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Manuf acturing Process of Drug Eluting Stent System
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Technical Field
[0001]

This invention relates to a drug eluting stent
system provided with a stent, which carries a
biologically/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/physiologically 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,



[ 0003] Keeping in step with the westernization
of dietary habits in Japan, there is a sharp increase
in the nunber of patients suffering fromischemnc
heart di seases (angina, 2d4ryocardial infarction). As
a result, percutaneous translum nal coronary
angi opl asty (PTCA) has been perforned as a nethod for
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di seases, and is rapidly finding w de-spread utility.
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utigfitihe i ntroducer sheath, a |ong holl ow tube called
"gui de catheter” is inserted into the bl ood vessel .

[00[0@006] When the lesion is |located at a
coronary artery, for exanple, the guide catheter is
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guide wire is drawn out, and then, another guide wre
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['esion™in the coronary artery of the patient under

[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



3 radi ography and the balloon is positioned at the
site of the lesion. [0007] At the position,
the physician then inflates the balloon once or plura
times at a predeterm ned pressure for 30 to 60
seconds. This procedure nmakes it possible to dilate
the intravascul ar lunen of the |esion. [0008]
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applied to an increasingly greater variety of cases
thd hess days. In an initial stage of PTCA applications,

PTCA was applied only to circunscribed |esions (of
[OO%QQrt | esion lengths) or single vessel lesions (with

stenosis only at one vessel). The application of PTCA

has, however, expanded to those which are | ocated at
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[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).

[0009]

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 countermeasure for such restenosis, a stent may

be employed in some instances.

[0010]



4 Stents are tubul ar nedical devices, which
for the treatnment of various di seases caused by
stenosi s or occlusion of blood vessels or other body
ducts, can dilate the stengsed or occluded sites and
can then be retained at the stenosed or occluded sites
to maintain the |lunens. [0011] Many of these

stentsente #Bi cabulgvi 46§ FRUCIEY i 8cHPt fhi AR ehl-alhor
pol ymer material. Stents of various forms have been
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an anticancer drug (hereinafter ca the "dru

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.

[0012]

When these stents are retained at stenosed 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 restenosis rate by making such a stent carry
thereon a biologically/physiologically active substance

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



with a polymer or the Iike and releasing the drug from
the stent over a long termlocally at a site in a body
duct where the stent is retained. [0014] A drug
eluting stent systemis provi ded with a stent, which
carries such a drug thereon, within a package such as
a bag, and is intended to achi eve the inprovenent,
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of 38& @mrign 1). Disclosure of the Invention Problemto
be Sol ved by the Invention [0016]
[0015]

However, the expiration date of a drug eluting stent
system (the period after its manufacture, during which it
can be safely used without giving any deleterious 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.

Dl=Document WO2004/084767A1 describes “A package for
a drug-coated stent comprising a tray adapted to receive a
coiled stent delivery system and a pouch adapted to receive
the tray and coiled stent delivery system, the tray

containing at least one recess adapted to retain an oxygen

or moisture scavenger pack (see Claim 1).

Disclosure of the Invention
Problem to be Solved by the Invention

[0016]



6 The present inventor, therefore, proceeded
wWith an investigation for a cause of the
above-nmentioned difficult practical application. As a
result, it was found necessary for a stent with a drug
carried on a surface thereof to make the drug exi st
widely in the formof a layer (or a filn) over the
surfape BhebBRCSEAYENEHEN EB@EeEB?e?&EQBc@@HE &xPhbLE
significant effects in the body. It was also found
invleg%ti é%%ri otnhlf%rn &e %atfs%e o%r 49,0 %b%vqer—lﬂ%n%l S dsitf%qtcult
syst I'STvery prone to deterioration an
deconpositian caonpared with practically usable dru
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stent system hence has a short expiration date in many
for gstsdeds Witdo a7 drug carrijed ik ac £3& feicea thegieofnitch
a mxture of a drug and a pol yner coated on the
maksutihac alroly e sét entdetly prevérst feawy cfeparlatyieon (ofr tshe
drug fromthe surface of the stent, that is, a stent
filpnovivded thid Rua hicel oF cald Wrentsislcegittald wnretdteat
substance and a pol ymer, interaction between the
woulld0lea®i 1Al WikhyHiQl08! ealdaractinv e aubyiancerangathgiso
pol ynmer proceeds with time so that the expiration date
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practically-usa rdg preparations suc
olyner-free tablets. 018] 7. dgky el uti,n
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bi ol ogi cal | y/ physi ol ogi cal [y active substance thereon,
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their practical applications are difficult because
tabiliggisr agidpithat idomad afles imoe stemfr stysiteni demmey has a short
i nstances although their expiration dates differ
expdeperidnngaae tike ranydd neft anesdr ugs. [ 0019]
[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/physiologically active substance and a polymer,
interaction between the bioclogically/physiologically 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 ag polymer-free

tablets.

[0018]



An obj ect of the present invention is, therefore, to
provide a drug eluting stent system which is provided
with a significantly extended expirati on date and
permts a practical application even when a drug the
practical application of which has heretofore been
difficult is enployed. Means for Solving the Probl em
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8 the practical application of which has heretofore
becpuer dihkfircekpiretewpl odpces p@@21kry short Desecwnlyed
specifically, the present invention provides the

instahkew agtiypstbenthand pxedessedn( hte® @iEfer depending
(1) A drug eluting stent system conprising a stent,

on WhAkChieakr bes tdebig@legi.cal | y/ physi ol ogi cal ly active
subst ance thereon, and a deoxi dant wthin a package.

[0089§22]

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
[0020]

The present inventor has found that in a drug stent
system provided with a stent, which carries a
biologically/physiologically 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)



(2) The drug eluting stent system as described above
in (1), wherein the biologically/physiologically
active substance is an i munosuppressor. [0023]

(3) The drug eluting stent ssystem as described above
in (2), wherein the i munosuppressor is rapanmycin or a
derivative thereof. [0024] (4) The drug

thev\;%ﬂta'&gc%tle pixi%taecmo%s Fesilidred abeye ddb fobe been

erein the |olog|ca ' y/ physiol ogically active

dif%#%%&%ng% [ a%Q{lcancer drug. [0025] (5)

rug eIu ent system as descri bed above in
one of (1) to (4), wherein at |east a part of the
[Ooggﬁkage conprises a | ow gas-perneable material. 9
[ 0026] (6) The_drug eluting stent system as
descPrBedihedvePrALESFaliier 6hA PRESPBW dB¥epELABabI e
material is a filmshaped material with an al um num
profvgides| &drendiodd owiarewivtstenfs0@2id] processes (1) to (11):

(1) A drug eluting stent system comprising a stent,
which carries a biologically/physioclogically active
substance thereon, and a deoxidant within a package.

[0022]

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

[0025]

(5) The drug eluting stent system as described above

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

package comprises a low gas-permeable material.



(7) The drug eluting stent system as described above
in any one of (1) to (6), wherein t he package
is provided with an inner package made of a high
gas-pernmeable material withjn an outer package made of
a | ow gas-perneable material, t he deoxidant is
arranged between the outer package and the inner
[ooRaqkage, and the stent is arranged within the inner

package. - (8) The drug eluting stent system as
descqbpeggéb8¥ﬁﬁ'Q%&zln?mgggﬁknsgsggﬁlggaagsh§i£g&tgggve
arranged between the outer package and the I nner

. kage. . 9) The dru l.uting stent .syst as
in QR TREToAB0TES AP FCBT A SR CHE A TLLE-
package with the stent _arranged therein has been ,
shageCa e @1 LpMadith §rad WSEaYhd Aide Lemematigid fihenaye th.
i nner package to provide a seal ed i nner package, and
[002Hdn sterilizing the seal ed inner package by el ectron
beam (10) A process for manufacturing a drug
el uti(ny Shentirsyseeurinhi sheaonpyksses: asl@escribed above
first sealing step of placing and sealing a stent,

in WhiyChhneat g3 )athi alsogi ealdpyiphysi ol ogical ly active
substance thereon, wthin an inner package made of a

hightHQSpgekasébhg g?ssapeh &etﬂrgﬁiQﬁngrggabﬁggghasae

package; erilization step o erilrzing
or GhsRalad Lansr packads by ol GaLian BERBALPLONIS
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:



a second sealing step of placing and sealing the
sterilized inner package and a deoxidant within an
out er package nade of a | ow gas-perneable naterial to
provide the drug eluting signt system (11)
The drug eluting stent system as described above in
(10), wherein in the second sealing step, a desiccant

i s ahseipkacsdaMihfi BrépecbUbehchagkags kBaagddht hosttfa,
the sterilized i nner package and the deoxi dant.
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the drug eluting stent system of the present
invention, it is provided with a .
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practical. application even when it enploys a drug_the
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or so and the practical application of which has .
her eRoPbpEibéaation grepiell steBilérimgsthepefohedf inner
the Drawi ngs [0029] [FIG 1] FIG 1is a
packehendtyi eleicéwon! besir &bl pgoorieeerb edierdit zefd dnner
package for use in the present invention. [FIG 2]
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.
(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 2 is a side viewillustrating one enbodi nent of a
stent for use in the present invention. [FIG 3]
FIG 3 is a schematic view illustrating one enbodi nent
of a holder tube for use ipypthe present invention.
[FIG 4] FIG 4 is a schematic side view
illustrating one enbodi nent of a ball oon catheter for
difyseudlr the present invention. [FIG 3] FI G
5is a schematic viewtypically illustrating one
enbodi nent of the drug eluting stent system accordi ng
to the present invention. 12 [0030] 1Package, drug

BrlequDle rlp 1tonsysft %Iﬂe Drawings
[0029]
[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 side 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



2l nner package 3Quter package 5Deoxi dant 6Desi ccant
10Stent (stent body) 11Approxi mately rhonboi dal

el ement 12Annul ar unit 13Connecting nenber 20Wre
menber 30Hol der tube 100Bal 4 oon cat het er

[0030]

1 Package, drug eluting stent system
2 Inner package

3 Outer 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 Balloon

109 Guidewire inlet port

110 Branched hub

111 Injection port

112 Inner tube

113 Outer tube

113a Distal-end-side outer tube
113b Main-side outer tube

Best Modes for Carrying out the Invention

[0031]



102Shaft body 103Bal | oon 109CGui dewire inlet port
110Branched hub 111Injection port 112l nner tube
113Qut er tube 113abi stal - end-side outer tube

113bMai n-si de outer tube Best Mdes for Carrying out
the I nvention [0031]

The present invention will hereinafter be described
in detail.

A description will firstly be made about the drug
eluting stent system according to the present invention.
The drug eluting stent system according to the present
invention is:

a system provided with a stent, which carries a
biologically/physiologically active substance thereon, and
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



13 The present invention will hereinafter be
described in detail. A description wll
firstly be made about the drug eluting stent system
according to the present ifyention. The drug el uting
stent system according to the present invention is:
a systemprovided with a stent, which carries a

bi&?ﬁ?ﬂaﬂﬂyyAﬁﬁyﬁﬂﬁﬂdéﬂaﬂﬂyy|abﬁﬂﬁé\éﬁbﬁ%g%k%ﬂ%%e&ﬁ%ﬁﬁo%md
a

nd a deoxidant w thin a package. Mor e
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an i_nner _package made _of a hi gh gas-perneable nmateri al

be itk F %%Eﬁrpgﬁltczlr aﬁa@kgﬁg r?gd(—lfog?' a | ow gas- per neabl e
material and is provided with the anti oxi dant between
[0033d out er package and the inner package, and is
provided with the stent within the inner package.
As aNet hertpeelerr édmérbbdrrens, ivpesproeidbarf gnt hee
wi th a desiccant between the outer package and the
sizienwdr thec lagdcagen b@heentitonedin] 6B82Foxackage>
No particular limtation is inposed on the formof the
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can be in“any forminsofar as a stent, which carries a

3001%m 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 thickness 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



bi ol ogi cal | y/ physi ol ogi cally active substance thereon,
and a deoxi dant can be arranged within it. For
exanple, it can be in a formsuch as a bag or box.

[ 0033] No particulag limtation is inposed
either on the size of the package. Wien it is in the
formof an approxi mtely rectangul ar bag, for exanple,

be MO ROUHER X F0AHIBIGRL DS dISed.ad iy d1RE 1GASR Off ke
square bag, for exanple, one of 250 mm x 250 nMm can be
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0034]. t t hi ckness of the package, no
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of a bag-shaped package, for exanple, one of fromO0.01
Pagkea® MaAA iqﬁp thitdiefe SRRt meaed MgtgoEsl in the o
particular limtation is inposed either on the
presgrdy iiglvesft itdve package, al though a | ow gas- perneabl e
material (a material having | ow oxygen perneability)
[o03% ]preferred. Even in the case of a package
made of a high gas-perneable material (a materi al

havi pgahbdBs0x¥geRcPebiEabil-bb¥ncaPave it ertife dasiude
perneability of the package
aluminum, polyethylene terephthalate, polyvinyl alcohol,
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
package from the viewpoint of easy permeation of oxygen,
which is required for electron beam sterilization, into the

inner package.



15 becones | ow when its thickness is relatively |arge
(for exanple, approximately 0.5 to 1.0 nm. Such a
relatively large thickness, therefore, nmakes it
possi bl e to use even a package made of a high
gas-perneable material in the present invention.
[ 0036] Exanpl es of the | ow gas-perneable
[ooA@yerial include alum num polyethyl ene terephthal ate,
ponV|nyI al cohol , ethylene vinyl al cohol copolyner,

pol y%Qy{aéQEQSeCEEQr Hifh ?HQ"% H@Slh’véﬁtﬂébgﬂﬁy

[ 003 gas per nea

prega 8%§a|# nglude p6g¥ H%g%yvg%h gﬁﬁ%¥kgé]“gcegéte

silicones. ese a nonwoven fabric of
PerpepPaenyré e lind ﬁf”@f/@rrr &d PREBMIGRe DRTERSH IR Tecegdgy ©
pernmeati on of oxygen, which is required for electron
a mydamlstyer I[fiidat i @eminated We lpdckagwosed of sughed itlivs
drug eluting stent system according to the present
stalcieentinomhies florayicdted aelra & indeeledadiecageisea such a
nonwoven fabric of polyethylene is preferred for the

£1ilkRe mRaekags i amMithe ovireReitiintofc L reIgeat i on of
oxygen, which is required for electron beam

[Oo§berilizat|on into the inner package. 16

It i1s 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 possible 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 gide of the package to permeate to the inner side of
the package.

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

preferably be formed of a multilayer film containing an



[ 0038] The package for use in the present
invention may preferably be forned of a fil m nade of
such a | ow gas-perneable material and/or a high
gas-perneable material or g;multilayer film (Iam nated
film conposed of such filnms stacked in the form of

| ayers as needed, because such a filmor multilayer

alu&hhﬁh‘%1&%5%5E§%EntQa@ﬁ%§%ﬁ%e olP839] because the 1S
al so preferred that at |east a part of the package for

alu%%%um fEE%bEa%S%”tPr%%%%%%%”f&%m”%@%a% g% | ow

as-permeable nat. €calSe oxygen outside the
kage does not practically perneate into the package
[OO 3 the inclusion of a deoxidant in an anount
correspondlng to a vol une cal cul ated bef orehand nakes
it possPBrle 21 aLBBEAWN| BPRGh abSdRbPEhexenpyehieAstde
t he package. [0040] The | ow gas- per neabl e
muliafleyeal frap prnetéealfloyrbefaaf by, s hape @xampee, alo ftwid0R
an alumnumfoil lamnated therewith, because it is

mm RPB800tff bEH! b. 1 OMMOXNIeRieRNERE aﬂaeeo§p@%e@ftha
package to perneate to the i nner side of the package.

0 e e for S h resent
Sta%%vé % HCEﬁrepPEf gi or#ggeggtaaﬁu%tllgyer
f|In1conta|n|ng an alun1nun1flln1there|n (al um num

alugdpupy 16@039§eppﬂgeépy%ﬁﬁﬁnlflIn1can be prevented

from br eakage.
[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



[ 0042] As such an al um num pouch, can be
exenplified a nultilayer filmin the formof a bag,
for exanple, of 300 mMmm x 300 M and 0.1 M in

t hi ckness and conposed of g@gstacked structure of

pol yet hyl ene terephthalate, an alum numfil m and

pol yet hyl ene. [0043] As the package for use in

prelfite rRide saitodimeent,i @N.dridg e3 utasy Hrenio e fesined the
one of the above-described packages w th anot her

! ) ol 2J€ Lt
pac%% age IRSRLRY Lherein ac@cagé' Zl?lglr%?’ gr%*&ar uldd ng

ackage has a doubl e strudcturé. h package may

. be placed aver, the package .as .desired.to forma triple
nigl R e pRRle SR RRn ety PRl BB £
is, for exanple, a drug eluting stent systemthat such
packagedk ode 3 4Wr GRTEFWMIAPLE FBHTE3dtr uct ure having a
package (i nner packageg of a hi gh_gas-perneabl e .
mat efRal Lot aRA-Reprerbde (BtesiapabREgeheofane| pRaning
gas- perneabl e material and the bel ow nenti oned
as demdrdded edoaer.anged within the outer package and/ or
i nner package. It is also possible to nention, as a

furthre nighpgekepeeticapbedipentiad HadgtBEULRAE &k8ALNg
systemthat the package is provided with a package

as dawsh Rackagsk of a high gas-perneable materi al
wi thin a package (outer package) of a | ow

gas'ﬁ%Eﬂegbh§ugagfﬁL§£g stent system of such a

construction, low-dose 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 gas-permeable material, the outer
package may preferably be made of a film-shaped material
including an aluminum foil laminated therewith.

[0046]



The | ow gas-perneable material has the sane neaning as
descri bed above. The hi gh gas- perneabl e

mat eri al has the same neani ng as descri bed above.

Wth a drug eluting stent systemof such a
construction, | owdose sterilization is feasible upon
pl acing a stent, which carries a

b'0'ﬁﬂéﬁa£h¥/BH¥é£°§98k5§%'Xsa&é eo§u95ﬁ§95§159§56991m,

wi thin an I nner package gas- pernea

r.ial. _an r|I|Z|n the st ent b e

no PReE a0 d e dtbsT s it f P Sl ¢ i
sterilized by el ectron beam as. descri bed above is

theprese@ SR iHaXRTSuPEE FAGIEGE 5P H G -gas pePHEEBI €/
naterlal to provide a double ckage. [0045]

an Wﬂ@ﬁumWGIé&d%ag@Y'@epﬁéva@gﬁdZHﬂ¢ﬁ$r agé @Mmner
package) of a high gas-perneable naterial within a

intpatikdde teoltgrerpdckaje) coftexr lrowkpas Feromedllce viewpoint
materi al, the outer package may preferably be nmade of

of @anfduringhaped prateritdlon /A tdidigkae Juwnimlfiiinum £ilm.
| am nated therewith. [0046] 19 When the outer

[ooR3gkage is made of a nultilayer film no particular
limtation is inposed on the order in which the

respﬁ8;¢xgthgx§5§ 31, 5526ad LOURLABLA BAY (REATBLR: of

an a num e arranged pre

|nterned|a e layer. in the oute ackage fron1the
ST T 9@hsuFPﬁgoFﬁgrppéggﬁBFoﬁagfbﬁré5k§B¥ Gprm
the alumnum film [0047] No particular
insoifigin &8 ¢l TMPoFedkada e slaprgidartie Gt &1e arranged
package. The outer package can be in any forminsofar
witdsnt lide oeerpackdggeandFdeorikdapilecan bbager sngbdas a
within the outer package. For exanple, a shape such as
baga dra®pod deX Healindit ierid .oned.

[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



[ 0048] No particular limtation is inposed
either on the size of the outer package. Wien it is in
the formof an approxi mately rectangul ar bag, for
exanpl e, one of 300 nm x 30 nm can be used. In the
case of a square bag, for exanple, one of 250 mm x 250
nm can be used. Wen it is in the formof a

pe h&elangul ar box, for exanple, one of 300 nmx 300 nmm X
15 mm can be used. [0049] On the thickness of

[oo%% out er package, no particular I[imtation is inposed
€i'ther. In the case of a bag-shaped outer package, for

rom0.01 to 0.1 nmcan_ . 20 Qggused.

exangle, one of
[ 0058PCerNing BRRcARAFhgPEREAPRineFOpRRkhyEY
_particular limtation is inposed on its size. It can
limggagfiogny SsilFwoisesofoay 148 istizean BE pRBCRE RFt ARK ERES
out er package.
insofar as it can be placed within the outer package.

No particular limitation is imposed either on the
thickness of the inner package. In the case of a bag-
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
thickness and is composed of a stacked structure of
polyethylene terephthalate, low-density polyethylene, an
aluminum film, low-density polyethylene and high-density
polyethylene. 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) .



No particular limtation is inposed either on the
t hi ckness of the inner package. In the case of a
bag- shaped i nner package, for exanple, one of from

0.01 to 0.1 nm can be used;;[0051] As a
package of such a double structure, a package having a
formillustrated in FIG 1 can be nentioned. In the

o&xgnplified package 1 of a double structure, an inner
package 2 is a peelable bag of 250 x 250 mmand 0.1 nm

in t@%%bﬁess 8 d fg ngge8§ gyg ngarg?ﬁgctgfthe

pol yg en eJah - ou acwa n-al unm num

pouch which is |n t he f.or of 300, x mn,
Preéﬁ&to IPVERELRT: fiSc Preyd 95 '15%0&1‘%5§é]& of'ig é’@%é‘&es a

structure of pol%gthylene t er epht hal at e, Iom#den3|ty
biogepyeeRylvémaysimlanimridm Bidtmve snbeEagicey thereon and
pol yet hyl ene and hi gh-density pol yethyl ene. Further, a
wildebei dastribell dlensiine fiterdesditihied ssuths eqpeckiage .
herein is arranged between the inner package 2
[oo6peekakletbagdyand the outer package 3 (al um num
pouch). 21 [0052] The drug eluting stent

syst gmsaeRer di;AgchockbeigEesent invention is provided
with a stent, which carries a

bloki' g,ll%%]l‘i@gg%/g%%ﬁ'og} g\%ﬁci?e Qz‘e‘ Ly L&%%tc%” e&%%r EYhg

€SCri |na ter i'n suc
pac €4 Q%Q%%k <St ent  bady>

is emp present invention, carries the
biologically/physiologically active substance on a surface
of a stent body.

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

[0054]

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



A stent, which carries a biologically/physiologically
active substance thereon and is enployed in the
present invention, carries the
b|olog|calIy/phyS|oIog|caIéy active substance on a
surface of a stent body. Firstly, a descrlptlon wi ||
be made about the stent body. [0054]

eff%@%t%%%EaEhl'@E%%k'%ﬂ\l%bePQ%g@h%n &%%e%ﬁtQ%N@ntQEn can
the stent body for usé in the present i nvention

|nsofar as _i.t Str ffl 0 tand an
be g)?pan i O 8pélrelétl on u%o%gr et allr?lengkjﬁ?%‘é%stt\eﬂnt %V%VI hin a
bogy duct. The stent body can be forned using, for
[00 nple, a metal material, ceramcs, a polyner
material or the |ike. [0055] . Use of a netal
mat ef L APshEdRgvehefabbeenekehphpfpEdampEri gFainsess
preferred, because the netal material is excellent in
stestlr, edgt-Miamd loan lremte lexhi mitckad  advaorEgeous rizd um,
effect that the stent enployed in the present
tunigRtent,i @ndcadbd tswldloyy.et ahnedaahlaskasgetlsi BES316L

wi thin the body.
is suited as its corrosion resistance is highest.
[0057]

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
“pseudoelasticity” 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 its 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 is applied to a blood vessel

wall.



[ 0056] [llustrative of the netal material are
stainless steel, Ni-Ti alloy, tantalum nickel,
chromium iridium tungsten, and cobalt alloys. In
stainl ess steel, SUS316L igysuited as its corrosion
resi stance i s highest. [0057] Many of stent
bodi es forned of such netal materials can be expanded
[0 %b]u5|ng bal | oons. Sel f-expandi ng stents can be
nanufactured when stent bodies are formed using a

I h
calléﬁamgséég8ef§§ asgymegha? egé??g¥%ggP§ﬁP |C§L%¥§rs

Sucipggggf %pd r a constani étress %Hﬁgéghggsrt¥ that a

I ncreases. In thls case, a stent body held in a
tersmipledede PRSI a5 hI 9 IARSPME e a1y NG s
own resilient force when its conpression is rel eased
sucit polesiters [3058nstituent Foritet,i @olofams dtemudiods
with a polynmer material is preferred, because the
nylgrerd, hgdorexis bitys advwntageais ef feaa sriidaiolitanide

flexibility is excellent and, when expanded, no

elé@@&%ﬁ%é”%éﬂ%é%%ﬂﬁbfﬁﬂﬂﬂ‘%%ﬁ i ooh vessali Malde urdiks,

[ 0059] anp es of thF pol ymer materi al I
pOszué’l LJ%T O% yI en t er eg{h aséﬂ‘%? e ﬁ’{;@}st erfe?Lgartskgdat °
oo SREESSTELR, ot sy o such polyesior s ap et

and nyl on 610 and pol yam de elastoners cont ai ni ng such
sudip|BRidal 1@ ashaqnsfedtusent twitsdl RReidfyates such

pol yol efi ns such as pol yet hyl ene and polypropylene and
as ol lpotEfy iendaseth@iatst omd PTomedey Igps wirbonate,

pol yol efins as constituent units, polycarbonates such

celdsalpd ey efdutane, caslariadse anick ot ey praopy | €e aedonat e,
cellul ose acetate, cellulose nitrate, and the |ike.

[0dd¥60]

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



Anong these, polyethylene, polypropylene, polyethylene
terephthal ate, cellul ose acetate and cellulose nitrate
are preferred, because they hardly induce deposition
of platelets and show no iggitation to body
conmpositions. [0061] No particular limtation
is inposed on the shape of the stent body insofar as

pol&q%rsh%ﬁ%rQ%QYQnﬁ.EH@”d%%%ﬂMéd1B¥'faﬂﬂﬂh whfdial eHerdifigs

Stably retain itself in a body duct. Preferred
. ex | s i ncl ud ne, f argred j | ndrj-.cal :
i €r§E§Wﬁ§§Mqﬁﬁ?€%(h§qﬁﬂﬂi %na%%é%ﬁa%%é¥¥ﬁi;§§:%Egg%%§%'
pol.ymer material and one obtained by form ng snal
[ooéﬁénings in a tubular nenber nade of a nmetal materi al
or ceramcs. [0062] As a preferred exanpl e of
t he BRapersefehsedt enpmpdayofokthgsehppet Ré phesepent
i nvention, one having the shape shown in FIG 2 can be
bodyerfidrones in the presdEtGirderd istrentorisodaviidig $he shape
cylindrical body, which is open at opposite end
shoper g d.her esin and iedteirds=d.n a | ongi t udi nal
di rection between the opposite end portions. A side
val | 1af rthe eyl hndeigal pbBagdy 1bas snunereusaeitaut body,
portions conmunicating its outer wall and its inner

whi Ii éM £ %@ o?%d\galesrdié: eTré%gf L}%‘}tﬁ%nﬁ ﬁ{:kg]éx%rsbsf A extends

eformable to p a s ure

. expandahl ef.contractibhle in the radi.al direction of the

in G e e S bR Tyl (AR DA can
be retained at a target site and can retain its shape.

portggesy- A side walinefefbsdrmdatdriradt PRE¥dLAS prEerous

2, the stent body 10 is forned of wire nenbers 20, and
cutiond] wes i@ sh asimsnui das i ricye rmttey wahlghisgidlalts inner
el ements 11 having cutout portions therein. A
waldl wiadH teaddf capproxi Takeky culhontoipdalt iehemares défcamable
connected together such that their approximtely

to ?@%ﬂ%&ékﬁ Sharas: & et | gl h @y adgeshd faddliole in
irection of their m nor axes, thereby form ng an

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 elements 11 having cutout
portions therein. A plurality of approximately rhomboidal
elements 11 are connected together such that their

approximately rhomboidal shapes are continuously arranged

in the direction of their minor axes, thereby forming an



25 annular unit 12. The annular unit 12 is connected
Wth its adjacent annular units via wre-shaped
connecting nmenber 13. A plurality of annular units 12
are, therefore, continuoushy arranged in the direction
of their axes in a partly-connected state. OMng to
the construction as descri bed above, the stent body
anrf B8N tun 10 {akegHhe R mofd tC)ll Ndr icalnedy Which g
is open at the opp05|te end portions thereof and
i t | _direction between t
adﬂ?é}peq{o&f'faeﬂ%%é‘ﬁo#’? M P bty OB e 13-
t.he r tel rhonb0|dal cut out ns, and is
A p&fulfaﬁelpts taanits sl?eﬁfé%'datﬁf ec%?ﬁ Sactible in
t he radlal dlrectlon of the_cylindrical body through
CordaBigt o i Ingdefk duttldir dreston 9hoegir axes in a
When the stent body 10 is constructed of the wire
panfeivberanz;t ades bl tot hwiosied nidge gt Ithef come twiuce ioanaer 20
constructed to provide the stent body 10 with nunerous
descutidietd pardveon enys dentprieidr apdterdtom . Qkd® thd fBRm
nore preferably fromO0.05 to 0.2 mm [0065]
of Hwe:gsmlmzoﬁcatlheaoﬁyentwmaeh bey spactivealne Q\rﬁg&g&tr@derﬁjﬁ
needed depending on its appllcatlon site. en used In
po%%gfesggg{e{aeeﬁ U Upddmd e tend oo %ﬁf@%%al‘ t$; 0 uc%telron

ength e expanS|on enera
between. %P 1,019

respect |vé3p3pos[16§66ﬁnrgnpordclo érﬁ"Fo g?“ﬁolbé?&lyt Hgtent)
he above-descr. bed stent 10 is nerely one enbodi nent
10 e ABREBHER LY ARG HAa I GUidBY (B9 i i is
W de variety of structures of which is a cylindrical
of fddy Sorrddinst thiate iterierexmdaisl avropematibles in the
opposite end portions and extending in a |ongitudina
raddiarle ctiirer thetrweeh tHee paosidtie-andbqadr tianrsugipr ovi ded
on its side wall w th numerous cutout portions

de feamaylicent I0T tHeS RSt Wldc@uk its inner wall with
each other, and bei ng expandabl e/contractible inits

[oosadi al direction through deformations of these cutout
portions. [0067]

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



The stent body for use in the present invention can be
ei ther of the balloon-expanding type or of the

sel f -expandi ng type. Further, the size of the stent
body can be selectively detgrm ned as needed dependi ng
on its application site. [0068] <Manufacturing process

of the stent body> - No particular limtation is
1.0 RPSLG o Lhes MR actiy 10 B 0GRS, Lfr SHON, & stent
body, and a usual nethod can be appl ed. As an

[Od%%qnple, a description will be made about a
manuf acturing process of a netal -nade stent body in

t he 7.formof a tuhul ar body. [0069 ,
FirstFylSa febs) nf?ﬁfegr chpti §g‘§ela%8tvgd]d§§cglﬂ?ﬁ"fielsitﬁpt 10

. for the stent body, and is nolten in an inert-gas or

1s sty afosiRadiment and thed mytaran gfetal the mbant
cooled to forman ingot. After the ingot is

inaiwdesnitdaldey Ipotirshed witdee vienget v ff grmedttiurtess @f which
| ar ge- di aneter pipe by hot pressing and extrusion. By

is sucgdssidedloalr epeht ifgmedlicE driaw ngenideais @, adigal open
treatment step, the large-dianmeter pipe is reduced In

at dicMRIYodiMed hPigif-taford iRt EdRG MRl i, thi ckness
and outer dianeter. A pattern of openings is adhered

loﬂ@lﬂﬁ&%&*ﬁ%ﬁfﬁhﬂjgi‘ﬂé%%e (£H@q6g§é§#%%Qggﬁg%ﬂmf%ﬁg

such as laser etching or chem ca pipe 1 s
covered by the of

I except f.o ortion attern
orJFdithgE erdty PO G Op i st e,
openi ngs can also e fornmed by cutting the pipe along a
CO“\H&W&B?FLW d YSa Q3 St ldg st Aifisguenst tiel bagitd gfach

pattern information stored in a conputer
other, and being expandable/contractible in its radial

direction through deformations of these 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 size of the stent body can be
selectively determined as needed depending on its
application site.

[0068] <Manufacturing process of the stent bodys

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



[ 0070] The tubul ar, netal -nade stent body for
use in the present invention can be manufactured by
such a nmethod as descri bed above. [0071] 28

In the case of a coil-shapgg stent body, for exanple,
it can be manufactured by another nethod, which
includes formng the ingot into a |arge-dianeter wire

forlY ol RILS3IRY 1Rd, extrusion, successively repeating
a die drawing step and a heat treatnment step to reduce

[OO%gz | arge-di aneter wire in dianmeter into a wre of
predeterm ned thickness or outer dianeter, bending the
wre_to apply a waveformor like pattern to the sane,

i ndT hGSERE: pat PEERoTAF FEL8h ASnBRUPEFCpaFl AngabhE 2l
the mandrel, and cutting the shaped wire into a
forp thge BeERtnE@Wengits. {EO0PAEen in an GReait @stsalChy@Euun
stent bodies can also be simlarly manufactured by
atmogéetrieng netal materials as desired, nelting them
and then formng the nolten nmetals into intended
shapthe mespentingeby. 1E0AERt cooled tdh€oshenh fiagouse
in the present invention carries, on a surface of such

Aftarstent jbedy, ia ReRhegiicahhy/ ?&M%is@l'e‘agi Gld ViR Ve
substance to be descri bed néxt.

formed into a large-diameter pipe by hot pressing and
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.

[0071]



[0074] <Biologically/physiologically active substance>
No particular Iimtation is inposed on the

bi ol ogi cal | y/ physi ol ogi cally active substance for use
in the present invention apd any

bi ol ogi cal | y/ physi ol ogically 29 active substance can
be sel ected as desired, insofar as it inhibits

stengsi $paAr Q! We %n_chila»s‘f?a%@H %ftefrthtkdeQ’\,hin "BYample,
occur when the stent is retained at a | esion. For

. e, th 1.0l.00i I ' i cal |y .agti.ve

1t gﬁ%ﬁ?%%é%%ﬁé%#ﬁﬁﬂgier%%%f%%ﬁﬁéi}ﬁ%%%#xgnéMgh st%%ﬁ%?des
sel ected from anticancer drugs, imunosuppr.essors,

EOTRIhi G (L0 Sn (T e - AT o RHot &5, 1 CoA
reductase_inhibitors, ACE inhibitors, calcium _

Pregilagbfingt £Xtams Iffpe rdUgsISfiiveslY iTRRaRing midbiq or s,
antiallergics, antioxidants, GPlIbllla antagonists,

drawgtrioncitey, ardavorimads,tmtoteroisdssp IHpimsdumeelthe large-
| oweri ng nmedi canents, DNA synthesis inhibitors,

didmatesi e dd naselianided drfo antwideatsd efrssdetermined
antiinflamuatories, tissue-derived bionaterials,

thildKrRIdL AN ARG NQ HACT I QRIS Syi REGRYISH Ty a
surely inhibits stenosis, restenosis or occlusion of a

wa\)é%% Yy Si&%ee@a\@:ie% E%%/ﬁtg%c Lgar?{@e%ié?gfrg rqu{f ipsatte:::ned

retai ned at "a Iesion.
._exanpl es of. the ant.i.cancer druygs inc %gg vingristine
i TP SRS n GBS G s A IS G 10 £he
paclitaxel, docetaxel, and nethotrexate. [0076]
shapegk arirsd @Eane &F s tsidinarineigidt-essors i ncl ude
rapanycin and its derivatives, tacrolinus,
[00F24dt hi oprine, 30 cyclosporine, cyclophosphani de,
mycophenol ate nofetil, gusperinus, and m zori bi ne.
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
biologically/physiologically active substance to be
described next.
[0074] <Biologically/physioclogically active substances
No particular limitation is imposed on the

biologically/physiologically active substance for use in

the present invention and any biologically/physiologically



[0077] Preferred exanples of the antibiotics
i ncl ude mtonycin, adrianycin, doxorubicin,

acti nomyci n, daunorubicin, idarubicin, pirarubicin,
acl arubi cin, epirubicin, pgplonycin, and zinostatin
stimal amer. [0078] Preferred exanples of the
antirheumatics include nethotrexate, sodium

acttlhﬂeo'@h%tt%nc%e@acﬂ IJearidnecrand Jdobenzaldd . JIIQQ)Z.'C%]I‘ as it

Preferred exanples of the ant it hronbotics include

in q. %@ % éﬁ%gfg %@6 1 s Rk&&ﬁﬁ%&l%p tem hich
gt (?8%] i

e Opl hlru
exanpl es of the HNG—CoA reductase |nh|b|tors |nclude
mays &GV s "R FRSe ANFEG 4t FISERRT 3t 1 VST n,
nisvastatln itavastatin, fluvastatin, quvastatln
exagpdicumtisi Rigdoaion] lydavasokasi caddy poivids saukstance
[0081] Preferred exanples of the ACE inhibitors
mayi palaeféderably be at least one substance selected from

anticancer drugs, immunosuppressors, antibiotics,
antirheumaticg, antithrombotics, HMG-CoA reductase
inhibitors, ACE inhibitors, calcium antagonists,
antihyperlipidemics, integrin inhibitors, antiallergics,
antioxidants, GPIIbIITIa antagonists, retinoids, flavonoids,
carotenoids, lipid-level lowering medicaments, DNA
synthesis 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, vinblastine, vindesine, irinotecan,
pirarubicin, paclitaxel, docetaxel, and methotrexate.
[0076]

Preferred examples of the immunosuppressors include

rapamycin and its derivatives, tacrolimus, azathioprine,



31 tenocapril, delapril, enalapril maleate,
lisinopril, and captopril. [0082] Preferred exanpl es
of the cal ci um antagoni sts include hifedi pine,

ni | vadi pi ne, diltiazem begjdipine, and nisol dipine.
[0083] Illustrative of the antihyperlipidemcs is
preferably probucol. [0084] Illustrative of the

cyd1L Y ihd N RI TR dph Rl il 3R AMBAGte mofetil,
gusperimus, and mizoribine.
[0077]

Preferred examples of the antibiotics include
mitomycin, adriamycin, doxorubicin, actinomycin,
daunorubicin, idarubicin, 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.

[o081]
Preferred examples of the ACE inhibitors include

quinapril, perindopril erbumine, trandolapril, cilazapril,



[ 0085] I

lustrative of the antiallergics is

preferably tranilast. [0086] Preferred exanples of the

anti oxi dants i ncl

pr oant hocyani di n,

cat echi ns, epi gal

preferred. [0087]

ude cat echi ns, anthocyani ne,

| ycopenegziand 0- carotene. Anpng the

| ocatechin gallate is particularly
[lIlustrative of the

ten{aalalptﬂllll a RNAFANT Stehd1sgial ezakiat abaidd iR ri10088]s
1 Tustrative of the retinoids is preferably

caﬁﬁgprgqqns retinoi

[0082]

c acid.

Preferred examples of the calcium antagonists

include hifedipine,
nisoldipine.
[0083]

Illustrative

preferably probucol.

[0084]

Illustrative
preferably AJM300.
f0085]

Illustrative
tranilast.

[0086]

nilvadipine, diltiazem, benidipine, and

of the antihyperlipidemics is

of the integrin inhibitors is

of the antiallergics is preferably

Preferred examples of the antioxidants include

catechins, anthocyanine, proanthocyanidin, lycopene, and -

carotene. Among the catechins, epigallocatechin gallate is

particularly preferred.

[0087]

Illustrative

of the GPIIbIIIa antagonists is

preferably abciximab.

[0088]



[ 0089] Preferred exanples of the flavonoids
i ncl ude epi gal |l ocat echin, anthocyani ne, and

pr oant hocyani di n. [ 0090] Preferred exanpl es of
t he carotenoids include f3ggarotene and | ycopene.
[ 0091] Illustrative of the lipid-Ileve

| owering nedicaments is preferably eicosapentaenoic

aci dr1p0892htive of thkl ¥ekhabiva % bherBNApsyNthesi s
inhibitors is preferably 5- FU. [0093]

t rﬁ?ﬁﬁJ ed, ;exanplgs of the tyrosine kinase inhibitors
ra I nclu é’géﬁ%steln tyrphostin, and erbstatin. [0094]
[0089]

Preferred examples of the flavonoids include

epigallocatechin, anthocyanine, and proanthocyanidin.
[0090]

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

Illustrative of the lipid-level lowering medicaments
is preferably eicosapentaenoic 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]



Preferred exanples of the antiplatel ets include
ticlopidine, cilostazol, and cl opidogrel. [0095]
Preferred exanples of the antiinflammatories include
steroi ds such as dexanet hagsgne and predni sol one.
[0096] 33 Preferred exanples of the tissue-derived
bi omaterials include EG- (epidermal growth factor),

VEGFprryasenkar ceaapl Bel bal taeowibshiacter)vedG-
(hepatocyte gromh factor), PDG- (platelet derived

bloﬂ{a%"éﬁafl%ﬁl?fo)l’ud%ndae%': G(':e;ill?fe%rﬁéf 'gl?cr&Jt%'tfaQJtQi’i@ VEGF

factor) [ustrative of the

(va é&ﬁr f e re%rasothe ﬁr e].f : rx% t% ' f_nacet ore)r,o rf{G7]5‘1' 65( hépaocgosclyt e

growth factor), PDGF (platelet derived growth factor), and
BFGF (basic fibrolast growth factor).
[0097]

Illustrative of the interferons is preferably
interferon-yla.
[0098]

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 biologically/physiologically active
substance may preferably be an immunosuppressor, because
the immunosuppressor is highly effective for the inhibition

of stenosis or occlusion of a vascular system.



Illustrative of the NO production pronoters is
preferably L-arginine. [0099] As to whet her
one of these biologically/physiologically active
substances or a conbi nati ongof two or nore different
ones of these biologically/physiologically active
subst ances shoul d be used, a selection can be nmade as

[o1eeded dependi ng on the case. [0100] In the
drug eluting stent system according to the present
i NnVert.0 ' j I j j1cAl L :
i L
.. because the i nosuppr.essor _is highly fective_for
o R T R o T B LF PR CEETEY S o e VR ht ahne
. .System 34 [0101]. The i muposuppr essor nmay
1IN b B §RpEhS <G FCHESIHRI¢V AR i NRSCHRGAURES Fem-
is extremely effective for the inhibition of stenosis
or odéleusiean Vet iyey fc yapangpsiierhs a substafige with the
derivative of rapamycin is a substance with the
hy dwaroxgrarmup- ROt athd hed 4lepisidn omf af apamamyci aving
havi ng been substituted by another functional group,
be e Gs b SUHISI BT €y e et eflhyt 1dea T abtow noadordul a
(1) can be nentioned as an exanple. [0102

substance represented by the following formula (1) can be
mentioned as an example.

[0102]

[Chemical Formula 1]

{1

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

[0104]



[ Chem cal Fornmula 1] [0103] In the drug

el uting stent system according to the present

i nvention, the biologically/physiologically active
substance may al so be an apgi cancer drug preferably,
because it is as effective as an i mMmunosuppressor for
the inhibition of stenosis or occlusion of a vascul ar

SySt@th[Q1Q4510§§ca11y/phy§ﬁ%ﬂo§1callg active substance
bi ol ogi cal | y/ physi ol ogical 'y active substance may

maye)@:&tsﬂ A degidied 4 ¢dpon,a aSL%] =® Sfo@ S18UL PYsy .

however, preferred for t tance to exi st
as. a,l m xt ure (% t.o be d scrlb
It &5 sequenﬁr rPerre&lerFlg ause tt}he TS uarnecena LSt as a
033|ble to radually r ease t he

WA giddt 13/ dESIRAY SHRASENER G0t J R n
body 0105 The conp05|t|on rati o (nass
begeatse)t m%@%l“@éﬁ%lJlty/Rﬂﬁ%ﬂbllQ)g}i%éﬂ%ﬁ%ﬂWéfelease
substance to the bel ow descri bed polynmer in such a
t hembdtairogy icaril e/ reats jatl dgiara 109 B d i 89 siybgireefer aliiyo dthe
from30:70 to 70: 30, because this range makes it
bodgossi bl e to carry the biologically/physiologically
active substance as nuch as possible while taking the
[o1Rrysi cal properties and degradability of the pol ymer
i nto consi derati on.

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
biologically/physiologically 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 composition 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 um, 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



[ 0106] Using a m xture of such a conposition
ratio, a layer is fornmed on the surface of the stent
body by a nmethod to be descri bed subsequently herein.
The thickness of the |ayersgay be set at fromO0.1 to
100 mm preferably at from1 to 30 nm nore preferably
from5 to 15 mm Insofar as the | ayer has a thickness

sud'm ddizs diange vddie st hodhhas mBfidige that it can
be readlly inserted into a body duct® 36 such as a

r B
blcgtog%qogl c}S @S%llé ogl c?l{/é/talc‘%evseubssu jstan clen i aanmount
no |req:for th r nt. of a | esion.
reqﬂ“ﬁ t Orbe R e‘EE S} t hi ckness of a
| ayer" as used hereln nmeans the average thickness of
the Afxtfr ECoRet ROtSGr FREE Shet heTst entie thigHpess of a

No particular limtation is inposed on the polymer
layghi“cird s1asshilereisn angAng Urtee dradere thickness of the
bi ol ogi cal | y/ physi ol ogi cal |y active substance as
mixdessr idiedlabaue; fatd hfligtheooecdvavi ng bi oconpatibility
or biodegradability is preferred. [0108]
[0107]

No particular limitation is imposed on the polymer
which is usable as a mixture with the
biologically/physiologically 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 stiffness 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-based resin obtained by polycondensing



No particular limtation is inposed on the polyner
havi ng bi oconpatibility insofar as it is equipped with
bi oconpati bility. For exanple, a polyester-based resin
can be used preferably, begause it has

bi oconpatibility, is equipped with certain degrees of
stiffness and elasticity, and does not fall off from

didkh®csinfiace Qf & e stent: HadiRGUSR (RXPBARE I YYeroff dE ng

stent. [0109] No particular limtation is
N .t he l.ye I resjin.. : -
bt e Rl R e R DA Raving sy

oht ai ned .h | ycondensi 7 dicarboxylic units or
EorfERy ML (o7 BV T BRSa 0t Fong. BT el o

uni.ts or their derivative having ester-formng ability
[018181pol ycondensation by a known method. [0110]

No particular limtation is inposed on the polymer

havi Ng bhotéegradablimipatinsofar impopedi snatpel pagymer

whi ch gradual |y degrades when the stent for use in the
haviihes éritoderirartaladn iits/,r dtraiated ats dd s en mridmwht athich

does not deleteriously affect on the human or ani nal

graledy1yT R peldsevHiay itk Riredggrradahidd tih Mk present

preferably be at |east one polyner selected fromthe

inv%gl%%nc‘l%sk%ttia Gt ROIY GRS %rﬁfi&&cﬁ’%&é@g{étc

pol ycaprol act one, pol yhydroxybutyric aci

cel | ul os pal yhydr oxybut yr at eval_er at.e _an
ae R B S Aoy e et Lo iR

t hereof, because it has |.ow reactivity w.th 3§gy
Polyred 8&VARG LIRSS 1ot YntHT RHHE oY fh e 1€38t

controll ed. [Og;g The stent for use in the
onepPEIFMEL] HES P rtd¥ee Igatsiup et sk ingy @t f or nmed

of a mxture of the biologically/physiologically

polyeflivweldubsicanmee and ke tia yaoerd  hapalngaprolactone,
bi odegradability on the surface of the stent body,

poliegatsayvithe viHid) e@ich! o 1phnsisR ogaiHpaastidmeyrate-
substance is gradually released into the body to

val®hbee andBpolyorthoesters or a copolymer, mixture or

compound thereof, because it has low reactivity with body

tissues 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 into the body to effect



appropriate treatnment as the pol ynmer having

bi odegradabi l ity degrades. [0112] <Deposition process
of the biologically/physiologically active substance>
Such a bi ol ogi cal | y/ physi ok@gi cal |y active substance
I's deposited on the surface of the above-described
stent body by a nethod as will be described next.

apoPRidd £ Waadhdid afd ohd SodRRsed, 8p; tde deposition

met hod, and a desired nmethod can be applied. For

b'58%§¥§ £ ntioned a nmethod, which
linc u eéndﬁgégﬁgl dg%ﬁgﬁbiologicalIy/physiologically

[0f ﬂve substance and the polymer at such a conposition
rati o as described above in a solvent such as acetone,
et hanol, chloroformor tetrahydrofuran to give a
<DRRIHG 6T FIREGRT & dho o ¥elna by iR vpiakogically
preferably fromO0.01 to 10 w.% coating the resultant
actgigiqtdBrsteniaest he surface of the stent body by a
conventional procedure maki ng use of a sprayer, a
di spénsér aobivhedliicke lyamtyvishen ocausilng bhe isel webiksthace
evaporate. [0113] The drug el uting stent

is SYHRMAE yritie Qi heedres ate iIaH QL dS OV dat
with the stent, which carries thereon such a

body ¥yPH %@ewaofgvssgﬁgqgisealdﬁvs&q laee neégcdsubst ance as

escri bed above, t he bel owdescri " deoxi dant
mﬁthhg gg%gigugggkag%i%s descr.i bed above.

ation 1s imposed on the

deposition method, and a desired method can be applied.
For example, there can be mentioned 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



[0114] cDeoxi dant> No particular limtation is
i nposed on the kind of the deoxidant for use in the
present invention. Any deoxi dant can be used insofar
as it has been conventionaklyy seal ed together with
drugs within packages to inprove their storability and
al so to prevent their deactivation or deterioration.

sud Sl e Ass Sucd-H00xdH dabbSe , | £:08- DRAS 5k TEPXEHadt Spadd

organi ¢ deoxi dants such as ascorbic acid are known. In
aedREIRLESEN L 1 0VERL O o DO T 00- haser: degxiidapt s and
organi ¢ deoxl dants ar & usabr e. pendi ng on
[Otgf]functions of such deoxi dants, they can be
T egorized into a type that absorbs only oxygen, a
type that absorbs oxygen and carbon di oxi de, a type
<Qaeatiddor bs oxygen and generates carbon dioxi de, and
a type that absorbs carbon di oxi de. These deoxi dants
are ald pagabicaliar tlieipredsiont dsnviemdsed oy ddysedtinge of
of their types. [0116] These deoxi dants nmay preferably
theoelgr:aldaed far udd pertiwabpredent al iheughonh heywrsan be
practically used in a powder form that is, in a

dedten®iad | yaravsd |l @ {0sbFas dheyr angs Hkh hesnvd HOSGhally
prepared into a solid preparation formsuch as tablets

sed t%@cl?éf%terg cﬂﬂ'ié)s aw:[ijlljl{?l %aé]ggfésfgé nlrﬁﬁfove their

preferred.

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
present 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.
[0116]

These deoxidants may preferably be provided for

practical applications in a form filled in bags of high gas



[0117] No particular limtation is inposed on
the size of such a deoxidant, insofar as it is of such
a size as permtting its inclusion in the
above-descri bed package fopguse in the present
invention no matter whether it is in a formfilled in
a bag or the like, in a solid preparation formor in a

perilddBiari sheet] diyugn e sidm de tdeaxidantsLan ey
selectlvely determ ned as desired dependi ng on the

“G%%;I ant’, Q§E&§&und g?wiﬁfgﬂgf3¥ﬁ§'5%élfg%fg EJ?% as they
bi II h I [l
arepl aEaa Rerh FPHe Broraced ARACss SR1Y %%%C%rta%mn form

<Nhnufa turing process of the deoxi dant>
%%ﬁ?ﬁmﬁq kﬁ?QﬁﬁkPﬁﬂRﬁReéi%ﬁﬂﬂﬁ%ﬂﬁkﬁ?ﬁﬁfﬁﬂﬁﬁeés
of such a deoxi dant. No particular limtation
forms angpas@f sirache manuf acturing process of the
deoxi dant for use in the present invention. 41
[01Wvdn manufacturing a deoxi dant, for exanple, in the
formof tablets, shaping into a desired size can be
perf apnperiAcala@NNemikaewsnpes Sepolethenatheb¥ize of
using, for exanple, an excipients (carrier), extender

suc o I&d}dl@rﬁzucrlr%%ﬂxatmcteol@ s@arddbn talLize as

nDntnDrl I onit'e, bentonite, kaolinite, nagne5|um

pefﬁﬂ %%IEE% ef%%fﬁFxgrOXI %%h Lﬁ%ﬁﬁglocf ac age for

deOX| ant intoa filmor sheet form gn the other ,
Usen 4y the RrESHily MYEEay RS R GEMPRe theyr ditspet st @
or di.ssol ve the above-descri bed substance (conponent),

forfhifaf lies ddhist &asks oF ddwxilddrm, irogetdrdr diRTeRAIAE ol
conponents, i.e., a binder conponent such as

foret o cal laulfade; gwlshdaty|fadmtohBheosigkaptheantt a
pol yhydri c al cohol such as glycerin or polyethylene

deoliyieelt idanndleerselle i v¥1gamiat st ,ad AddifeRpnat e a
suitable fil mshaped base nmaterial, for exanple,

depR#Bhg RENWONE i ©OhdEs) ) K&LﬂM t hedhe a{rﬁﬁlﬂﬁé NG ke

liquid formulation or to coat the resultlng [1quid

of ft%. m’é!e%gél%n nt Q]h%k@él%% £ fﬂl’lem or the |ike by
pr|nt|ng or t dt el to dry the

bio P%ﬁ# Tﬂf%&ﬂ@é?%f%@?%é??‘”Qé¥1é¥ gu‘%éé%ﬁ%&%%?&%?;flc d
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.



[0120] The drug eluting stent systemaccording to the
42 present invention is provided with the stent, which
carries thereon the above-descri bed

bi ol ogi cal I y/ physi ol ogi cal Ly active substance, and the
deoxi dant within the package. The stent may be
mount ed, for exanple, on a balloon catheter and nay

t henyhenpheed aeaetiher amdtbxtikankal 1F0en &AtMaker in the
wi thin the package. [0121] More preferably, a

| der. it | [ r erein
fcmﬁgﬁgﬁéxggggﬁggé%ﬁ%ﬁ% f%dé?ﬂ%;ﬁ%éﬁ?é%xéig§1é§§16@
ecifically, the drug eluting stent_.system.accordi ng
peniPities Bib e TRt TR S ettt abty Be proviels tor
Wi th a balloon catheter and a deoxidant within the
eXFTRIEg SR THE RIS oh (GRS h RISt drhs i higee such
bi ol ogi cal | y/ physi ol ogi cal ly active substance thereon
as ghiciananeioreantd bdld loon, merdnd st | erted bentponite,
hol der tube (it is to be noted that the branched hub
kadlQ mift & ,hendgald soiom caatlfiettey, inagrods iuns diytdcbstidd hecalcium
hol der tube). As a reason for the preference of this

car¥digte] Wi nhBentbiskst em the bal l oon cat heter does
not jut out of the package and can be held in a stable

[oStat e within the package. [0122] The hol der
tube can be a tubul ar nmenmber, which has a size
suffb whol.

Ut LA, rb-STE po gL EaR! LOpD sensheails
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



43 bal l oon catheter can protect the internal stent and
bal | oon catheter fromexternal inpacts or the |ike. As
illustrated by way of exanple in FIG 3, the hol der
tube can be wound into a vgptex coil upon placing it

wi thin the package. This is preferred. [0123]

When a hol der tube is used, no particular limtation

prdserdTReSRG Qb1 he Wﬁd the haldersddie uponn carrles

placing it within an inner package. A specific exanple

e e R L S
the ac

et MR A Gt R R e o Tt R adege -

hol der tube for use in the present invention.

As dépPcEEB by MaXy PEf m@%&ﬁﬁﬂe tRTFPEAMRLley henha| ad loon
tube can be wound into a vortex coil upon placing it
cabliettisith aise pac kdger behimsl adadditmyedthatheviidl déve thedel dan

preferred because the balloon catheter can be retained
catihetarstwallhe rsttatee paidiage .t he package w t hout al |l ow ng
the balloon catheter to jut out. [0124]
[o1Prgferably, the drug eluting stent system according to
the present invention may be further provided with a

44 More preferably, a holder tube with the balloon
catheter inserted therein may be arranged within the
package. Described specifically, 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



desi ccant fromthe viewpoint of successfully
preventing deconposition or deterioration of the
bi ol ogi cal | y/ physi ol ogi cally active substance under
the influence of water. 43 No particul ar
limtation is inposed on the desiccant, and silica ge
can be nentioned as an exanple. The arrangenent of the
ba1d&si £ Cath hetMee e uiteriRackagsand dhgd MRS balloon
package can be nentioned as a preferred enbodi nent.
r aCCo nyi
catften from cxtelrad (SR S Y SRR e rptea
example of the dru uti ng ,stent stem according to
oy S B e SR IR it AR 177 TR RO CURE Behitogrothd
. that the drug eluting stent system according to the
ints & SMThev &Ry lor B iading tidd Widhie Hppdagkage.-
exanpl e. FIG 1 is a schematic view
Thiid |igstoretfianyeshe enbodi ment of the package for use in
the present invention. Nanely, the whole package
[01d3Justrated in FIG 1 schematically shows an
enbodi ment of the drug eluting stent system according
to thBepr 8S8BRL dLRVENLEOAs used, noFb&rticiuSa® limitation
schematic view typically illustrating one enbodi nent
: f, I td t ent [ : :
is Qmddiediidig gl éHé&aezéﬁf" tk?é’%&%ﬁeegg?cﬁ{%gﬂg?éﬁ ;theclﬂgelt

présent 1 nventi on. rst-to

..1,. the package 1.is proyided w.th the outer _packa 3,

wichig! B AP e S dnak RECaasAtasRemS L SyPEh e, ABaDe

out er package 3, the inner, package 2 and the deoxi dant
of £hg @O&H%gé’&ze ARPT RN tie WHddWinidite simmRarkage

the i nner package 2 and the outer package 3. [0126]
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



In the package 1 of the double structure shown in FIG
1, the inner package 2 is a peel able bag of 250 nm x
250 mmand 0.1 mmin thickness fornmed of nonwoven

pol yet hyl ene fabric, whilegthe outer package 3 is an

al um num pouch in the formof a bag of 300 nmm x 300 mm
and 0.1 mmin thickness, said al um num pouch being

deGUMRLREE Q¥ a1y Ask&hSHUGUIE e A MELNHRARNt ing
terepht hal ate, | owdensity pol yethyl ene, an al um num

| | d [ I Y/ hi gh-density
de%}g} y&%&%n?%%%&gﬁéﬁﬁ stq{aé?r anged between the
. _i.-nner ckage 5 and .t he .outer .package .3 (al um pum
o1 g i Rt TN R R RS KA R I
. dn FIG 1, the stent is arranged within the inner
infJuengse of REEG 1. As a preferred
enbodi nent, the stent nmay be nounted on a balloon of a
bal | Jenreztherdpr damidrtdpn flor lADPSHTCIREY g, daieccant,
bal | oon catheter may be inserted in a 46 hol der tube.
and @28]ca gel carRéfementeidredied dmdexaoHleG 5. A drug
eluting stent system11 is provided with an outer

ThePaEkagReherAN dMNele RRG@GRE FelRed dal it package
desi ccant 6, the inner package 2, deoxidant 5 and

andl8@H GaMe 16 A& Rd ANGEGNMddH Y Iy UH &f PAckage S,

and the deoxi dant™ 5 and desiccant 6 are arranged
bef.ween the inner package 2 and the outer package 3.
e”mfﬁéﬂF%ﬁér package 2, outer package 3 and deoxi dant 5

ar% simlar to the corresponding elenents in FIG 1
[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
schematically 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.



[0129] In the drug eluting stent system
according to the present invention, the inner package
with the stent arranged therein may preferably be one
obt ai ned by placing and seaking the stent within the
i nner package to provide a seal ed i nner package and
then sterilizing the seal ed i nner package by el ectron

beamrelre ihing ¢asec the Aranen package kagebe is F)rovided
sterilized at | ow dose, thereby naking it possible to

g e

No. particular, lLi.mtation. s inpgsed an the el ectrao
de?ﬁ%é%%ﬁm#by@étu68h%§Feﬂqﬁe%é?P§%agF ghet%ﬁhépﬂ€§b§%§§age
47 insofar as_the sterility of the drug el utjng stent

2 o st 5 ate ariaiEedoRr bl ATRE & hation
beam upon sterilization may preferably be from1l to 30
de@ddntorh thrt weewpdintimiepreadming rReri? futetis or

nodi fications of the materials of the ball oon catheter

padtubdndd der tube. The sterilization tine can be
sel ectively determ ned as needed dependi ng on the dose
[010fe]t he el ectron beam As a systemfor use in

such el ectron bean1steriIization,_"RHODOTRON TT300"
(”Hn%Ea%%%r%%c@ég%Bﬁ)c&a%hkﬁd@%ﬂﬂéﬂgﬁ%udﬂﬂré”gﬂawﬁiin

The el ectron-beamsterilized i nner package can be used

in _an qute acka made_of a | ow gas- perneabl e
FlGmterithe {n er pé&iage 2 Is a peef§£lgebag 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 polyethylene, 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



[0131] <Manufacturing process of the drug el uting
stent systenp A manufacturing process of a
preferred enbodi nent of the drug eluting stent system
according to the present iggention will next be
descri bed by usi ng one exanpl e. Firstly, a
stent, which carries a |ayer of a
holkid} agqial | y/ physi ol ogi cal ly active substance on a
surface of a stent body by the above-descri bed nethod,
[O4gﬁ]nounted by a usual nethod on a balloon of such a
al'l oon catheter as will be described subsequently

h Ln. 48 [ 0132 Th |1 h i
ot ReerEhck0idhexe hag kb G2 B0 as8RS] Ehuting

descri bed subsequent|y herein, and the hol der tube
SE&RY FYHED At | o PLA IRV 31 Lt e rRF E3ES wourRP
into a vortex coil. In a first sealing step,
inndie pa@mInd h a edtivlafi calayd phyds ol egieal ¢y Hee i viener
substance carried thereon is sealed within an inner
pagiaciade nheciciarat B gndadepisraormeabl € amd exrednged within
provi de a seal ed i nner package. Descri bed

thesRRMdH G dagd he, holdiethd upeok Saphace dad tdd$i dcant 6
peel abl e bag having such a shape as the inner bag 2 in

arézlﬁ'ragn égir]drfétﬂ?eérm@{e pﬂﬁlﬁ@ﬂepgckégéeflﬁgd the outeMNO

particu Iimtation is I nposed on the nethod for

| i t he i nner package 2. For exanple, a heat
paéﬁéﬁ%?gban be used. [0133] After the first

seal i pg step, the sealed inner package is sterjlized
by elfEEt FORSBeRAHKAIR SvePUbFalaGH P e predeant 5

the sterilized inner pack%ge. .
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



Descri bed specifically, the stent, balloon catheter
and hol der tube placed in such a peel able bag are

sterilized by el ectron beam The el ectron
sterilization has the sanmegfieani ng as descri bed above.
49 Subsequent to the sterilization step, the

sterilized i nner package and a deoxi dant are pl aced

insyThrsed) ethamddiidy 1an pWerrRackage dmde f A dfiWsystem

gas-perneable material in a second sealing step to

: rQyj,dey a drug eluting stent system Nanel y,
e Fﬁe el ectron-beam sterilized peel able bag and the

deoxidant, are placed and seal ed_together wi thi.n_an
o o eneadtc R E6Eng TBHench ERabe et rethidapation may
package in FIG 1. No particular limtation is
Prqfﬁ,y@?ﬁa &iF tfﬁ&%éam%g%é‘%fwoofr%ﬂ e GBI IgcIefge 3.
For exanple, a heat sealer can be used. [0134]
pPremegyhifite AFt@fpeinat iohmss e ewstifiigatpraneml ridle materials
deconposition or deterioration of the
of Whal dgildaldry/qeitystaroginchliHol deot itwdesubst ance by
water, it is preferred to also place and seal a

desi chanktepidddhtion tomkheast Bei kieZedtinger Packagened
and deoxidant within the outer package made of the |ow

as RIS AR IR & alhd mdde seqand Seald g, &, The

desi ccant "has the sanme neani ng as descri bed above.

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



[ 0135] As the drug eluting stent system
according to the present invention, one nmanufactured
by such a process is 50 preferred. Descri bed
specifically, preferred isgg drug eluting stent system
provided with a balloon catheter and a deoxi dant
W thin a package, in which balloon catheter has a
[o18fgnt, which carries a biologically/physiologically
active substance thereon, nmounted on its balloon and

i s '%ﬁ%rEQQHbgn CEQ%%%%IIHQene gl§gke ted intNoSUCh a

partlcu ar |mta|on|S|rrpose ontetlmng at

the dru ting ste ysten1acc rd
no 3 ek A i o i "R o R, Mtk e
successfully preventin deterloratlons or
thediRdatigine With Hd o dta bl gtddreand /iRt thein
however, it is preferred to subject the seal ed inner
pﬁ@kﬁb@nhMuaﬂVQEiequ91%ﬂIy provided with the stent,
to el ectron-beam sterilization as descri bed above
becalse at fie¢ rishnerapadcigageepan the stemnt| wieth &he ow

dose. Conditions for sterilizing the inner
bldﬁﬂ@%ﬁkﬂﬂ%ﬁﬁﬂjﬁﬂdl&gi&éﬂmfﬂétﬁthSﬁuﬁhﬁﬁhégﬂédiﬁiéh
above. The sterilized i nner package can be

thHdANGed MY J e WS PAERYcldYS Hade of 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 on the method
for sealing the inner package 2. For example, a heat
sealer 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.



A description will now be made about the
abovedescri bed bal l oon catheter. 51 No
particular limtation is inposed on a ball oon catheter
for use in the present invgsgtion insofar as it can be
inserted in the above-descri bed package for use in the
present invention. Commonl y-enpl oyed ball oon catheters

can eaglchBcHsedo the sterf@h8%30R! 8ced, b@heogeerlllzed
catheter illustrated in FIG. 4 can be used

im%%i Sai&a{g%n Md Qiaeb oon gﬂ{en eafcqu(#rgfl ustfr%it{9 thln

OVId tubular shaft _-bod 102 a.
anf%ﬁ%ﬁﬂn3§c %%zﬂﬁe? Wcﬁﬁ? R KAy gl in a
di stal end portlon of the shaft_body, and a stent 10
S eI PAa ks RGP 1o GRS dne BHUDGT O e Systen.
folded state and is caused to expand by an inflation
of t Nemgall osheledecthion -beem-steriidizkd pasdaddet beg

stent illustrated in FIG 2. Further, the balloon
and athee tdroxlidarits sates lramd dadl vdddl eah Doégehdnmagitigin an
menber fixed on an outer wall of the shaft body at a
aluR@Sidn Poued NRSPORHiNGH & a1 T Y tdiieofpddi@ge in
stent. [0139] The shaft body 102 is prOV|ded
rdM th a balloon inflating lunmen which is in
conmuni cation at an end thereof with the |nter|or of

;Eelgﬁg%ggu6gu§§§TE§mi@%EEo%pqg %%%o%%dprOVE

method for the outer package 3. For example, a heat sealer

%e sea 1ng

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 also 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



112, an outer tube 113, and a branched hub 110. The
inner tube 112 is a tubular body internally provided
with a guidewire lunen for permitting insertion of a
gui dewire. [0140] £pge inner tube 112 can have
a length of fromapproximately 100 to 2,000 mm an
outer dianmeter of fromapproximately 0.1 to 1.0 mm

préygyfg&%ﬂl t hi ckness of from approximately 10 to 150

The inner tube 112 is inserted and

exteﬁgggn%ehhggg%gr%gr% 4he, 1g>§[ef% e 15 b ut ing

portion protru

ter of th nner. tu 12 and he i nner mall of

st it SR ot IS Tl QORI S T e &

formed. [0141] The outer tube 113 is a tubul ar
deBOPAN W IcH 18} 102G R8¢ i o YRk Bh GFthefer has a

i nner tube 112 therethrough and has a distal end at a
stepdsi tilorels oresutiats Fadk clwegd da oy Adiey st slted 1 aanldL yofaathiere

i nner tube 112. The outer tube 113 can have a
sudeangide afhdrewn apprumdatata yi D bal chdCthdm s amhssiesd

di aneter of fromapproximately 0.5 to 1.5 nm and a

in Waldotddckngss, of from approximtely 25 to 200 nm
[0142] The outer tube 113 is forned of a

[Ol%iGSjt al - end- si de

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
sterilization 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 as described above.

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

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

described ballocon catheter.



53 outer tube 113a and a mai n-side outer tube 113b,

whi ch are joined together. The distal-end-side outer
tube 113a is reduced in dianmeter in a tapered form at
its portion on a side towaggl its distal end fromits
joined portion with the main-side outer tube 113b, and
its portion on a side toward its distal end fromthe

tapeN@dpageabgmaBaﬁ1al%aehbndhan&hgesehoéﬁ3b balloon
The outer dianeter at the small-dianmeter portion of

catlg I H4al - d(}%%% OLﬂatf%rsset&g)e_Ln]t/]e%f’c %Q%hgfaquas it can

apprOX|nate ot h

and, .th out r dianeters of,.a proxinal porti.on of
be (AR Tt e R e i R e T R 3 gl

outer tube 113b can be from approximately 0.75 to 1.5
pPregany grygntion. COWW@“%XF?@BE°Y@§ PalieraasprEhehRysi Fan

an uninflated state, the balloon 103 can be held in a
eacdiplgedisstdat e on and around the outer circunference of

the inner tube 112. The ball oon 103 forns an

expaRdedespapéchetwbahlbbhe canketwal bldlisthetkal LaoFIG.
103 and the outer wall of the inner tube 112. This

4 padetspac Hésb@19@&6HHWQ@EIQ€ ahda eeantepaipart
t hereof and over an entire circunference thereof with

paliled fdatd lumen. As the rear end of the 54
. baIIoon 10§2%% in communi cation with the inflating
[013 gen of a relatively large volunme as nentioned above,
injection of an inflating fluid fromthe inflating

Iunen into_the balloon is assured.
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 as 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



[ 0145] As the size of the balloon 103, the
outer dianeter and |length of a cylindrical portion
(inflatable portion) when inflated can be from
approximately 2 to 4 mm angyfrom approximately 10 to
50 mm respectively. [0146] Between the inner tube 112
and the outer tube 113 (in the balloon-inflating

112, unen)oute s haped sid ff nassmdimartimna menbehel Snner
inserted. [0147] On a proximal end of the shaft body

0 qh%hg
tu%er glnlc% h% hqu b d%ll; L}ngodlrt'/[:g glsﬂe% Ifr%[g&%% |pnrnoe\/|—rl c%eu% h ub
déw QHﬂﬁg t bular:r %ﬁ}l'The i nn ar tub ar hub haseg
gulgw dew reint et pdAT %u%t?‘trs F9 St S o

t.h the gU|demﬁre | umen and defines a guidewi re port,
[OléﬁH is fixedly secured on the inner tube 112. The
outer tubular hub, on the other hand, is in
cormhEcannen WPk (A8 kan bewei af langky PEMEMoThas an
injection port 111, and is fixedly secured on the
appoubeamatdley 11D tLB&,OOO mm, an outer diameter of from

approximately 0.1 to 1.0 mm, and a wall thickness of from
approximately 10 to 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.

[0141]

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 um.

[0142]

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



[0148] No particular limtation is inposed
either on the material of such a balloon catheter,
although it is required to be hardly deteriorated or
nmodi fied by sterilization.gkor exanple, a polyolef in,
pol yam de el astoner, polyester elastonmer or the like
can be used. [0149] The total length of the

outhd lege cathetsly id lwstd alied RLay «Qfbexamy e wHidH Gre
4 (fromthe distal end of the inner tube 112 'to the

joﬁ%%b%%%ge&%we Rnkhaighaht Jpady, ega%gg@rt tegbgoga%geqs

can be ron1apprOX|na
ross sect.i onal net er of t he ha
redifiadh i i ttand B & i e,
of the baIIoon at the balloon 103, where the
sidg seyegst titoh4l disdnanst G200 drigesioigrg R iR itidh the

| ength of the balloon catheter, can be from

maigpprickd mattelry tike: tIo 30,0 anvd its portiSuetpm daidsortoward

catheter can be used in the present invention. [0150]
itAddesall piridrfwin [textagreratadeethionrt Hare hadngelrl t ube

into which the balloon catheter is inserted.
didNeqearticular limtation is inposed on a hol der tube

for use in the present invention insofar as the above-
[of@%]described bal | oon catheter can be inserted. [0151]

The outer diameter at the small-diameter 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 distal-end-side outer tube 113a and the
main-side 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



For exanple, the holder tube illustrated in FIG 3 can
be used. No particular limtation is inposed
on the nmaterial of the holder tube, although it is
required to be hardly detegyorated or nodified by
sterilization. For exanple, a thernoplastic resin such
as a polyolefin, silicone rubber, |atex rubber or the

ballddh cayB bes Usedodkd@dation wit IO Hd M Btd ongg angen of
|nposed on the size, cross-sectional shape and the

ka[ecf’\fel Méﬂe\;o]td’rgi’aé r}ﬁ‘é}{ CPI?eSd t%@@o tq?ég?ﬁﬁéceﬂjlon

oon at eter can I nserte

the | e gﬂ t.h. angfp]p Hﬂ%?%l f%fhe h q%%&igbe Caqﬁ%t%ﬁ%

respectively. Wen the hol der tube has a
%ﬁﬂﬂﬁzﬂﬁléﬂﬁ%F?ﬁfcular cross-sectional shape, its
out er dianmeter can preferably be approximtely 4 nm
[04F1l53] No particular limitation is inposed on
the nethod of use of the drug eluting stent system
accoldi niet sitzke ofir ehenbalivent 103, When diterpackagter
has been seal ed by a heat sealer, for exanple, the

andshItd MGy sdﬁmtn@ﬁ/ﬁﬂnp‘@ftﬂﬁl usedr hyt 168d | i dn)
the seal ed portion and opening the 57 package [0154]

whelh GG Ud Ahid st Do BeAROL 4 NG PI G Send O ron
he manufacture of a drug eluting stent system

appaz%%?f 19 94 NG HESERT LIWEN Ay
[01456]

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 process for manufacturing a drug eluting stent

system according to the present invention, which

i ncl udes: a first sealing step of placing and

sealing a stent, which cargises a

bi ol ogi cal | y/ physi ol ogi cally active substance thereon,

wi thin an i nner package made of a high gas-perneabl e
[otmderial to provide a seal ed inner package; a

sterilization step of sterilizing the sealed inner

Package da-tqleaL:0n RAVILOPHAY iip o Wiidiedd maer

package; an a second sealing step of placing

nd t.he i zed .i.nner

. I j | d.a .
wa g 2E0l) N0 S ) o eL packans, e

as- perneable material to provide the drug el uting
rediigind sy (o iiBg] deteridrated on i patsd ey mde of
the high gas-perneable material, the stent carrying
stemiel Ina g calFloy spsipdleogiac @aly od&tfiive feisteance
thereon, the sterilization by electron beam the
el asmagiantpainte dther el ast peck age e el Ofe tden | los used.
gas- perneabl e material have the 58 sane meani ngs as
[odesicri bed above. As the material of the inner
package, nonwoven fabric of polyethyl ene can be

pref ehed Sfeamiherd ewp i‘%ih%t pah 1%%@9@%&1%;%%‘? L&t rated

perneati on of oxygen, which is require

by Bgag{(;égée_ze%&%‘l@iri'ff#% £Am tirg% Oc%%shteai NOEY of the

e materi al e outer package,

. _an al ym num pouch farned. of st acked structure o

il féi%?yﬂe]r?e E%r“gtﬁn Y | V&%ﬁ?féi‘i%ep%? t RPBhet 02
an alumnumfilm_ |owdensity pol yethyl ene and

andhitgir dermsieiedoryet e dbe ber Pn eFrp @i natopd ¥ He00 to

vi ewpoi nts of nmaking the oxygen, which exists on the
2, Wt em si Farvhetrhe thgt eropacleage,iahiaflf iddainte ttear e et e
into the inner side of the outer package and al so
baldrapnh didthdtest stancudinhdriakageent 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-



The arrangenent of the deoxi dant between the inner
package and the outer package nekes it possible to
surely absorb the oxygen within the outer package

i ncluding that contained ipBgthe inner package.
Further, the arrangenent of a desiccant between the

i nner package and the outer package nekes it possible

dedc® LY tl]l%ogﬁfégﬁfgééﬂ Qﬁrprbed%trfééﬁreﬁi.i on of the

bi ol ogl ca ysiologically active substance under

[0f§1 i nfluence of water. The first sealing step,

sterilization step and 59 second sealing step have
the sane nmeanings as descri bed aboye. [0156].
FronFPﬁee§?@R&8Pth8fhQ&é@ésgPGFI9XEP§%EﬁFFﬁglﬁ FIG. 3
deconposition or deterioration of the

carpiks] oiesal | y/ physi ol ogi cal |y active substance under
the influence of water, it is preferred to place and
seal Na gestcécahbri hiaddation ¢k ttheoskdr bhi zb¢ manerial
package and deoxi dant within the outer package nade of

of tthe Hidas-meydrealllthdmileritalid nrddis rsetand sealdrily

step. The desiccant has the sane nmeani ng as descri bed
det@AVra oY 6 dified by sterilization. For example, a
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



[ 0157] Based on Exanpl es, the present
invention will hereinafter be described further. It
shoul d, however, be noted that the present invention
is not limted to the foll gwi ng Exanples. [0158]
<Exanpl e 1> A bi ol ogi cal | y/ physi ol ogical ly
active substance and a deoxi dant were placed and

pa £d within a package. After stored at 40C for four
weeks, the remaining anount of the 60

[of§4¥ ogi cal I y/ physi ol ogi cal ly active substance was
measured by hi gh speed |iquid chromat ography (HPLC) to
deternmine its_ _percent .residue. The
bi ol BgPEEFFYPRYS: 8413& 85?%%%&{“18\‘?8 §hpStakls, Process
deoxi dant and package used in this exanple were as

for fhomenyiadogire of a dmg|VGcdl WisiBITdgital |y
active substance: A rapamycin derivative represented
acdprding ftol |tdwt myadent calvdgrimita (1) (product of
Ni ppon Kayaku Co., Ltd.). An aliquot (0.03 g) of the
rapamyel prodeeiswattiore maas fplcaced ngn aa dgluas & linatitioe s teumnd
further, the glass bottle was placed within the

syRewwdesdiRed Packageresent invedt®ion, which includes:

bi ol ogi cal | y/ physi ol ogi cally active substance (the

i ggﬁ%giiv%ws;éle Gekatikel el e D163 1PLACHRP e MHY B Wik,
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



[0160] [Chemi cal Forrmula 2] [0161] 61 Chem cal Co,
Inc.). Two bags, the volune of each bag being
sufficient for 100 nL, were placed and sealed within

t he package. Packagg: An al um num pouch in the
formof a bag of a size of 300 nmin length, 300 nmin
width and 0.1 mmin thickness, which was fornmed of a

sanid @r?é%%ﬁn%{é’ Ut Wess ofi R Vtdid ene terephthal ate,

| ow- density pol yethyl ene, an alum numfilm

| o SenShLy BOLYSLY Lane ] g densiiy. Raluaay ene

as materials. ed i'n the

o S L g 2R eoio:

taken out of the package and was provided as "Sanple
of,qea@yﬁy}mqymquXRgﬂpermeatlon of oxygen, which is

required for sterilization by electron beam, into the inner
package.

As the material of the outer package, an aluminum
pouch formed of a stacked structure of polyethylene
terephthalate, low-density polyethylene, an aluminum film,
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 side 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
biologically/physiologically active substance under the
influence of water.

The first sealing step, sterilization step and



A description will next be made about a nethod for the
HPLC neasurenent of the renai ni ng anount of the
rapamycin derivative in Sanple Al. Firstly, an
aliquot (0.010 g; weight (MAi)) was collected from
Sanple Al and was placed in a graduated flask. Into
the graduated fl ask, nethanol was added accurately to
seckil Meall®y resd ke SAldItd QR WASaH @%"des%fikﬁe“c@
to uniformy dissolve Sanple Al in nethanol
64] An aliquot (4 nL) of the solutlon was
ol lected, and placed in another graduated flask. Into
[0 %yﬁ graduated flask, an internal standard substance
% 01 . % sol ution of nonyl p-hydroxybenzoate in
nethanol 5 nL), was added, foll owed by the further
addi £F6R SRen¥iR¥RGH Nty §|@€C§eﬁﬁt§Ilﬁbﬁﬁﬁgeﬁﬁléﬂa@tly
100 mL. This solution will be called "Sanple Sol ution
decympogifign] a%kidrf Sampat wn rehltdee of Sanple A, a
simlar procedure was next followed to obtain
bid1Stcainokdrldy Qdlwgiaiog'cally actividesubstance under the
bi ol ogi cal | y/ physi ol ogi cal |y active substance

infaldred ek fwamSanpl e A gite tdidted | 1B glvaaeec& dHa B4BSS
(MA)). [0166] Usi ng Sanple Solution Al and

desHRNEAT di 150l dH 4 0N A OW@ g\?@r?@b@bﬁ%é@g{)t PR glfl? and

above descrlbed procedure, sanpl es, respec
cond cted._ Test con

deox1 he HE S pac age ma Itéf”%ﬁ iow 558-
rrmarlze
permeable material in the second sealing step.
The desiccant has the same meaning as described

above.

Examples
[0157]

Based on Examples, the present 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 biologically/physiologically active substance and

a deoxidant were placed and sealed within a package. After

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



[0167] <HPLC test conditions> Sanple solution vol une:
20 "AL. HPLC equi pnent: Manufactured by Shi nmadzu
Corporation Detector: Utraviol et spectrophotoneter
(manuf actured by Shi nmadzu g@rporation). Measur enment
wavel engt h: 278 nm 63 Col um: Stainl ess
steel tube of 4.6 mMmin inner dianmeter and 7.5 cmin

| t "3, : . '

i I R e P T PR P B rep e
f l'i qui d. chrom hy. Col t ;. 40C. .
vy s YR Ao T S A el o
wat er (550 nlL) to 2-propanol (450 nmL) and m xi ng the

penceR aRIdHSet ur e.

The biologically/physiologically active substance,
deoxidant and package used in this example were as follows.
[0159]

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

[0160]

[Chemical Formula 2]

P {‘T"\,f:-f

oo

HE,
D
! o
xwﬁg;
oA
O
H ., DCH,
T’ ™ 2
ﬂ:ﬂg (\}}'1

[0161]

Deoxidant: “ZH-100" (product of Mitsgubishi Gas



Flow rate: Adjusted to control the retention tine of
the internal standard substance at about ten m nutes.
[ 0168] Under the above-described conditions,
an HPLC test was perfornedggn each of Sanple Sol ution
Al and Standard Solution A to determne the ratio

(Qr/ ) of a peak area (QT) of the rapamycin
Ch&gldamtdye 10 8 peakARd s, Gheofrdiigd Hfelidh bag being
standard subst ance. By the foll ow ng equation,

o s | : . SO
s LA R R L R DS

C(f{Mﬁ\/Mﬁ\l) X (QI/Q x 100 The results are shown in Table
pa .ag[%'169] When Standard Sol ution A was

subjected to an HPLC test under the_abaove-described

condPECERTE \i £ %ﬁﬁ?léﬁnbﬁo“@ﬁl &é’grté]@ WM ofy @ bag of a

greater. Using Standard Solution A, an HPLC test was
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.

[0162]

After stored in the above-described state at 40°C
for four weeks, the biologically/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.



conducted six tinmes under the above-descri bed
conditions. The relative standard devi ation of s
deternmined in the respective runs was not greater than
1.5% [0170] <Conparative gxanple 1> A test
was conduct ed under exactly the same conditions as in
Exanpl e 1 except that Sanple A2, which had been
[01@tjai ned by storing Sanple Ain air at 40C for four
weeks, was used in place of Sanple A enployed above

in E%& %%qﬁlotl\@got{&ge ﬁ‘%ﬁec%Ft%%%ﬁ%ﬁ%o%lw%e@l and

Exanp e results are s
ent

plaﬁzle)g{ aLrl tgér;rlpglérea%,@tae& gléar%qpft hgnto %Exe graguated

b|olog|cally/phy3|olo i call actlve substance had been
Elagdint &b IR SR @ i%petF on splution

bal | oon cat heter. The baLIoon catheter with the stent
of menyle @ -thysinssybeaszqaitac eidh imethagiati | &r nHol dears tadstedas
that illustrated in FIG 3. The hol der tube was then
folilcaeed bat then fiure Hemerddiackage i Inatdtarailedtd ryikteGa 1,
t he i nner package was seal ed by a heat sealer, and
totlNeRio1IRCIIORxac®iy 100 mL. This solution will be
called “Sample Solution Al”.
[0165]
Using Sample A in place of Sample Al, a similar
procedure was next followed to obtain “Standard Solution A”.
The biologically/physiologically active substance
collected from Sample A at that time was 0.01 g (mass (Ma)).
[0166]
Using Sample Solution Al and Standard Solution 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 solution volume: 20 pL.
HPLC equipment: Manufactured by Shimadzu Corporation
Detector: Ultravioclet spectrophotometer

(manufactured by Shimadzu Corporation). Measurement

wavelength: 278 nm.



beam sterilization was conduct ed. The i nner
package enpl oyed above was a bag, which was fornmed of
nonwoven pol yethyl ene fabric as a material and had a
size of 250 mmin length, 250 mnmin width and 0.1 mm

i n thickness. The dose of el ectron beam upon
sterilization of the inner package was 13.5 KGy.

The eguupiBnirused oker stheilekegkr oF heamyst ekl lingaki on
was " RHODOTRON TT300" (manufactured by |BA).

didd rtel}ﬁie}.?tcfr@ P SAMGHET (4 284 dre d diber
package and deoxI dant e placed i n the outer package
i.1Justrat [ G 1, and the outer package was

ma%ﬁéﬁé%?%ngnﬁggﬁbsealer. After stored at 40C for four
weeks, the remaining anmount of the
bi ol Bgic&anby mphesiiellogikcam pcaeterylsibytlaned wadica gel
nmeasur ed by high speed liquid chromatography (HPLC) to

fordetieruiidne-Hrisnayephy esi due. The outer
package enpl oyed above was an al um num pouch in the

for b Lze 9f,0300 nmin length, 300 nmin
mAd?Eggﬁgnoé%mﬁ%F%ﬁﬁkﬁrc%geéé, whi ch was forned of a
stacked structure of pol yethyl ene terephthal ate,
| ow HENSPEYPPBFFet Ry FEAETIRR QPGARTAGMH Pl AAding
~lowdensity pol yethyl ene and hi gh-density pol yet hyl ene
disgsl ljgckriadiey. (550 mL) Thie dawsdrbaml e Gydd aol endggiong
"ZH 100" (trade nane, product of M tsubishi Gas
theChremwladarConmpartyyrd .nc. ). 66 The
bi ol ogi cal | y/ physi ol ogically active substance and HPLC

equi prent r&icec! ndingtEBL Eot eshteondichicors) cefplooy €dme of

above were the sane as the corresponding ones in
thdXafBl® sl 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 (Qr/Qs) of a peak area
(Qr) of the rapamycin derivative to a peak area (Qg) of the
internal standard substance.

By the following equation, the percent residual of
the rapamycin derivative in Sample Al was determined.
Percent residual (%) = (Ma/Mai1) x (Qr/Qg) x 100
The results are shown in Table 1.
[0169]
When Standard Solution A was subjected to an HPLC

test under the above-described conditions, its separation



The polylactic acid, stent, balloon catheter and

hol der tube were as follows. [0172] Pol yl actic
acid: Polylactic acid obtained by subjecting | actide
of L-lactic acid to ring-oggning polynerization, and
having a glass transition point of 60C, nelting
tenperature (nelting point) of 168C and a wei ght

de gy@ga,% plae Yrada et ght of about 180, 000. [0173]
Stent: Enployed as the stent body was one nade of

.SUS:”%@En%n@tQﬁ&bE}Ql "s%?iu%? i]haeﬁ aprhakeh! Lugt rated
in ter

I'n gener al aser cutting, the

Con AlEter of ) %grcle of |ts [ 0SS- eg;gl L & 3itio
|recec|on per &I el artt the di rection o (% 1% I}S‘n'

in_a radial eC|o was 2. |tslenthwa315
Thq(nﬁe%vﬁ sgftamé[tﬁ%?ijté ‘%&aas“@fbg’fmﬂs ?ﬁéeffé‘ﬁ&f%ﬁl iR the

direction of the width of each wire nember 20 was 0. 12
respacipEr4uns was nok @RALRY ferarullati®on with the

pol yl actic acid and the rapanycin derivative di ssol ved
[01at0]la mass ratio of 1:1 67

<Comparative Example 1>

A test was conducted under exactly the same
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, was used in place of Sample Al employed above in
Example 1. My, 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 substance 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-



I n acetone was next coated on a surface of the stent
body. The solute (polylactic acid + rapanycin
derivative) concentration of the coating formul ation
was set at 1.0 wt.96-. Theggoati ng was perforned by
spraying the coating fornmulation with a sprayer

("M CROSPRAY GUN-11", manufactured by NORDSON

be daP U AL 0 K enesausidiy t he acetone as a sol vent
to evaporate in a vacuum As a result, approximately

450 f. |yl

10 Bl Ak aeL LR HEALYER abkie.an Y Bglyc A
f d h f t ent d 0175

wa 0 G2 M P Dot OO o HAer The ¢ g*agta%al
shape as that illustrated in FIG 4. Its overal

ang gt # viszel, ABE TN it et e 3 HAT HE? St vapd 0.1

crinped on the balloon catheter, the outer dianmeter of
mm tipe YWaldkewsg4 ncl udi ng t he stent) was 1.1 mm [0176]

Hol der tube: The hol der tube had the sanme shape as

t hat Thel dekteatdd eilecElkrGn Bealt sipbengttleids zht480 wf the

and its thickness was 0.5 mm Its cross-section is

inrdd G Hagaithd ts3 outiery di aneter was 4 mm [0177]
The stent with a mxture (called "Sanple B") of such

pol ylragt 'e%{uéﬁ'm%n%n%s@dmf%@ ealel YiRRysipl egigal Iy

active subst ance coated on its surface was nounted

crlnped on t Ie Th 1o
ster Cﬁh tion tvﬁa% he (ﬁﬁﬁ N n'pe manu?ac*%:aur é)rbe\{j IBnA) .

% reon was p
the gglder The regyltln hqlder t.ube s pl aced
and §&&F&dt ﬁu L ctren-hrem sackdde ZaFie™ hidSobtRSted
i nner package was sterilized by electron beam at the

pPacimsife -aTekl (e Beaigs eve 0 5384 | 13 dehls e RaRISas

pl aced and seal ed together with the deoxidant within
il matest ipadd@ye.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/physiologically 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 film, 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.).



[0178] The m xture of the polylactic acid and
t he bi ol ogi cal |l y/ physiol ogically active substance
after stored in the above-described state at 40C for
four weeks was provided asggSanple Bl " for HPLC
[0179] A description will next be made about
the nmethod for the HPLC neasurenent of the remaining

anouithe0b i b8 gh @RATYYLRyAGbh VAt ke 1N asaARke sBbst
Firstl?, #he gﬁentqagphy%awplgﬁBl cg?sied onsthg anee

andfTE{ﬁLl"’cc %&J‘ig{]nfeﬂtf \Sg%lcﬁll}giéi’q‘%;}g&% hels W ddh AGalgng (5
I

nac subsequent to

e S WL U 4 85 SLILDAIES ones in
resulting solution was then accurately collected, and
Exafgslgllaced in a graduated flask. Into that graduated
flask, the same internal 69 standard solution (2.5
m.) abet patl yéapltdyedcid, Esrpite bakdeoaddadheter ened
by the further addition of nmethanol to give 50 ni.
holld¥B8dube were as follows.
[0172]
Polylactic acid: Polylactic acid obtained by

subjecting 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: Employed as the stent body was one made of
SUS316L and having the same shape as 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



The thus-prepared solution was then filtered in its
entirety through a nenbrane filter (thickness: 0.2
lam). The thus-obtained solution will be referred to
as "Sanple Solution El ". [@%81] An al i quot
(0.010 g; weight (Mn)) of Sanple A enployed in
Exanple 1 was next collected, and was pl aced toget her
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nm.. Met hanol was thoroughly stirred to uniformy
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"Standard Solution B*. [0183] 70
manufactured by NORDSON Corporation) and then causing the

acetone as a solvent to evaporate in a vacuum. As a result,
approximately 450 png 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 outer 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

polylactic acid and biologically/physiologically active



Usi ng as a sanple each of Sanple Sol ution Bl and
Standard Sol ution B obtained by the above-descri bed
procedures, an HPLC test was perforned to determ ne
the ratio (QI/ Q) of a peakgarea QT of Sanple Sol ution
Bl to a peak area s of Standard Solution B

Conditions for the HPLC test were the sanme as in
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of the rapamycin derivative in Sanple Solution 92 was
innget eravikead . MBRe=thBg-pbQp2hedsipngr3package wagy t he

foll owi ng equation, the percent residual of the
steardpamed byderliactrore baanSanpl ehesSalhveordBlcmidsed hitrse .

determ ned. Percent residual (% of the rapamycin
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with the deoxidant within the outer package.
[0178]

The mixture of the polylactic acid and the

biologically/physiologically active substance after stored

in the above-described state at 40°C for four weeks was
provided as “Sample B1” 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 B1.

Firstly, the stent with Sample Bl carried on the
surface thereof was placed together with acetone (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



71 <Conparative Exanple 2> Under exactly the
sane conditions as in Exanple 2 except that no
deoxi dant was placed in the outer package, a test was
conducted to determ ne a pggcent residual. The results
are shown in Table 1. [0185] [Table 1] Table 1
Percent residual (%9 Exanple 1 97.3
standard solution (2.5 mL) as that employed in Example 1
wag added, followed by the further addition of methanol to
give 50 mL.
[0180]

The thus-prepared solution was then filtered in its

entirety through a membrane filter (thickness: 0.2 pm).
The thus-obtained solution will be referred to as “Sample
Solution B1”.

[0181]

An aliquot (0.010 g; weight (Mp;)) 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 aliquot (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 methanol, 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]



Conparative Exanple 1 18.2 Exanple 2 94.2 Conparative
Exanple 2 62.6 [0186] From Table 1 and the
"Qui delines for Drug Safety Tests", the
bi ol ogi cal | y/ physi ol ogi cal by active substance
Using as a sample each of Sample Solution Bl and
Standard Solution B obtained by the above-described
procedures, an HPLC test was performed to determine the
ratio (Qr/Qs) of a peak area Qr of Sample Solution Bl to a
peak area Qg of Standard Solution B. Conditions for the
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 balloon
catheter as “Sample Solution B2” for HPLC, an HPLC test was
performed to determine a peak area Qg of Sample Solution B2.

By the following equation, the remaining amount
(mass (Mpz)) of the rapamycin derivative in Sample Solution

B2 was determined.

Mgz = Mp1 x (Qr/Qs) x 30

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

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

The results are shown in Table 1.

[0184]



in the drug eluting stent system of Exanple 2 is

expected to remain in a stable state for six nonths at

roomtenperature (25C) [0187] As readily envi saged

fromthe foregoing, the drgg 72 assure a |onger

expi ration date. Even when a drug the practica

application of which has heretofore been difficult is
<CdigRtatdiRee pLes@ilte iZwention permits its practical

application. 73 CLAIM 1. A drug eluting stent
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The results are shown in Table 1.

[0185]
[Table 1]
Table 1
Percent residual (%)
Example 1 97.3
Comparative
Example 1 18.2
Example 2 94.2
Comparative
Example 2 62.6
[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



sai d deoxi dant is arranged between said outer package
and sai d i nner package, and said stent is arranged
wi thin said i nner package. 2. The drug eluting
stent system according to ghaim1, wherein said
bi ol ogi cal | y/ physi ol ogi cally active substance is an
I MMUNOsSuUppr essor. 3. The drug eluting stent
asS¥S &N RGEAU A g {10:€] & Bdhe WGRRIN w320 5 drug the
i mrunosuppressor is rapamycin or a derivative thereof.
T e ' . j t aim1l,
profe iR Ul St 38 ST AR R R
. Substance is a ticancer druq. 74 5. The drug
a1 SR G oSy Tt St SR RS e 1
to 4, wherein sajd | ow gas-perneable material is a
PrEGYIRThARRYL RAEre™! with an al uminumfoil |am nated
t herew t h. 6. The drug eluting stent system
according to any one of clains 1 to 5 wherein a
desiccant is further arranged between said outer
package and sai d i nner package. 7. The drug
eluting stent systemaccording to any one of clains 1
to 6, wherein said inner package with said stent
arranged therein has been obtained by placing and
sealing said stent within said inner package to
provi de a seal ed i nner package, and then sterilizing
sai d seal ed i nner package by el ectron beam 8. A
process for manufacturing a drug eluting stent system
whi ch conpri ses:



a first sealing step of placing and sealing a stent,
whi ch carries a biologically/physiologically active
substance thereon, within apn inner package made of a
hi gh gas-perneable material to provide a seal ed inner

package; a sterilization step of sterilizing
sai d seal ed inner packagehyrpl ectron beamto provide
a sterilized 75 inner package; and a second

sealin tep o lLaci ng _and_seal i n [ rili
i nner %agﬁggeegﬁglggdég§93aﬁ¥S%th%ﬁagkqgébgrbpggggéé
made of a IOM/gas-petneabl? gater&al,to Erovi e said
whiehgCRrhieRgasPeRtogyspedy/Physigloghgally aek iy,
manufacturing the drug eluting stent_ system according
substahaentBeranar epRdi a4 daPyidansnyisBani AgPafEpIca
desiccant is also placed within said outer package in
whaddihi on to said sterilized inner package and said
deoxi dant .
said 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,
said deoxidant is arranged between said outer package

and said inner package, and

said stent is arranged within said inner package.

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

is an immunosuppressor.

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

thereof.

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

is an anticancer drug.
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5. The drug eluting stent system according to any one
of claims 1 to 4, wherein said low gas-permeable material
is a film-shaped material with an aluminum foil laminated

therewith.

6. The drug eluting stent system according to any one
of claims 1 to 5, wherein a desiccant is further arranged

between said outer package and said inner package.

7. The drug eluting stent system according to any one
of claims 1 to 6, 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.

8. A process for manufacturing a drug eluting stent
system, which comprises:

a first sealing step 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 said sealed

inner package by electron beam to provide a sterilized
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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.

9. The process for manufacturing the drug eluting
stent system according to claim 8, wherein in said second
sealing step, a desiccant is also placed within said outer
package in addition to said sterilized inner package and

said deoxidant.



