate
treatment and blood flow. After the drug eluting balloon treatment procedure has
concluded, the animals were recovered and allowed to reach the predetermined 1-hr
and 1, 7, and 28 days survival time point. A carotid artery cut down was performed and
a sheath was placed for vascular access. The target tissue was carefully dissected from
surrounding tissue at 1-hr and at 1, 7, and 28 days following treatment with the drug
eluting balloon. The paclitaxel concentration measurement in tissue was performed by
LC-MS/MS analysis.

2. Result

Pharmacokinetics in porcine femoral arteries was evaluated. FIG. 10 is a graph
showing the AUC (area under the curve) of the drug on 0.02-0.04 day (0.5-1 hour) to 7
day of Example 9 and of Comparative Examples C6 to C9 for the transfer in the
porcine femoral arterial tissue. In FIG. 10, the horizontal axis represents Example or
Comparative Examples, the number "9" means Example 9, and the numbers with
letters, that is, "C6-a" to "C9" mean Comparative Example 6-a (C6-a), Comparative
Example 7-a (C7-a), Comparative Example 8-a (C8-a) and Comparative Example 9
(C9). In addition, the vertical axis represents the AUC (ng day/mg) of drug on 0.04 day
to 7 day in the target arterial tissue.

The AUC of the drug on 0.04 day (1 hour) to 7 day in the target arterial tissue after
the balloon dilation observed in Example 9 was 254 ng day/mg, which is higher than
Comparative Example 6-a (C6-a), Comparative Example 7-a (C7-a), Comparative
Example §-a (C8-a) and Comparative Example 9 (C9). In addition, FIG. 11 is a graph
showing the pharmacokinetic profile up to 27 £ 1 day of Example 9 and of Com-
parative Examples C6 to C9 for the transfer in the porcine femoral arterial tissue. In
FIG. 11, 9 is an Example and C6 to C9 are Comparative Examples. The horizontal axis
represents day(s) after dilation of the drug eluting balloon. In addition, the vertical axis
represents drug concentration in the target arterial tissue.

The AUC of the drug on 0.04 day to 7 day obtained in Example 9 was the highest
compared to drug eluting balloons manufactured by others, which was referred to the
literature, and the reduction rate of drug from 0.04 day (1 hour) to 1 day was at most
50%. After 7 day, the drug concentration in the tissue decreased to 2 ng/mg tissue by
the 28 day.

The pharmacokinetic profile observed in Example 9 showed a high drug con-
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centration in the tissue by 7 day after dilation of the balloon, and after that, it promptly
cleared and maintained low concentration by day 28. A high drug concentration in the
tissue by 7 day affects smooth muscle cell proliferation, after that prompt clearance
from the tissue does not inhibit endothelial cell growth. So, drug eluting balloon as
described herein provides superior outcomes in both efficacy and safety.

I. Intravascular stenosis inhibitory effect in a porcine coronary artery

For the drug eluting balloon in Example 10 and Comparative Example 6-b (C6-b) to
Comparative Example 8-b (C8-b), Comparative Example 10 (C10) to Comparative
Example 11 (C11), intravascular stenosis inhibitory effect in a porcine coronary artery
was evaluated in according to the following procedure.

Example 10

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 3.0 x a length 20
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 2.

Comparative Examples 6-b (C6-b)

As drug eluting balloon of Comparative Example 6-b (C6-b) in FIG. 12, IN.PACT®
(manufactured by INV Atec/ Medtronic, Inc.) was provided. The balloon catheter
having a size of a diameter 3.0 x a length 20 mm (dilation portion) when dilated was
prepared.

Comparative Example 7-b (C7-b)

Comparative Example 7-b (C7-b) in FIG. 12 is from the data of Lutonix®. The
Lutonix® data was presented by R. Virmani, MD (Pros and Cons of Different Tech-
nologies in Peripheral Arteries: Insights from A Pathologist).

Comparative Example §8-b (C8-b)

Comparative Example 8-b (C8-b) in FIG. 12 is from the data of SeQuent Please®.
The SeQuent® data was referred to in the literature (Thrombosis and Haemostasis,
105, 5, 2011, 864-872).

Comparative Example 10 (C10)

Comparative Example 10 (C10) in FIG. 12 is from the data of Pantera Lux®. The
Pantera® data was referred to in the literature (Thrombosis and Haemostasis, 105, 5,
2011, 864-872).

Comparative Example 11 (C11)

Comparative Example 11 (C11) in FIG. 12 is a non-drug coated balloon of which the
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surface is not coated with a drug. A balloon catheter (manufactured by Terumo Corp.,
the material of the balloon (dilation portion) is a nylon elastomer) having a size of a
diameter 3.0 x a length 20 mm (dilation portion) when dilated was prepared.

1. Method

(1) A guiding catheter with a guide wire was inserted by an 8Fr sheath, and guided to
the left and right coronary artery opening portion under X-ray fluoroscopy.

(2) Angiography of each coronary artery was performed (coronary artery: left
anterior descending coronary artery (LAD), right coronary artery (RCA), and left
circumflex coronary artery (LCX)), and a diameter of coronary artery obtained by an-
giography was measured by a QCA software.

(3) A site in which a diameter of a stent is 1.2 times, and a diameter of the drug
eluting balloon is 1.3 times with respect to a diameter of a blood vessel was selected,
and work after stent placement was performed.

(4) After a bare metal stent (BMS) having a diameter of 3 mm and a length 15 mm
was dilated for 30 seconds in the selected coronary artery is to give the diameter of the
stent 1.2 times larger than the original , a balloon catheter for the stent placement was
removed. At the stent placement site, after the drug eluting balloon (balloon diameter 3
mm x length 20 mm) having the drug coating layer prepared in Example 10 and Com-
parative Example 6-b (C6-b) and a non-drug coated balloon in Comparative Example
11 (C11) were dilated for 1 minute so as to be 1.3 times with respect to the diameter of
a blood vessel, the balloon catheter was removed.

(5) After the drug eluting balloon was dilated, the guiding catheter and the sheath
were removed. After a central side of a carotid artery was ligated, a gap of dissected
muscles of an incision opening of cervical region was sutured with a suture, and the
skin was sutured by a surgical stapler.

(6) 28 days after the balloon dilatation, autopsy was performed.

Calculation method of intravascular stenosis rate

An intravascular stenosis rate was calculated in according to the following procedure.

Blood vessel images were taken by a Leica microscope and a pathology imaging
system. By these images, the internal area of an external elastic lamina area, internal
elastic lamina area, internal area of lumen, and internal area of stent were measured.
Area stenosis rate (%) calculation method

Area stenosis rate (%) was calculated from "area stenosis rate = (neointimal area /
internal elastic lamina area) x 100",

2. Result

FIG. 12 is a graph showing percent area stenosis at 28 days of Example 10 and of
Comparative Examples C6-b to C8-b, C10 and C11 for the intravascular stenosis in-

hibitory effect in porcine coronary arteries. In FIG. 12, the horizontal axis represents
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Example or Comparative Examples, the numbers "10" means Example 10, and the
numbers with letters, that is, "C6-b" to "C8-b", "C10" and "C11" mean Comparative
Example 6-b (C6-b), Comparative Example 7-b (C7-b), Comparative Example 8-b
(C8-b), Comparative Example 10 (C10) and Comparative Example 11 (C11). In
addition, the vertical axis represents percent area stenosis at 28 days.

In Comparative Example 11 (C11), area stenosis rate of a blood vessel treated with
the non-drug coated balloon as a non-drug treated control was 38.4%. The area
stenosis rate of a blood vessel treated with the drug eluting balloon in Example 10 was
16.8%, and a significant stenosis inhibitory effect was observed as compared to the
non-drug treated control. On the other hand, the area stenosis rate of a blood vessel
treated with the commercially available drug eluting balloon (IN.PACT®) in Com-
parative Example 6-b (C6-b) was 30%. That is, the area stenosis rate of a blood vessel
treated with the drug eluting balloon according to Example 10 showed a stronger effect
than the IN.PACT® of Comparative Example 6-b (C6-b) and any other drug eluting
balloons which were referred to the literature, and the most excellent stenosis in-
hibitory effect was obtained.

J. Morphological evaluation in a porcine coronary artery (Evaluation of local
toxicity)

For the drug eluting balloon in Example 10 and a non-drug coated balloon in Com-
parative Example 11 (C11), morphological analysis of the treated sections in a porcine
coronary artery was performed as in evaluation of local toxicity on the blood vessel in
according to the following procedure.

1. Method

(1) A guiding catheter with a guide wire was inserted by an 8Fr sheath, and guided to
the left and right coronary artery opening portion under X-ray fluoroscopy.

(2) Angiography of each coronary artery was performed (coronary artery: left
anterior descending coronary artery (LAD), right coronary artery (RCA), and left
circumflex coronary artery (LCX)), and a diameter of coronary artery obtained by an-
giography was measured by a QCA software.

(3) A site in which a diameter of the drug eluting balloon is 1.3 times with respect to
a diameter of a blood vessel was selected, and procedure was performed.

(4) After the drug eluting balloon (balloon diameter 3 mm x length 20 mm) having
the drug coating layer prepared in Example 10 and a non-drug coated balloon in Com-
parative Example 11 (C11) were dilated for 1 minute so as to be 1.3 times with respect
to the diameter of a blood vessel, the balloon catheter was removed.

(5) After the drug eluting balloon was dilated, the guiding catheter and the sheath
were removed. After a central side of a carotid artery was ligated, a gap of dissected

muscles of an incision opening of cervical region was sutured with a suture, and the
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skin was sutured by a surgical stapler.

(6) 28 days after the balloon dilatation, autopsy was performed.
Injury score calculation method, Injury score

Evaluation of injury score was performed in all circumferences of blood vessel
according to the method of Schwartz RS., et al. (Schwartz RS., et al. Restenosis and
the proportional neointimal response to coronary artery injury: results in a porcine
model. ] Am Coll Cardiol. 1992, 267-74).

The contents of injury score are as follows.

Score 0: Internal elastic lamina intact; endothelium typically denuded; media
compressed but not lacerated.

Score 1: Internal elastic lamina lacerated; media typically compressed but not
lacerated.

Score 2: Internal elastic lacerated; media visibly lacerated: external elastic lamina
intact but compressed.

Score 3: External elastic lamina lacerated; typically large lacerations of media
extending through the external elastic lamina; coil wires sometimes residing in ad-
ventitia.

In addition, all the scores were obtained by calculating the average value of the three
locations, that is, a proximal location, a middle location, and a distal location of the
stent placement sites for each blood vessel.

Inflammatory score calculation method, Inflammatory score

Evaluation of inflammatory score was performed in all circumferences of blood
vessel according to the method of Kornowski R., et al. (Kornowski R., et al. In-stent
restenosis: contributions of inflammatory responses and arterial injury to neointimal
hyperplasia. J Am Coll Cardiol. 1998, 224-230).

The contents of inflammatory score are as follows.

Score 0: No inflammatory cells surrounding the strut.

Score 1: Light, noncircumferential lymphohistocytic infiltrate surrounding the strut.

Score 2: Localized, moderate to dense cellular aggregate surrounding the strut non-
circumferentially.

Score 3: Circumferential dense lymphohistiocytic cell infiltration of the strut.

In addition, all the scores were obtained by calculating the average value of the three
locations, that is, a proximal location (proximal portion), a middle location (middle
portion), and a distal location (distal portion) of the stent placement sites for each
blood vessel.

Fibrin content calculation method, Fibrin Content Score

Evaluation of fibrin content was performed in all circumferences of blood vessel
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according to the method of Radke, P.W. et. al (Radke, P.W. et. al Vascular effects of
paclitaxel following drug-eluting balloon angioplasty in a porcine coronary model: the
importance of excipients. Euro Intervention, 2011; 7, 730-737.

The content of the score of fibrin content is as follows.

Score 0: Fibrin localized in a blood vessel was not observed.

Score 1: Fibrin localized in a blood vessel was observed, or fibrin is moderately
deposited in a region less than 25% of all circumferences of blood vessel observable
near a strut of the stent.

Score 2: Fibrin is moderately deposited in a region greater than 25% of all circum-
ferences of blood vessel observable, or fibrin is heavily deposited in a region less than
25% of all circumferences of blood vessel observable between the struts and the
proximity of the strut.

Score 3: Fibrin is severely deposited in a region greater than 25% of all circum-
ferences of blood vessel observable.

In addition, all the scores were obtained by calculating the average value of the three
locations, that is, a proximal location, a middle location, and a distal location of the
stent placement sites for each blood vessel.

Endothelialization score calculation method, endothelialization score

The content of an endothelialization score is as follows.

Score 1: Up to 25% of all circumferences of vascular lumen observable is covered
with endothelial cells.

Score 2: 25% to 75% of all circumferences of vascular lumen observable is covered
with endothelial cells.

Score 3: Equal to or greater than 75% of all circumferences of vascular lumen ob-
servable is covered with endothelial cells.

In addition, all the scores were calculated as an average value of three locations, that
is, a proximal, a middle and a distal location to the stent placement site, for each blood
vessel.

2. Result

As the local toxicity of the treated sections in a porcine coronary artery, injury score,
inflammation score, fibrin content score and endothelialization score were observed.
The results are shown in Table 6. Moreover, the larger the number of the injury score
is, the larger the injury is, which is not preferable. The larger the number of the in-
flammation score is, the larger the inflammation, which is not preferable. The larger
the number of the fibrin content score is, the larger the fibrin content is, which is not
preferable. On the other hand, the smaller the number of the endothelialization score is,
the less the blood vessel is covered with the endothelial cells, which is not preferable.

In Table 6, 10 in a column of Examples/Comparative Examples is an Example, and
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C11 is a Comparative Example.

The injury score, the inflammation score, the fibrin content score and endothe-
lialization score of a blood vessel treated with the non-drug coated balloon as a non-
drug treated control in Comparative Example 11 (C11) do not have an influence on the
vascular remodeling since there is no effect (toxicity) by drugs, and the scores were
0.00 £ 0.00, 0.00 £ 0.00, 1.00 £ 0.00 and 3.00 £ 0.00, respectively.

The injury score, the inflammation score, the fibrin content score and endothe-
lialization score of a blood vessel treated with the drug eluting balloon according to
Example 10 were 0.22 + 0.43, 0.29 + 0.48, 0.23 + 0.24 and 2.89 + 0.28, respectively,
and it was made clear that the local toxicity of the treated sections was the same as that
of non-drug coated balloon in Comparative Example 11 (C11), that is, in spite that
high stenosis inhibition effect was obtained, the local toxicity was extremely low.
These results showed that DEB according to Example 10 had no influence on the
vascular remodeling, which reduce the risk of its late thrombosis. Although it strongly
inhibits the stenosis, dual anti-platelet therapy (DAPT) expects to be limited for 4

weeks to the same extent that non-drug coated balloon does.

[Table 6]
Example/ Inflammation Fibrin Endothelialization
Comparative  Injury score content
score score
Example score
10 022+043 029x048 023x0.24 289+£0.28
C11 0.00+0.00 0.00+0.00 0.00+0.00 3.00 £ 0.00

K. Uniform stenosis inhibitory effect in a porcine coronary artery

For the drug eluting balloon in Example 10, Comparative Example 6-b (C6-b) and
Comparative Example 11 (C11), uniformity of intravascular stenosis inhibitory effect
in a porcine coronary artery was evaluated according to the following procedure.

1. Method

Evaluation of intravascular stenosis inhibitory effect in a porcine coronary artery was
performed as in evaluation of the Example 1. All segments were transected into three
pieces, that is proximal portion, middle portion and distal portion, and area stenosis
rate (%) of segment-to-segment was calculated by histomorphometric analysis.

2. Result

FIG. 13 is a graph showing uniformity of area stenosis rate (%) at 28 days of
Example 10, Comparative Examples C6-b and C11 for the intravascular stenosis in-
hibitory effect in porcine coronary arteries. In FIG. 13, the horizontal axis represents
Example or Comparative Examples, the number "10" means Example 10, and the
numbers with letters, that is, "C6-b" and "C11" mean Comparative Example 6-b (C6-b)
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and Comparative Example 11 (C11). In addition, the vertical axis represents percent
area stenosis of segment-to-segment at 28 days.

Drug eluting balloon according to Example 10 provided uniform inhibitory effects of
vascular intima thickening in the treated lesion. On the other hand, effects of segment-
to-segment in the lesion treated by the commercially available drug eluting balloon
(IN.PACT®) according to Comparative Example 6-b (C6-b) were not uniform.

L. Uniformity of drug coating layers on balloon surface

For the drug eluting balloon in Examples 10 to 13 and Comparative Example 6-b
(C6-b) and Comparative Example 12 (C12), uniformity of drug layers coated on
surface of balloon was evaluated according to the following procedure.

Example 11

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 6.0 x a length 100
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 2.

Example 12

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 6.0 x a length 200
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?>.

That is, the coating was performed as in the Example 2.

Example 13

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
(dilation portion) is a nylon elastomer) having a size of a diameter 7.0 x a length 200
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?.

That is, the coating was performed as in the Example 2.

Comparative Example 12 (C12)



39

WO 2015/174001 PCT/JP2015/001398

[0249]

[0250]

[0251]

[0252]

[0253]

IN.PACT® (manufactured by INV Atec/ Medtronic, Inc.) was provided. The balloon
having a size of a diameter 7.0 x a length 120 mm (dilation portion) when dilated was
prepared.

1. Method

For drug eluting balloons in Examples 11 to 13 and Comparative Example C12
(C12), that is having a size of a length 100 to 200 mm, uniformity analysis of drug
layers on balloon surface was performed by cutting into 20 mm segments. On the other
hand, drug eluting balloons in Example 10 and Comparative Example C6-b (C6-b),
that is having a size of a length 20 mm, were cut into 6 or 7 mm segments. The pa-
clitaxel content of segment-to-segment on balloon surface was measured by high per-
formance liquid chromatography.

2. Result

As the uniform evaluation of drug coating layers, the paclitaxel content of segment-
segment on balloon surface was analyzed. The results are shown in Table 7. In Table 7,
"10" to "13" in a column of Examples/Comparative Examples are Examples, and
"C6-b" and "C12" are Comparative Examples.

Drug eluting balloon having a size of a length 20 mm in Example 10 was cut into 6
or 7 mm segments, and then it showed relative standard deviation (RSD %) of pa-
clitaxel content of segment-to-segment was 13.0 (%).On the other hand, the drug
eluting balloon having a size of a length 20 mm in Comparative Example C6-b (C6-b)
was cut into 6 or 7 mm segments in the same way, and then it showed relative standard
deviation (RSD %) of paclitaxel content was 22.8%. That is, the drug eluting balloon
as described herein has more uniform drug coating layers than that of Comparative
Example C6-b.

In addition, drug elution balloon having a size of a length 100 to 200 mm in
Examples 11 to 13 was cut into 20 mm segments, and then relative standard deviation
(RSD%) of paclitaxel content of segment-to-segment was 1.0 - 3.4 (%). On the other
hand, the drug eluting balloon having a size of a length 120 mm in Comparative
Example C12 (C12) was cut into 20mm segment in the same way, and then relative
standard deviation (RSD %) of paclitaxel content was 25.3%. That is, it was showed
that the drug eluting balloon as described herein has a uniform drug coating layer re-
gardless of length of the balloon. In addition, it was showed the drug coating layer is

significant uniform compared to IN.PACT.
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Examples/
Comparative Balloon size RSD (%)

Examples

10 $3-20 mm 13.0

11 $6-100 mm 1.0

12 $6-200 mm 3.4

13 ¢7-200 mm 1.7

Cé-b $3-20 mm 22.8

C12 $7-120 mm 25.3
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M. Observation of drug coating layer uniformity of drug eluting balloon by scanning
electron microscope (SEM)

For drug coating layer uniformity of drug eluting balloon in Example 10 and Com-
parative Example 6-b (C6-b), paclitaxel crystals of drug coating layer was observed by
scanning electron microscope (SEM).

1. Method

Observation of drug coating layer uniformity of drug eluting balloon by scanning
electron microscope (SEM) was performed as in SEM images of drug eluting balloon
in Examples 1 to 6 (Figs.1 to 6).

2. Result

As the uniformity of drug coating layers, paclitaxel crystals of drug coating layer
were observed. The SEM images shown in Fig. 14 and Fig. 15 were obtained. Fig. 14
is SEM images of Example 10, and Fig.15 is SEM images of Comparative Example
C6-b (C6-b).

Fig.14, which is SEM images of Example 10, showed uniform paclitaxel micro-
crystals. In addition, it was shown that the paclitaxel micro-crystals uniformity
arranged and constantly sized in the drug coating layer on the balloon surface. On the
other hand, Fig. 15, which is SEM images of Comparative Example C6-b (C6-b),
showed non-uniform drug coating layer. In addition, SEM images of Fig. 15, which is
IN.PACT in Comparative Example C6-b (C6-b), showed that drug coating layer is
composed of crystals and amorphous material.

N. Evaluation of durability of drug coating layer on balloon surface

For the drug eluting balloon in Examples 13, 14 and Comparative Example 12 (C12),
durability of drug coating layers on balloon surface was evaluated according to the
following procedure.

Example 14

Preparation of drug eluting balloon

A balloon catheter (manufactured by Terumo Corp., the material of the balloon
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(dilation portion) is a nylon elastomer) having a size of a diameter 6.0 x a length 40
mm (dilation portion) when dilated was prepared.

Coating solution 2 was prepared. The coating solution 2 was coated on the dilated
balloon such that the solvent of the coating solution is slowly volatilized to make the
amount of paclitaxel be about 3 micro g/mm?>.

That is, the coating was performed as in the Example 2.

1. Method

To measure durability of drug coating layer during a process to be delivered to the
lesion of the treatment, the test was performed using a simulated peripheral model. The
guiding sheath was filled with normal saline and was set having an angle of about 45
degrees. And then, a guide wire was passed through the guiding sheath. During the
test, normal saline in the guiding sheath was kept at 37 degree C. Drug eluting balloon
was tracked over a guide wire for 1 minute until the balloon exited. After that, the
residual paclitaxel content on balloon surface was measured by high performance
liquid chromatography.

2. Result

As the durability evaluation of drug coating layers, residual paclitaxel content on
balloon surface after the passage in a simulated peripheral model was measured. The
results are shown in Table 8. In Table §, "13" and "14" in a column of Examples/
Comparative Examples are Examples, and "C12" is a Comparative Example.

After simulated use in wet vessel model, residual paclitaxel content on balloon
surface of drug eluting balloon having a size of a length 40 mm in Example 14 was
84% (before inflation). In addition, residual paclitaxel content on balloon surface of
drug eluting balloon having a size of a length 200 mm in Example 13 was 84%. On the
other hand, residual paclitaxel content of the IN.PACT having a size of a length 120
mm in Comparative Example C12 (C12) was 63%. It was shown that the drug eluting
balloon as described herein can deliver paclitaxel while applying uniform micro-
crystals to the entire treated lesion. In addition, the drug eluting balloon with long
length can keep the uniform microcrystalline drug during delivering to the target
lesion, too. In other words, the distal portion, the middle portion, and the proximal
portion of the drug eluting balloon were able to circumferentially maintain a uniform
structure of the plurality of the regularly arranged crystals on the balloon after delivery
to the lesion to be treated. Especially, the distal end (the distal portion) of the ex-
pandable member (balloon) is mostly slided or glided to other surfaces including the
lumen of the medical devices like catheters, and the structure of the uniform crystalline
particles on the balloon can easily come off. Therefore, the distal end of the ex-
pandable member as described herein has a drug coating layer which shows an in-

hibitory effects of vascular intima thickening.
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Based on what has been described above, it was made clear that drug eluting balloon
as described herein can deliver the uniform paclitaxel micro-crystals without come-off
(detachment or falling away) from the balloon surface during a process to be delivered
to the lesion of the treatment. That is, the drug eluting balloon as described herein can
be expanded in the lesion of the treatment while keeping the uniformity of the drug

coating layer until dilated.

[Table 8]
Examples/ Residual paclitaxel content on the
Comparative Balloon size  balloon surface after the passage in
Example wet vessel model
14 $6-40 mm 84%
13 $7-200 mm 84%
C12 $¢7-120 mm 63%

O. Pharmacokinetics in Porcine ilio-femoral arteries 2

For the drug eluting balloon in Example 9, Comparative Example 6-a (C6-a), Com-
parative Example 7-a (C7-a) and Comparative Example 13 (C13), pharmacokinetics in
porcine iliofemoral arteries was evaluated according to the following procedure.

Comparative Example 13 (C13)

Comparative Example 13 (C13) in FIG. 16 and FIG. 17 is the Ranger™
(manufactured by Boston Scientific) which is a paclitaxel-coated balloon catheter. The
Ranger ™ results were disclosed on the web site by Boston Scientific.

1. Method

Pharmacokinetics was performed as in the method of "H".

The target tissue was carefully dissected from surrounding tissue following treatment
with the drug eluting balloon. The paclitaxel concentration measurement in tissue was
performed by LC-MS/MS analysis.

2. Result

Pharmacokinetics in porcine femoral arteries was evaluated. FIG. 16 is a graph
showing the pharmacokinetic profile of Example 9, Comparative Example 6-a (C6-a),
Comparative Example 7-a (C7-a) and Comparative Example 13 (C13) for the transfer
in the porcine femoral arterial tissue. The horizontal axis represents day(s) after
dilation of the drug eluting balloon. In addition, the vertical axis represents drug con-
centration in the target arterial tissue. In FIG. 17, the horizontal axis represents
Example or Comparative Examples, the number "9" means Example 9, and the
numbers with letters, that is, "C6-a", "C7-a", and "C13" mean Comparative Example
6-a (C6-a), Comparative Example 7-a (C7-a) and Comparative Example 13 (C13), re-
spectively. In addition, the vertical axis represents the AUC (ng day/mg) of drug on
0.02 day to 7 days in the target arterial tissue.
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As illustrated in Fig. 16, the drug concentration in the target arterial tissue observed
in Example 9 was 69.8, 53.4, 11.7, 4.0, and 2.3 ng/mg tissue on day 0.04, 1, 7, 21, and
28, respectively. On the other hand, the drug concentration in the target arterial tissue
observed in Comparative Example 6-a (C6-a) was 35, 7.7, 5.3, 11.1, and 1.5 ng/mg
tissue on day 0.02, 1, 2, 7, and 26, respectively. The drug concentration in the target
arterial tissue observed in Comparative Example 7-a (C7-a) was 58.9,4.4,2.2, and 1.6
ng/mg tissue on day 0.02, 1, 7, and 28, respectively. The drug concentration in the
target arterial tissue observed in Comparative Examplel3 (C13) was 48.8, 19.8, 5.3,
1.9, and 0.4 ng/mg tissue on day 0.02, 1, 7, and 21, respectively. That is, the reduction
rate of drug from 0.04 day (1 hour) to 1 day for Example 9 was at most 50%. On the
other hand, the reduction rate of drug from 0.02-0.04 day (0.5-1 hour) to 1 day for
Comparative Example 6-a (C6-a), Comparative Example 7-a (C7-a) and Comparative
Example 13 (C13) was more than 50%.

FIG. 17 is a graph showing the AUC of the drug on 0.02-0.04 days (0.5-1 hour) to 7
days of Examples 9, Comparative Example 6-a (C6-a), Comparative Example 7-a
(C7-a) and Comparative Example 13 (C13) for the transfer in the porcine femoral
arterial tissue. In addition, the vertical axis represents the AUC (ng day/mg) of drug on
0.02-0.04 day to 7 day in the target arterial tissue.

The AUC of the drug on 0.04 day (1 hour) to 7 day in the target arterial tissue after
the balloon dilation observed in Example 9 was 254 ng day/mg. On the other hand, the
AUC of the drug on 0.02-0.04 day (0.5-1 hour) to 7 day in the target arterial tissue
after the balloon dilation observed in Comparative Example 6-a (C6-a), Comparative
Example 7-a (C7-a) and Comparative Example 13 (C13) was 69, 51, and 109 ng day/
mg, respectively. That is, the AUC obtained in Example 9 was higher than 200 ng day/
mg. On the other hand, the AUC obtained in Comparative Example 6-a (C6-a), Com-
parative Example 7-a (C7-a) and Comparative Examples 13 (C13) was lower than 200
ng day/mg. The AUC obtained in Example 9 is the highest.

As described herein, a high drug concentration in tissue by day 7 after dilation of the
balloon has an effect on smooth muscle cell proliferation. After that, prompt clearance
from the tissue does not inhibit endothelial cell growth.

The detailed description above describes a drug coating layer disclosed by way of
example. The invention is not limited, however, to the precise embodiment and
variations described. Various changes, modifications and equivalents can be employed
by one skilled in the art without departing from the spirit and scope of the invention as
defined in the accompanying claims. It is expressly intended that all such changes,
modifications and equivalents which fall within the scope of the claims are embraced

by the claims.
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Claims

A water-insoluble drug for use in a method of reducing the risk of em-
bolization of peripheral blood vessels,

wherein the water-insoluble drug has a crystalline morphological form
and wherein a plurality of crystal particles is regularly arranged and
uniformly sized in a drug coating layer on the surface of a medical
device having an expandable member,

wherein the generation of microparticulates having a size that causes
embolization of peripheral blood vessels is suppressed.

The water-insoluble drug for use according to claim 1, wherein

the treatment includes

inserting the medical device in peripheral blood vessels,

expanding the expandable member,

pressing the drug coating layer to a blood vessel wall such that at least
part of the plurality of crystal particles are transferred to the blood
vessel wall, and

deflating the expandable member.

The water-insoluble drug for use according to claim 1 or 2, wherein
each of the plurality of crystal particles has an elongated body with a
long axis which is nearly linear in shape and forms an angle in a prede-
termined range with respect to the surface of the expandable member
with which the long axis of the elongated body intersects.

The water-insoluble drug for use according to claim 3, wherein said
predetermined range with respect to the surface of the expandable
member is in the range of 45 degrees to 135 degrees with respect to the
surface of the expandable member with which the long axis of the
elongated body intersects.

The water-insoluble drug for use according to claim 2, 3 or 4, wherein
at least a vicinity of a distal end of the elongated body is hollow.

The water-insoluble drug for use according to anyone of claims 2 to 5,
wherein a cross-sectional shape of the elongated body perpendicular to
the long axis is a polygon.

The water-insoluble drug for use according to anyone of claims 1 to 6,
wherein said drug coating layer comprises a plurality of high aspect
ratio paclitaxel crystals having an acicular crystal habit.

The water-insoluble drug for use according to anyone of claims 1 to 7,

wherein the drug coating layer which has the crystalline morphological
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form including the plurality of crystal particles of the water-insoluble
drug comprises excipient particles formed of an excipient which are ir-
regularly arranged between the crystal particles; preferably wherein a
molecular weight of the excipient is less than a molecular weight of the
water-insoluble drug, a ratio occupied by the excipient particles per a
predetermined area of the substrate is less than a ratio occupied by the
crystal particles, and the excipient particles do not form a matrix.

The water-insoluble drug for use according to anyone of claims 1 to 8,
wherein the water-insoluble drug is selected from a group consisting of
paclitaxel, rapamycin, docetaxel, and everolimus.

The water-insoluble drug for use according to anyone of claims 1 to 9,
wherein small microparticulates are generated in the blood vessels.

The water-insoluble drug for use according to anyone of claims 1 to 10,
wherein a low level of the crystal particles are distributed in a muscle
adjacent downstream peripheral blood vessels.

The water-insoluble drug for use according to anyone of claims 1 to 11,
wherein the therapeutic use further comprises lowering the level of
necrosis.

The water-insoluble drug for use according to anyone of claims 1 to 12,
wherein the therapeutic use further comprising lowering a risk of am-
putation.

The water-insoluble drug for use according to anyone of claims 1 to 13,
wherein the microparticulates having a size that causes embolization of
peripheral blood vessels are of a diameter of 100 micro m to 900 micro
m.

The water-insoluble drug of claim 10, wherein the small micropar-

ticulates have a diameter of 10-25 micro m.
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