1 DESCRI PTION Drug Eluting Stent System and

Manuf acturing Process of Drug Eluting Stent System
Technical Field [0001] This invention relates to a
drug el uting stent systenwfrovided with a stent,

whi ch carries a biologicalty/physiologically active
substance thereon, wthin a package, and also to a

manuf acturi ng process of t g eluting stent
system Background ﬁthET%%g§¥9éﬁdrug el uti ng stent

systemis provided with a stent, which carries a

bi ol ogi cal | y/Prysi Bl egiral Fyenet fyated dieance
thereon, within a package such as a bag. About this
st mahufactesdnigpPiroceasis loff Drsid B lve imgd 8 € argk i SYp e
an exanple a case of angioplasty as applied to an

i schem ¢ heart disease. [0003] Keeping in step with
the westerni zation of dietary habits in Japan, there

TedBnfeShatPjdcrease in the nunmber of patients
suffering fromischem c heart diseases (angina, 2

[Oﬁyffardial infarction) As a result, percutaneous

This invention relates to a drug eluting stent
system provided with a stent, which carries a
biclogically/physiologically active substance thereon,
within a package, and also to a manufacturing process of

the drug eluting stent system.

Background Art
[0002]

A drug eluting stent system is provided with a stent,
which carries a biologically/physioclogically active
substance thereon, within a package such as a bag.

About this stent, a description will firstly be made
taking as an example a case of angioplasty as applied to an
ischemic heart disease.

[0003]

Keeping in step with the westernization of dietary

habits in Japan, there is a sharp increase in the number of

patients suffering from ischemic heart diseases (angina,



transl um nal coronary angi opl asty (PTCA) has been
performed as a nethod for alleviating coronary artery
| esi ons caused by such diseases, and is rapidly
finding wide-spread wutility. [00041 PTCA is a nethod
that as will be described néxt, dilates the
intravascul ar lunen at a lesion to inprove the flow
of bl ood. [00051 Firstly, a small incisiopn is nmade in
myPRETaiad; $HEATCERB hi hEoR EPRVGF- abBEEPEATSOHAA an
i ntroducer sheath (introducer device) is indwelled in
trphatumtihalecovbnbey eagsopdagtyui @EChH)r dag hegre periormed
| ead through the lumen of the introducer sheath, a
asl angehhbbofotrubd lealiked ntycicdenagat Retterry iledimer taansed
into the blood vessel. [00061 Wien the lesion is

byl 6ahedidbadeeQr ARE Y sAkagialyl @inddtaplidle tdperegud de
catheter is arranged at the entrance to the coronary
utditiery, the guide wire is drawn out, and then,
another guide wire and balloon are inserted into the
[Olﬁgin of the guide catheter. Wil e causing the guide
i to take a lead, the balloon catheter is allowed

Lo dgtge L0 henlSSLen 1 hensoL AL Aty Bl
diggiggl%ggdiiiggxgggdfzéﬂiumen at a lesion to improve the
flow of blood.

[0005]

Firstly, a small incision is made in the artery in
the thigh or arm of a patient, and an introducer sheath
(introducer device) is indwelled in place there. While
causing a guide wire to take a lead through the lumen of
the introducer sheath, a long hollow tube called “guide
catheter” is inserted into the blood vessel.

[0006]

When the lesion is located at a coronary artery, for
example, the guide catheter is arranged at the entrance to
the coronary artery, the guide wire is drawn out, and then,
another guide wire and balloon are inserted into the lumen
of the guide catheter. While causing the guide wire to

take a lead, the balloon catheter is allowed to advance to

the lesion in the coronary artery of the patient under



the lesion. [0007] At the position, the physician then
inflates the balloon once or plural tines at a
predeterm ned pressure for 30 to 60 seconds. This
procedure makes it possible_to dilate the

i ntravascul ar |unmen of the Pesion. [0008] OmMng to

t echnol ogi cal devel opnents, such PTCAis applied to

n i ncreasi ngl reater variety of.cases _these S,

radtPSFARRY (759 g}fl‘ggléaijfo'?’?di\saBéF?‘Eé?Psﬁs?EPﬁ%i ﬁggg ot

applied only to circunscribed | esions (of short |esion
the #BHeY} - or single vessel lesions (wWth stenosis only

at one vessel) The application of PTCA has, however,
foexphnded to those which are | ocated at distal sites

and are eccentric and calcified, and further to

mul t imes3el gasitons, (shé plsyenosas dheh wnblavesethe

sites). [0009] Even after the intravascul ar |unmen of

ball6cheshed b pitalediR¥sPiCAs grevkleghihb@ pressure
endangi um t akes place so that restenosis occurs at a

rok 845 65, 610300k, Ol SpRecaiie sy £ PbasiEle co
diLgééggﬁgsaﬂ R0y 22" T0hen?08 LHRUh AL HRC! C2
[0008]

Owing to technological developments, such PTCA is
applied to an increasingly greater variety of cases these
days. In an initial stage of PTCA applications, PTCA was
applied only to circumscribed lesions (of short lesion
lengths) or single vessel lesions (with stenosis only at
one vessel). The application of PTCA has, however,
expanded to those which are located at distal sites and are
eccentric and calcified, and further to multivessel lesions
(with stenosis at two or more sites).
fooo9]

Even after the intravascular lumen of the lesion is
dilated by PTCA, growth of the endangium takes place so
that restenosis occurs at a rate of from 30 to 40%.

As a countermeasgure for such restenosis, a stent may
be employed in some instances.

[0010}




treatnment of various di seases caused by stenosis or
occl usi on of bl ood vessels or other body ducts, can
dilate the stenosed or occluded sites and can then be
retained at the stenosed or occluded sites to

mai ntai n the | unens. [OOllf Many of these stents are
nmedi cal devices made of a netal material or polyner

material. Stents o arious. for have been prqpos

T eae St S ok ahul o Prdiea2oMRRIRES oy Dy thEn e

tubul ar nmenbers of a netal material or polyner
trgateensl ofi VRTSFES ddFETiSRgs CANE &8 TIRTE Dy

braiding wires of a netal material or a pol yner
ocraterial ofadlbiddevesisetlle o iotdex dodwrdustd,00ERr] dilate

Wien these stents are retained at stenosed or

thecekegdedesl bes cailleideappliHary dNiCAaas tdesc ek ahove] at
the occurrence of restenosis can be prevented to sone

theXkeBhosWht Brl Rics 1MRRAA tAIORY faWRMEMm tHe lumens.
pronounced effects can be exhibited. [0013] Attenpts

[0E§{§, therefore, been made in recent years to reduce
theé'restenosis rate by nmaking such a stent carry

th bi ical | y/ physi ol ogi.cal ti

Subst SMEE SELERSHS SHeRRE) Sancaroaray PRG-EERarRSe Of 2

called the "drug") 5 wth a polyner or the like and
mepgﬂeg§¢ﬁglpﬁec§i@@lﬂﬁ@gipﬁgerlal. Stents of wvarious

forms have been proposed including, for example, those
obtained by providing tubular members of a metal material
or polymer material with small openings and those obtained
by braiding wires of a metal material or a polymer material
as fibers into cylindrical forms.

foo1z]

When these stents are retained at stencosed or
occluded sites after applying PTCA as described above, the
occurrence of restenosis can be prevented to some extent.

With this measure alone, however, no pronounced
effects can be exhibited.

[0013]

Attempts have, therefore, been made in recent years
to reduce the restenogis rate by making such a stent carry
thereon a biologically/physiclogically active substance

such as an anticancer drug (hereinafter called the “drug”}



stent over a long termlocally at a site in a body
duct where the stent is retained. [0014] A drug
eluting stent systemis provided with a stent, which
carries such a drug thereon, within a package such as
a bag, and is intended to &hieve the inprovenent,
protection and the like in its delivery froma
manufacturing site to an application site and th

wi timial Ipetlymemoon e | Kl ang RakEIBHme | i girug from the
deconposition of the drug. [0015] However, th

ot e@Pigvair @n laatce tafrma lbvamdl b LBt iy sttehtln s%'s}?%‘i((‘ii'ﬁ%t
period after its manufacture, during which it can be

wheal elpe Usathov thost ginddg any del eterious effect to
the body) is very short, i.e., as short as 3 nonths or

[qu)]i n many instances although the expiration date
|#fers dependi ng on the kind of the drug. For this

] epen: e kind of the drug. For |
oract G, R RERens, pIRef s PEDR AN e h =t

: _ I ng stent systens in

A RIS LR R Bhobley! BUERL AR BLabLoRLER oo

inventor, therefore roceeded with an invesghgation
a Yag, erdube SR Cended nbo caRRARTBNEAS i FPFRTETeRE
protection and the like in its delivery from a
manufacturing site to an application site and the
inhibition or the like of a deterioration or decomposition
of the drug.
[0015]

However, the expiration date of a drug eluting stent
system (the period after ite manufacture, during which it
can be safely used without giving any deleteriocus effect to
the body) is very short, i.e., as short as 3 months or so
in many instances although the expiration date differs
depending on the kind of the drug. For this short

expiration date, it was difficult to practically use such

drug eluting stent systems in some instances.

Disclosure of the Invention
Problem to be Solved by the Invention

[0016]




practical application. As a result, it was found
necessary for a stent with a drug carried on a
surface thereof to make the drug exist widely in the
formof a layer (or a fil over the surface of the
stent such that the stent uld exhibit significant
effects in the body. It mas al so found that for this

need, the drug on, a dru tin ent S. Ver

pr on&fté REGSMor HTYSH %hﬁ%ékﬁ% tlEﬁ ﬁ%%r%ﬁtﬁ dn

with practically usable drug arations_such as __,
invewt tgathad £aB dr agueeuef n§h§t égf?‘@y eBmiRBRCe dA&Sigult

short expiration date in many instances. [0017] In
pratieicaseapplacastion. wikd & mesulr e bf wadrguaddnegessary

pol ymer coated on the surface of the stent to prevent

foragysseparai tAnaofirtifecdruielir om aheusintac ehefrebliie to
stent, that is, a stent provided with a

maPé°£98'89b§Yé£E¥E'QEQQEQaHthﬁetE&%mﬁ@@sh3u§§e&ndo& a
pol ymer, TiTnteraction between the

flfﬁf'SgégaL£¥/BQ¥§58% QFP@hEys@%hEvgucﬁuQﬁ%@n%ﬁea%thﬁe
pol y

nmer procee expl ration

wolfefbsb. SR B R Sl 5 v i

ymer-free tablets. [0018] 7 Drug eluting sten
f°§9@t6h§tp?ev|HEaSWPFﬁda §PenfirighPeh So AP Be S 14T 1ng stent

bi ol ogi cal I'y/ physi ol ogi cally active
system is very prone to deteriloration and decompogition

compared with practically usable drug preparations such as
tablets and the drug eluting stent system hence has a short
expiration date in many instances.
[0017]

In the case of a stent with a mixture of a drug and
a polymer coated on the surface of the stent to prevent
easy separation of the drug from the surface of the stent,
that is, a stent provided with a
biologically/physioclogically active substance and a polymer,
interaction between the biologically/physiclogically active
substance and the polymer proceeds with time so that the
expiration date of the stent is shorter compared with
practically-usable drug preparations such as polymer-free
tablets.

[0018]




substance thereon, within a package are acconpani ed by
a problemin that their practical applications are
difficult because their expiration dates are very
short in many instances although their expiration
dates differ depending on the kinds of the drugs.
[0019] An object of the present invention is,

therefore rovide a drug e ut|n stent _syste

wht COS (5 oRH i RG-S R (F LA ot W B S ent

expiration date and permts a practical applicgation
whiglncarthed arbgoiﬁglEF&%Y/EBV31958995394¥na8F1Wﬁ|ch

has heretofore been difficult is enployed. Means for
sulSstanog ther@oobl with{0020paThegpr exenecraveandedn®y a

found that in a drug stent systemprovided with a

pr&bE&h, i whi Bt CeheieSpaachiehdgappllivaphiyaisobagi calflfyicult
active substance thereon, wthin a package, the

beé&u&@eﬁh@ifaEQEHEQElgﬁ aaQEQXEQQnVervlbﬂb&tthﬁ magkage
makes 1t possible to substantially extend its

1n%§g#égg Q?Fﬂﬁﬁﬁhagﬂﬁag g%ﬁﬁkgtEBﬁCH heakl Bigeen d@ﬂ@ﬁding

oglca pAysi ol ogi cafl'y active substance (drug)
li.cati on of which has heretofore been

OndF]F?P% ||c§f ﬁﬁgo%b} 951 0021]

[001¢9]

An object of the present invention is, therefore, to
provide a drug eluting stent system, which is provided with
a significantly extended expiration date and permits a
practical application even when a drug the practical
application of which has heretofore been difficult is

employed.

Means for Solving the Problem
foo20]

The present inventor has found that in a drug stent
system provided with a stent, which carries a
bioclogically/physiclogically active substance thereon,
within a package, the further arrangement of a deoxidant
within the package makes it possible to substantially
extend its expiration date and to use it practically even

when a biologically/physiologically active substance (drug)



Descri bed specifically, the present invention

provi des the follow ng systens and processes (1) to
(11): (1) A drug eluting stent system conprising a
stent, which carries a biologically/physiologically
active substance thereon, afd a deoxidant within a
package. [0022] (2) The drug eluting stent system as
descri bed above_ in (1), wherein the

thpi Bragrésply ApRYdicategc & yrdchy hes hpratafars Legp
i mmunosuppressor. [0023] (3) The drug el uting stent
didfstuitad sdesplioyed.above in (2), wherein the
i mrunosuppressor is rapanycin or a derivative
[obbefeof. [0024] (4) The drug eluting stent system as
descri bed above in (1), wherein the

bi ol Oﬁégéﬂuéahgﬁeehegba@n y 8Bki peeseubstaneatisnan
anti cancer drug. [0025] The drug el uting stent

proYihe® 2ned %%Clrvo*a&%gg%yé%elﬂw Y e dtfadsl) (1)0 db) ¢11)

wherei'n at [ east the package conprises a

I 9 SRS B, R ] ene
thJ\.kg:%r %Iagrrtltga% Iaovl\;l%al% J.ca b)p%ys:Lo olgazllca].s‘l};jl :Iétllve
substance thereon, and a deoxidant within a package.

[0022]

(2) The drug eluting stent system as described above
in (1), wherein the biologically/physioclogically active
substance is an immunosuppressor.

[0023]

(3) The drug eluting stent system as described above
in {2), wherein the immunosuppressor is rapamycin or a
derivative thereof.

[0024]

(4) The drug eluting stent system as described above
in (1), wherein the biologically/physiclogically active
substance is an anticancer drug.

[0025]
(5) The drug eluting stent system as described above

in any one of (1) teo (4), wherein at least a part of the

package comprises a low gas-permeable material.



shaped material with an alum numfoil |am nated
therewith. [0027] (7) The drug eluting stent system
as descri bed above in any one of (1) to (6), wherein
t he package is provided with an inner package nmade of
a hi gh gas-perneabl e material within an outer package
made of a | ow gas-perneable material, the deoxidant is
arranged between the outer package and the inner
[o kage, and the stent is arranged within the inner
package. (8) The drug eluting stent system as
descrfbedhgbgeng A ULing Wrendi mYSt@stiat ARsqribed above
further arranged between the outer package and the
in i (fer yesteige t{9)l Thegal tpeoheable saepriaysienpabiln-
descri bed above in (7) or (8), wherein the inner
shairakaga anidl thiecistantalwiimngefiot hel anindasd bekarewith.
obt ai ned by placing and sealing the stent within the
[odJdyer package to provide a sealed inner package, and
then sterilizing the sealed inner package by el ectron

beam (Qy% %%ﬁﬁtﬂ M@%ﬁéé@ s ULl pd Nebove

stent I ses irst sealing
e pl and eaI| a,stent, which carries a
in tﬁ eca‘?fy %ytsﬁ’o of c%]?% iive substance
ther ?:%rm]e pvgctkg.lgrc]e alns Ipr;:rgaevrlcP ad? lﬁ.vai %1 rgarg eir:(l)riera [.I;]ai.(gbage made
of a high gas-permeable material within an outer package
made of a low gas-permeable material,

the deoxidant is arranged between the outer package
and the inner package, and

the stent is arranged within the inner package.

(8) The drug eluting stent system as described above
in (7), wherein a desiccant is further arranged between the
outer package and the inner package.

(9) The drug eluting stent system as described above
in (7) or (8), wherein the inner package with the stent
arranged therein has been obtained by placing and sealing
the stent within the inner package to provide a sealed
inner package, and then sterilizing the sealed inner
package by electron beam.

(10) A process for manufacturing a drug eluting

stent system, which comprises:




gas-perneable material to provide a seal ed inner
package; a sterilization step of sterilizing the

seal ed i nner package by el ectron beamto provide a
sterilized inner package; _and a second sealing step
of placing and sealing thel9terilized inner package
and a deoxidant within an outer package nade of a | ow

gas- perneabl e material to e t he u

stenf $yEEEMSCCILPITIRGHr & Ak ys%“éne{] Stent,

descri bed above in (10), mhereln in the second
whisdaldanrinem kiokeai exbhr/PhyalebogiaretY wrFEhtHet he

outer package in addition to the sterilized inner
sulpaciage @nerddre, deoch andn Hinertsackaghemadeenti anhigh

[ 00281 According to the drug eluting stent system of

gaéfﬁérmééﬁiﬁ“mafwfﬂél0@0 pfoVSd@r@vsdaﬂedﬁthner package;
substantial |l y- extended expiration date and pernits a

practy %@leﬂ@mda‘aﬁdrp%t%tﬁ%ﬁ’“%ﬁil%g)y&@ $haged htnner
expiration date of which is as short as three nonths

oo il 05t HrOA 5448 o SPLEGH) Bl tbichal g
paéﬁgag?amnggs [0029] [FIG 1]

a second sealing step of placing and sealing the
sterilized inner package and a deoxidant within an outer
package made of a low gas-permeable material to provide the
drug eluting stent system.

(11) The drug eluting stent system as described
above in (10), wherein in the second sealing step, a

desiccant is also placed within the outer package in

addition to the sterilized inner package and the deoxidant.

Effects of the Invention
[0028]

According to the drug eluting stent system of the
present invention, it is provided with a substantially-
extended expiration date and permits a practical
application even when it employs a drug the expiration date
of which is as short as three months or so and the

practical application of which has heretofore been



FIG 1 is a schematic view illustrating one
enbodi nent of a package for use in the present
invention. [FIG 2] FIG 2 is a side view
illustrating one enbodi nent _of a stent for use in the
present invention. [FIG 3]1FIG 3 is a schematic view
illustrating one enbodi nent of a hol der tube for use
in the present invention. [FIG 4] FIG 4 is a
difdH&etbi-c side viewillustrating one enbodinment of a
bal | oon catheter for use in the present invention.
[FIG 5] FIG 5 is a schematic view typically
illustrating one enbodi ment of the drug eluting stent
Bripst @&msaodgrtdiony oft aehedyavwelsegd | nventi on.
Description of the Reference Synbols 12 [0030] 1
[old@ekage, drug eluting stent system 2 |nner package 3
Quter package 5 Deoxidant 6 Desiccant

[FIG. 1]

FIG. 1 is a schematic view illustrating one
embodiment of a package for use in the present invention.
[FIG. 2]

FIG. 2 is a side view illustrating one embodiment of
a stent for use in the present invention.

[FIG. 3]

FIG. 3 .is a schematic view illustrating one
embodiment of a holder tube for use in the present
invention.

[FIG. 4]

FIG. 4 is a schematic gide view illustrating one
embodiment of a balloon catheter for use.in the present
invention.

[FIG. 5]

FIG. 5 is a schematic view typically illustrating

one embodiment of the drug eluting stent system according

to the present invention.

Description of the Reference Symbols
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10 Stent (stent body) 11 Approximately rhonboi da

el ement 12 Annular unit 13 Connecting nmenber 20 Wre
menber 30 Hol der tube 100 Bal | oon catheter 102 Shaft
body 103 Bal l oon 109 Guidewire inlet port 110
Branched hub iii Injectionlﬁort 112 I nner tube 113
Quter tube 113a Distal -end-side outer tube 113b

Mai n-si de outer tube Best Mdes for Carrying out the

[00BAMention [0031] 13 The present invention will

herei nafter be described in detail. A description
1 wll Packebe,bdrugdelabdng shendr §YST& uting stent
system according to the present invention. The drug
o el utingnsteptckasiem according to the present
i nvention is:
3 Cuter package
5 Deoxidant
6 Desiccant
10 Stent (stent body)
11 Approximately rhomboidal element
12 Annular unit
13 Connecting member
20 Wire member
30 Holder tube
100 Balloon catheter
102 Shaft body
103 Ballocon
109 Guidewire inlet port
110 Branched hub
111 Injection port
112 Inner tube
113 Quter tube
11l3a Distal-end-side outer tube
113b Main-side outer tube

Best Modes for Carrying out the Invention

[0031]




a systemprovided with a stent, which carries a

bi ol ogi cal | y/ physi ol ogically active substance thereon,
and a deoxidant within a package. Mdre specifically,
there can be nentioned, as_a preferred enbodi nent, a
system that the package i siprovided with an inner
package made of a high gas-perneable material wthin

an outer package made of a | as- per nreabl teri.al
and T%epPBQFEEg %PYﬁth@naWFgﬁ;gﬁﬁﬁ nﬁggﬁﬁeﬁetﬁ%scrl%Ed
out er package and the inner package, and is provided
in wethilt.he stent within the inner package. As another
preferred enbodi nent, one provided further with a
desi ncaekcheprten whelotitestpychkeagmaded about itheedrug
package can be nentioned. [0032] <Package> No
eluRdkly Gttt gyl istdringpasetion ghesdrar nofentson.
package for use in the present invention. The package
Thepﬁnge%fﬁﬁi R A a8 tohid saegees a
1 i ol ogi cal | y/ physi'ol ogi cal | y active substance
t her.eon,, and a deoxi dant can be arranged within it.
’ ‘e, it can be in a formsuch as a bag or

box. [0033] No particular limtation is inmposed ejther
on t ReSYSEEE BFOVHESHndkige Rt P SR YR & of

an
biologically/physiologically active substance thereomn, and

inw

a deoxidant within a package.

More specifically, there can be mentioned, as a
preferred embodiment, a system that the package is provided
with an inner package made of a high gas-permeable material
within an outer package made of a low gas-permeable
material and is provided with the antioxidant between the
outer package and the inner package, and is provided with
the stent within the inner package.

As another preferred embodiment, one provided
further with a desiccant between the outer package and the
inner package can be mentioned.

[0032]
<Package>

No particular limitation is imposed on the form of
the package for use in the present invention. The package

can be in any form insofar as a stent, which carries a



approxi mately rectangul ar bag, for exanple, one of 300
mm x 300 nmm can be used. In the case of a square bag,
for exanple, one of 250 mm x 250 mm can be used. Wen
it isin the formof a rectangular box, for exanple,
one of 300 mMm x 300 nm x #% nm can be used. [0034] On
the thickness of the package, no particular
limtation is inposed elther In the case

biqdg igrldeff PRERIARE L $ot L ©raiph & %%%SB?H??oW%rﬁﬁnt oand
0.1 mmin thickness can be used. [0035] No particul ar

a dequidantorrdans beposeanged Hekthinthe. MRergmRle t HE can
package, although a | ow gas-perneable material (a

be niat ef i Bdrinavicty dova dagent peoxeabi lity) is
preferred. Even in the case of a package nmade of a

[od¥gh gas- perneable material (a material having high
oxygen perneability), however, the gas perneability

of the @l y%q%ﬂaﬁr ﬂ%%clsziéMl%dééd tém@es&lt%e

relatlv 'arge (for exanple, apprOX|nater 0.5to

Sl%% ofmghe %Jaaf(%%é |e|t %he\ﬁel%cl lsta 9F tt}m

erefore POSSI 0 use even a paéﬁage
made of a high gas-perneable material in the present
appnveta el Y [10893ngular bag, for example, one of 300 mm x

300 mm can be used. In the case of a square bag, for
example, one of 250 mm x 250 mm can be used. When it is in
the form of a rectangular box, for example, one of 300 mm x

300 mm x 15 mm can be used.
[0034]

On the thicknegs of the package, no particular
limitation is imposed either. In the case of a bag-shaped
package, for example, one of from 0.01 to 0.1 mm in
thickness can be used.

[0035]

No particular limitation is imposed either on the
material of the package, although a low gas-permeable
material {(a material having low oxygen permeability) is
preferred.

Even in the case of a package made of a high gas-
permeable material (a material having high oxygen

permeability), however, the gas permeability of the package



Exanpl es of the | ow gas-perneable material include

al um num pol yet hyl ene terephthal ate, pol yvinyl

al cohol, ethyl ene-vinyl al cohol copolyner,

pol yvi nyl i dene chl oride, and pol yanm des |ike nyl ons.
[0037] Exanpl es of the hi gh®gas-pernmeabl e materi al

i ncl ude polyethyl ene, ethylene-vinyl acetate

copol yrmer, = pol ypropyl ene, pal yvinyl chl.ori.de, an
becges: dRws Whep ifés é,hlﬁﬁﬂ%%\}% HelAs &Y 0133 hVi¥he

is preferred fromthe viewdoi nt of easy_perneation gf
exagp}gen Appwivixdmaite Lye uisr & flor® @Wct r SHChegmrelatively

sterilization, into the package. Wen the drug
largleuthigksiesnt, tystrerficaecomsikep tic ttwssiplesdm use even a

invention is provided with an inner package, a
pachageove@e alF ¢ Highpejawigutheublies nprtedeialedid orhé he

i nner package fromthe viewpoint of easy perneation

Qer@XYg8Rnt iy ch is required for el ectron beam
presfgﬁlllzafﬁéh, into the inner package. 16 [0038] The

(00 %gkage for use in the present invention may
E ferably be formed of a filmnade of such a | ow gas-

perneabl e_material and/or a high - per.neahl .

ot CERATDAPE. GEnhie, RayeBorrPRLTF ARl Gy inciude

conposed of such filnms stacked in the form of iqger
alugs nvepd el nddatians grephthalate, polyvinyl alcoho

ethylene-vinyl alcohol copolymer, polyvinylidene chloride,
and polyamides like nylons.
[0037]

Examples of the high gas-permeable material include
polyethylene, ethylene-vinyl acetate copolymer,
polypropylene, polyvinyl chloride, and silicones.

Of these, a nonwoven fabric of polyethylene is
preferred from the viewpoint of easy permeation of oxygen,
which is required for electron beam sterilization, into the
package.

When the drug eluting stent system according to the
present invention is provided with an inner package, a
nonwoven fabric of polyethylene is preferred for the inner
backage from the viewpoint of easy permeation of oxygen,
which is required for electron beam sterilization, into the

inner package.



filmor multilayer filmis resistant to breakage.
[0039] It is also preferred that at | east a part of
the package for use in the present invention is made
of a |low gas-perneable material, because oxygen
out si de the package does nidt practically perneate
into the package and the inclusion of a deoxidant in
an amount corresponding to a volune cal cul at ed
[0®28br ehand nmakes it possible to substantlally absorb
the oxygen inside the package. [0040] The |ow
gas|ﬁh¢ﬁgﬂﬂkﬁ@®l%¢ramsﬁaynp?%?e@ﬁ%??nﬁelﬁventlon may
filmshaped material with an alum numfoil |am nated
préberaplyhpeboaued bf ks frdme mdidef odulsuchor d@yYy&RSon
the outer side of the package to perneate to the

pekaESblélQsteElauhanaa©kagehlbaogﬁb -Pleemeadlay amaterr ivsle or
in the present invention may preferably be forned of

a @HTEEEbb%¥e%1ﬁhJW&%RHEQ%QHUE1Q%J1Eom§d#@duaﬁf@ddn films
ereln

al um num pouch), because the alumnumfilm

e gRrmni EoE et R aasaane, AR, Al Bcn -

Tan be enpllfle 'mul tilayer film
i Lol B S, i e B 300 ™
[0039]

It is also preferred that at least a part of the
package for use in the present invention is made of a low
gas-permeable material, because oxygen outside the package
does not practically permeate into the package and the
inclusion of a deoxidant in an amount corresponding to a
volume calculated beforehand makes it possgible to
substantially absorb the oxygen inside the package.

[0040]

The low gas-permeable material may preferably be a
film-shaped material with an aluminum foil laminated
therewith, because it is more difficult for oxygen on the
outer side of the package to permeate to the inner gide of
the package.

[0041]
The package for use in the present invention may

preferably be formed of a multilayer film containing an



stacked structure of polyethyl ene terephthal ate, an
al um num filmand pol yet hyl ene. [0043] As the package
for use in the present invention, it is possible to
use desired one of the above-described packages with
anot her package inserted thefein. In this case, the
resul ti ng package has a double structure. A further

ackage nmay be placegagver t he package, as desir%% to

pag : . .
alyginpd £11@ Ehgreanr dalymiren BPRGEY ur ESPOEEAT

Preferred is, for exanple, a drug eluting stent
alyminem £hidm saphbg paenapsers Loy bdedkaceh a doubl e

structure having a package (inner package) of a high
[00a8] perneable material within a package (outer

package) of a |ow gas-perneable material and the

bel ovggrenidioned adepxh@anpoushar cangpd wkehpbithed a
out er package and/or inner package. It is also

muEﬁ%%%?E? FQ1RERLI PRe 25rd DY Lheagl8 ol @k@mA’, of 300

ment, a drug eluting stent Systemthat the
package is grovided W, t h g,pgek%ge i.nner pac 9%9 of
mmaX AP HhMPadlHeP nealle a8t FaPeRPt AR FOBRORE e “Foft er
package) of a | ow gas-perneable material. The | ow

st gakegeshrubturgavér pall Yesdvilikaes fexcpddhisdgtegs an
descri bed above.

aluminum film and polyethylene.
[0043]

As the package for use in the present invention, it
is possible to use desired one of the above-described
packages with another package inserted therein. In this
case, the resulting package has a double structure. A
further package may be placed over the package as desired
to form a triple or more complex structure.

[0044]

Preferred is, for example, a drug eluting stent
system that such a package is provided with a double
structure having a package (inner package) of a high gas-
permeable material within a package (outer package) of a
low gas-permeable material and the below-mentioned
deoxidant is arranged within the outer package and/or inner
package.

It is also possible to mention, as a further



The hi gh gas-perneable material has the sanme neani ng
as descri bed above. Wth a drug eluting stent system
of such a construction, |ow dose sterilizationis
feasi bl e upon placing a sﬁ nt, which carries a

bi ol ogi cal | y/ physi ol ogi cal § active substance thereon,
Wi thin an i nner package of a hi gh gas-perneabl e

terial and sterilizing the stent by el ectron beam
prabesig eefsﬁoéjlmetfﬁe AR AR M TP e et EREC tne
sterilized by electron beam as described above is
paciagieed swipaviLded otittdr dRIGERTE of LHNeHWRASEFRE nebibt e
material to provide a double package. [0045] Wen the
highaglesgeasngaioha detanidl avigdekage Fadikrge paekeyge) of
a high gas-perneable material within a package (outer

padi@Rjelge)f of loow aysPasenesaiioblmatet sl al , the outer
package may preferably be nade of a fil m shaped

mat efrhal 1ok ghddiagmeRrleUateRifal hdsamhatRie meaning
therewth. [0046] 19 When the outer package is nade

asfﬁéé%g%#gdl Sl film no particular limtation is
ed on

i mpos e order in which the respective |ayers

are acked.toget her. For, exanpl.e, n _al_ym fi .
nmay @“@%F‘r‘-gﬂ?gs S5 PEFTERNY g?@%ﬁ lailnﬁlearsrré:g}eatr% m}leayrlc'ae[rgn:"ng
in the outer package fromthe viewpoint of ensuring

as (S RRNtIRAVDf breakage of the al uminum film

With a drug eluting stent system of such a
construction, low-doge sterilization is feasible upon
placing a stent, which carries a
biologically/physiologically active substance thereon,
within an inner package of a high gas-permeable material
and sterilizing the stent by electron beam. In this case,
the inner package which has been sterilized by electron
beam as described above is placed within an outer package
of a low gas-permeable material to provide a double package.
[0045]

When the package is provided with a package (inner
package) of a high gas-permeable material within a package
{(outer package) of a low gags-permeable material, the outer
package may preferably be made of a film-shaped material
including an aluminum foil laminated therewith.

[00456]



[0047] No particular limtation is inposed on the form
of the outer package. The outer package can be in any
form insofar as the inner package and deoxi dant can
be arranged w thin the ouigr package. For exanple, a
shape such as a bag or box“can be nentioned. [0048]
No particular limtation is inposed either on the
size of the outer package. Wuen it is in_the.form of.
an "B o ﬂa?%F?rrgﬁFgggﬁlé? page Pgraewgﬁgﬁééygﬁegégm'
300 mm x 300 nmm can be used. In the case of a square
no pagtirvdaretamptatione it mposed PS5 enArdsT v h
When it is in the formof a rectangular box, for
theexaspketivee lafye380 ane st agh@dnhogelhanm cERrbexagede
[0049] On the thickness of the outer package, no
an BRalieuarf il fakabieomrirarigeRb yae feindidry: den darhe case
of a bag-shaped outer package, for exanple, one of

intbrREHla0% Q@] iFMtERN AR e Patiede [ARMLHORERIWHdIht
the i nner paCkage, no particular Iimtation is

i OR it i A i . f .
of bFRESEALLRL $:8Keddn 6 IR Mot SR INERI AN %1 1n.
[Ooagﬁticular [imtation is inposed either on the

No particular limitation is imposed on the form of
the outer package. The outer package can be in any form
insofar as the inner package and deoxidant can be arranged
within the outer package. For example, a shape such as a
bag or box can be mentioned.

[0048]

No particular limitation is imposed either on the
size of the outer package. When it is in the form of an
approximately rectangular bag, for example, one of 300 mm X

300 mm can be used. In the case of a square bag, for
example, one of 250 mm x 250 mm can be used. When it is in
the form of a rectangular box, for example, one of 300 mm x

300 mm x 15 mm can be used.
{0049]

On the thickness of the outer package, no particular
limitation is imposed either. In the case of a bag-shaped

outer package, for example; one of from 0.01 to 0.1 mm can




t hi ckness of the inner package. In the case of a bag-
shaped i nner package, for exanple, one of fromO0.01 to
0.1 nmcan be used. [00511 As a package of such a
doubl e structure, a package having a formillustrated
in FIG 1 can be nentioned.29n the exenplified package
1 of a double structure, an inner package 2 is a
peel abl e bag of 250 x 250 mmand 0.1 mmin thickness
beaH8efor ned of a nonwoven fabric of pol yet hyl ene,
whil e an outer package 3 is an al um num pouch which
[0p80INn the formof a bag of 300 x 300 mMmmand 0.1 nmin
t hi ckness and i s conposed of a stacked structure of
pol yetdryteneiher epdt imhat epatbagdensot papbligel byl ene,
an alumnumfilm |owdensity polyethylene and
1iRighrdensk kY impokkdt byl ene. shukt.hett aafdebsi d8ntny size
which will be described subsequently herein is
inBbEaRogd BE! WBaNLENS1LBAGr viRAGKAGR? hRGY! Halckdiad)
and the outer package 3 (alum num pouch). 21 [0052]
The elutin t . c ] tQ.
oresait RavErerEat; £ SYPLET TFTRREbREg BitlEx pn ene
carries a_ bjolqgically/physiolggically activye
chiGBRRRCEE RBPeRNERd PARPB e HBSERPOERSRCPE RaPREF,
W thin such a ﬁackage. [ 0053] <Stent body>
shaped inner package, for example, one of from 0.01 to 0.1

mm can be used.
[0051]

As a package of such a double structure, a package
having a form illustrated in FIG. 1 can be mentioned.

In the exemplified package 1 of a double structure,
an inner package 2 is a peelable bag of 250 x 250 mm and
0.1 mm in thickness and formed of a nonwoven fabric of

polyethylene, while an outer package 3 is an aluminum pouch

which is in the form of a bag of 300 x 300 mm and 0.1 mm in
thicknesgs and is composed of a stacked structure of
polyethylene.terephthalate, low-density polyethylene, an
aluminum film, low-density polyethylene and high-density
polyvethylene. Further, a deoxidant 5 which will be
described subsequently herein is arranged between the inner
package 2 (peelable bag) and the outer package 3 (aluminum

pouch) .



A stent, which carries a biologically/physiologically
active substance thereon and is enployed in the
present invention, carries the
biologicalIy/physiological%g active substance on a
surface of a stent body. kstly, a description will
be nmade about the stent body. [0054] No particul ar
limtation is inposed on the nmaterial of the stent
[O4¥y for use in the present invention insofar as it
has strength sufficient to wthstand an expansion
oper dheorinysre iutianig pnth s Ben FeeRding bodlytidict .
The stent body can be fornmed using, for exanple, a
presdént imeéetiah, isepaovidedawpbhyaestenter whlichr celrries a
i ke. [0055] Use of a netal material anong the
bi &Sy Lo EXBFPbh sealogﬁbslml sctsver ehibstetcebenaveent had
netal materia excellent in strength and can hence

w1ffh+g &e@@rfﬂ &nﬁQQE9H§fggr e&&@ﬁ&ntEﬁEhtEepﬁbﬁabe

oyed In t e present rnvéntion can be surely

[Oégﬁﬂl %??% g% arget site within the body. [0056]
st €

fhe metal nmaterial are stainless
steel, N -Ti alloy, tantalum nickel, chrom um

i ri difufteRtung@tis CAHEDAtt alloys. In stainless

st eel, SU8316L
blologlcal1y/phy81olog1cally active substance thereon and

is employed in the present invention, carries the
biclogically/physioclogically active substance on a surface
of a stent body.

Firstly, a description will be made about the stent
body.
foo54]

No particular limitation is imposed on the material
of the stent body for use in the present invention insofar
as it has strength sufficient to withstand an expansion
operation upon retaining the stent within a body duct. The
stent body can be formed using, for example, a metal
material, ceramics, a polymer material or the like.

[0055]

Use of a metal material among the above-exemplified

materials is preferred, because the metal material is

excellent in strength and can hence exhibit an advantageous



IS suited as its corrosion resistance is highest.

[ 0057] Many of stent bodies forned of such netal

materials can be expanded by using ball oons.

Sel f - expandi ng stents can _he manufactured when stent

bodi es are forned using a 2%etal material such as

Ni -Ti alloy having a property called

"pseudoel asticity" that.a strain_significaptly. changes
£ ifdlort A gt AFFSRE SRLEYSY DR opBF Y TERGRL Al SYFaTROR oan

gradual Iy increases and changes as stress jncreases.
be [surely stetained ateat LAt nelbei WikhEBnphesBedYror m

bef orehand is allowed to expand by its own resilient
[0d®8ke when its conpression is released at a | esion.

[0058] Formation of a stent body with a pol yner

mat erflaludtratingd & ff athe eomalsandtersdkrdrdostyainless
exhi bits advantageous effects that its flexibility is

st&Xrelfenti agth ophepanexpandedi cRE1 $XeREEY Gmf OLEE AL Sm,
applied to a blood vessel wall. 23 [0059] Exanples

cuflgblF, PIMTERRTRL o Syl Bl (Eed g pcsts oo

e and p utyl ene
., terephthal ate and golgester-baged elastgneh% .
18 AR BFRi 7Y LEBcROpoPTesteF 82 A8 BBASt FPuSAP ORIt s,
ol yam des such as nylon 6, nylon 12, nylon 66 and
[0#57bn 610 and pol yani de

Many of stent bodies formed of such metal materials
can be expanded by using balloons. Self-expanding stents
can be manufactured when stent bodies are formed using a
metal material such as Ni-Ti alloy having a property called
“pgseudoelasticity” that a strain significantly changes
under a constant stress or a property that a strain
gradually increases and changes as stress increases. In
this case, a stent body held in a compressed form
beforehand is allowed to expand by its own resilient force
when itse compression is released at a lesion.

[0058]

Formation of a stent body with a polymer material is
preferred, because the stent body exhibits advantageous
effects that its flexibility is excellent and, when
expanded, no excessive force ig applied to a blood vessel

wall.



el astonmers contai ni ng such pol yam des as constituent
units, pol yurethanes, polyolefins such as
pol yet hyl ene and pol ypropyl ene and pol yol efi n- based
el ast omer s cont ai ni ng such polyoleflns as constituent
units, polycarbonates such?3as pol yet hyl ene carbonate
and polypropylene carbonate, cellul ose acetate,
cellulose nitrate, and the |ike. [0060] Anmong these,
[Uoéélyethylene pol ypropyl ene, pol yet hyl ene
terephthal ate, cellul ose acetate and cel |.ul ose
n|trEKemaieSppéféhﬁe901M@§§u§§tﬁﬁé?1h&P@Qqun&@%yeSters
deposition of platelets and show no irritation to body
sucho BRo Fidliventhy 1<iR6 He Nphrdraliand @and ipolwbutnlene
i nposed on the shape of the stent body insofar as the

te thaNQPE isHdigBIviat ev tHhsed relngdtomelfd | @betd it ing
S ably retain itself in a body duct. Preferred

suc%xg)%gl RS ude cQﬁf‘sﬂclq:rd@'ﬂ: tha £y pddrdkdes Shage Dy

ng W res of a neta material or fibers of a 24

Y R g T 1 B TRty T 110 ] TR

or ceramcs 0062] refer ed exanple o
elagtame st qq{@@E%%ﬂg oA ﬁen%?%%’e%‘%ent units,

i nvention, one having the shape shown in FIG 2_can
pohyynﬁghqnﬁﬁmjpolyole ins such as polyethylene and

polypropylene and polyolefin-based elastomers containing
such polyolefins as constituent units, polycarbonates such
as polyethylene carbonate and polypropylene carbonate,
cellulose acetate, cellulose nitrate, and the like.

[006&0]

Among these, polyethylene, polypropylene,
polyethylene terephthalate, cellulose acetate and cellulose
nitrate are preferred, because they hardly induce
deposition of platelets and show no irritation to body
compositions.

[0061]

No particular limitation is imposed on the shape of
the stent body insofar as the stent body is provided with
strength sufficient to stably retain itself in a body duct.
Preferred examples include one formed in a cylindrical

shape by braiding wires of a metal material or fibers of a




In FIG 2, a stent body 10 is a cylindrical body,
which is open at opposite end portions thereof and
extends in a |longitudinal direction between the
opposite end portions. A side wall of the cylindrica
body has numerous cutout Fértions communicating its
outer wall and its inner wall with each other. These
cutout portjons are defornable rovide a sﬁ&ucture

to
Polyneh m%t%&b%%d%qie%%n??sew%@ebrngomén?aawa cpenings
direction of the cylindrical body. Therefore, the |
in oyl tyleiel ) memlder caadeecf et anfedl amaherdpdePrsFEEARALS -
can retain its shape. [0063] In the enbodi nent
[odd2ustrated in FIG 2, the stent body 10 is fornmed of
wire nmenbers 20, and includes as basic wunits

appr @4 ptelar dhedd aldihplad e nilse Idhdowi ) €hué ostent
portions therein. A plurality of approxinately

boﬁ%oﬂPPiQQé iR ERENbSeddnar enGoRREhedohadREYEhgSURR shape
that their “approximately rhonboi dal shapes aré

Shg&wtigu&y&lyza%ggnggdmekg.éggddirection of their m nor
a ¢ g 2 ]

Xes, ‘t'hereby Tornng an annul ar unit 12. The
annul ar unit 12 is connected wWth its dj acent
annul G TR+ S vith ST SRR b oheR t T IRRBEPL 12097
plurality of annular units 12 are, therefore,
whiglt i fuelRen yahr PERGEHCEneRfAePar EéeRpoRNEFePRepRda RS eNdS
ina partly-connected state. OMng to the
incanktnattidimat dizsctibedbebween the svrprsibedgnd
(stent) 10 takes the form
portions. A side wall of the cylindrical body has numerous
cutout portions communicating its outer wall and its inner
wall with each other. These cutout portions are deformable
to provide a structure which is expandable/contractible in
the radial direction of the cylindrical body. Therefore,
the cylindrical body can be retained at a target site and
can retain its shape.
[0063]

In the embodiment illustrated in FIG. 2, the stent
body 10 is formed of wire members 20, and includes as basic
units approximately rhomboidal elementsg 11 having cutout
portions therein. A plurality of approximately rhomboidal
elements 11 are connected together such that their

approximately rhomboidal shapes are continuocusly arranged

in the direction of their minor axes, thereby forming an



of a cylindrical body, which is open at the opposite
end portions thereof and extends in the |ongitudina
direction between the opposite end portions. The
stent body (stent) 10 has_the approximtely
rhonboi dal cutout portions““and is of the structure
that it is expandabl e/contractible in the radia
direction of the_ cylindrical bqdy through .
ATkt it onk? of T TEHIRE BT orfs. 19 CORReifsh THe 1t
stent body 10 is constructed of the wire nenbers %g,
adjdremi canniber | eniEs via(Werer sRapedpepnppcting member 13
constructed to provide the stent body 10 with numerous
A plixaiditporef casnuwhyr benpref b2 adtre, ftgﬁfr@fglet o 0.5 mm
nore preferably from0.05 to 0.2 nm [0065] The size
coriidlBusSi grdreanigbe Sel €héi detycdedar ofneleiasaneeded a
depending on its application site. Wien used in a

pafOl PIEEYn&EL &5 YsPitEhe digald . td Ahexedmtrudt Sowuaer
di ameter and | ength before expansi on may be generally

i 0 5 8 rm
o SEE, ol ince R U SR oy e
- ' t 10 i I '
or RSLFLISTRLREL ST f e SeTRERY)GOTE TR ERSE e

W de variety of structures o rica

i MhiCE 153 C%'Engirection
PoBetyns ok hercef andeekERBERsIROtNBelRGISSEAINE
between the opposite end portions. The stent body (stent}
10 has the approximately rhomboidal cutout portions, and is
of the structure that it is expandable/contractible in the
radial direction of the cylindrical bedy through
deformations of the cutout portions.
[0064]

When the stent body 10 is constructed of the wire
members 20, the widthwise length of the wire member 20
constructed to provide the stent body 10 with numerous
cutout portions may be preferably from 0.01 to 0.5 mm, more
preferably from 0.05 to 0.2 mm.

[0065]

The size of the stent can be selectively determined
as needed depending on its application site. When used in
a coronary artery of the heart, for example, its outer

diameter and length before expansion may be generally from




at its opposite end portions and extending in a
| ongi tudi nal direction between the opposite end
portions, provided on its side wall w th nunerous
cutout portions comrunicating its outer wall and its
inner wall with each othelf and being
expandabl e/ contractible in its radial direction
t hrough deformations of these cutout gortio s. [0067]
1.0rHe st chtmRRA foFoTise 9 T hePr cC2fP ?ﬁ%‘éﬁfﬁ’on can
be either of the ball oon-expanding type or of the
[0A)f - expanding type. Further, the size of the stent
body can be selectively determ ned as needed
dependi ig @ bes noappl itdait ahesidbevd-GERjribed stent 10
<Manuf acturing process of the stent body> No

is Rtd ol e | dibd @ héMic | Snd "PRSEdeEMp s SBNYhECEDENDY
process of such a stent body, and a usual nethod can

in fﬁéggﬂéﬁggeﬁﬁa@{h X2NP| §e FafESCYi REI @PrWELLXE88 BRUQhich

about a manufacturing process of” a netal -made stent

, _body inthe 27 . formof a.t I b 0 ;

i o i §hdDfedY podhrirnfa; P luPhe GHnerd028) being open
for the stent body, and is nolten in.an inert-gas or

at \ e RRPRS W it POFHECRDI #89) FEEENIiEIniR 2cool ed to

form an ingot. _ .
longitudinal direction between the opposite end portions,

provided on its side wall with numerous cutout portions
communicating its outer wall and its inner wall with each
other, and being expandable/contractible in its radial
direction through deformations of ﬁhese cutout portions.
[0067]

The stent body for use in the present invention can
be either of the balloon-expanding type or of the =self-
expanding type. Further, the =zize of the stent body can be
selectively determined as needed depending on its
application site.

[o068] <Manufacturing process of the stent body>

No particular limitation is imposed on the
manufacturing process of such a stent body, and a usual
method can be applied.

As an example, a description will be made about a

manufacturing process of a metal-made stent body in the



After the ingot is nmechanically polished, the ingot is
formed into a | arge-di aneter pipe by hot pressing and
extrusion. By successively repeating a die draw ng
step and a heat treatnent step, the |arge-di aneter
pipe is reduced in diametet’into a pi pe of
predeterm ned wall thickness and outer dianeter. A
pattern of ogenings is adhered on a surface of the
fopmpef anfubiilax 8PEKi'ng techni que such as | aser
etching or chemcal etching, the pipe is nolten
[0eg8épt for portions covered by the pattern of
openi ngs, thereby form ng openings. As an alternative,
openi Pgssthy, ahsoeeal omabdrbglciust Bagechedppfedamsh§raal
pattern by a laser cutting technique on the basis of
foRather Btienkto b, 0rnst Aeethdlten denput emexftOEG] Sthevacuum
tubul ar, netal -nmade stent body for use in the present

'gg gg’gn can be manufactured by such a nethod as
at@e ? géd above. [0071] 28 1In the case of a

s

manuf y ano r et I ch includes

form ng the ingot into a |arge-di.angte ' t.
AfSeds Sty 199t Sﬁ 3§ %&«?mﬁ?g‘égé & c{}é'ln%erae’p \é%al‘{efe n]g’;/%é% e

drawi ng step and a heat treatnent stﬁﬁ:to reduce tﬂf
formege iditanst desga-dianaemdige 9 1ok Rreerng an

pr edet er m ned ‘ . .
extrusion. By successively repeating a die drawing step

and a heat treatment step, the large-diameter pipe is
reduced in diameter into a pipe of predetermined wall
thickness and outer diameter. A pattern of openings is
adhered on a surface of the pipe, and by an etching
technique such as laser etching or chemical etching, the
pipe is molten except for portions covered by the pattern
of openings, thereby forming openings. As an alternative,
openings can also e formed by cutting the pipe along a
pattern by a laser cutting technique on the basis of
pattern information stored in a computer.
[0070]

The tubular, metal-made stent body for use in the
present invention can be manufactured by such a method as
described above.

[c071]



t hi ckness or outer dianeter, bending the wire to apply
a waveformor |like pattern to the sane, w nding the
patterned wre on a mandrel, pulling out the mandrel,
and cutting the shaped wire into a predetermn ned
length. [0072] Cther netal #fade stent bodies can al so
be simlarly manufactured by sel ecting netal
materials as desired, nelting them and then form
Che Dl (o6 FRSE S8 i oL MUIRRRS SLpie. YL e bOF VERgTPLe.
[0073] The stent for use in the present invention
it cmm ks mansfacburdddey cineter amatlked. pyaychaincludes
bi ol ogi cal | y/ physi ol ogi cally active substance to be
forieiasy ittes Nexdt {MOF43 kBroeeodiameterphyseobpghehl |y
active substance> No particular Iimtation is inposed
préd:ifle akd degheal b/ phiystebouvedy| yepeatirgsabdiance
for use in the present invention and any
i Lical | yih®hy sh ok sBEpi ¥8 subgtanchecaarge-
dr%gﬂ%i%g%%%&%gg %e%?%gd%f?%tﬁ?ég as ?t inhibits 7
. stenosi s. or occhkusj f, agcylk S ' ;
SLGRETT WRRe BB St EngEsE 1BTACHED Y pERLKRLRInERY
exanpl e, the biol ggically/physi.ol ogigal | ctiv
thiGiFReSH cRr ﬂ%&eﬁrggﬁmﬁB?§'bggﬁgngakﬁeowérgu%gtaﬁgéy a
sel ected from anticancer drugs, innunoguﬁgre sors
wagmf¢tmo@rcg}ke pattern to the same, windil the patterned

wire on a mandrel, pulling out the mandrel, and cutting the
shaped wire into a predetermined length.
[0072]

Other metal-made stent bodies can also be similarly
manufactured by selecting metal materials as desired,
melting them, and then forming the molten metals into
intended shapes, respectively.

[0073]

The stent for use in the present invention carries,
on a surface of such a stent body, a
biclogically/physiologically active substance to be
described next.

[0074] <Biologically/physiologically active substance>

No particular limitation is imposed on the

biologically/physioclogically active substance for use in

the present invention and any bioclogically/physiologically



antirheumatics, antithronbotics, HMG CoA reductase

i nhibitors, ACE inhibitors, calcium antagonists,

anti hyperlipidemcs, integrin inhibitors,

antiallergics, antioxidants, GPlIbllla antagonists,

retinoids, flavonoids, cardtenoids, |ipid-Ievel

| oweri ng nedi canents, DNA synthesis inhibitors,

tyrosi ne kinase inhibitors, ntiplatelgés,. .
actyhife | FHPSFARED AR, DF| SSLRCERY| IBRAICBT bRty of PEPERT a8 1t

interferons and NO production pronoters because it .
inkibdty spenosis ot eposlysiprse nasvasenlasceygsppnwhich

a vascul ar system which may occur when the stent is
may eb@tune dwla¢n athesspent [ D975t Kinédr abdaekaapbes ofox he

anti cancer drugs include vincristine, vinblastine,

exMhPOEs| ige bibDOGEEaN1y/Phiaiubbgibalhgchitayel substance
docet axel, and methotrexate. [00761 Preferred

mafﬁ%ﬂ@f@faﬂi the LEMIBYSUPBhLESSAhsthReEUdR1eERBAMFELR
a Its deeratlves, tacrolinus, azathioprine, 30

P A S o S R B BREF P B e o s
NGBS CF 75 aEEF REHPOTHOC  B8un gl br PN SFHAFEEG! n.

pi rarubi ci n, acl arubicin, ,
inhibitors, ACE inhibitors, calcium antagonists,
antihyperlipidemics, integrin inhibitors, antiallergics,
antioxidants, GPIIbIIIa antagonists, retinoids, flavonoids,
carotenoids, lipid-level lowering medicaments, DNA
synthesig inhibitors, tyrosine kinase inhibitors,
antiplatelets, antiinflammatories, tissue-derived
biomaterials, interferons and NO production promoters,
because it surely inhibits stenosis, restenosis or
occlusion of a vascular system which may occur when the
stent is retained at a lesion.
[0075]

Preferred examples of the anticancer drugs include
vincristine, wvinblastine, vindegine, irinotecan,
pirarubicin, paclitaxel, docetaxel, and methotrexate.
[0076]

Preferred examples of the immunosuppressors include

rapamycin and its derivatives, tacrolimus, azathioprine,



epi rubi cin, peplonycin, and zinostatin stimal amer.
[0078] Preferred exanples of the antirheumatics

i nclude nethotrexate, sodiumthionalate,
penicillam ne, and Iobenzgrit. [0079] Preferred
exanpl es of the antithronb fics include hepari n,
aspirin, antithronbotic preparations, ticlopidine,

nd hi rudin. 08 Preferred exanpl es of. the HVG CoA
cy L8 e A A EcobheRates Mo ELEL £
serivastatin_ sodium_ _atolvastatin, nisvastatin,
gusperiasisht ignd MigEtkne, fluvastatin sodi um

simvastatin, rosuvastatin, and pravastatin. [0081]
[00Hf erred exanpl es of the ACE inhibitors include

qui napril, perindopril erbum ne, trandol april
ci | arapffietrredl exbamleaprifl thidelaapridiotead aprdllude
mal eate, lisinopril, and captopril. [0082] Preferred

miﬁaﬁyﬂﬂﬁ¥5éﬁrﬂiﬁ?éiﬂpidﬁ&é&ﬁﬁﬁﬁ&ﬁ?t§ctiﬁ6ﬁyéﬁn,

hi f'edi pi ne, nilvadi pine, diltiazem benidi pine, and
dadﬂéyuﬁyéﬁﬂﬁlidarubicin, pirarubicin, aclarubicin,
epirubicin, peplomycin, and zinostatin stimalamer.
[0078]

Preferred examples of the antirheumatics include
methotrexate, sodium thiomalate, penicillamine, and
lobenzarit.

[0079]

Preferred examples of the antithrombotics include
heparin, aspirin, antithrombotic preparations, ticlopidine,
and hirudin.

[0080]

Preferred examples of the HMG-CoA reductase
inhibitors include serivastatin, serivastatin sodium,
atolvastatin, nisvastatin, itavastatin, fluvastatin,
fluvastatin sodium, simvastatin, rosuvastatin, and
pravastatin.

[0081]
Preferred examples of the ACE inhibitors include

quinapril, perindopril erbumine, trandolapril, cilazapril,



[0083] Illustrative of the antihyperlipidemcs is
preferably probucol. [0084] Illustrative of the
integrin inhibitors is preferably AJM300. [0085]
Illustrative of the antiallergics is preferably
tranilast. [0086] Preferredlexanples of the
anti oxi dants include catechins, anthocyani ne,

proant hocyanj di n, _ | ycopene, ,and carotene. AND
cetatebRi o AebRBRLF 0oRLBLAPR: baTRAPatEs LSATRPRARAr §I8

preferred. [0087] Illustrative of the GPIIbllla
capintpgbhi sts is preferably abci xi nab. [0088] 32
Illustrative of the retinoids is preferably all- trans

[o0€2jnoic acid. [0089] Preferred exanples of the
flavonoi ds include epigallocatechin, anthocyanine,
and pIQardhacy adkthples [§#0%he calcium antagonists
include hifedipine, nilvadipine, diltiazem, benidipine, and
nisoldipine.
[0083]

T1lustrative of the antihyperlipidemics is
preferably probucol.
[0084]

Illustrative of the integrin inhibitoxs is
preferably AJM300.
[0085]

Illustrative of the antiallergics is preferably
tranilast.
[0086]

Preferred examples of the antioxidants include
cateching, anthocyanine, proanthocyanidin, lycopene, and B-
carotene. Among the catechinsg, epigallocatechin gallate is
particularly preferred.

[0087]

Illustrative of the GPIIbIIIa antagonists is

preferably abciximab.

[0088]




Preferred exanples of the carotenoids include (3-

carotene and | ycopene. [0091] Illustrative of the
lipid-level |lowering nmedicanents is preferably
ei cosapentaenoic acid. [0092] Illustrative of the DNA

synthesis inhibitors is preferably 5-FU [0093]
Preferred exanpl es of the tyrosine kinase inhibitors
i ncl ude genistein, tyrphostin, and erbsta&in. &009%1_
Pr ef ek ratPtesaiy e bf thhr Pt e of BRTFHEF Oy <

ticlopidine, cilostazol, and cl opidogrel. [0095]
tr@nef zeredoggadpliids of the antiinflammtories include

steroi ds such as dexanet hasone and predni sol one.
[0§0096] 33 Preferred exanples of the tissue-derived

bi omaterials include EGF (epidermal growth factor),

VEGF pfapserddreeintasl &gl bal tige ol hvbacias) intilade
(hepatocyte growth factor), PDG- (platel et derived

ep?g§¥%§§%§%gggéi aRdnoBYEh i hRashadl pRoahndtiocgedin.
[0090]

Preferred examples of the carotenoids include B-
carotene and lycopene,.
[0091]

Illustrative of the lipid-level lowering medicaments
is preferably eicosapentaenocic acid.
[0092]

Illustrative of the DNA synthesis inhibitors is
preferably 5-FU.
[0093]

Preferred examples of the tyrosine kinase inhibitors
include genistein, tyrphostin, and erbstatin.
[0094]

Preferred examples of the antiplatelets include
ticlopidine, cilostazol, and clopidogrel.
[0095]

Preferred examples of the antiinflammatories include

steroids such as dexamethasone and prednisolone.

[0096]



Illustrative of the interferons is preferably
interferon-yla. [0098] Illustrative of the NO
production pronoters is preferably L-arginine. [0099]
As to whether one of these

biologicalIy/physiological@? active substances or a
conbi nation of two or nore different ones of these

bi ol ogi cal | y/ physi ol.ogi cal | y act,ive subst.ances shoul d

be u?g&,feg%éii %ﬁ%%ﬁ%@&%&@%%&%&@d’ pendi ng

on the case. L@%OO In the_drug_ el uting stent fystem
biomaterh ave tre ep‘]ﬁ(é%eh%m-%@ﬁiﬂro%?o‘t’ﬁ]% factor}; VEGF

bi ol ogi cal | y/ physi ol ogically active substance may
(vamailanbnyddeshehi a mamoetip pf @ssor) . bBERushepahecyte

I mmunosuppressor is highly effective for the
grdwih biddedr) ofpPBEENOSistOleOCabusTOA 9foathafaatar), and

system 34 [0101] The i mrunosuppressor may preferably

BFd#*(EHEWWCf{bf61aéES?ﬂ@wiﬂaiéaeorb?cause it is
extrenely effective Tor the inhibition of stenosis or

[0 | usi on of a vascular system The derivative of
rrapamycin is a substance with the hydroxy group (-OH)

at tqiIﬂ%ﬂ%ﬁ%fdé”%fﬁtﬂéﬂ¥ﬁpg¥fggg§gr%% preferably
interferon-yla.
[o0s8]

Illustrative of the NO production promoters is
preferably L-arginine.
[0099]

As to whether one of these
biologically/physiologically active substances or a
combination of two or more different ones of these
biologically/physioclogically active substances should be
used, a selection can be made as needed depending on the
case.

[0100]

in the drug eluting stent system according to the
present invention, the bioclogically/physiologically active
substance may preferably be an immunosuppressor, because
the immunosuppressor is highly effective for the inhibition

of stenosgis or occlusion of a vascular system.



been substituted by another functional group, and a
subst ance represented by the followng formula (1) can
be nmentioned as an exanple. [0102] [Chem cal Formula
1] CH on O0tidJ O4 p~[~y.ca [0103] In the drug
el uting stent system accord ﬁg to the present
i nvention, the biol ogically/physiologically active
substance nay al so be an anti cancer drug preferably,
[OBQ&iuse it is as effective as an inmunosuppressor for
the inhibition of stenosis or occlusion of a vascul ar
syst efie @rguesIBPr SHEAL gmay preferably be rapamycin or
bi ol ogi cal | y/ physi ol ogi cal ly active substance may
itexdstrivataveesbeedubBer mtord sa esinfeaed yofe fif estteinte oty .the
It is, however, preferred for the substance to exi st
inAsbatiBhXxbdr etenbeiz pel wael usddie cdescridiethlar system.
subsequently herein because the m xture nakes it

possithe derPradupl! ¥rr8hgaspcihh€s a substance with the
bi ol ogi cal | y/ physi ol ogi cally active substance into the

hy898¥y group (-OH) at the 40-position of rapamycin having
been substituted by another functional group, and a
substance represented by the following formula (1) can be
mentioned as an example.

fo102]

[Chemical Formula 1]

[0103]

In the drug eluting stent system according to the
present invention, the biologically/physiologically active
substance may alsc be an anticancer drug preferably,
because it is as effective as an immunosuppressor for the
inhibiticon of stencsis or occlusion of a vascular system.

[0104]



[0105] The conposition ratio (mass ratio) of the

bi ol ogi cal | y/ physi ol ogically active substance to the
bel ow described polymer in such a m xture can be set
at from1:99 to 99:1, preﬁﬁéably at from30:70 to
70: 30, because this range kes it possible to carry
the biologically/physiologically active substance as

AR A SO RE R LN I

[0106] Using a m xture of such a cgnposition ratio
may o§%ESt| &nf ar AeaisAdt RerBuPRade s iaRe efeAt SHEIY b&dg
nethod to be described subsequently herein. The
Ittheckhesever, theefpayed filay bheseubgtancemto. exigtiee a
m preferably at from 1 to 30 m nore preferably from
mikthpe 1binh anpolgmeastot be Haperibed aubbiegkeasdyi herein
this range, the stent body has nerits that it can be

betgade| ¥hengektedel MbRed BedpcdBEb186tosuehdaslaybhreq@dase
vessel and it can carry the

th& Bi&%g@!:gzigygﬁyghesﬁg%gx1?05'&:\&@3;%%@%%@ll%r&o the

amount ~requi or t treat ment I esion

bod be noted that the term"the thickness of a |ayer”
%" used herein means the average thickness of the

x}ure on the surface of the stent. [0107]

TINY:
The composition ratio (mass ratio) of the
biologically/physiologically active substance to the below-
described polymer in such a mixture can be set at from 1:99
to 99:1, preferably at from 30:70 to 70:30, because this
range makes it possible to carry the
biclogically/physiclogically active substance as much as
possible while taking the physical properties and
degradability of the polymer into consideration.
[0106]
Using a mixture of such a composgition ratio, a layer

is formed on the surface of the stent body by a method to

be described subsequently herein. The thickness of the
layer may be set at from 0.1 to 100 pum, preferably at from
1 to 30 um, more preferably from 5 to 15 um. Insofar as

the layer has a thickness in this range, the stent body has

merits that it can be readily inserted into a body duct



No particular limtation is inposed on the polyner

which is usable as a m xture with the

bi ol ogi cal | y/ physi ol ogi cally active substance as

descri bed above, although _one having bioconpatibility

or biodegradability is préﬁérred. [0108] No

particular limtation is inposed on the polyner

havi ng bi ocoppatibility ipsofar as it js equipped with
sugfy ﬁ:%rﬁ)ak?lr?ﬁ’cﬁi‘f??‘sﬁora%Qahbl %?naC?JBWeEfI%r- based resin

can be used preferably, because it has )
bidgiemiorphty Mhyziolegicalhly ppedivet AUBEFRBFA dBgRBedMgHNL

stiffness and elasticity, and does not fall off from
redlirsdirfaceclod theashent dfirangesise. (expansi on) of

the stent. [0109] No particular limtation is inposed

on the ipoliyedemdmaedfAsithe Harmolylestitdlasess of a

resin can be a polyester-based resin obtained by

1a ROty CONARNS NBe 3din HhERRLOXNL | EvEPLES PRibRALEs of the
derivative having ester-formng ability and diol

nidlis G dfel L detiyalivepbayiogeester - forming

Yy to pol ycondensation by a known nethod. [0110]
No farticular limtation is inmposed on the polyner
O3 ng bi odegradability, insofar as it is a pol yner

whi ch gradual |y degrades when the stent for use in
the pledafiticular limitation is imposed on the polymer

which is usable as a mixture with the
biologically/physiclogically active substance as described
above, although one having biocompatibility or
biodegradability is preferred.

[0108]

No particular limitation is imposed on the polymer
having biocompatibility insofar as it is equipped with
biocompatibility. For example, a polyester-based resin can
be used preferably, because it has biocompatibility, is
equipped with certain degrees of gtiffness and elasticity,
and does not fall off from the surface of the stent during
use (expansion) of the stent.

[0109]

No particular limitation is imposed on the

polyester-based resin. The polyester-based resin can be a

polyester-baged resin obtained by polycondensing



invention is retained at a | esion and whi ch does not

del eteriously affect on the human or ani nal body. The

pol ymer havi ng bi odegradability may preferably be at

| east one polynmer selected fromthe group consisting

of polyglycolic acids, poPylactic acid,

pol ycaprol act one, pol yhydroxybutyric acid, cellulose,

pol yhydr oxybut yrate- val erate, and, pol yorthoesters or_a.
A1 qrptXpekC Wk Brer oFhe b nRthvt ke e%?‘,’lﬁ%cﬁﬁgsri forfling

has |ow reactivity with body tissues and its
abilegradatd obi el t Wbt s her bolglt afebtvatdlier BRVeRY PBYRAT

The stent for use in the present invention nay
foiEi@rabl Vicarty polpyendénsaetonfby ai knowe oethpé.

bi ol ogi cal | y/ physi ol ogi cal |y active substance and the
[oPPdymer having bi odegradability on the surface of the

stent body, because the biologically/physiologically

act| 4@ RHOSIANGE: Bl GAUAL Vid Olfaseea | 81 Cché pbbpiyer

to effect appropriate treatment as the polyner
s R o HSFRRTRILL  Ypdegeades 1012, paiyaesl Lhten
Gt bHCaeoT SRR PUAFRel B oFRECCAPFabEof 1 fe DEERLRe
above-descri bed stent i
invention is retained at a lesion and which does not
deleteriously affect on the human or animal body. The
polymer having biodegradability may preferably be at least
one polymer selected from the group congisting of
polyglycolic acids, polylactic acid, polycaprolactone,
polyhydroxybutyric acid, cellulose, polvhydroxybutyrate-
valerate and polyorthoesters or a copolymer, mixture or
compound thereof, because it has low reactivity with body
tisgsues and its degradation within the body can be
controlled.
[0111]

The stent for use in the present invention may
preferably carry a layer formed of a mixture of the
biologically/physiologically active substance and the
polymer having biodegradability on the surface of the stent

body, because the biologically/physiologically active

substance is gradually released intc the body to effect




body by a nmethod as will be described next. No
particular limtation is inposed on the deposition
nmet hod, and a desired nethod can be applied. For
exanpl e, there can be nentioned a net hod, which

i ncl udes di ssol ving the biot®gi cal | y/ physi ol ogical Iy
active substance and the polyner at such a

conposition ratio as describid abo&g}Ln a sol vent
appHeRTA3t8cEFEAEMEBENAROIE e ERILET oV drd

tetrahydrofuran to give a solution concentration of
bibdegredebilisy2de@radpespreferably from 0.01 to 10
wt.% coating the resultant solution onto the surface
[ocafizfhe stent body by a conventional procedure making
use of a sprayer, a dispenser or the like, and then
<DERHSH BEohhproek¥dnbft @ ey anelaid ca1A/hyEie ldrgigal 1y
eluting stent systemaccording to the present
acEE%@nEhﬁgtE Jerovided with the stent, which carries
thereon such a biol ogically/physiologically active 39

deoxi A & PReAcahaR AP (B3 0a1CELTY, RERATR BYBRR ance

n age a esc above.

. [0114] ,<Deoxi dant > particylar Limtation.
18 ﬁ'ﬁé’?@dtgﬁ Offe tEHen t?”g%acteh & fgi%’}ﬁ GRS S esucs%ﬂ?send e
present invention. Any _deoxidant can be used insofar

body by Rasetded @enwddtli fifaidepcribed next.

No particular limitation is imposed on the
deposition method, and a desired method can be applied.
For example, there can be menticned a method, which
includes dissolving the biologically/physiologically active
substance and the polymer at such a composition ratio as
described above in a solvent such as acetone, ethanol,
chloroform or tetrahydrofuran to give a solution
concentration of from 0.001 to 20 wt.%, preferably from
0.01 to 10 wt.$%, coating the resultant solution onto the
surface of the stent body by a conventional procedure
making use of a sprayer, a dispenser or the like, and then
causing the solvent to evaporate.
[0113]

The drug eluting stent system according to the
present invention is provided with the stent, which carries

thereon such a biologically/physiologically active



seal ed together with drugs wi thin packages to inprove
their storability and also to prevent their
deactivation or deterioration. [0115] As such

deoxi dants, iron-based deoxi dants and organic

deoxi dants such as ascorbi G%cid are known. In the
present invention, both iron-based deoxi dants and

organi ¢ deqxi dants .are usabl e. pendi.n n the
subgRerrEnasofesGEnbatoR Qéfﬁt's,a“fihg‘e Bt os descedhnd e
into a type that absorbs only oxygen, a_ type that
deassdant wiyhén snehcar baskadexpde degomjhed phove -
absor bs oxygen and generates carbon di oxide, and a
[oLype that absorbs carbon dioxi de. These deoxi dants
are all usable in the present invention irrespective

<Péokheihtiypes. [0116] These deoxi dants may
preferably be provided for practical applications in

a forg filled-iDabagsmPtabi8h 98SifBosBar BRabhki k¥nd of
al t hough they can be practically used in a powder

£ hEORIYL Hﬁghti $or (58 98NeLal ?ﬁ' gl ablefardn asahbey
ar e “Fdr er, fhose prepared into a solid preparation
tabl ets and those dinto.a

aegRiGnnk: Cano PR EPEyLEREEAS) S5 O b1 FRNGSS CRree {Bnally
l[imtation is inposed on the_size of ) ,

sealed together with drugs within packages to improve their
storability and also to prevent their deactivation or
deterioration. |
{0115]

As such deoxidants, iron-based deoxidants and
organic deoxidants such as ascorbic acid are known. In the
pregsent invention, both iron-based deoxidants and organic
deoxidants are usable.

Depending on the functions of such deoxidants, they
can be categorized into a type that absorbs only oxygen, a
type that absorbs oxygen and carbon dioxide, a type that
absorbs oxygen and generates carbon dioxide, and a type
that absorbs carbon dioxide. These deoxidants are all
usable in the present invention irrespective of their types.
[01186]

These deoxidants may preferably be provided for

practical applications in a form filled in bags of high gas



such a deoxidant, insofar as it is of such a size as
permtting its inclusion in the above-descri bed
package for wuse in the present invention no matter
whether it isina formfilled in a bag or the |ike,
in a solid preparation forffor in a filmor sheet
form The size of each deoxidant can be selectively
determ ned as_desired . dependi g on the n gggr o%_. a
pepRgeR} 1 1ky nd21EBPHERN§hEHe CRPK BFaFﬁéc&g i FETC Thé
ki nd of the biologically/physiologically active
powdbst &0rw, t bhbe pEacéd awDeRexralpy -praiageleafPray agy they
[01181 <Manufacturing process of the deoxidant> A
ardes@upthen, vihdsdepreperadointa amnoladt prepgration form
process of such a deoxidant. No particular limtation

suth hBpessldcep khe theRef peepared Aneeess fdflnt ker sheet
deoxi dant for use in the present invention. 41 Wen

nuf.actyLicag.agdeoxi dant, for exanple, in the form of
to ab%ets? sEapan into a desired size can be perforned

[Oii manner known per se in the art by using, for
gﬁple, an excipients (carrier), extender or the like

bent oWt RATCKSGT A1 § S0 FAGAGET G SUPPACE. Ofaags PoRe ©F
hydr oxi de, cal cium carbonate qr carbon bl ack.
such a deoxidant, insofar as it is of such a size as
permitting its inclusion in the above-described package for
use in the present invention no matter whether it is in a
form filled in a bag or the like, in a solid preparation
form or in a film or sheet form. The size of each
deoxidant can be selectively determined as desired
depending on the number of bag(s), kind, form and the like
of the deoxidant, the kind of the
biologically/physioclogically active substance to be placed
within the package, and so on.
[0118]
<Manufacturing process of the deoxidant>
A description will be made about a manufacturing
process of such a deoxidant.
No particular limitation is imposed on the

manufacturing process of the deoxidant for use in the

present invention.



[0119] Upon preparing the deoxidant into a filmor

sheet form on the other hand, it is only necessary,

for exanple, to disperse or dissolve the

above-descri bed substance conponent), which is

usabl e as a deoxi dant, togdtlhher with optiona

conponents, i.e., a binder conponent such as

et hyl cel | ul ose, pol yvi nyl alcoh tarch and a .

pol y e Ca GRS R wﬁwﬁ%@n the

glycol in water or an organic solvent to inpregnate
fommsof t adbket s | shabipgdinbecandesirad, sige &RBnpFe,

paper, nonwoven fabric or the like with the resulting
petfétiedf onnwl @ahnaroknotn peat sehénr ebel sichgbyi geiiag, for

fornmulation onto a plastic filmor the |ike by

exﬁﬁtﬂé'nﬁnoéxébﬁléhﬁﬁ (apdriben,t exdendetrther the like such
t hus- |npregnated base material or the thus-coated film

asoéléPSméeégus[%&ZQ% Thg18r ugoRkHbrIg18heRE , SYehednite,

accordlng present Invention is prOV|ded

the stent, .which Lie
cadh it SesroBes  HRoP bt Ak r y PRRDSEL R Y SEpride,, catetun
substance, and the geo idant within the package. The
caxbeRatfnGr HEAKBARt B42Kor exanple, on a bal | oon

catheter and nmay then be placed together with the
[Ob&Pl oon catheter within the package. [0121]

Upon preparing the deoxidant into a film or sheet
form, on the other hand, it is only necessary, for example,
to disperse or dissolve the above-described substance
(component), which is usable as a deoxidant, together with
optional components, i.e., a binder component such as
ethylcellulose, polyvinyl alcohol or starch and a
polyhydric alcohol such as glycerin or polyethylene glycol
in water or an organic solvent, to impregnate a suitable
film-shaped base material, for example, paper, nonwoven
fabric or the like with the resulting liquid formulation or
to coat the resulting liquid formulation onto a plastic
film or the like by printing or the like, and then to dry
the thus-impregnated base material or the thus-coated film
or the like.

[0120]

The drug eluting stent system according to the



More preferably, a holder tube with the ball oon
catheter inserted therein may be arranged within the
package. Described specifically, the drug el uting
stent system according to the present invention may
preferably be provided wit4? a ball oon catheter and a
deoxi dant within the package. The ball oon catheter

has a stent carrying a _hialogically/physiologicall .
Prﬁﬁ?ﬂk‘/elmﬁﬁ@?aﬁEe¥FhEF€8ﬁdéﬁdW1ﬁﬁuﬁf‘@d Gﬁntthewg%ﬂ?b&)érﬂes
and is inserted in a holder tube (it is to be noted
theheont hbebahnvhedebgbibedobirReghsrildy Phyatipdrediced 1y
not inserted in the holder tube) . As a reason for

actbeepsebetence, ohntihtheddegxdedantngishamt tiyes pemkades
bal | oon catheter does not jut out of the package and

can bene het&hi Nmay Shabhustaie PbtheRatpte paskageballoon
[0122] The hol der” tube can be a tubul ar nenber, which

capﬁéﬁér ﬁhéeményh%heBE gaegﬁeEob@%h@qohqt%?HHE“Balloon

cat heter and equl pp a~certain degree of
aghagticitﬁ nugg a_43 abaIIoon cat heter can protect
¢ &“Fht &t EF ﬁtpgﬁg §al'l oon catheter from externa
inEacts or the like. As illustrated by way of exanple
[08R31FIG 3, the holder tube can be wound into a vort ex
coil upon placing it within the package. This
pr ef doeel. preHapaplhed bOh@PEeFubﬁb‘élF@ Eé@dbaﬂaéoon

particular limtation
catheter inserted therein may be arranged within the

package. Described gpecifically, the drug eluting stent
system according to the present invention may preferably be
provided with a balloon catheter and a deoxidant within the
package. The balloon catheter has a stent carrying a
biologically/physiologically active substance thereon and
mounted on the balloon, and is inserted in a holder tube
(it is to be noted that the branched hub 10 of the balloon
catheter is not inserted in the holder tube}. As a reason
for the preference of this drug eluting stent system, the
balloon catheter does not jut out of the package and can be
held in a stable state within the package.
[0122]

The holder tube can be a tubular member, which has a
size sufficient to cover the whole balloon catheter and is

equipped with a certain degree of elasticity. Such a



is inmposed on the shape of the hol der tube upon
placing it wthin an inner package. A specific
exanpl e of the shape of the hol der tube upon placing
it wthin the inner package_ w || be described with
reference to the acconpanyfdg drawing. FIG 3 is a
schematic view illustrating one enbodi nent of the
hol der tube for use in the g&esent i nvention. Ag

baljaam iaFWRESRyEaR REQIRFe The Frtesnal igtait 3pd pandoon
can be wound into a vortex coil upon placing it within

catthet qrackeqie . eNIR BN NHTPRC ' $Fetho| Hket e jisllustrated
preferred because the balloon catheter can be

by mvetyaigedestampl st il BIG st 3t etk thdhdehet paekage et vound
allowi ng the balloon catheter to jut out. [0124]

inty ef erad e ddiEl dipen gbldd gy Sienkisshethacpackagg.
to the present invention may be further provided with

Thik 4 gesiccani. fromthe viewpoint of successfully
preventing deconposition or deterioration of the

[OQ%glogicalIy/physiologically active substance under
% i nfluence of water. No particular limtation is

POSSe0  ASSLGR  0=L A R0 Mo
desi ccant between the outer package . .
is imposed on the shape of the holdér tube upon placing it

within an inner package. A specific example of the shape
of the holder tube upon placing it within the inner package
will be described with reference to the accompanying
drawing.

FIG. 3 is a schematic view illustrating one
embodiment of the holder tube for use in the present
invention.

As depicted by way of example in FIG. 3, the holder
tube can be wound into a vortex coil upon placing it within
the package. This winding of the holder tube is preferred
because the balloon catheter can be retained in a stable
state within the package without allowing the balloon
catheter to jut out.

[0124]

Preferably, the drug eluting stent system according

to the present invention may be further provided with a



and the inner package can be nentioned as a preferred
enbodi nent. [0125] Wth reference to the acconpanying
drawi ngs, a description will be nmade about a specific
exanpl e of the drug elutiqg stent system according to
the present invention. It %%, however, to be noted
that the drug eluting stent system according to the
present invention is not limted to the._specific. .
degxaapnE. frpw the; ¥igwBRRBEOte S\‘zﬁc&ﬁsi%fF@&tYf&Fieﬁ’genotr%&g
enbodi nent of the package for use in the present
detowposibhon Namdeyeribgankione ofadki®ge illustrated in
FIG 1 schematically shows an enbodi nent of the drug
biel bylingliygphysipibgicaddyr dictg vieo sifres tamgsender the
invention. FIG 5 is a schematic view typically

inkhLHabeabiFngatere enbodi nent of the drug el uting stent
system according to the present invention. 45

Ref efﬁ%”gai»kié&lw ThGicheibhe ipackagRel ich MHidiagiccant,

with the outer package 3, the inner package 2 and the
orfoBHAgEN o SRR, WG e P OB Al L
Thiteﬁ ég:ggpg%%%)éigg % tg é;?-@b %ﬁ%}n@e I:je Veerd ac‘i-t(ea W t2e a r1;:)dac kage
and the inner package can be mentioned as a preferred
embodiment.
[0125]

With reference to the accompanying drawings, a
description will be made about a specific example of the
drug eluting stent system according to the present
invention. It is, however, to be noted that the drug
eluting stent system according to the present invention is
not limited to the specific example.

FIG. 1 is a schematic view illustrating one
embodiment of the package for use in the present invention.
Namely, the whole package illustrated in FIG. 1
gchematically shows an embodiment of the drug eluting stent
system according to the present invention.

FIG. 5 is a schematic view typically illustrating
one embodiment of the drug eluting stent system according

to the present invention.



In the package 1 of the double structure shown in

FIG 1, the inner package 2 is a peel abl e bag of 250

mm x 250 mmand 0.1 nmin thickness forned of

nonwoven pol yethylene fabric, while the outer package

3 is an al um num pouch in4She form of a bag of 300 mm
- x 300 mmand 0.1 mmin thickness, said alunrnunrpouch

bei ng conposed of a stacked structure of po] yet hyl ene
or oRRIRAITATS, TRE dEndikG: pol Vel ARIEISr! 4 8 Fowt ded

film lowdensity polyethylene, and high-densit
witdo| iee hguteere. paGkagieoXi dehe iBnes E@@ﬁﬁ@@dzbéﬂﬁeghet he
i nner package 5 and the outer package 3 (al um num
degraiddnt $ 01WALAIM hdnegloutesr gieertags hottlhoimmen package
1, the stent is arranged within the inner package 2

2 and MKz deoABdanpref gréegreshgdineahd therst ¢t thay be
mounted on a balloon of a ball oon catheter, and

de %tfﬁrb@twé’éﬁ%ﬂ@dlﬂﬂgr %Q@kéé&' QOHnSaEHSt 8Lt EBY

e Inserted in a 46 ube. [ 0128] Reference is

dto FIG 5. A drug eluting stent systeml is
paék%ggggd with an outer package 3, an inner package 2,

%ﬁoxidant 5 and a desiccant 6, the inner package 2,
[0%koki dant 5 and desiccant 6 are arranged within the

out er package 3, and the deoxidant 5 and desiccant 6
In the package 1 of the double structure shown in

FIG. 1, the inner package 2 is a peelable bag of 250 mm X
250 mm and 0.1 mm in thickness formed of nonwoven

polyethylene fabric, while the outer package 3 is an

aluminum pouch in the form of a bag of 300 mm x 300 mm and
0.1 mm in thickness, said aluminum pouch being composed of
a stacked structure of polyethylene terephthalate, low-
density polyvethylene, an aluminum film, low-density
polyethylene, and high-density polyethylene. The deoxidant
5 is arranged between the inner package 5 and the outer
package 3 (aluminum pouch).
{0127]

Although the stent is not shown in FIG. 1, the stent
is arranged within the inner package 2 in FIG. 1.

As a preferred embodiment, the stent may be mounted
on a balloon of a balloon catheter, and except for a

branched hub, the balloon catheter may be inserted in a



are arranged between the inner package 2 and the outer
package 3. The inner package 2, outer package 3 and
deoxidant 5 are simlar to the correspondi ng el enents
in FIG 1. [0129] In the drug eluting stent system
according to the present i ention, the inner package
wth the stent arranged therein may preferably be one

obtai ned by placing and sealing the stent within the
holdfiertWetkage to provide a sealed inner package and

then sterilizing the sealed inner package by el ectron
[0R&Bm In this case, the inner package can be
sterilized at | ow dose, thereby making it possible to
avoi Redetmriaer dtd orectorhahdid iRER ons & e RN s
of the balloon catheter and hol der tube. [0130] No
st tdpstan 1i Dhtpidonded wiphsaed ontehepebbegeod, BBam
enpl oyed upon sterilization of the inner package 47

inhdS0fkkaSet Be st 8ebkibynef st ARAdaUGesliubbng St eRhe inner
system 15 assured. The dose of the el ectron beam upon

pa?%%ﬁé!ﬁzaaé8$i§?¥t grgﬁﬁraQEXEBSnEf@”h%etQr%gn§@M Wiemin

_V!eMppln preventing deteriorations or
e b 2RR S oL SpERC Ak Bk B 8B pccan
e SelectévgggwggheLgLnﬁgner package 2 and the outer
are arrange
package 3.

The inner package 2, outer package 3 and deoxidant 5
are similar to the corresponding elements in FIG. 1.

[0129]

In the drug eluting stent system according to the
present invention, the inner package with the stent
arranged therein may preferably be one obtained by placing
and sealing the stent within the inner package to provide a
sealed inner package and then sterilizing the sealed inner
package by electron beam. In this case, the inner package
can be sterilized at low dose, thereby making it possible
to avoid deteriorations or modifications of the materials
of the balloon catheter and holder tube.

[0130]

No particular limitation is imposed on the electron

beam employed upon sterilization of the inner package



as needed dependi ng on the dose of the el ectron beam
As a systemfor use in such electron beam
sterilization, "RHODOTRON TT300" (nanufactured by | BA)
can be nentioned, for exanple. The

el ectron-beam sterilized i rhér package can be used in
an outer package made of a | ow gas-perneabl e

~material. [0131] <Manufacturin rocess .of the dru

ingPEEFngSsEbAL SCEFIIay Rimbiier SLS: AT Seethy Hysten
preferred enbodi nent of the drug eluting stent system

isaesepdiedg to the present invention will next be

descri bed by using one exanple. Firstly, a stent,
whi chTardoes afl tper edfchron beam upon sterilization may

bi ol ogi cal | y/ physi ol ogi cally active substance on a

préfeacey o Frohent thodyw ey Heabate ddswpdiet of
nmet hod, is nounted by a usual nethod on a ball oon of

pravehtdnBalieer icalhisiels a8 m¥dilf ik tdeif idedthe materials
subsequéntly herein. 48 [0132] The ball oon catheter

ofid%Q%reﬁtg%g%gﬁ)tc%%ﬂe@q%y%ﬁl@ I'R)lcfég:ln k%e%].Ube as wll be

sequent ereln, e hol der tube

i th the balloon catheter inserted therein.. .
't o SReoREETLLAPRELR GIFFr SEns Rl PRGCEraye Thacheamined

with the biologically/physiologically active
ass mesdssc depsndigy on the dose of the ‘electron beam.

As a system for use in such electron beam
sterilization, “RHODOTRON TT300” (manufactured by IBA) can
be menticned, for example.

The electron-beam-sterilized inner package can be
used in an outer package made of a low gas-permeable
material.

[0131] <Manufacturing process of the drug eluting stent
system>

A manufacturing process of a preferred embodiment of
the drug eluting stent system according to the present
invention will next be described by using one example.

Firstly, a stent, which carries a layer of a
biologically/physiologically active substance on a surface
of a stent body by the above-described method, is mounted
by a usual method on a balloon of such a balloon catheter

as will be described subsequently herein.




thereon is sealed within an inner package made of a
hi gh gas-perneable material to provide a seal ed inner
package. Described specifically, the holder tube is
placed within a peelable bag having such a shape as
the inner bag 2 in FIG 148%nd the inner package 2 is
sealed. No particular Iimtation is inposed on the
nethod for sealing the inner package 2. For exanpl e,
B%kat sealer can be used. [0133] ﬁwter the first
seallng step, the sealed inner package sterili ed
by mﬂhﬁrhﬂihﬁﬁﬂnQQFh?§ﬁ¥H4$|Q§ﬁqcﬁps%ﬁ t B oY
the sterilized inner package. Described s eC|f|caI
hol&mrst@me,a@aWibbnbeadheceibednGUhseqéﬁntBwehsﬁéé@d aRd
such a peel able bag are sterilized by el ectron beam
thd NeoBASE £@Be SWeth| tR8t bablben theheder hraerngdasherein
descri bed above. 49 Subsequent to the sterilization

lss&g@mdtbﬁtétgrbbkggg kBRner package and a deoxidant are
pl aced and seal ed mnthln an outer package made of a

| ow o3 PR SR 1 8leh D the SECORM wEGL ! BReS! oP

to provide a ent system Nanely, the
SUET A LI i BOLE, BEBRsEAtel Berriea
th%%%&%ggg]gggggthXLEgnSgghlgngga = %aggh%a %t%% a high
gas-permeable material to provide a sealed inner package.
Described specifically, the holder tube is placed within a
peelable bag having such a shape as the inner bag 2 in FIG.
1, and the inner package 2 is sealed.

No particular limitation is imposed con the method
for sealing the inner package 2. For example, a heat
gealer can be used.

[0133]

After the first sealing step, the sealed inner
package is sterilized by electron beam in a sterilization
step to provide the sterilized inner package.

Described specifically, the stent, balloon catheter
and holder tube placed in such a peelable bag are
sterilized by electron beam.

The electron sterilization has the same meaning as

described above.



FIG 1. No particular limtation is inposed on the
sealing nethod for the outer package 3. For exanpl e,
a heat sealer can be used. [0134] Fromthe vi ewpoint
of successfully preventing  deconposition or
deterioration of the biol o} cally/physiologically
active substance by water, it 1is preferred to also

pl ace and seal a desj ccant Lf,addltion to %ﬂe 1ized

st er | THRRRAVSRE r tPatRE gRE eRE 4Bk QRnE TGPt nFHS: REST

out er package nade of the | ow gas-perneable materjial, . .
inpart hacksgeondds ealenyideas. arke pdasiescand wealgsh within

same neani ng as descri bed above. [0135] As the drug
anebut epgpatiages ystlemodc eoldiwn gase pelrme arles eterial in a

i nvention, one manufactured by such a process is 50
sepbafieseadinBeseepbed ppesiibliecal ipugpieafirrined dtere dryafem.

eluting stent system provided with a balloon catheter

and ay,fepyi dent W LBEPoA-Baskageert ivbichebabboenbag
catheter has a stent, which carries a

[ ' (YY) Lol agi.cal4 ' e
oo SHECLRE AR S Ko i wichip

hol, der .
alu%i%%m %%E%h having such a shape as the outer package 1in

FIG. 1.

No particular limitation is imposed on the sealing
method for the outer package 3. For example, a heat sealer
can be used.

[0134]

From the viewpoint of successfully preventing
decomposition or deterioration of the
biologically/physiologically active substance by water, it
is preferred to alsoc place and seal a desiccant in addition
to the sterilized inner package and deoxidant within the
outer package made of the low gas-permeable material in the
second sealing step.

The desiccant has the same meaning as described

above.

[0135]
As the drug eluting stent system according to the

present invention, one manufactured by such a process is




[0136] No particular limtation is inmposed on the
timng at which the drug eluting stent system
according to the present invention is sterilized.
From the viewpoint of successfully preventing
deteriorations or nodificafi®ns of the balloon
cat heter and hol der tube, however, it is preferred to
subj ect the seal ed i nner package, which is internally
preffexgetdd with the stent, to el ectron-beam
sterilization as described above because the.inner
pack age cridredbes sl 4 d ey atP TP IR, ipghdiriPrel toing
sterilizing the inner package by electron beamare
stéfe SpakedspeestdédediahosebaTheont entheked PRMeR
package can be arranged within the outer package.

AcSesshi Rt HRBK¥GE! DAWhecrRBalabont chhbesbovbas a
de%g%%%% ed bal | oonbcatﬁgter 51 No particul ar

st%%€1t§ﬁlgﬂ &érkgggsgdeBl@ 9@5&@99FB§BH6E©§15@&lysectﬁve

resent “rnvention |nso as’'ItT can be inserted
in the above-descri bhe acka h d
SubRGRRES oh S EBon Ty BN oy i (bl P3AL o5 RErere hogorte
each be used. For exanple, a balloon catheter
inj | heldare8WPR-FIG 4 can be used. A description will
be nmade about this
[0136]

No particular limitation is imposed on the timing at
which the drug eluting stent system according to the
present invention is sterilized. From the viewpoint of
successfully preventing deteriorations or modifications of
the balloon catheter and holder tube, however, it is
preferred to subject the sealed inner package, which is
internally provided with the stent, to electron-beam
aterilization as described above because the inner package
can be sterilized at low dose.

Conditions for sterilizing the inner package by
electron beam are the same ag described above.

The sterilized inner package can be arranged within
the outer package.

[0137]
A description will now be made about the above-

described balloon catheter.




bal | oon catheter. [0138] The ball oon catheter 100
illustrated in FIG 4 is provided with a tubular
shaft body 102, a foldable and inflatable balloon 103
arranged on a distal end portion of the shaft body,
and a stent 10 which is no#dted to cover the balloon
103 in the folded state and is caused to expand by an

inflation of the balloon 103. This ste %a 10 i tff o
same Ngs pars iaudmr il imidataQy i ReSe: ¢ ﬁtéar he
bal | oon catheter 100 is also provided with an X—ra
catlnetge ngfomender ifii Kee Dne%ﬁnbul@VeﬂﬁFPno#nFﬁ§a§h3Ftlt can
body at a position corresponding to a central portion

be Ofnédrer &4 e . thé 0488} e Thesshabedbpdykage Ferpnseei dedthe
with a balloon inflating |lumen which is in

ny hefoAl afbrishi ovéd thal heon ntethetend can
pr?ﬁ%alilﬁg%n 1?)3. The shafﬁ% 1302 is provided with

ube 52 112, an outer tube 113, and a
ea%@é%%ﬂ@% %Ub 110. The inner tube 112 is a tubul ar

por AH TS §1bri o e e Pt CEPLAShr AR LS
4 canoboOBShM db GRAGFLERLFIRLEH bIEF ORRe aRBrGK: LSl y
0.1 to 1.0 nm and a wall thickness of from Y
balloon catheter.
[0138]

The balloon catheter 100 illustrated in FIG. 4 is
provided with a tubular shaft body 102, a foldable and
inflatable balloon 103 arranged on a distal end portion of
the shaft body, and a stent 10 which is mounted to cover
the balloon 103 in the folded state and is caused to expand
by an inflation of the balloon 103. This stent 10 is the
same ag the stent illustrated in FIG. 2. Further, the
balloon catheter 100 is also provided with an X-ray imaging
member fixed on an outer wall of the shaft body at a
position corresponding to a central portion of the stent.
[0139]

The shaft body 102 is provided with a balloon
inflating lumen which is in communication at an end thereof
with the interior of the balloon 103.

The shaft body 102 is provided with an inner tube



approximately 10 to 150 m The inner tube 112 is

inserted and extended in the outer tube 113, and its

di stal end portion protrudes from the outer tube 113.

By the outer wall of the inner tube 112 and the inner

wal | of the outer tube 11332a ball oon- inflating |umen

is formed. [0141] The outer tube 113 is a tubular

body, which allows _insertion and extensi of t.he
1138 QURRF 19908 hbk bt (FBtgh DERECHES HUR| SL8r SHIF dtPIeT

posi ti on sonmewhat back away from the distal end of
tubeel Ihnks a ubebullzr Tedy olteerhabby 1RBC¥AACHaYeth 2

l ength of from approxinmately 100 to 2,000 nm an
guitldwirei huméerfof Heonitappgokneereign0es aogtigdewdnre-

and a wall thickness of from approximtely 25 to 200
[07@0] 0142] The outer tube 113 is fornmed of a

di stal -end-side 53 outer tube 113a and a nmin-side

out erTHe“*?LS—m]e]ﬁbcuB@ilClhz A Hlded 1agpithess fhem

di stal -end-side outer tube 113a is reduced in

ap§%§%§%§¥?£§dfg§gf8r5d0§8rﬂhatahF8u985tEQQmQEeé o%i@?ﬁg

entd"fromits jornéd portion wth
mai n- si de_ out er tube 113b, anﬂ its g?rghon on.a sid%rom
aDREARRITALEIE % St5P tnd PRonfBHe®t BpEF el pSFErER Ris T4
smal | di aneter.
approximately 10 toc 150 pm.

The inner tube 112 is inserted and extended in the
outer tube 113, and its distal end portion protrudes from
the outer tube 113. By the outer wall of the inner tube
112 and the inner wall of the outer tube 113, a balloon-
inflating lumen is formed.
fo141]

The outer tube 113 is a tubular body, which allows
insertion and extension of the inner tube 112 therethrough
and has a distal end at a position somewhat back away from
the distal end of the inner tube 112.

The outer tube 113 can have a length of from

approximately 100 to 2,000 mm, an outer diameter of from

approximately 0.5 to 1.5 mm, and a wall thickness of from
approximately 25 to 200 pm.

[0142]

The outer tube 113 is formed of a distal-end-side



[0143] The outer dianeter at the small-dianeter

portion of the distal-end-side outer tube 113a can be

from approximately 0.50 to 1.5 mm On the other hand,

the outer diameters of a proximal end portion of the

di stal - end-si de outer tube>P13a and the nmmin-side

outer tube 113b can be fromapproximately 0.75 to 1.5

mm [0Q144] The balloon, 103 is foldableb agﬂ #n an. .y
outay riykg cHl3a 1203 2 {FRiDaPiIBCUEsT cEHPBel hdPd Wﬁlg are

folded state on and around the outer circunference of
joined itwgetheme The dirt Halgrsbe 1B Juies WP xpbaitiets

space between the inner wall of the balloon 103 and
rediseduierdimhétef ihea taperedubermllt Thiespexpandedn a
space is in comunication at a rear end part thereof

sid 0 O¥SFd alk £Ndis€aTi ssanfepRNLes §beneaf porthohheith the
inflating lumen. As the rear end of the 54 balloon

maﬂﬁg%iééi @?Pnyﬂﬁéaii9ﬂ,m5ﬁ@ EBE baitﬁbhn9n|ﬂngﬂd@ftoﬁard

relatively large volune as nentioned above, the

R S R IV A

. of the balloon 103, the outer dianeter and |ength of
diames®¥ ndrical portion (inflatable portion)

[0143]

The outer diameter at the small-diameter portion of
the distal-end-gide outer tube 113a can be from
approximately 0.50 to 1.5 mm.

Oon the other hand, the outer diameters of a proximal
end portion of the distal-end-side outer tube 113a and the
main-gside outer tube 113b can be from approximately 0.75 to
1.5 mm.

[0144]

The balloon 103 is foldable, and in an uninflated
state, the balloon 103 can be held in a folded state on and
around the outer circumference of the inner tube 112.

The balloon 103 forms an expanded space between the
inner wall of the balloon 103 and the outer wall of the
inner tube 112. This expanded space is in communication at
a rear end part thereof and over an entire circumference

thereof with the inflating lumen. As the rear end of the



when inflated can be from approximately 2 to 4 mm and
from approximately 10 to 50 mm respectively. (0146]
Bet ween the inner tube 112 and the outer tube 113 (in
the bal l oon-inflating Iune a W re-shaped stiffness
inparting nmenber is inserted: [0147] On a proximl end
of the shaft body 102, the branched hub 110 is fi xed.

The branched hub 110 is ¢ ose f

bahdgornd0dniSutBr COTBYPAF2 %ng gﬁlﬁﬁgH?ﬁ%r %q##ymen of
has a guidewire inlet port 109 which. is in

a tekmbAvedvi dardet NOLRE §F J&hi tiened@boyicy e Aggegtion
guidewire port, and is fixedly secured on the inner

oft aheihf2atThg Gluad fulonl dhe HElagdnchd USaTeritiahd e
is in comunication with the balloon-inflating |unen,

bahasoan iknaeeired . port 111, and is fixedly secured on
the outer tube 113. 55 014 83 No particular

[o LipEhtation is inposed either on the material of such
a balloon catheter, although it is required to be

har d| d%kag Lat Sg PheBdifbed B3 Steil bitalr @lavrer

exan? e yo € pol yan1de el'ast oner, pol yest er
and %ﬂ% rég trgiffﬁg%lca ofE%%h iﬁ@fﬁﬂable portion)

when inflated can be from approximately 2 to 4 mm and from
approximately 10 to 50 mm, respectively.
{0146]

Between the inner tube 112 and the outer tube 113
(in the balloon-inflating lumen), a wire-shaped stiffness
imparting member is inserted.
[0147]

On a proximal end of the shaft body 102, the
branched hub 110 is fixed.

The branched hub 110 is composed of an inner tubular
hub and an outer tubular hub. The inner tubular hub has a
guidewire inlet port 109, which is in communication with
the guidewire lumen and defines a guidewire port, and is
fixedly secured on the inner tube 112. The outer tubular
hub, on the other hand, is in communication with the
balloon-inflating lumen, has an injection port 111, and is

fixedly secured on the outer tube 113.




The total length of the balloon catheter illustrated
by way of exanple in FIG 4 (fromthe distal end of
the inner tube 112 to the boundary between the shaft
body 102 and the branched hub 110) can be from
approximately 100 to 2,000%m Further, the
cross-sectional dianmeter of the balloon catheter
(including the stent 101) during wuninflation of the
[0b48] oon at the balloon 103, where the cross-sectiona
di ameter is |largest over the entire length  of the
bal | dtm maxterekar chimbeat 1M pprBRPREL PJLRSE PP the
2.0 mm Such a bal |l oon catheter can be used in the
mapeesabt of i saueht aohall6eB0Fashdssrni plitsoua Lthd@t be
made about the holder tube into which the balloon
re§ai Pelietol Bel RSBl 9ddeberpatticed atr mModitfdeicoiy s
i mposed on a holder tube for use in the present
' Nt i pn.j,NSs Pe 2bQVEoDPHo1deSA! | polyaalieon
St%%%ﬁg%éggggﬁ géa#ngé?%gd. (0151] For exaﬁplg, t he
hol der _tube-| Ll r [ c e Na:ed.
<188 OTEHr aPOLVRPLRE] Ba o ST es00kd 5 ChE ey o
t he_hol der tube, although it is required to be hardly
[04&Priorated or nodified by sterilization. For

exanple, a .
np‘The total length of the balloon catheter illustrated

by way of example in FIG. 4 {from the distal end of the
inner tube 112 to the boundary between the shaft body 102
and the branched hub 110) can be from approximately 100 to
2,000 mm. Further, the cross-sectional diameter of the
balloon catheter (including the stent 101) during
uninflation of the balloon at the balloon 103, where the
cross-sectional diameter is largest over the entire length
of the balloon catheter, can be from approximately 0.6 to
2.0 mm.

Such a balloon catheter can be used in the present
invention.
[0150]

A description will next be made about the holder
tube into which the balloon catheter is inserted.

No particular limitation is imposed on a holder tube

for use in the present invention insofar as the above-




t hernopl astic resin such as a polyolefin, silicone
rubber, latex rubber or the Iike can be used. [0152]
No Iimtations are inposed on the size, cross-
sectional shape and the like of the holder tube,
insofar as the above- descr?®d bal | oon cat heter can be
|hn|sgrtedi Ereferagly, the length and thickness of the
ol der ube can be, for exanple, approxjimtely 1,480
degariahed BppieRPnERERPLETS A Pe&ﬁ?%&F@ Y. V%gn t he
hol der tube has a substantially circular
[otBOD3s-sectional shape, its outer dianeter can
preferably be approximately 4 nm [0153] No
part i ged asxhipié at tha heldeposedeonlinetwathddisf Fifse3
of the drug eluting stent system according to the

caRl 8sekelgnvention. Wen the package has been seal ed by
a heat sealer, for exanple, the drug eluting stent

syst c d : : bRg 1 af haege ahed hpokia ial
and gﬁ%nﬁ%ﬁtgﬁgygg lgéégggg§ﬂ[6%5%?bA?ges?rip??gn ﬁ?ﬁla

next be de _about _t-h C . .

e T e G i
I nventi on. e proce f i

deglemiiong tece it @éf%%sdaég’g r%a% 1k '5’% Zgg’%u txample, a

i nvention, which includes:
thermoplastic resin such as a polyolefin, silicone rubber,

latex rubber or the like can be used.
[0152]

No limitations are imposed on the size, cross-
sectional shape and the like of the holder tube, insofar as
the above-descried balloon catheter can be inserted.

Preferably, the length and thickness of the holder
tube can be, for example, approximately 1,480 mm and
approximately 0.5 mm, respectively. When the holder tube
has a substantially circular cross-sectional shape, its
outer diameter can preferably be approximately 4 mm.

[0153]

No particular limitation is imposed on the method of
use of the drug eluting stent system according to the
present invention. When the package has been sealed by a
heat sealer, for example, the drug eluting stent system can

be used by peeling off the sealed portion and opening the




a first sealing step of placing and sealing a stent,
whi ch carries a biologically/physiologically active
substance thereon, within an i nner package nade of a
hi gh gas-perneable material_to provide a seal ed inner
package; a sterilization s?%p of sterilizing the
seal ed i nner package by electron beamto provide a
sterilized inner package; and a second sealing step
pagkagPaci ng and sealing the sterilized inner package
and a deoxidant within an outer package made of a | ow
[0gadipermeabl e material to provide the drug eluting
stent system [0155] The inner package nmade of the
hi gh madeperipabbe wirhleneat, behwadeeabobsir EPENFTORESS
bi ol ogi cal | y/ physi ol ogi cally active substance thereon,
forh@hes @hilfiaziuiren Jfy seldrtiy @luday stentdeysant and
the outer package nade of the | ow gas-perneabl e

achBL8L g thavee e erntSamR <mAaNMIgS as descri bed
above. "As the material of the inner package, nonwoven

Pabr! 6,0f p9§¢¥sghg#ﬁnﬁaﬁa@ateﬁum%ey 8eubf @TuENSg stent

vi ewpol readrly permtting perneation of oxygen
oo e ke L S S O e
packagefi?gtagggaggg1step of placing and sealing a stent,
which carries a biologically/physiologically active
substance thereon, within an inner package made of a high
gas-permeable material to provide a sealed inner package;

a sterilization step of sterilizing the sealed inner
package by electron beam to provide a sterilized inner
package; and

a second sealing step of placing and sealing the
sterilized inner package and a deoxidant within an outer
package made of a low gas-permeable material to provide the
drug eluting stent system.

[0155]

The inner package made of the high gas-permeable
material, the stent carrying the
biologically/physiologically active substance thereon, the

sterilization by electron beam, the deoxidant and the outer

package made of the low gas-permeable material have the



pouch fornmed of a stacked structure of polyethyl ene

terephthal ate, | ow density polyethyl ene, an al um num

film lowdensity polyethylene and hi gh-density

pol yet hyl ene can be preferred fromthe viewpoints of

meki ng the oxygen, which e&sts on the outer side of

the outer package, difficult to perneate into the

i nner side of the outer . package and al so providing
sap@siepRhBgst 8ShPegREGReATRROYPr angenent of t he

deoxi dant between the inner package and the outer

packdye tekosatierppbstbl ehe ol vuer| packpgder bnEPREOBRYgen

within the outer package including that contained in
fabheci afiepopgekhgienEurbhebe plrefarradgdment tdfe yiewpoint

desi ccant between the inner package and the outer

of paégagyhplégﬁlittiagsglemn@ai;@onpb@ve; gendeapiResiils on
or deterioration of the biologically/physiologically

redGil¥g sHbSLRABRGE1YBdERE hNey kAklueRee Rhnaligito TR inner
iTst sealing step, sterilization step and 59 second

asgaling step have the sane neani ngs as descri bed
Pa4Heve: [0156] From the viewpoi nt of successfully
preventi a deco os%tion or deterigration 0

f_th
bi ol i e IBESETDI oof cHRF yCUEST BACEBEEAnER BRHEERT

the influence of water, it is preferred to_place and
poygh| £grmed of a stacked structure of polyethylene

terephthalate, low-density polyethylene, an aluminum f£ilm,
low-density polyethylene and high-density polyethylene can
be preferred from the viewpoints of making the oxygen,
which exists on the outer side of the outer package,
difficult to permeate into the inner gide of the outer
package and also providing resistance to breakage.

The arrangement of the deoxidant between the inner
package and the outer package makes it possible to surely
absorb the oxygen within the outer package including that
contained in the inner package.

Further, the arrangement of a desiccant between the
inner package and the outer package makes it possible to
prevent a decomposition or deterioration of the
bioclogically/physiologically active substance under the
influence of water.

The first sealing step, sterilization step and



desiccant in addition of the sterilized inner package
and deoxidant wthin the outer package nade of the
| ow gas- perneable material in the second sealing
step. The desiccant has the sane nmeani ng as descri bed
above. Exanples [0157] B&%ed on Exanples, the
present invention will hereinafter be described
further. |t should, however, be noted that the |
segand tRAI NS MY FAVecEhe | sRTRIMEINIAES 78 ABRFREPed
Exanpl es. [0158] <Exanple 1> A
abdsienl ogi cal | y/ physi ol ogi cally active substance and a
deoxi dant were placed and sealed within a package.
[0Afgler stored at 40C for four weeks, the remaining
amount of the 60 biologically/physiologically active

SUbStraRGE LS et Jd¥ hiddlesgmad ¥ igpi¥bnting a
chromat ography (HPLC) to determine its percent

deécﬁ%gg%?;cieJﬁ%dPi 800 LAY {phYSEoLRgi cal Iy active

ce, eoxl dant and package used in this exanple
b AL iR ad el A E T e PO CRBeE Tk
in uégggfé¥l&g%g§,Cfgnlgaéreferred to place and seal a
degiccant in addition of the sterilized inner package and
deoxidant within the outer package made of the low gas-
permeable material in the second sealing step.

The desiccant has the same meaning as described

above.

Examples
[0157]

Based on Examples, the presgent invention will
hereinafter be described further. It should, however, be
noted that the present invention is not limited to the
following Examples.

[0158]
<Example 1>
A bioclogically/physioclogically active substance and

a deoxidant were placed and sealed within a package. After

gtored at 40°C for four weeks, the remaining amount of the



formula (1) (product of N ppon Kayaku Co., Ltd.). An
aliquot (0.03 g) of the rapanycin derivative was
placed in a glass bottle, and further, the glass
bottle was placed w thin the bel ow descri bed package.
The bi ol ogi cal | y/ physi ol ogié®al | y active substance
(the rapanycin derivative) before its placenent within
the package will be called "Sanple All. [0160]
bidmimakly foryelielogically nackivei spbsfaneg) was measured
Deoxi dant: "ZH 100" (product of M tsubishi Gas 61
by CGiiegh capedd, 11aeid . cHnomboggrapheg VBPLEGE bb dathriage its
being sufficient for 100 nL, were placed and seal ed

peMéditt rddpju®ackage. Package: An al um num pouch in the
formof a bag of a size of 300 mMmin |ength, 300 nm

in vmfg%; éﬂr&&ilcmwbhggai& 1MW Ly WaS S aRsneE,

a sta structure “of “pol yethyl ene terephthal at e,
ofBASET BSVERASHR ey B e as sotiows.
[Ofggyethylene as naterials. [0162]

Biologically/physioclogically active substance: A
rapamycin derivative represented by the following chemical
formula (1) (product of Nippon Kayaku Co., Ltd.). An
aliquot (0.03 g) of the rapamycin derivative was placed in
a glass bottle, and further, the glass bottle was placed
within the below-described package.

The bioclogically/physiologically active substance
(the rapamycin derivative) before its placement within the
package will be called “Sample A”.

[0160]

[Chemical Formula 2]

L& S

[0161]

Deoxidant: “ZH-100” (product of Mitsubishi Gas



After stored in the above-described state at 40C for
four weeks, the biologically/physiologically active
substance was taken out of the package and was
provided as "Sanple A" for HPLC. [0163] A
description will next be mafid about a method for the
HPLC neasurenent of the renai ni ng anount of the

rapamyci n derivative in _Sanple Al. EFirstly, an.aliquet .
Chegligsd &° mér{jﬂwﬁ | MAYP) PREE EbE 88585‘% eaginpagPeing

and was placed in a graduated f]ask, Into the _
suffaquigndd Garie0 mivhaee wiearfiand feated orithin 19ee

m.. The resultant solution was thoroughly stirred to
pawkisfkger.m y di ssolve Sanple Al in nmethanol. 62 [0164]

An aliquot (4 nL) of the solution was collected, and

pl acedatRagaot har aguaduamegpolichskin Ithteo fichre grfadudtegyl of a

flask, an internal standard substance (0.01 wt. %

2iSQ Wt Ao @ NANYlerRydly,drany bgnzoatwi deh neidanol . mk in
was added, followed by the further addition of

) _
S IR E o L R b S e G

pJf§g§ﬂyf§ﬂé“£é%gﬂﬂéhéiégéP' é§1é§n§?9$'§bf§etﬁyféﬂé!aén
aluminum film, low-density polyethylene and high-density
polyethylene as materials.

[0162]

After stored in the above-described state at 40°C
for four weeks, the biclogically/physiologically active
substance was taken out of the package and was provided as
“Sample Al” for HPLC.

[0163]

A description will next be made about a method for
the HPLC measurement of the remaining amount of the
rapamycin derivative in Sample Al.

Firstly, an aliquot (0.010 g; weight (Ma)) was
collected from Sample Al and was placed in a graduated
flask. Into the graduated flask, methanol was added
accurately to 100 mL. The resultant solution was
thoroughly stirred to uniformly dissolve Sample Al in

methanol.



procedure was next followed to obtain "Standard
Solution A'. The biologically/physiologically active
substance collected from Sanple A at that tinme was
0.01 g (mass (MA)). [0166] Using Sanple Sol ution Al
and Standard Solution A, W ch had been obtained by
t he above-descri bed procedure, as sanples,
respectively, HPLC tests were conducted. Test
[0%6ﬁﬁitions will be summarized next. [0167] <HPLC test
condi tions> Sanpl e solution volune: 20 L. HPLC
equi Prerslidwetuf b trdedobytishi sebrtior por acpbhected, and
Detector: U traviol et spectrophotonmeter (manufactured
plaéyeShinudattherpgratinangd BFRaskrenemto vasedeadtated78
nm 63 Columm: Stainless steel tube of 4.6 nmmin

£f1480er afi 2ABEPhadNEtdndae blbkeRaER ((HJ02PHERE solution
ODS- 80H', manufactured by YMC). Packing material: 4-m

ofgﬁ%@ggf%g?ggﬁég&%%P§Egkgaiﬂehethghohhg%i%L) was added,

um tenperat ure: Movi ng phase:

rofy 904 9T OB BLPefaRLaAAROR, deLbheoslel a0
colhiLure: Bl ow rate, Adiysted to cont ol the refpptjon
called “Sample Sclution Al”.
[0165]

Using Sample A in élace of Sample Al, a similar
procedure was next followed to obtain “Standard Solution A”.

The biologically/physioclogically active substance
collected from Sample A at that time was 0.01 g (mass (My)).
[0166]

Using Sample Sclution Al and Standard Scolution A,
which had been obtained by the above-described procedure,
as samples, respectively, HPLC tests were conducted. Test

conditions will be summarized next.
[0167] <HPLC test conditions>
Sample sclution volume: 20 pL.
HPLC equipment: Manufactured by Shimadzu Corporation
Detector: Ultraviolet spectrophotometer
(manufactured by Shimadzu Corporation). Measurement

wavelength: 278 nm.



the internal standard substance at about ten m nutes.
[0168] Under the above-described conditions, an HPLC
test was performed on each of Sanple Solution A and
Standard Solution Ato determne the ratio (QI/Qs) of
a peak area (QI) of the raPadmycin derivative to a
peak area (@) of the internal standard substance. By
the follow ng equation, the_percent residual ,of , the
r apangeiwnder ftatnyespnstanpl EUBE R&s 4dét BMhiRedneT
Percent residual (%9 = (MM MAL) X (QI/Q) x 100 The
dimestletrs amde 7siovum iim Tarigrhl . (“J'GEEHRENEGE -StHhdar d
Solution A was subjected to an HPLC test under the
ma2RFuetdesd iRedmndi tions, its separation 64 degree
was 3 or greater. Using Standard Solution A an HPLC

test ﬁaskiﬁgggggg§98ihX4LEEE§$EQQQEVggﬁlylated gilica gel

o}

above- d&S¢t conditi on he refativé standard

deviation of s determined in the respective runs was
fogotl ighd& shaamatog R 01701 <Conparative Exanple 1>

A test was conducted under exactly the sane

condi CobdnsnaseimpeEaamree 208Kcept that Sanple A2,

whi ch had been obtained by storing Sanple Ain air at

40C f abvhiAYr phase: A solution obtained by adding
distilled water (550 mL) to 2-propanol (450 mL) and mixing
the resultant mixture,.

Flow rate: Adjusted to control the retention time of
the internal standard substance at about ten minutes.
[0168]

Under the above-described conditions, an HPLC test
was performed on each of Sample Solution Al and Standard
Solution A to determine the ratio (Q7/Qs) of a peak area
(Qr) of the rapamycin derivative to a peak area (Qs) of the
internal standard substance.

By the following equation, the percent residual of
the rapamycin derivative in Sample Al was determined.
Percent residual (%) = (Ma/Ma1) x {(Qr/Qs) x 100
The regults are shown in Table 1.
[0169]
When Standard Solution A was subjected to an HPLC

test under the above-described conditions, its separation



weeks, was used in place of Sanple A enployed above
in Exanple 1. MA2, the nmass corresponding to MAL in
Exanple 1, was 0.01 g. The results are shown in Table
1. [01711 <kExanple 2> A stent of which a m xture of
pol yl actic acid and the bi % ogi cal | y/ physi ol ogi cal |l y
active substance had been coated on a surface was
nount ed and crinped on a balloon catheter. The

de®ae® oBAS cat AEt SFSHFBR-t he stent nounted thereon was

placed in a simlar holder tube as that il]lustrated
in FIBig Standardefolyptonah: t HenHPhaced®t wiefin the
i nner package illustrated in FIG 1, the inner

copackagd whs séamksdubylezm hbet abeskedesgydbedegonditions.
el ectron 65 beamsterilization was conducted. The
ThéNPEL apa¢kageapdpiray advabeienvas @sbagrewhinad wasthe
formed of nonwoven pol yethyl ene fabric as a materi al
arghge hRekeREhR, 125&.nmin width
a %ngge ﬁ%&%nw?%iéégeggk The dose of el ectron beam
[0¥2§? sterilization of the inner package was 13.5 KGy.
equi pnent used for the el ectron beam
sterilizatian mai "RHODOTRON TT300" (manufactured by
<CPmpRrrat AVEcFXARRLEl &&t r on- beam sterilization, the

i nner
A test was conducted under exactly the same

re

conditions as in Example 1 except that Sample A2, which had
been obtained by storing Sample A in air at 40°C for four
weeks, wag used in place of Sample Al employed above in
Example 1. M, the mass corresponding to Ma; in Example 1,
was 0.01 g.

The results are shown in Table 1.
[0171]
<Example 2>

A stent of which a mixture of polylactic acid and
the biologically/physiologically active subsgtance had been
coated on a surface was mounted and crimped on a balloon
catheter. The balloon catheter with the stent mounted
thereon was placed in a similar holder tube as that
illustrated in FIG. 3. The holder tube was then placed
within the inner package illustrated in FIG. 1, the inner

package was sealed by a heat sealer, and then, electron-



package and deoxi dant were placed in the outer package
illustrated in FIG 1, and the outer package was
sealed by a heat sealer. After stored at 40C for four
weeks, the remaining anmount_ of the

b|olog|calIy/phyS|oIog|CMI§Pewt|ve subst ance was

nmeasured by high speed |iquid chromat ography (HPLC)

to deternmine its percent re3|g$e The outer package
beanps byeil hBdY2oRa¥28nARAHFRE pouch inthe formof a

bag of a size of 300 mmin | engt 300 M in width
and (EﬂernnmertPﬁQkﬁmssempm@Eﬁgm@EOY%rH%ﬂ agpag, which
stacked structure of polyethyl ene terephthal ate, | ow

wagdepsiihwgdpoEyavhybees, paﬁyathyﬂeunlﬁabmpcl@ma@em@Ueral
pol yet hyl ene and hi gh-density pol yet hyl ene as

anf®h8ai 8l 81zeThe deoxinfianh eepbeyed 2@boven das Widdhl @Geid 0.1
(trade name, product of M tsubishi Gas Chem ca

). 66 The biologically/physiologically
mmC? ggxgﬁhgggnce and HPLC equi pment (i ncluding HPLC

test ond tions d % e
corr OBTHG Shes TR Lo anard Gotfl ScbBFIRAF 18R LT che
stent, baIIoon cat het er and hol der tube were as

inpgr| Bask agg1y¥aF Pdlyl &Fi'c acid: Pol yl actic acid
obt ai ned by subjecting |lactide of L-lactjc acid to
ri ng- B@%n¢%@lpwﬁn§nﬁﬁ?gafPBthﬁnﬁlﬁﬁgFﬁﬁ Re8Mass
transition point of 60C,

sterilization was “RHODOTRON TT300” (manufactured by IBA}.

After the electron-beam sterilization, the inner
package and deoxidant were placed in the outer package
illustrated in FIG. 1, and the outer package was sealed by
a heat sealer. After stored at 40°C for four weeks, the
remaining amount of the biologically/physiclogically active
substance was measured by high speed liquid chromatography
(HPLC) to determine its percent residue.

The outer package employed above was an aluminum
pouch in the form of a bag of a size of 300 mm in length,
300 mm in width and 0.1 mm in thickness, which was formed
of a stacked structure of polyethylene terephthalate, low-
density polyethylene, an aluminum f£ilm, low-density
polyethylene and high-density polyethylene as materials.

The deoxidant employed above was “ZH-100" (trade

name, product of Mitsubishi Gas Chemical Company, Inc.).



melting tenperature (nelting point) of 168C and a

wei ght average nol ecul ar wei ght of about 180, 000.
[0173] Stent: Enpl oyed as the stent body was one nade
of SUS316L and having the me shape as that
illustrated in FIG 2. In é neral, after |aser
cutting, the dianeter of a circle of its

cross-section in a_direction_perpendicular_to
direcTh%nbéPlPﬁécﬁéﬁ&(ﬁﬁyﬁﬁoéggégﬁggyd%Fgéykoﬁfb%ggnce
2.0 mm its length was 15 mm__and its thigckness was
and. @BLEMequiipsengndgtimaludimng HALS heiF sotdE 1@ h of
each wire nenber 20 was 0.12 mm [0174] A coating ,
Qe e enivdre fethepalameacts chriePRRBPQIHELING ones in
rapamycin derivative dissolved at a mass ratio of 1:1

Ex@fplid? 18cetone was next coated on a surface of the
stent body. The solute (polylactic acid + rapamycin

deri V%%LEV ?blyg%%%t Latikon s@ferithe veQadory davtratieat izomd
was sét at 1: wt.% The coating was perforned by

pyaying the coatj lation with a sprayer
hii4ﬁ%&%§§ﬁ%ﬂ??ﬁﬁé%{Eblfégﬁgfactured by NORDSON

Cbnﬁoration) and then causing the acetone as a
[%cA2dent to evaporate in a vacuum As a result,

approxi mately 450 pg of a layer, of a m xture of .the
pol y| ®eflivd assii® @fd d:hPHPRFED afer \Pj?ﬁ%ﬂéi%ésby

confirmed to be fornmed on the surface of the stent
sW®icting lactide of L-lactic acid to ring-opening
polymerization, and having a glass transition point of 60°C,

melting temperature {melting point) of 168°C and a weight
average molecular weight of about 180,000.
[0173]

Stent: Emploved as the stent body was one made of
gusS316L and having the same shape asg that illustrated in
FIG. 2. In general, after laser cutting, the diameter of a
circle of its cross-section in a direction perpendicular to
the direction of its length (in a radial direction) was 2.0
mm, its length was 15 mm, and its thickness was 0.08 mm.
The length in the direction of the width of each wire
member 20 was 0.12 mm.

[0174]
A coating formulation with the polylactic acid and

the rapamycin derivative dissolved at a mass ratio of 1:1




[0175] Ball oon catheter: The balloon catheter had the
sane shape as that illustrated in FIG 4. Its overal
length was 1,430 nm In the state that the stent was
crinped on the balloon catheter, the outer dianeter
of the balloon (including ¢ he stent) was 1.1 mm
[0176] Hol der tube: The hol der tube had the sane shape

. as that illustrated in FIG 3. Its |length.was 1,48
inpdfretRRe Ves PREKREELSRaS 0 25 St aces O 59€ fé:&rﬁ:o%o‘iy'

is circular, and its outer dianeter was 4 nm [Q177]
Thghsodueat (WPLKlackist aedd( carEP@MYSip e M~ tdfeduch
pol yl actic acid and bi ol ogi cal | y/ physi ol ogi cal |y
concenveabé8onsolistarc ecatdngd fommula tdnf e et durk &4
and crinped on the balloon catheter. The ball oon
wt.Cat helles abatihdewss epérfcrinepclyt Apraghngashpl acading
t he hol der tube. The resulting hol der tube was placed

fospd1aeabadw itk hhian shhavelrnNOMIRROCPRAY BUR-117,
t hus- obt ai ned i nner package was sterilized by

mag{xgrglgzr:ﬁge ge ??n ﬁbRb@%Ea %%\f b‘}%%%'ht? ed gp %?qu ‘eg&%s ing the

I Z€E er package S placed and sea
NN 1 e e Ty O
approximately 450 ug of a layer of a mixture of the
polylactic acid and the rapamycin derivative was confirmed
to be formed on the surface of the stent body.

[0175]

Balloon catheter: The balloon catheter had the same
shape as that illustrated in FIG. 4. Its overall length
was 1,430 mm. In the state that the stent was crimped on
the balloon catheter, the ocuter diameter of the balloon
(including the stent) was 1.1 mm.

[0176]

Holder tube: The holder tube had the same shape as
that illustrated in FIG. 3. Its length was 1,480 mm, and
its thickness was 0.5 mm. Its cross-section is circular,
and its outer diameter was 4 mm.

[0177]
The stent with a mixture (called “Sample B”) of such

poelylactic acid and biologically/physiclogically active



bi ol ogi cal | y/ physi ol ogi cal |y active substance after
stored in the above-described state at 40C for four
weeks was provided as "Sanple B1" for HPLC. [01791 A
description will next be nag$ about the nethod for
the HPLC neasurenent of the®Yenmaining anount of the
rapanycin derivative in Sanple Bl. Firstly, the stent

with Sanple Bl carried on _the surface.thereo

supphaBget 6§8REr OF i Sa?é’lrgtﬁ@e( & arﬁ_)moluﬁteéle caeﬁ{ rélflﬁngpeed on
tube, and subsequent to ultrasonicatjon for %ﬁv

thei bafldoons ciathietgrnasTher PaLhean BALELLEHoILF .é?ﬁftent
of the resulting solution was then accurately

cré abkec tagremnd wasss pllaseed im theyhwddaedulie ashe nt o
that graduated flask, the sanme internal 69 standard

re30h #ingN Hod derMeutas vWaatplengddyad isedbeatmpiciin vidse

added, followed by the further addition of nethanol to

in?).:e?f? 2Q1ge [ 0488 £ 8 -bBYs1BeaPaned s Qadidagle wass t hen

red rn its entirety through a nmenbrane filter

oeBG50 Sy D% g T O S0 Sl e dbe.
Tﬂgislg¥if§%é)(%ﬁ%efM%éHEaééﬁ%Qg ﬁgaégﬁngﬁﬁl%ealed together
with the deoxidant within the outer package.

[0178]

The mixture of the polylactic acid and the
biologically/physioclogically active substance after stored
in the above-described state at 40°C for four weeks was
provided as “Sample Bl1” for HPLC.

[0179]

A description will next be made about the method for
the HPLC measurement of the remaining amount of the
rapamycin derivative in Sample Bl.

Firstly, the stent with Sample Bl carried on the
gsurface thereof was placed together with acetcone {5 mL) in
a centrifuge tube, and subsequent to ultrasonication for
five minutes, stirring was performed.

An aliquot (2.5 mL) of the resulting solution was
then accurately collected, and was placed in a graduated

flask. Into that graduated flask, the same internal



enpl oyed in Exanple 1 was next collected, and was

pl aced together with nethanol in a graduated flask to

give exactly 100 nL. Methanol was thoroughly stirred

to uniformy dissolve Sanple A in nethanol. [0182] An

aliquot (3 m.) of the resul8¥ng solution was

coll ected and placed in another graduated flask. Into

t he graduated flask, an internal standard u tance
stapdardwecimtionutiRel BL) ndRy FhEth FEPRYEEh 7008

met hanol, 5 nl) was added, followed by the further
waaddidtiedn 6bliewednbly tbe Brrtgyerhadgbsiien gfumethywnol to

exactly 100 nL. The thus- obtained solution will he
gitefepred.to as "Standard Solution B". [0183] 70

Usi ng as a sanple each of Sanple Solution Bl and
[oPgapdard Sol ution B obtained by the above-descri bed

procedures, an HPLC test was perforned to determ ne

the fﬁéi§5&§%£§§ga9£ agpeakigheqdadt8bnSeARkered in its

Sol ution peak area (@ of Standard Sol ution B
Conditions for the HPLC test were the sane as
[

enEamblre CREHGM fe MGG ] LK TRl 1
anmount (mass (MB)) of the rapamycin derivative in

ThSarhlue-Sbitatined s8lutdordetiddribee e redsio g JFag)le

Soiuiion B1”.

[0181]

An aliquot (0.010 g; weight (Mg)) of Sample A
employed in Example 1 was next collected, and was placed
together with methanol in a graduated flask to give exactly
100 mL. Methanol was thoroughly stirred to uniformly
dissolve Sample A in methanol.

[0182]

An aligquot {3 mL) of the resulting solution was
collected and placed in another graduated flask. Into the
graduated flask, an internal standard substance (0.01 wt. %
solution of nonyl p-hydroxybenzoate in methancl, 5 mL) was
added, followed by the further addition of methanol to
bring the whole volume to exactly 100 mL. The thus-
obtained solution will be referred to as “Standard Solution
B”.

[0183]



Using the stent before its nounting on the balloon
catheter as "Sanple Solution B2" for HPLC, an HPLC
test was performed to deternm ne a peak area R of
Sanpl e Solution B2. By the follow ng equation, the
remai ni ng anount (mass (MB2J9 of the rapamycin
derivative in Sanple Solution B2 was determ ned. NMB2

= Msi X (QR/ (s) x 30_By the faollow ati.on, _t he
percé%ﬁl?%s?%uélS%mpl?h%a?ﬁpﬁﬁyﬁ?ﬂpggrggiPﬁ%Sniﬁa and
Sanpl e Solution Bl was then determ ned. Percent
StradatdaBolusioh Bhebtajasgchy ¢de whaves desqideds?) x
100 The results are shown in Table 1. [01841 71
prsCadpaest, i ue BEradpices?> wdsd perdoanted) tcheled@mnine the
conditions as in Exanple 2 except that no deoxi dant

ra¥@s NbAred idE tdherduk edrfaaiaed SamglestSolas icondictesd a
to determne a percent residual. The results are shown
pe Tabbeol. or[ 8d8RrbakdaBbeutlohable doiel €e8hs £6+ duRe
Exanple 1 97.3
HPLC test were the same as in Example 1.
By the following equation, the remaining amount
{(mass (Mg)) of the rapamycin derivative in Sample Solution
Bl was determined.
Mg = Mg x {Qr/Qs) x 30
Using the stent before its mounting on the ballcon
catheter as “Sample Solution B2” for HPLC, an HPLC test was
performed to determine a peak area Qr of Sample Sclution B2.
By the following eguation, the remaining amount

(mass (Mg)) of the rapamycin derivative in Sample Solution
B2 was determined.

Mgz = Mm x (Qr/Qs) x 30

By the following equation, the percent residual of
the rapamycin derivative in Sample Solution Bl was then
determined.

Percent residual (%) of the rapamycin derivative =
(Mg/Mgz) x 100

The results are shown in Table 1.

[0184]



Conparative 18.2 Exanple 1 Exanple 2 94.2
Conparative 62.6 Exanple 2 [0186] From Table 1 and
the "CGuidelines for Drug Safety Tests", the
biologicalIy/physiologicall¥ active substance in the
drug eluting stent systemo 1Exanple 2 is expected to
remain in a stable state for six nonths at room
tenperature (25C).. [0187] As readily envisaged from
<CPRRaratéy6i RFA™PHE dug el uting stent system
according to the present invention can 72  assure
| onge¥ndspi eueEbhy dihe. sevencereatiaocnpugst he Example 2
practical application of which has heretofore been
exdiebti chht ne deeckidemt maes@ltadet am itde patdr Pagkage, a
practical application. 73 CLAIMS 1. A drug el uting
t eBte it aS ¥ ShScE @FP tics Ided eandilrgnts parderit asgidsla
bi ol ogi cal | y/ physi ol ogically active substance

theregfe aBdudcdeqxbdanbwi thi Pa1pagkage. 2. The drug
eluting stent systemaccording to claiml,

[0185]
[Table 1]
Table 1
Percent residual (%)
Example 1 87.3
Comparative 18.2
Example 1
Example 2 94.2
Comparative 62 .6
Example 2
[0186]

From Table 1 and the “Guidelines for Drug Safety
Tests”, the biologically/physiologically active substance
in the drug eluting stent system of Example 2 is expected
to remain in a stable state for six months at room
temperature (25°C).

[0187]
As readily envisaged from the foregoing, the drug

eluting stent system according to the present invention can



wherei n sai d bi ol ogically/physiologically active
substance is an i munosuppressor. 3. The drug eluting
stent system according to claim2, wherein said
i mrunosuppressor i s rapamycin or a derivative
thereof. 4. The drug el uting®stent system according to
claiml, wherein said biologically/physiologically
active substance an _anticancer dru 5. %he d
as@ite! ol SPaRE STBLERFACBORALRy « BV ey MERR 2ot EPaFhE 1
to 4, wherein at |east a part_of said package
PraehbFrseaPRlL6At4QE- pér HBABhe A élﬁp-"srtof@rermed% ug
eluting stent systemaccording to claim5, wherein
digfidulbwigasspds mehbl praseati ahviegtdoni pmmghéﬁedts
material with an aluminumfoil |am nated therewith. 74
prdctibeldapglebuting.stent system according to any one
of clains 1 to 6, wherein said package is provided
with an inner package made of a high gas-perneable
material within an outer package nmade of a |ow
gas- perneable material, said deoxidant is arranged
bet ween said outer package and said i nner package,
and said stent is arranged within said inner package.
8. The drug eluting stent system according to claim7,
wherein a desiccant is further arranged between said
out er




package and said i nner package. 9. The drug eluting
stent systemaccording to claim7 or 8, wherein said
i nner package with said stent arranged therein has
been obtai ned by placing and_sealing said stent
within said inner package to0~provide a seal ed inner
package, and then sterilizing said sealed inner

package by el ectron bean¢H59 A process for
manuf acturing a drug el ut g?ent system which

conprises: a first sealing step of placing and sealing
a stlen? dnNg EUSENT & A DiBITRTATWHHFSIDI Dt @bt y
active 75 substance thereon, within an inner package
whigble cafrraei gh bigdogisraddat/phyreitdgicald yrant e a
seal ed i nner package; a sterilization step of
subbkebinlcez ithgrean] erl ed ddoxielarpackiageirbya qlatamn.
beamto provide a sterilized inner package; and a
second sealing step of placing and sealing said
sterilized i nner package and a deoxi dant within an

out,er r I
2ol 1 (S‘A;L?%edrug ell‘?%t gcLpw goseen E%%%rﬁl%@r%rd lidfn 1,

prOV| Ing ste t system 11 rug

el utin ste st.em rdln t 0 .cl ai.m

wheﬁeggl%aggc &ﬁ%§31| 3 81 %ﬁ%ﬂ %;%¥ g 1v g&ﬂékance
pl aced within said outer package in addltlon to sald

iss a8 LY EPSURREESSYkage and sai d deoxi dant .

3. The drug eluting stent system according to c¢laim 2,
wherein said immunosuppressor is rapamycin or a derivative

thereof.

4. The drug eluting stent system according to claim 1,
wherein said biologically/physiclogically active substance

is an anticancer drug.

5. The drug eluting stent system according to any one
of claims 1 to 4, wherein at least a part of said package

comprises a low gas-permeable material.

6. The drug eluting stent system according to c¢claim 5,

wherein said low gas-permeable material is a film-shaped

material with an aluminum foil laminated therewith.




74

7. The drug eluting stent system according to any one
of claims 1 to 6, wherein
said package isg provided with an inner package made
of a high gas-permeable material within an outer package
made of a low gas-permeable material,
said deoxidant ig arranged between said outer
package and said inner package, and

said stent is arranged within said inner package.

8. The drug eluting stent system according to c¢laim 7,
wherein a desiccant is further arranged between said outer

package and said inner package.

9. The drug eluting stent system according to claim 7
or 8, wherein said inner package with said stent arranged
therein has been obtained by placing and sealing said stent
within said inner package to provide a sealed inner package,
and then sterilizing said sealed inner package by electron

beam.

10. A process for manufacturing a drug eluting stent
system, which comprises:
a first sealing step of placing and sealing a stent,

which carries a biclogically/physiologically active



75

substance thereon, within an inner package made of a high
gas-permeable material to provide a sealed inner package;

a sterilization step of sterilizing said sealed
inner package by electron beam to provide a sterilized
inner package; and

a second sealing step of placing and sealing said
sterilized inner package and a deoxidant within an outer
package made of a low gas-permeable material to provide

said drug eluting stent system.

11. The drug eluting stent system according to claim
10, wherein in said second sealing step, a desgiccant is
also placed within said outer package in addition to said

sterilized inner package and said deoxidant.



