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DELI VERY S.. wbBoMi2leD OF THE | NVENTI ON The present inventi P@nﬁfdoiﬁfu?? In
general to devices for enhancing the |ocal delivery of drugs,

phar maceuticals, plasm ds, genes, and other agents into the tissues or

cells of the living body. In 2 | M the present invention relates
to patch-based devi ces which IMﬁmmH“mw mm ectrical driving force that can
increase the rate of mgration of,ghigs and other therapeutic agents out
of a polynmer matrix into body tissues and cells using iontophoresis only,
el ectroporation only, or conbined iontophoresis -and el ectroporation. 25

The two procedures may be applied sequentially in any order without
removi ngsor repositioning the device. BACGKGROUND OF THE | NVENTI ON Many

different treatnent agents, s mmm“m nes, are 30 generally
adm ni stered to the body by vg s, such as topical application,

oral ingestion, intravascular, intgemsscular or parenteral injection and,

| ess commonly, by aerosol insufflation and transdermal iontophoresis and

el ectroporation. In all of these treatnents there is an inmmediate djlution
effect greatly reducing the 35 concentration to which the target tissues or
cells arl® exposed. Also, medi ci nes admini stered by .these systens may be
nore vul nerable to processes such as netabolic degradation, inactivation

by bi ndi ng 15 |
/b1 i g o EORBRXAEIR TSI AP ABNETISG, 1 °1

accel erated cl earance fromt elg-’o
drug's concentration and r d$fTfeHERFOR LOCAL DRUG DELIVERY

.
15 .
* FIELD OF THE INVENTION
The present invention relates in general to devices for
enhancing the local delivery of drugs, pharmaceuticals, plasmids,
genes, and other agents into the tissues or cells of the living body. In
20 particular, the present invention relates to patch-based devices which
provide an electrical driving force that can increase the rate of
migration of drugs and other therapeutic agents out of a polymer
matrix into body tissues and cells using iontophoresis only,
electroporation only, or combined iontophoresis-and electroporation.
25 The two procedures may be applied sequentially in any order
without removing or repositioning the device.

BACKGROUND OF THE INVENTION
Many different treatment agents, such as medicines, are
30 . generally administered to the body by various methods, such as
.topical appﬁcation, oral ingestion, intravascular, intramuscular or
parenteral injection and, less commonly, by aerosol insufflation and
transdermal iontophoresis and electroporation. In all of these
treatments there is an immediate dilution effect greatly reducing the
35 - concentration to which the target tissues or cells are exposed. Also,
. medicines administered by these systems may be more vulnerable to
processes such as metabolic degradation, inactivation by binding to
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passage into theMmeAbolic %%aOWFUQ%MB'er? e 0 nfiac} cel, ranes by
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when the tissues Sease.” |l ont ophoretic catheters and
pat cheslshave beeftreatemCO8S. i n some ani mal angi opl asty studies to provide
an electrical driving forReoaitiomvefiahe oilvantagey for doeals deliyeryThi s

techni que requlrgg égithEi'{?stQ 188 ke b&e&iﬁbPﬁﬁhﬁdoﬂaar ifmber edfect ri cal
charge under the® Po€al. physiol o Ical Hﬁondl QfS.c g oresis
appears to enhaﬁé@%%é’adéqilﬂ} er‘g‘Fh gﬁ?@sd‘? h‘f%tﬁ?&& Pi ssues, p?fkﬁl%ﬁ been
shown in 2 5 AUd@e2ip3o O aalystssues RCTeO8ODodions, oiten to sites that :
20 would be otherwise inaccessible without surgery. However, if the
specific target for an agent is intracellular, simple local application of
the drug, followed by its passive diffusion into tissues, does not
facilitate movement of the drug across cell surface membrane
barriers into cytoplasmic compartments. Diffusion away from the.
25 target cells occurs and high extracellular concentrations are rarely
sustained long enough to mediate significant passage into the cells.
Some drugs penetrate intact cell membranes by diffusion very
poorly and may require specific carriers or bulk transport by a
phagocytic or pinocytic mechanism to penetrate the cell membrane.
30 However, these natural transport systems operate poorly, or not at
-all, when the tissues are affected by disease.
Tontophoretic catheters and patches have been explored
in some animal angioplasty studies to provide an electrical driving
force for movement of a drug into tissues. This technique requires
35 that the agent to be delivered carries an electrical charge under the
" local physiological pH conditions. While iontophoresis appears t'o
enhance the delivery of drugs into body tissues, it has been shown i
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20 Accordingly, what is needed are devices for delivering
treatment agents to specific locations, especially intracellular
locations, in a safe and effective manner. These devices would
deliver the agents such that effective amounts may be delivered
without endangering tissues or cells in non-target areas.

25 Additionally, the devices would be capable of being placed inside the
body-and held in place while also being capable of having additional
medicament be added to the device to permit the patch to be used
for an indefinite period of time without the need to be removed
and/or replaced. '

30 :
SUMMARY OF THE INVENTION
.  The present invention is directed to devices for
enhancing the local delivery of treatment agents into the tissues or
cells of the living body. These devices are designed to target certain
35 tissue and cell locations and deliver the treatment agents directly to
- those locations, while minimizing any effects on non-targeted tissues
and cells. Additionally, these devices are designed to be placed
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width and field s ranes al to their forner
structural and functi onal AlFPchQfF‘fecX/W € RhdssPe.cargan 9msalick fusror has
particul arly apphm daigemetrablehmarginooal dedser petipherhl dlougsinthibiitory to
Intervgntional cgimgbptdreic RAgFAIM, Gfe patch may be used to first to perturb
such barrier regions with electroporation pulses to facilitate diffusion
or iontophoretic migration of the drug into the interior of the tissue,
Intracellular penetration may then be enhanced by the application of
_ electroporatlon pulses. Such a protocol may be particularly
25 advantageous for the delivery of larger molecular weight agents,
antibody fragments and gene constructs.
' One mode of intracellular targeting, which is
particularly applicable to therapeutic agents that do not readily pass
through cell membranes, is electroporation. In electroporation, cell
30 membranes can be rendered transiently permeable by the application
of electrical fields of short pulse width - {microseconds to
milliseconds). With appropriate parameters, including time, sequence
of pulse, pulse width and field strength, the cell membranes will
reseal to their former structural and functional integrity.
35 The present invention is. particularly applicable to the
local delivery of drugs during interventional cardiology procedures
such as angioplasty and stent implantation. Other applications
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abLI e toglel iver :dagaéﬂgmwmgem [Sd@%tﬁeﬁsfélﬂfdéhéésséﬂiﬁ& ?é%@n@%x}eﬁnwt]t hout
Feat ures and advAageich, 0?%5‘3%9@%9@?&?{6 {BRY &% PO PF RSkcone. appar ent
after a review of the foI Aseprdipglytibiy aniobjestef tha presemt irtventiom ¢o osed
embodi ment s and tﬁrevndam&iuée@oﬁélwtﬁﬁa]lﬁﬂitﬁﬁcﬂgﬁ‘ﬂdﬁﬂ adivery bfildahd\W NGS 35
Figures | a and LianQetditcafd, pRRimldsSPediidaft SthOSSeents. :
20 It is another object of the present invention to provide
devices for the local delivery of treatment agents into the tissues or
cells of the living body.
It is another object of the present invention to provide
devices which use iontophoresis and/or electroporation to enhance |
25 the local delivery of treatment agents.
It is another object of the present invention to provide
devices which are able to deliver treatment agents to specific tissues
and cells without endangering non-targeted tissues and cells.
These and other objects, features and advantages of the
30 present invention will become apparent after a review of the
. following detailed description of the disclosed embodiments and the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
35 Figures la and 1b detail a top-view and a cross-
' sectional view, respectively, of an iontophoresis/electroporation
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and a cross-wposenrts onal view, respectively, of an PCT/US00/03497

I ont ophor esi s/ el ectroporation patch-based device according to a second
enbodi nent of the present invention. Figures 3a and 3b detail a top-view
and a cross- 10 sectional view, respectively, of an
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present inventi ofBUfrected to devices for electrically enhancing the
| ocal delivery of treatnent agents, such as drugs, pharmaceuticals,

pl asm ds, genes, and ot herpigﬂtggltgsa andt Obt Bétailt ASfILGieW Al |5 @bsst he |iving
body. These devi ces, are const

ructed .and . arranged.to target certain tissue
and cel P | ocat i oReCUQRY d“@f’?"ve‘i"sﬂeﬁgyﬁl@' t?feMﬁ%f&Qﬁ?s§S9ﬁlEF%8mr9{1$ t hose
| ocati ons, whi | epatchibased dgvigegccasdingde ¢ secondembodimentaf thgaresenbn
non-targeted tisguwesatigmd cells. In particular, the present invention
rel ates to patch- based devices which provide an électrical driving force
that can increase the rate of m'gratigg oftaarugs and ot hey therapeutic
agents 25 -out of a pol ymengwes rid agd gPhdetall; agtars¥e™ And i41EoSody
ti.ssuego and cel kectisaalngviewnt epfectiedlys afnlan, iehtophoogsis/electrapamation or
conbi ned i ont 0bRachisiaSed Beviet GELJrARQIRI Hird LRURAMRNA o ithe PrbRE. 3
preferable approach.is tor electroporation to be applired to perneabilize
the cells after "WeBUYPnt ophoresis.of the treatnent agent into the tissues.
30 Preferably, the patch is able to performthe two procedures

sequentially w t pgpifATISEOIDHESORIFPIONT the patch. Even nore preferably,
t he patlgh Is designed to | nt-ai n ' concentratipn, of

. _ Chigh. ddrugtin, t he,

ti ssue "éxtracel | ul ar_ space e( é:_ras_en "\Vgﬂ??}bhﬁr reabéﬁe §°£u% THEES T he

subsequent cr eat elsatrigally eahancing tﬂﬁo%@’d delives of tgatgent ENtH FHERARS by,

el ectroporati-on gaigsephatfadeuticdls) slagaids,ygents) and bthenhgans) ingd ahe del i very

of the treatment g8ty Blis of the living body. These devices are constructed and |
: arranged to target certain tissue and cell locations and deliver the

20 treatment agents directly to those locations, while minimizing any
effects of the treatment agents on non-targeted tissues and cells.

In particular, the present invention relates to patch-
based devices which provide an electrical driving force that can
increase the rate of migration of drugs and other therapeutic agents

25 . out of a polymer matrix or other drug reservoir into body tissues

| and bells using iontophoresis only, electroporation only, or combined
iontophoresis and electroporation. In certain situations, a preferable
approach is for electroporation to be applied to permeabilize the cells
after pre-iontophoresis of the treatment agent into the tissues.

30 Preferably, the patch is able to perform the two procedures
‘sequentially without repositioning ‘of the patch. Even more
preferably, the patch is designed to maintain a high concentration of
drug in the-tissue extracellular spaces (e.g. by iontophoresis) such
that . the subsequent creation of transient pores in cell surface

35 memnibranes by electroporation pulses results in greatly improved

' " intracellular delivery of the treatment agent.
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hol ding the drug to be delivered such that the drug may be a over a .
period of tine, or even a plurality of different drugs may be used
sequentially to treat the targeted tissues or cells. These reservoirs nmay
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addi tional medi cAMeR@ Brried of e, e everha Dlueabisn of d@@?féﬂﬁdmsupwl behe
desired protocol .usBy sesjuegtiallyechargattee tigeesd aissaes lobecql! ChTRRi ce is
capabl e of being t hi Med f.or

ext ended peri ods rc%)éfw%?y 12;%%# bo Rtk é'rgg% | n%h} ?M}‘ﬂaw #i@feg?
enhancerent of df %&‘%E{m %/s‘lﬁti‘ tQﬁ@“sefaﬁlw Qf Kig largst isse maﬁ’oiac“élianpl e,
the. ey® the hdarextended pyriodshef timegdFhe reseevwirs aherpmfdr;{blgmloeaueder cells
Ioc?}] ed anywhelrebﬂ the! g@cl@@ﬂlfhe hghCH%edatdW%% fﬂ%ynggn t d;”' ng
anot her surgical pr on roce rea nen
protocol s, sinpl eﬁ{oglﬁfl gﬁo?ag?tf tﬁ?ﬁéﬂc@%‘eﬁf 8ftq Eaﬁm*ﬁF %’éﬁcpv@Fy may
suffice. However, ® ¢¢&°d°§@f¢éﬂ§0n@9bwlﬁh§hc§hmean¢H@rnﬂteiersdpyatedloaaheopor ation
of the cells in athaaids oﬂdharpafohgiwuy fibni ihestieueey bé tP@atétlSeiﬂ if Gasferci l i tate

bresent Tn the 300 JEERERE B %"&F’a‘f‘.@’étﬁgﬂé"&f"é i) m§F§ G doses of
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concentrati on thrrmge;ab&mems:rmm tifef qpatch bdevioe B S:apablelsofpbahgem For
| ocal i zed drug dejnp¥iied wikhin a?ﬁHGﬁxdtfbl"éJﬂéﬂg éﬂlﬁuéb?lefo‘ffexteoiﬁeacﬁ&ods
i ont ophor esi s anc(l)f?l ectroporation procedur I'n sequence
20 The present invention allows for the enhancement of
drug delivery on any bodily tissue or cell, for example, the eye, the
heart, or any other organ, or even directly on cancer cells located
anywhere in the body. The drug delivery may be carried out during
_ another surgical procedure or as the only procedure.
25 ' For some treatment protdcols, simple iontophoretic
o+ enhaiicement of local drug delivery may suffice. However, for
others, such as cancer chemotherapy, electroporation of the cells in a
particular region of tissue would be used to facilitate the intracellular
penetration of a cytotoxic agent, such as bleomycin, present in the
30 systemic circulation. Providing highly localized doses of a drug to
.target cells in this way may avoid exceeding the systemic )
concentration threshoild where side effects become a serious '
problem.
For localized drug delivery to tissues in vivo, the use of
35 both iontophoresis and clectroporation procedures in sequence may
- be performed. For a sequential process, a drug would be delivered
from the patch into the tissue by pre-iontophoresis to give a high



N
patch into the tissue by pre-iontophoresis to give a high 7 gﬁ%%{]
00/ 47274 PCT/ US00/ 03497 concentration of the treatnent agent 3 '

extracel | ul ayvoapaf®s The iontophoresis would be followed i E?ngéo?&@lry by
el ectroporation pulsing to perneabilize the nenbranes of ce hin the

tissue. A rapid gradient-driven diffusion of the treatnent agent into the
5 transiently perneabilized cells would facilitate targeting of the agent

to intracellular csﬁ&ﬁ&ahén%whér&teaﬁﬁém%ga&hw{éeﬁ&a@m g¢.arhen that

i's therapeuticall effectlve eneo retic and
el ectroporation b‘ih wo"b@ Bﬁ §°E‘19 @%laﬁcﬁ sg?eﬁ't"cﬁ%%@ﬁ‘g for
certain tissues pulsmgtlimpqzmeabﬁqepbﬁ@nm ramsp@cahlﬂjwﬁhm theetissyear.
targeting. One ofadi 1@ mteﬁif-dﬁmeﬁdmeioﬁ Qf Sthes aedtmérfty Qigéni Sin@ARAb| e of

perlorms e, Sl e el e rf?(ﬁ@a*er#éé”%ﬁf e Fekfapi e

nol ecul es t hr ougko wwaﬂuﬂmg meats ayd metabolicapyhways 1as\g cenesntratiort rj cal

potential . This efactisi cdrhpeuticailpt effecivemeniA ofequeneeulofs dlimatéi ssues is

superi nposed o] r gif esses. -

I :‘th hlarrprredi_ umu?osbr{t(lg@{s}&ga% Ba%ll & C%?%%he(a%ﬁggﬁ?& é %ﬁzﬂ?@gagar ries a
charge, some el SERIENHSHL ?lbtyf %WC&@%%SH%WZ& BEPIPUAINR [ 5t e of
20 m grigtion of and éurdoeBular targetimg:t One gt the patdheembodimentsislischssed posi ti ve

el ectrode and vi ﬁ@re‘r&r@acap%bséefo?r A fGEnihg e sRgheriiad [ BRcos: wiltout®Vvi ng
nol ecul es "‘and t he %p@ | ed eﬁ ctrical potentlal The ri

1910% &

be consi dered as reos & RS sion. - 1ont ophoresis usually requires

relatively | ow const ant DAg ysedrherdin, 98 tterm r'Aofopborgsiommeansitthe-5 mA. I n

a wel b establi sheggmpiohi 6Bidn@ably moleleapitabesh & niddimotneahdickng drug

deIive t hr ough op S ode is
posi ti ed over B ?e ‘Se‘gtlr?\(:!élt %%%ggﬂ&t%ﬁgﬁseﬁ% ée’?‘geugf;ﬂ%erg%ag&%%cat ed at
a remote site, @%QY&MQ}“S sevielesulss sénten tssHesskisn . SUPEEMPAsed n UBPBct r ode
may, for 30 certabmmmatmngtadim ddpendﬂmcchffuabapvditmsmsorlf ttllite:mﬂmnorgan as

th t h t th
oturn ol ooty ode b ‘ﬂ% bty @gﬁqﬁ milecth %VBL% ”5““9%5@ e
ccsE-esmiptic TiQlinacarso dHOWEYase gopsrally, the rate

potential for ionfP
20 mlgratlon of molecules with a net negative charge towards the

positive electrode and vice versa is determined by the net charge on
the moving molecules and the applied electrical potential. The
driving force may also be considered as electrostatic repulsion.
Tontophoresis usually requires relatively low constant DC current in
25 the range of from about 2-5 mA. In a well established application of
iontophoresis, that of enhancing drug delivery through the skin
(transdermal iontdphoresis), one electrode is positioned over the
treatment area and the second electrode is located at a remote site,
usually somewhere else on the skin. The return electrode may, for
30 certain applications, be placed elsewhere on the same organ as the
iontophoretic delivery electrode. With the present invention the
return electrode may be similarly positioned on the skin. The
applied potential for iontophoresis will depend upon number of
factors, such as the electrode configuration and position on the
35 tissue, the nature and charge characteristics of the molecules to be
" delivered, and the presence of other ionic. species within the polymer

matrix and in:-the tissue extracellular compartments.

ving force may al so
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factors,—such—as—the—etectrode —conftgurationr—and-posi-ttromron-t-he-35-ti+sste;
the nature and charge characteristics of the nolecules to be deI | vered
and the presence of other ionic. species within the pol yner nzuoa
in-- the tissWeMwsxf4acel | ul ar conpar t ments. 8 5 AUG 2003 V\an oglg_ﬁz.,

PCT/ (JSOQO 03447 As used herein, the term"el ectroporation” neans

tenporary creation of holes or aqueous pores in the surface of a cell
menbrane by an applied electrical potential and through which therapeut iC

agents may pass into the ceAk us&lﬂéfﬁ@%@%ﬁﬂ”éléoﬁ’%rﬁn hlGhehnk's

bi ol ogy, parti cul

frag mg%t spand ot hgéthié 39*; cI'crai’i'B?l ecgﬁ]toi ar eé(ﬁ%f)ﬁ%gﬁ?’éd" tpﬁtsﬂﬁﬁﬁ:%?ﬁ@

During el ectropor M ﬁmﬁﬁl gy ndn apehed alectrioali potential ambtthrmrgialwmcmenbr ane

per neant are alrall e therapagic dgents trﬂmy pesst im6 ehé Gkl EIR¢troporaEibh i Mo I Q the

cell's dumsing the ane errre I lization.

The per mesabl | i zedlo‘%%l Chs@fi lh(';?ﬁlb?g %gnfcﬂ%f)ég%ewgﬁ “’ét é" f§ cal

fieldin the cellP E“a %h@gﬁ 85‘“??@ QtheE geretia menralemnmadecgt hto

perturb the cell mt@ﬂ!é[mg calisniluning dem@pwaﬁowldsmgt MMécu[e% whibh fre

perturbation (sompbi Msimallg’ Merebrahe BerHiflt eﬁlte“ g,%g%']‘”ﬂ | s bel i eved
g t 88 of

to be due to both ent t ,

viscoel agtic co ?%Ascs%#@ﬁé}%%‘&ﬁj ﬁ“ 91%?‘?1& %31 eaPRﬂQQ ofindueedadj acent
cytoskel'8tal strutdVgrable mambrana permenbilization) | The pernieabilieed kiatnisng. At a
critical external cdisetdbystheegichatiqnooLan Qlec&[lﬁl heHPHPtHESC ffus &%foﬁas ed

ermeability are f | r Duri ng
!tohl s short peri odégﬁﬁg’? r?ga%m clchl el St gb’ng “ thEaﬁ‘s éﬁfﬁﬂey

on,
transfer across tWETIPRGE eprﬂﬁ?ﬁP%étWF%“? heddis mﬁr@sbam H{emmetimes
encapsul at ed wi t hiefenred te @k idisleait bsedkdomanyiabehged Wﬁé‘dh@%% pppane

reseal sIsSWth appémtmiﬁne %ﬁaﬁiee%ag onpag {eers gf.?t ‘pohétlon (field
n
& W

—<-|rr

strength, pul se w.d Festa aCnbr ane

S
begi ns al nost i \r/?r:f‘ HPrgtssgﬁ %lfﬁﬁlmb% |and; |igs Sub -adjagent| eakage
of cytosol constqktﬂﬂﬁﬁieéaloﬁﬂmt@es ﬁfbs/r@uhgsnhbtalazeﬂmmm&& fHirgdifip, St rengt h

has not been echedeténtntﬂeeﬁMEﬁaﬁlCﬁelﬁeﬁPér@'ﬂ?LE e r%gr l-}é‘é,hé; g ful
t or at fit t St
¥5ﬁc?f§9§?“p?op'er‘t?‘é%%ﬁ%f“?%@‘g%g forfhed;in' i "

During this short pe'riod of permeabilization, external
agents can rapidly transfer across the surface membrane via these
~pores and become encapsulated within the cell's cytosol
compartmeit when the membrane reseals. With appropriate
25 electrical parameters for the poration (field strength, pulse width,
nuniber of pulses etc), resealing of the membrane begins almost
immediately after the pulsing, and lite, if any, leakage of cytosol
constituents occurs. Providing that a threshold field strength has not
been exceeded, the surface membrane can reorganize with a full
30 . restoration of it's former structural integrity, receptor status and
- . other functional properties. The resealing rate is temperature
sensitive (with an optimum temperature around 37 °C). The
‘temperature depends on the phase transition temperature of lipids in
the membrane bi-layer and the capacity of proteins, and other
.35 integral membrane constituents, to diffuse laterally within the bi-
- layer. Too high a field strength can cause membrane breakdown

beyond it's capacity to reseal the electropores.

re e ot her
,ﬂ}@{ng){ proteohpld bi- :



Seast+t-vre—wHth-ar-optitrum-tenperature—around 37— €y ThHe——tenperature
depends on the phase transition tenperature of lipids in the nenbrane .
bi-layer and the capacity of proteins, and other 35 integral nedprAU§ 2003
constituent SsyobflerHsf fuse laterally within the bi- layer. Too.tdogiss field
strength can cause nenbrane breakdown beyond it's capacity to reseal the
el ectropores. 9 - 5 . AUG 2003 WO 00/47274 PCT/ USOQ' 03497 El ectrical fields
for poration are conmonly generated by capacitor discharge power units

Ushng 3“' ses of very Shlo”Elé i€l Fie I&sOfdP Maaaﬁgﬂf@) céiifontp Lg@eratéaqua{e wave
and radi o frequency pulses have n used.for oration.
O the 5 commer cP¥CRRACAPE;dise F‘@CW ungalyan,g&u!gﬁ qfc‘gqr& ﬁ%(??tchﬁ% .
el-ectroporation, to trhiliseedadjotimeg cowdserer SquarcE@mvsoand Jadia fBMERGYom BTX | nc
gf gan Di ggohCah L&r Have gggelbleéﬁsu@a cﬁspo&ﬂnte]@ju-d@emwnpul ©Of e ch can

e adjusted thro res tor ecti t anges to
gi ve puﬁse | engt ﬁ ?@@l?np&y%ge%gﬁggg tSLF&itgg fo %IP&% &:‘tmﬁ I tabl e _
for elect roporat thﬁgEﬁletaSGIG@lefmﬁGMrm availa ‘Fr ‘a@ s such as
the 0.1-or 0.2 rrs'aaapﬁ §UGﬂE§ﬂﬁ@l gmmtes‘ an éxpeneiialedeayr pulse peliicts
appropriate f| el d s %@ stoF's‘é‘féE{t&P%ﬁt Id%reﬁ gg%a;cﬁb pl e

(Kvol ts/cm usi (o]o]] aI able 1 n vol t g 15 To
date, nost of tm@gemé@agweent&so F@btbﬁ o | tBEt FBRET a ﬁsﬁ ®n
concerngd with cehillisedondsusitabiei fon electroponating iliving cellse Withrmareatkgr ound

on cells resi dente deftolik %dtﬂ tsu'&ﬁ%s tl*il?@rl dxe(D’Qrﬁﬂﬂgh?s’iéugﬁésteﬁ liefe monol ayer
culture, sinulati ng anr‘:%%g (i | uﬁrﬁ dlp el ﬁgﬁ{s hg strengt hs
for successful p(f?’élth% se%rqdﬁd gl Sk i 60 rares) than
the sane cells i m:le‘ctrepora;mpmspowblMﬁKé'oli@(fim)cléﬁllll& l%f-ﬂ ehysiplogicaly| ectri cal
contact or which, tqerﬁpwvgﬁggesby mol ecul ar conversat ion with neighbor

cells through Junctlons nerally. be I r wegy field
0 HEL ol A " O Pttt

strengtlls?s than the sane ce are in

suspensi on.
Animal cells in almﬁ@p@ﬁiwnch‘wfbbe@l SOnFYPe a‘b’gh Hn ?qSBF'EF‘%'I g@ﬁgt hs i n
the range 0.5 tO0 tfe@ iKVtlé 3 iy dackgroandron celld resident! in sissuasgt W Hasr

successful permegp ggﬁ%&egg}h&#éus lﬁ%ﬁéﬁmagervan 8, sirYingoky attkdndcel |

size, at least f cal ape. It
is this inverse r@l@?h‘&ﬁsfﬁ%@h’é’t‘"“ﬁl Fﬁé“‘?ﬁ%‘ | Yo suShidihl poraddh @82P
20 indexed by higher transfection ratés) than the same cells in free

suspension. Moreover, cells which are in electrical contact or which
can communicate by molecular conversation with neighbor cells
through junctions can generally be electroporated at lower field
' strengths than the same cells in which are in a single cell suspension.
25 Animal cells in suspension can be electroporated with
field strengths in the range 0.5 to 7.0 Kvolts/cm and the critical field
strength for successful permeabilisation with resealing varies
inversely with cell size, at least for cells which are ‘approximately
spherical in shape. It is this inverse relationship that allows the
30 application of a field strength sufficient to porate a cell’s surface
' .membrane without disruption of ‘the boundary membranes of
important intracellular organelles and other structures.
Three preferred patch embodiments are set forth below.
These three embodiments each comprise a patch having electrodes
35 in a preselected pattern. The electrodes may be arranged in any
" pattem. However, . the preferred arrangement comprises two
electrodes arranged parallel to one another in an interlocking parallel

10



, menbrane wi thout disruption of the boundary nenbranes of inportant

intracel lular organelles and other structures. Three preferred-BatA}i 2003
enbodi nents av@eyPels forth below. These three enbodi nents each conprise a
patch having electrodes 35 in a preselected pattern. The SCAASPYY may be
arranged in any pattern. However,. the preferred arrangenent conprises two
el ectrodes arranged parallel to one another in an interlocklng parallel 10

5 AUG 2003 VIO Ui TguBETURRLAY 2 attﬁg%ndetf e BELRLd Lo as

plrrﬁ?g??t Iyngf pglt &gcﬁgpnglhgqge RYF wydaéﬁ#ﬁé lH[§ ?fl °1F?| a first

enmbodi ment , whi glassingdhronghithe patghsr es 1a 5 and Ib t he patch 100 conpri ses
an el ectrode netvvork 102 feyifmet cxl%étlirhéﬁ% Wh%lﬂ‘i’é]%d)\ﬁﬁ 1ﬁ| pides 104, 106
whi ch e attac acin sur ace materl al base
110, THe patch 18 i%‘b‘*ﬂ’@‘%i@ﬁ? QB byr Kiie netBiofl 103 havii | 2

capabl e of Dbei rnpsmvsaaﬂdemegaavmtecgpd@s 6L whichi axe attashed ¢o thfas the 10
preferred uses Qfssﬁ@ﬁcﬁlfgﬂiﬁal:@%f 'l)ttﬂ@rmaﬁeﬁht base P10.! The Ratah100 nsi de*

t he human body f d e e al.ymer
material 110 co 185}llses %%O%;B oXI %oqgm%t él gg%qghy#a%@albaﬁo k
Preferably, the Wg,r?étac dpi the wlacirodes ]&;ﬁp Howevarni ase tha s The

el ect rmde netmorprefbﬁzdplseﬁmfabtbpambnwﬂ etude ms&rubﬁlolﬂtlye atchtinsif¢ odes 104,
106 arranged i n (ge i eaf 4! 1BE! Ak ed wﬂo@@tafehﬁ,enﬁ;yreg& ypattern |
necessary'to cauH?? ﬂq usi nsg I ont ophor es éa &% ratlon

both. The shape [f ?E@?}e FOFPHSEE A é’@nlteﬁlcnﬁﬁb@% eg1adablGiet er ni n| ng
t he shape of thenateriall e Rrefiablyiethorpolymer smaterinhdtase Wil thatomprise§ 02 i s
arranged in.a gohAmider responding to the shape of the target tissue to be

However® it has beep ! éhﬁﬁhé’e%t%g‘é n%%té‘rﬁsigﬂg {rerdfl. PBlESES ot vor k102
preferabl y- conpiymbty af glegtrades hod.p106, asxanged unat inseseleztedrpattemnect r odes
102 may be nmde Theopattery magfbe anye ﬁéﬂpd@cdsfﬁd@rtbabadsbadmgsdélﬁl@rﬁ oxi ¢ and
non-degradabl e §isfifBiontsphofiy, bfé@&éﬂéﬁﬂxﬁ of BihPFHE AN 0f T diud NSerted.
i nsi de the huma

0 be treated 160 may be used in determining the shape of the

20 electrode network 102 such that the network 102 is arranged in a
shape corresponding to the shape of the target tissue to be treated,

- thereby minimizing delivery of the drug to non:target tissues.
However, it has been found that for most uses, the electrode
network 102 preferably comprises a meandering path configuration.

25 The electrodes 102 may be made from any useful
electrode material that is non-toxic and non-degradable since, as
mentioned above, the patch 100 may be inserted inside the human
body for extended periods of time during some treatment protacols.

The electrodes 102 may, therefore, be made from a metal, such as

30 copper, gold, platinum, Stainless steel, or silver, or even be made of
‘carbon fiber filaments. Preferably, the electrodes 102 comprise
copper. .The electrodes 102 may be coated with a thin layer of gold
-after production if desired. Preferably, the electrodes 102 should
have a thickness of from about 0.08 to about 0.20 mm. More

35 preferably, the electrodes 102 should have a thickness of from about

* 0.12 to about 0.14 mm.
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el ectrodes 102 may, therefore, be nmade froma netal, such as 30 copper,
gold, platinum stainless steel, or silver, or even be nade of-ljcmlf@

;
fiber filameiopoufineferably, the el ectrodes 102 conprise eepRRboiior- %era
el ectrodes 102 may be coated with a thin layer of gold after production if
desired. Preferably, the el ectrodes 102 should have a thickness of from

about 0.08 to about 0.20 - mm More 35 preferably, the el ectrodes 102 should

have a thickness of from aQoy, GhelZekf FROFigte14b)Min 13 -preféked?2003 WO
00/ 47274 PCT/ US00/ 03497 As .can b en in Fligure,|l ' r ed
embodi ment, the gpabedimens. the Bﬁti:ﬁcﬁ@dlst%tafﬁﬁgﬁ?g‘gﬁgisf%glgg q%r gé?é)cjf, The
patch 100 may beThé¢ paet HO0 may be phaced on, ther éssue 31 prefaeablhema Reured to -
the tissue usingg RSt %e fikduerd rﬂ'émgefmwﬁrig)g 'ﬁxesutmfmsgfmrayh ]
conprise suture points 1 Qr_an 03 0, ik t he patc
in plac® on the ¥JHEQE F@YbémPPEgﬁ R R’fr%r ng’n%elﬁéﬁeh% ecr)tihgg gi&ﬁ me. ‘Fl)'he
means for sut uricapablenobboldingethe; patch Hupjase o8 B YssHE g’ettFﬁ’rt f‘_’rcapabl e of
bei ng pi erced angy beledidedperiod bftitmebyThe means for Sitesing can hechgles s 120

al l ow the device,to | | inbl rigtigh t he use
of rechargeabl e t}}eeg@?bk&rfggghgqﬁﬁggfﬁaﬁﬁkﬁgg?émg ?@g%@epgﬁ lmwt ached to
the tissue for placehyed Spaye.oddiess S‘PtPﬁ%PO‘Pﬁ%'lggl ﬁb%ggvﬁt §r al 110 is
attachgg to the ghglahfedden lingaral tidue pndf ehrabply thepyser of yechegeableryer of

gl ue 132 or ot her g,%gfg ¥ irfiiéﬁﬁ@@hﬁ’su 189! e nfafnhitAthed30 he tisshe appl i ed

e 4 ‘.Ih;ae t%

n

to the copper el LB yer,

pl aced on the —gbvexieatehgerieds oL e, %ﬁﬁﬂfr@@% e B0 8 O ains
the treatnment agaathedfocthdraiertrasdy layerclife paglsrably cRPPYe USINGHIDNRE gold .
coating 136. Howgyelue i1B206eb@icr @dhedvadiPrefersbly dasgoldseshting0186rivaf ter, a
95,1 | e AR B0 & T et e, e
smaller or larger since thﬂ%ﬁfﬁﬂmt?&@tﬁﬁi’éﬁpggggﬁﬁ%g aﬁg‘Z&BQ dependi ng
0, g b e o
: afm . d e i ct e
adnestve Tayer 1%§aﬁrrlge?%§6. y:l%%sevlgr%q%?%gr% sited ' embodiments, discussed
20 hereafter, a drug reservoir is used. |
| In a preferred variation of this embodiment, the patch
100, is from about 1-5 cm in diameter, However, the patches may
be smaller or larger since the size of the patch may vary as needed
depending upon the area of tissue to be treated. The polyimide base
25 " material layer 110 preferably has a thickness of about 50 ym. ¥
used; the glue or adhesive layer 132 preferably has a thickness of
about 25 um. The copper layer 134 and the gold coating 136
preferably have thicknesses of about 175 pum and 2 pm,
respectively. :
30 | In using the present device for iontophoretically
‘enhanced drug delivery, a separate ¢lectrode of opposite polarity to
the patch electrodes may be used in order to generate the potentia}l
gradient across the artery or other body tissue. This electrode. is
positioned elsewhere on or in the patient’s body (usually the skin)
35 and may be attached using any known means, such as ECG
" conductive jelly. Alternatively, a catheter electrode may be used as
the second electrode.
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abett-——25—m- d—eoatt+rg-136——preferably-have- —

t hi cknesses of about 17.5 mand 2 m respectively. 30 In using the present -
device for iontophoretically 'enhanced drug delivery, a sepa_r.aﬁeAUdG 2003

el ectrode' ofwesResste polarity to the patch el ectrodes may be“used in
order to generate the potential gradient across the arterh’wus?j’(‘ﬁﬁﬂ body
tissue. This electrode is positioned el sewhere on or in the patient's body
(usually the skin) 35 and may be attached usi ng any known neans, such as

ECG conductive jelly. A terpajiyvely,..a catheter electrode mgy he used as
the second el ectrqde. 12,-%é°Aéﬁa§6%§_‘{ﬁgg%/ ﬁ’foQePﬁ??‘YﬁgoqrﬁT‘g4 €The
pol arity directi dieqtendesie selected arcerdingtaithe charget chagesteristics eif tbe ed
Sclczprdi ng tg t he_tcd‘:?mqm cdyenaad ebé Helivrea! ?Pbﬁtivélgeéhﬁ%@&li’ﬁ‘ﬂ@ wip be
eli1vered. Positi; R LLONL. [etlcally r,at e
towards.f he negatl%sﬁg}?g&g%g?@ggﬁgﬁg%??‘)co)%lléfsghgnr!}tg\glﬁc@yvé}aﬁc.d ,&E%b%g?/i ously

di scusset, while ¥ANIFF¥WSastcel wire or other conductive material may be
used for the el ectrodes 10As prpviefiglyadisqussdds wehily stattless 3t0e) ane of a

different constr Lg;hé,o@oﬁagcﬁ@o!fz;;ﬁsmgy ?ﬁi‘ﬁf%g‘fmvﬁ{f’y ei%glro%\é aﬂﬁf | exi bl e

printed circuit board .10 ("P a rodes are st
constructed on:a Rr%fab]‘*eélﬁlggﬁ ?p@f?cﬁ'reagfc?o greng gogstrugtion; andy s | ver

or titani um whi clfompsisgs masehiesi of wery harsewnandeflexible phimtedeimbititnoapd ef erabl y -
copper fm|d L het t(aselqmtna?e@l The aéai;a%reaqgm_ ﬁ'tepﬂﬂtsY'cﬁhﬁ?u&F&"o?g;ﬂat;Te basis
and netal shee ref or into the presel ected .pattern.
The paired el ect rfgéfgl ?%2@5@?%%85%‘?{(9%0@?@"{‘?{% SBT’%{)%I ﬁ?“&'m &é

nti onal

procedure fanilidf attachadotoca brsq materiah (Fhe metal ds preferablywoppet and. The
el ectrodes 102 naje bese omterial is pieferablyi @ potyimideofnateedld Fhd Basedhmguct i on i f

desired. . This ' | ( Ox1 [ occurrin
on the S ect rodeq??\/%li C dt%lﬁ rgffegdg(i:){ %%ﬁﬁ%gilﬂw ?l?!% g?&r?gegf?&:ﬁﬁg&%@mmr ci al °
procedur’e for ma gP&FE\F'TOE ﬁHHé?kaStPﬁck%tC‘;%def'&ﬁQl &H? Platshif oy to
t hose skilled i ncohgentiqnabiprocedory femsitiar 6o rtheset skifledainufhec artr 6f POB conput er
mot her board pr odygdriudicrafe! THE SREréis20hafbe bBafeliwith b thid RSEf YFENt ation.
The el ectrodes My after production if desired. This coating is able to prevent
oxidation processes occurring on the electrodes which would affect
20 - their efficiency. .-
' The commercial procedure for making such conductive
tracks is familiar technology to those skilled in the art of integrated
circuitry manufacture, minicomputer motherboard production and
other forms of micro circuitry instrumentation. The electrodes may
25 ~ be coated with a thin layer of gold after production if desired. This
coating -is able to prevent oxidation processes occurring on the
_ electrodes which would affect their efficiency..
In a preferred embodiment, there are a plurality of
electrodes 102, with each electrode being from about 0.15 to about
30 0.3 mm wide. More preferably, the electrodes 102 are about 0.2
mm in width. Preferably, the electrodes 102 extend the full depth of
the metal sheet, preferably of copper, down to the base material,
preferably a polyimide material. The electrode gaps between each
pair would be about the width of the electrodes, also about 0.2 mm.
35 However, the distance between the electrodes 102 and the distance
" between the electrodes 102 and the edge of the PCB plate is
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coating - is-able to prevent oxidation processes occurring on the
el ectrodes which would affect their efficiency.. In a preferreﬂ rﬁda 2993

there are a mologd7hiqy Of electrodes 102, with each el ectrc%q_l%?w g from
about 0.15 to about 30 0.3 mmw de. More. preferably, the etEds 102

are about 0.2 nmin width. Preferably, the el ectrodes 102 extend the full
depth of the net aI sheet, preferably of copper down to the base material,

preferably a pol he gﬁag& pair
woul d be about t g%tlﬂ%ﬁ l5rmi:rr’ectﬂrao p&igﬁ;éwg?mﬁam%mmmver
t he di stance bet Wk N@QQFQ &EC ppss? d“lam-?tm BY 880"1?5?%8 t he
el ectrodes 102 and the edda af sdcoad PERbpdimenti of the MEBERDOBRVENDIDO/ 47274

PCT/ US00/ 03497 Pf 4 ﬁm UWiglres 224hd t@vm&e;satctszaollesuﬁm&tmﬁes (from
' s sedond e aafﬁ'ih%% ChLoRbSBRR, NEwEer BENES AIASHERRE R 2 000,

In a sedond enbod
2a and 2b, the paatch Wiiricludss pistmi-peomezhe rmpétaaﬁ 290. (The patel 200
enbodi ment . Howe\@mprises ahmlécmmtmk 2021<havmgt posified andCheghtivea

bl t Kk
502 havi ng. posi R 208 208 Sk mt e @‘“"Zﬁ?‘“’%ﬁ‘g& f‘“"eﬁf ached to
the tissue faci ngsudagw@f)a palymer ptchb agergmt z%tﬁi'ﬁfe 210,
preferafyy polyi mg@tioddlyAtd patoh 200yinchides pailetaliB0of istats adésp@smlgur ality
of slots 212 pas&%@[qgr %gg%r%%@ic?&?ﬁﬂ&ﬁo sﬁﬁﬁs?é’ ﬂirbuéﬁQhé‘@o%EﬁBﬁet hr ough

t he pol yner base acl rfage. Iots
allow a drug redgBaggal 238404 cd’tsﬁ@r “&P“‘defﬁg‘eff oYy ﬂg ’f“

placed on the paesérvali@S0Toreothes ensansof didivegngra flrug @Mﬁﬁ#‘é&ﬂ on Wi th
thg 15 t'szue fg %%hdﬁ)mf'f’ﬁé‘&s&@bﬁmwﬁ i fluid RenERBRIcARGHRVLH mcrrengrane
and is used to dellver the tieahment tde :t te
260. Byllising a reSUf faing sg oﬁ}'&gaé%h gﬁgk’éa&ﬁgé e?&H el%fin?ﬁ?% and t he
el ectrode net wor karghig used o deliver vhg freaguentzagené t?éb‘hé‘ﬁ t¥afRdii canent
or separate nedi CagRNBY WiYg Reeqsvsid 250 kooatet a%veehabamgmaumqiamh 200

et er. (ot st &arei%%ﬁ%ﬁé e ‘2%%?6%&“9"5"8%8?“ %?" Y’ %@%M ged 2 5 Tine
through the skin withooediegment oh SCRARRLC] ‘l’ﬂeg{c W;"E'QB voi r.
Thi's ispgxtrenel Yrei\ﬁb’sﬂﬁg ggsgatch 200 from the tissue. Rechargmg of the reservoir
may be carried out via a fine catheter (not shown) leading from a
supply outside the body, passing through the skin to connect with
the inlet tube of the patch reservoir. This is extremely advantageous
when the patch has been attached and enclosed within an individual
25 for extended treatment protocols. As such, the patch 200 may also
include suture points 220 which allow the patch to be attached to the
tissue to be treated 260 in a secure manner for extended periods of

-time.

As mentioned, this embodiment includes a semi-

30 permeable membrane 240 allowing fluid communication between
‘ the reservoir 250 and the electrodes 200. This may be achieved as

'shown by slots 212 in the membrane 240. By-using slots 212 and a
semi-permeable membrane 240 between the patch eléctrode 200 and

the reservoir 250, it is possible to control the rate of permeation of

35 the drug to the electrode 200 or even to create selective passage of
" the drug through only a small portion of the membrane 240, thereby
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whet-t+he-pat-ch-has—been—attached : : wt-hi-n—ahr—rdv-duad-—25-f-0f .
extended treatnent protocols. As such, the patch 200 may al so {.ngl ge

suture points 220 which allow the patch to be attached to the"b 3&3 Zﬂﬂae
treated 260 wpavderure manner for extended periods of tine. As nentioned,
thi's embodi ment includes a semi- 30 perneabl e membrane 240 PST{USIVRP?s | ui d
communi cati on between the reservoir 250 and the el ectrodes 200. This may
be achi eved as shown by slots 212 in the nmenbrane 240. By-using slots 212

and a sem -per m b c 0 and

the reservoir Zg%ﬁg i@)&@@ b chth&E:O F haggérta?lés‘%% ﬁgﬁ??lgn of 35
the drug to the &P8 ‘?% tgmoayiarsat (Slséllleeate sel ective passage of the
drug through only a snmall Asmwitlotheofirstleenbozitinenna préferrédrembbilimét - 5 AU G

2003 WO 00/ 47274 olf(ﬁ;é Q%%clua& fcffeél @sggﬁéa‘g s&%ﬁﬁdt thgr get

tissue 260 withou no

first e?ﬁnodl ment , H%F gf% gcf[r%‘ﬁ‘bgla?'%:gcis g)eﬁ dR™ §ide.n c Mpres
plurality of el eqrefseably.2che  electrodes 202 meecablootieo.ﬂelmgl fmonwrdth)ut 0 15
to. abou;I tg 3 gﬂmﬁﬁbw/bu@ Rlecfroded 202 éktgn@ltﬁetﬁnnd&ﬁﬁ tﬁ?ﬁ'l ﬁOU]E ?h2
min wi r n u 0 e
nmetal sheet, %';]gérta% %fe{:olp‘)% bﬁg%vé&%i t? é]ebgég Fhat ref Fgﬁfe Pably a
pol yi m de. The eI hetween ﬁa@analb@aa&mbqutethgo Wi dt h
of the W ectrodesyidth @tfnt,hboelbctﬁadhﬁ tfmrﬁbmimt(l) 85 1to) abbdut 00.3 ah@h! alde2 MM

Al so, the electr e r rrowand
flexible print ed%%?,?tc%?fmg{)a‘& ﬁgyﬁgg%ées:%ﬁr%ﬁr&ﬁ? °°§‘£ dégsé/ can be
first constructe® offT '?qré‘?wn@l prn (9H°'é’§ "Whtapes. s
attached to a badEheneieetrodds, 20 eat dwe first omstrected| on % ﬂaehmt:ﬂbﬁbeea
pﬁl yirni dg_ mite“sgbh asNcappe Mx@ﬂ‘@@%ﬁ@tomd & o B@seoh?ﬁlfi{htl 'twteh“ﬁdsen taﬁ f
he Sechhd enbod HBREN %J%J aﬁ&ﬁiﬁ? feeBreE] 005 "he patch 300
i.ncl udes a perforated. polk gobagtimenf 0f #wapresen inventiohcas 315
bet ween the el ectshcda meFignrés 39%,ndT311s, thet pitcBBDO & vériedigilablty theom about
1-5 cmin di arret aﬁbbaﬁf{&taegcep@etgﬁf iffedd 6F Sot¥iGhe 304, 306.
The patch 300 rra c?-n %gbafnc?udes Oa perforated polyimide base 310 with small
20, onﬂces 315 between the electrode network 302. The patch 300 is
preferably from about 1-5 cm in diameter and includes positive and
negative electrodes 304, 306. The patch 300 may be attached to the
target tissue 360 using suture points 320. Lastly, the patch may
include a serhi-permeable membrane 340 located between the patch
25 300 and a drug reservoir 350. As discussed previously, the orifices
315 operate in a similar manner as the slots by controlling the rate of
permeation of the drug and/or by allowing selective permeation of
the drug such that only target tissue is treated. Also as discussed
previously, using a reservoir 350 located above the base material
30 310 and the electrode network 302, the reservoir 350 may be,
-recharged with medicament without removing the patch 300 from
the tissue

—t

In use, the patch may be connected to a suitable pulse

generator. The generator sends pulses to the tissue across narrow

35 electrode gaps. These pulses are preferably of a field strength
" (volts/cm.) in the range used for cell electroporation an having only

low and physiologically acceptable peak input voltages. For example
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target—ttssue—360-ustny-suture-points—320—tastty;—the-patchmay—tnctude-a —
sem - per meabl e menbrane 340 | ocated between the patch 25 300 and lﬁ

reservoir 350. As discussed previously, the orifices 315 opernﬁe% baﬂooa
simlar manngog@mhe slots by controlling the rate of perg;;%ts#oa)gggf the
drug and/or by allow ng selective perneation of the drug EGEN i only
target tissue is treated. Also as discussed previously, using a reservoir
350" |ocated above the base material 30 310 and the el ectrode network 302,

the reservoir 350 grgy; tvol&QEBPE%QO%FIQmeéIE&Ezd@ .‘(%@ b Al 6FUIRVI N0 the

patch 300 from sui tabl e

pul se gener at or MO i&v%@ﬂlﬁme’b@&@&‘fﬁﬁ é(e S nar r ow

35 el ectrode gapseduttioneimpwisuodar gapr afidthabvquldf give | | conespending .
(volts/cm) in t%iﬁggﬁﬂé&p&r négh cel I eI ectroporation an having only |ow

and physi ol ogi cal y accegﬁ@éﬁ f’tﬁﬁOl tvgeqsa &i‘rgé é}pbothv%;st-sSWA:Jﬁ;

2003 W) 00/ 47274 PCT/ US
el ectrode gap wi gowerds anly dCﬂer:WduM agmsaén@n fofethe electiagen. ofn Ahis kv/ cm

(i.e. 50 x 30 volxﬁaﬁmer Jonly ¢l !pbrtion omheItagémsﬁaegaiamdmed\mhdn@tve a
correspondi ng vfou‘f%@mé&atéd eld strength. 5 Additionally, the patch may be

nodi fi ed such tha s only deljvered to a i on of, the
electrodes.. In this nannkieels % grdevisg @P‘g&%s‘f’%{?@é’c to F‘E%lﬁes t hat
requireg tr eat nP@iolaﬂWlfblduktemmemt exltenﬁi(plab eb&otmdeior rontophokesis©F may be

switched to singlg; A0 P(?lcq’%]dtl?&tf s“§f30 6sli’te f&%le@iréﬁ&aﬁér?(?tmde

el ect ropor at | on. T e A ko @@Z%E}%@afg%taxei B ok redtliedl oat (o
not required andcndss dlssomﬁwwiaidhatpowﬁesmw supply. loritophoretically
eRhanced ggrl Vﬁrg requ: Lgflohf@hoﬁélﬁall %dﬂ%ﬁg&ﬂ&i&:}lﬂv@rﬁ%@ﬁmﬁ@tliathhangermul g
(t;ealrjg:d‘us?or dgl |>/\} FIRRGING ?%%{ﬁ%gﬁpl §S‘§ht !}’Qfg& c}slér?e ;[Cgf E&%‘r‘m’?’{“& ionized
t o i ont ophor ese wéhdreas nelectroparatéen glaast r"&}ﬂiiatheorf-‘ QFS(S‘CE\?
preferred strat egiatiiént gpeaehangelme suffivkehthyeionidedrtotionmphbrege mfella
systemi cal ly admp tSs%ﬁggegg&u%%Spﬁo?Pﬂyaﬁsd Be th PrefehRUPétiREAP Yor

' enhancmg localized cellular targeting of a systemically administered

20 agent such as in tumor chemotherapy. '

The combined use of pre-iontophoresis followed by
electroporation may be appropriate for local delivery of drugs that
penetrate intact cell membranes poorly or not at all or where a high
extracellular concentration is required for rapid diffusion through the

25 transxcnt electropores to an intracellular target.

The patch may be used, as discussed above, in a
combined iontophoresis/electroporation process, such as for an
angioplasty procedure. First, a period of continuous or pulsed
jontophoresis would first be applied to enhance drug migration out

30 of the polymer coating and into the tissue to raise the drug
.concentration to a sufficienly high level within the tissue
extracellular spaces. After iontophoretic delivery, and without
removing or repositioning the patch, the electrodes on the patch
would be switched from their single polarity to the paired electrode

35 mode in each PCB strip. The target tissue would then be subjected

" to a seres of high field strength, very short time electroporation
pulses to transiently electroporate the surface membranes of cells in
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appropriate for | ocal dellvery of drugs that penetrate intact cell
menbranes poorly or not at all or where a high extracell uI ar -5 AUG 2003

concentrat i ojyg dasi@gui red for rapid diffusion through the ' g.ﬁggc[oﬁg&ent
el ectropores to an intracellular target. The patch may be us

di scussed above, in a conbined iontophoresis/electroporation process, such
as for an angioplasty procedure. First, a period of continuous or pulsed

i ont ophor esi s Wopedafdet Hssie PEPHAR N! the RABAOARIAY $pficdd 6 el BuOist 30 of

the pol yner coat d L Nt Q0 S tration to
a sufficiently hh{fﬂ G &9 'W'f’w]ﬁfﬁﬁg oté\%vggg O%é“ t?:&‘ gf#lgermgtgac . After

i ont ophor eti ¢ dethevepep celhmembrans pores.cangsri thg s Srcé'ﬁlﬁg CompRIBIeNte patch,.
the el ectrodes ofgt h g;to\/\ﬁui'ﬁemﬂaﬁvmhmﬁésf sach t Bei thesimglenspol arity

to the gal red el ectrge #ﬁhﬁgﬁt}?ﬁe 8§$hp“a@]’%°ﬁaﬁ§%r‘f ue woul d
Sﬂ

t hen be“subj ect e§Y1op
el ectroporation Tha| peratadocel} MFBWPF? oy Yt FFée%lu?”F'Qc rrbr anes

of cells in 16 Eestwaxaﬂescelmm@ity?zm PCTI USOQ' 03497 the target tissue.

Fapi dly di 11use dow o connieanieRcagin iy’ birddtjefed aeRgh UR |7

menbrane pores, ®ACHr VARG S(‘?&"’IaI ?‘“lg 8889%85%%'?%;‘? ong bgg (ii ng to

i ntracabl ul ar st mhichuimeay bausedavith mynﬁ&m&chgn@pd@wﬁs& or@. ftent s and

met ﬁgol 'g or si g%htﬁ;éxﬁnﬁgemt 1s0mo@a;§ckm@u8wmimea qwlﬁhef mskil. néman_cla_rs]

woul d subsequen esea e i riky. The
IB%“td'é‘ﬁ xﬂg& U{hﬁpo%e ?51%@&&8{??28 ffibin ot <

treat ment agent u5| 3severa .di fferent
embodi nents. | n @olymeebdaatigninto thy \Bﬁ.la@ﬁ“‘rré‘ﬁ‘}fe ubhe RRIYMER nPaliX ¢ he pat ch

enbodi nents set fp@éfei*ably has higeatieng haliting capacitycandpisrsaffedentlytpliant a pol yner
matrix., the treg n‘ﬁﬂ‘%? ”%a:ﬁé%eme Qﬁsﬁé)Wh‘éthBEeélé&%deYnéiWOYEﬂs out of

this plgl yner rrat r [ étgl acent tissue. The polymer matrix
preferably has a¢§B ug hol di ng capacity and is sufficiently pliant 15
to be conpressed agai nst tWitht respaet Whehe t prlymies ceorapRsIgIL wWHhek tern

expanded. Wth fagegiﬁ ert Onhti"PakY WBEd ClRerBiRS i ihtiades tdyntheticmhydpugey ner
metrix® as used h po mersI Q?thuﬁjoergs %¥%E§§d¢%s ¥ Hifdfnt sizes and capacities
| 20 introduced during manufacture, and a variety of synthetic elastomers
and naturally occurring polymeric materials known to those skilled
in the art. The drug or therapeutic agent can be incorporated in the
matrix either during polymer'production or added after coating or
molding of the polymer into the desired shape. Additionally, many
25 of a number of different polymeric materials and methods of
fabri¢ation may be used to form the polymer matrices used in the
present invention. '
In a second embodiment, the patch-based device
includes a reservoir chamber. The reservoir chamber is designed to
30 hold a treatment agent. Additionally, means are provided for driving
.the treatment agent from the reservoir such that the agent is then
capable of being driven into the target tissues using iontophoresis,
electroporation, or both. The reservoir is preferably located above
the patch in fluid communication with the electrodes such that the

35 reservoir may be refilled or a separate medicament added without
- displacing the patch, thereby permitting the patch to be used for
extended periods of time.
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pol ymers—wittr pores or imterstices of dirfferem—srzes—and-capacitres—26—
I ntroduced during nmanufacture, and a variety of synthetic el ast r fﬁﬁ{a
naturally, occurring polynmeric materials known to those skill eﬂngWG

art. The drugoosdrehaer apeuti c agent can be incorporated in fhe, owwx
ei ther during polymer production or added after coating or rm? I'ng of the
polymer into the desired shape. Additionally, many 25 of a nunber of

di fferent polymeric materials and nethods of fabrication may be used to
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| i posomes may bén Sthel gresemeineativhi frfudy thbse Mold oenie’ ¢se f hagaent ed by

ehhanced by t he SRReEel SUIARE, bk POINT Bighiadital Tfh Cllos FAT ng” 1n°a
fourth enbodi merttefl # 6w %%r'@é"ﬁﬁﬁ el viliapeternchpsul ait denhlaevealledt i ¢ agent
o; tggen}w scggg Eeohslumﬂ)r;%;rdmllow inte?ier\toihci)lﬁmhat@degoin’mb? éiﬁaclﬁegl; tsgfd
gnder ltshe nang %ﬁ@gﬁg%&?b@\é@%ﬁg&g@@%ﬁ@“ éwr}gltg%e I, aWSan
Carlos, Cp). THEgEeatzdgferent pltasppc fngrgy devels sleasingithair g | ed
constructi on angargeointothe patah mesetvoim oTle tsoluble dug Wik pasathrbagh 5
manuf act ur ed t ot slot@ b aphall BffLE inCale ?!atEHnﬁcﬁyﬁnﬁE $thtbureN@¥hith | |
fragment at di ftgofnt il tERSQ0bErE"8Ess) &% Langdie' Ry Lhgh y |9
20 enhanced delivery to the target tissue. , |
Ultrasonic” fragmentation can be effected by a probe
outside the body. Thus a sequence of segmental doses can be
delivered to the target tissue without need for reservoir recharging.
If the power 'supply for iontophoresis and electroporation is also
25 arranged to be implantable, and perhaps remotely switched on and
off via an external magnetically operated a reed switch, then the
complete unit can be placed in the body adjacent to the treatment
site where it can remain throughout a treatment program.
For some treatment protocols, it may be desired to
30 treat the target tissue over an extended period of time and with a
variety of different treatment agents. For these protocols, the patch
may be placed on the target tissue and sutured thereto. After the
patch had been placed, the individual can have a small tubular
portion and any electrical driving means for the patch located
35 outside of the body. The tubular means would be connected to the
reservoir while the driving means would enable the patch to be used
for iontophoresis, electroporation or both. As needed, treatment
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slots. or small orifices in the patch polyam de structure (which retains
the m crosphere debris) to be available for electrically 20 eﬂﬁa

delivery to tWOO4Rdbt tissue. Utrasonic fragnentation canedpushiogsi ed by
a probe outside the body. Thus a sequence of segnmental doses can be
delivered to the target tissue without need for reservoir recharging. |If

t he power “supply for iontophoresis and el ectroporation is also 25 arranged

to be i Irrpl ant abl ezig?lﬂcbqu&i Ibagl'meml irgughv the habe dAtc itk régefnrdiiraana”_
external magnet i Ceehyout W AL ete unit can
oAl Ryt 168 B o AR S L

be placed in the bady ent e treq (e _
throughout a trea ’nen%gg4’§§w&t Elf—'l?rs agﬂﬁ‘éo‘ﬁaééﬁ“i‘r@ﬁimﬁr@ffé@m greatmentay be

desired -to 30 t#g&ts tohke usedgaithe samseitargetatissaer ext ended period of tine and

with a Yariety of differenfltciiatieRe st : ; 1 s, the
patch nmay be pl a&g‘(}, a% 'f"gf'-@gt W?.i &sﬁ%ﬁ%%ﬁﬁ?%&ﬁ?ﬁéﬁﬁ%%&ﬁer the
patch had been pl aﬁ\f??’q & 71 v Baver SHPPLYrefUcCh; 350 | Battenyhor t i on
and any el ectri calV " WeRl! poyide ther driviagpments tcoenatdel tBS patdlsigleof t he
l(:j)ody_. The t ubul aru;ﬂdafos iowtaplebrosis,colenespopatidnoot BBth. NEeLoHY ah "intdpidie t he

ri ving means wol @%ﬁﬁ ( r.i.anf og';]ﬁre 1S,

el ect roppr ati on (L)t% bggﬂw wﬁg}:’gg ) ?‘r:%apgntgﬁﬁg%f8f%e8dfi , -W%'geAUG 2003
PCT/ USOU! 03497  HEREIS, ¥ | paly to dnoYe -aboygh. without, ke i difficulties
reservoir and t IRSpocigtediwitioan extertahpgwer sippbpie. The use of the tube woul d

pernmt extended treatnentThé l; mt _di fifer .l reat nent
agents to be useg,n;1 E&g@w@g}%ﬁfwg u%.&;ﬁgﬂ%«\% :e;{;%a?lgteqee;/,u%e‘iﬂead of
havi ng exter nal |{l>( ng HPrOMeRe Bk eifenkise jay te cathetesrbased power
suppl y, such as &eigerandy usingnthetresesuoid, prayvbelesedavith lignidgtresteratt o enabl e

the patlsh to be agent thar oiheniispvesag ideift SWEE Froh MW kB ggsd%ot Be Use of an
te

internal power I e t to be.lo nternal ly
while 10 perm tti?:i%?t etﬂf#m ﬁ;‘:%}/'?%ga? 9’%‘“@65@": f‘gzgiﬁ ﬁb%l SEnbUHOE | cul t i es
associated .with extier QSRS GoEpPAuNATHangacaplagticorgents, gotiesent
invention nmay be angingenesis cempotndsaindamtianytinge @gentgot ot herwi se avai | abl e

to catheter-based device .and, using the reservoir, may be used with
liquid Jor eat nent
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patches may be.used to deliver treatnent agents such as, but ngt IGQ(&@
t o, angi ogenesi s conpounds, antineoplastic agents, anti- angi ogeﬁg
conpounds aws aaatirarryt hm c agents. 20 19 -.5 AUG 2003 V\DPQQ/ 45,7274 .
PCT/ 1JS00/ 03497 CLAIMS W claim 5 1. . A patch-based deVite %8 *2nhanci ng
the local delivery of a treatnent agent into target tissues conprising: a
pat ch base having a tissue facing surface and a reservoir facing surface;
an iontophoresis and el ectroporationLgpiesode network conprising a
plurality of electrodes arranged in a spaced parallel pattern on the
tissue facing surface of the patch base; and a treatnent agent reséervoir on
the reservoir féﬂPﬁB‘,ﬂr surface of the patch base in fluid comruni cation
with the tissue facing surface of-the patch base and the el ectrode

network. 15 2. TFhe patch- B ] J . rej n the.device

furt her5 conpri s-%%ﬁa rech'a"{regjla% ?%ggca?gﬁ'jﬁe@{?g%?%&ei@g%% Vefich that a

treat nent agent Oh@yCAENERNASCRIIBLP (ARES HSPPaSIOMRIBYNEGI nto the reservoir and

fromthe reservoir throughpatch pasecthabimge aatigsuentfacingesurfatet anges ti ssues.

3. The pat ch- base@drivfaemeQhrfab@l m 1, wherein the electrodes. have a

t hi ckness of from about 0.10 Eo about Oéo mm 25 4 The pat ch-based device

of aim1, wherein the &0 28iPhAESISANG slectiopaiabor electads Retwgdut 0.3 mm i n

width. 5. The pabebrisiagaghssity 6elodtrddesiaffahged el spdtell arallel RferPdes are

spaced apart fromtabﬁut q 15 to abothorpa% n'ga . .30 6. The patch-based device

of Oaim1, whePBife lispye Tagingsyrfaseo Ghhasg: andiral ity of printed circuit .

board strips. 7. The patchthaagéhtdayémeredérvoirdion Ghe WRRERIJIr LHGRr i Nted 35

circult board SthifRse 6PTRE' Rt baE 8 AuRY rBhlFERTon itk e Sshcode  Pase
facing surface ofithe patch base and the electrode network.

15 . .
2. The patch-based device of Claim 1, wherein the devicp
further cormprises a recharging tube connected to the reservoir such
that a treatment agent may be delivered through the tube, into the

_ reservoir and from the reservoir through the patch base and into the
20 target tissues.

3. The patch-based device of Claim 1, wherein the
electrodes have a thickness of from about 0.10 to about 0.20 mm.
! Y

25 4, The patch-based device of Claim 1, wherein the
electrodes are from about 0.15 to about 0.3 mm in width.

S. The patch-based device of Claim 1, wherein the
electrodes are spaced apart from about 0.15 to about 0.3 mm.

30
0. The patch-based device of Claim I, wherein the
electrodes comprise a plurality of printed circuit board strips.

7. The patch-based device of Claim 6, wherein the printed
35 circuit board strips comprise a metal layer attached to an electrode
" base material.

20
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Caim7, wherein the netal |ayer is copper. 9. The patch-based devi ce of
Claim7, wherein the 5 electrode base material is polyimde. %(()A'Jge

pat ch- based device of Claim1, wherein fluid comunication iS4 i 2&93d
by a sem -perneabl e nenbrane on the patch base having perforations
therein. to 11. The patch-based device of Caim1, wherein the patch is

pr e- di sposed weo bdu7rveans for suturing the patch to the targ%;dsﬁo'?di% 12.
The patch-based device of daim1l1l, wherein the 15 reservoir Is

rechargeabl e. B. The patch-based deV| ce of daim1l, wherein the parall el
pattern is a neandering path configuration. 21

8. The patch-based device of Claim 7, wherein the metal
layer is copper.

9. The patch-based device of Claim 7, wherein the
5 electrode base material is polyimide.
10. The patch-based device of Claim 1, wherein fluid

communication is facilitated by a semi-permeable membrane on the
patch base having perforations therein.

10
11. The patch-based device of Claim 1, wherein the patch is
pre-disposed with means for suturing the patch to the target tissue.
12.. The patch-based device of Claim [, wherein the
15 reservoir is rechargeable. '
13. The patch-based device of Claim 1, wherein the parallel

pattern is a meandering path configuration.

21



