;e3ej Z.gd !-6. TZ #I 07264008W11 1- METHOD AND APRMSATUS FOR USI NG
ELECTROPORATI ON MEDI ATED VERY OF DRUGS AND GENES GROUND, OF THE
ILNNVENTION 5 Field of the Invention The present invention rel at eﬂmﬁfﬂ]ﬂw,
to the use of electric pulses to increase the perneability of c ! I/”Wl”l
nore specifically to a nmethod and apparatus for the application of #5950«
controlled electric fields for in viva delivery of pharnmaceutical conpounds
and genes into cells by electroporationltherapy (EPT), also knﬁmmmmmﬂ”m
poration theraQA/ (CPT) 10 and el ectrochenot herapy (ECT). Descrif oo I ”’me
Rel ated Ar?"TH°the 1970's it was discovered that electric fields cabhg be
used to create pores in cells w thout causing pernanent danage. This

di scovery nmade iOhE Es b rt I I i I

Cytopl asm 11 MEESHODANDALBRRUTES iR LIER; FLeRCHROTARATION

phar macol ogi cal conpMEDBSATED DELIVERY®EBDRIUGSIAND GENES | s through a
process known as el ectroporation. The genes or other nol ecules are m xed
with the live cells in a buffer mediumand short pulses of high electric

fields ar i re transiently made porous and the
genes or %ﬁ@t?@%ﬁﬁ?ﬁ%Emﬁ?mﬁe t hey can nodify the genone of the
cell. 20 Electroporation in viva is generally llimted to tissue or cells
that are close to the skin of the organismwhere the el ectrodes can be

pl aced. STHEpikafrthe Invies&ere whi ch woul d ot herwi se be treatable by systenic
drug del i vgr h r S, .l r,el al Ly .l i ble
o ol eot r ot Cisef FIBAFL A BHERET" 1t RCor HEHEIRIR ¥ PREETRG 0 O
of cancer parhéabilig GOtEIERadhore specHicABE &SS Alcyhddand S paratis gor mB@th:adeﬁe of a
drug 25 to kill the cancer cells without killing an, unacceptabl e high
nunber of ofepntaplledelgcsric fields fos i nvasiehears 9f Phargcewisrbcarpquadeardgengsr ect | y

inside the canger cells. this.,objectd YA ul d.be,achi Some
of the antf™o& ﬁﬁh egef:{fag?rap%x} th@&%&’%ﬁ?@ﬁb?‘%dom‘}c/"l’”h?g%eg‘?%?ﬁ“iﬂ %‘5WHXE&E®1H rate
the menpr a&@@%légtmg@é,ﬁ@h&agf(@@r)_cel | s effectively. However, electroporation
makes it possible to insert bleonycin into cells. Treatnent typically is
carried out by injecting an anticancer drug directly into the tunor S and

appl yi ng electric field t he tunor between a pair of electrodes. The
field str &‘(fé?jcﬁ@@éﬂ"ffzgétd reasonabl'y accurately so that

el ect roporathdNoTf s itheascidchSered tHa elebEtel dCEIMNEbAd Y ered BIFILs indellat

| east m nimal damage, to any normal or healthy cells. This can normally be
easi |y carwithegt eausing pesmenent dampge. Thisr disapyeapprdd pagsibleche insetioodédarge
opposite sides ,of .the tunmpr ,so that the electric field is petween the

o ot r odednlggdfe itie cel FRentErt. o kpaF it benss plen o REUAT SHet B

el ect r ggephaairchbiogitalt@nipBasddic@sibaitdopobatbd altb Evy BdilsABRDUAK & Préliesdihdvh he
formula E=V/d canthen be applied to the electrodes (E=electric field

st rengt h iamelettcoporaionoThegenes 0r vtliet solexutes drelingtedrwith the livekellswherbuffer ge or

internal tumprs are . to be treated, if.i ot easy. to..properly |ocate

el ect rodgé"eéiﬂﬂ“r?é‘gsﬁlroét P‘ﬁéeso‘?e@f’ b elsctsis 6\‘33?1 af%%?ﬁ‘eéfhiggﬁfgfgﬁéw{ AT par ent
appl i cati efyndies®y AREE pdrovSifMtelgehes 8t rdlEQlGSedtar tHerbeYIk,Vth@rIBQHgf eReration
wherein the el ectrodes may be inserted into the tunor. In related U S

Pat ent Nomdsiify28s g@®meofthe celge for injecting nol ecul es and macronol ecul es
for electroporation utilizes needles for injection which also function as
el ectrodes. This construction enabl es subsurface placenent of el ectrodes.

Tr eat npgit E@écu%gg%ioﬂqh viRI i erefllly [RAfeAltb Mstd G RAY tHA M dER t8-thEaas obOL .
avoiding the 20 deleterious effeCts typically associated wth

admi ni st r sheé ongafismarwherartberelestrodet otmwsbiecplagesht EherGoody tisswamtwheeht womild d
all ow i ntraoducti ents, to,sel ectiv

n of these a I anmage or hill .
ndest r abPLCE e RrPIE TS stge davs SORETRGT e RR e o e tpmends g
generally inaccessible to electrodes used for electroporation. In the treatment of certain
types of cancer with chemotherapy, it is necessary to use a high enough dose of a drug
25 to kill the cancer cells without killing an unacceptable high number of normal cells. If

the chemotherapy drug could be inserted directly inside the cancer cells, this objectivé



SUMVARY OF THE | NVENTI ON |gmis a prinary object of th S nvention to provi de
an inproved apparatus tha an be conveniently- and ctively positioned
tto generate predetermned electric fields in preselected tissue. S In
accordance with a primary aspect of the invention, an el ectrode apparatus
for the application of electroporation to a portion of the body of a
patient conprises a support nenber, a plurality of needl e el ectrodes
nount ed on said support nenber for insértTon into tissue at sel ected

posi tions and di stances from aone another, and neans including a signal

gener at or £ewlgditspehieved. Samg ofithe anidwargeydarssi & exomple hlgomycial aetmally

signal to the 10 electr ges rpportignate .to the digtange,..bet n said

ol act r odes P! gRfFat HAE SrPPRBE | " RrErh oimEr el OB v SR .
The invent bl_@&ré;ﬂfrbﬁkﬂﬁﬁmk&ﬁlﬂ?@ﬁibﬂ&@iinEd#ﬂﬂEbﬁWcifx @to c@liseCti on of therapeutic
substances into tissue and function as el ectrodes for generating electric

fields for portion of cells of the tissue. 15 One enbodi nent of the

i nvention includes a. system.for i 0k o el ectroporatien thera hat

el udes. T RotitE Sty TS Bt sk e h ERIGRAE Rla Sy HiBRYG LT,
resi st ors Ofndedplplyitf an efdciricteld totthfuntée berwleR @spal T efRiro 84 The Atldtshengdier apy
vol tage pul se, as well as selectable array swit.ching patterns (the

appar at us mast ecadjusited repsaneblyragsuratainsa thatreldctkepiPaticaneof-the colls mf mietunufr
el ectrode applicator ,designs permt. access to and treatnent 20 variety
of “t1 seue SiebiseTiaibAHERLAE RE BUEHRMITGHE drgagsyo ALY earmal Oupeasly sells. Thi
| apar oscop, aglr Wllﬁﬁbﬁ%kilfﬁrﬂéd Bhﬁ}vidhsexl%rﬁ‘fllethﬂmrsy b)ﬁgéﬁgﬁ{)igg‘?q%’]‘élwr%s to

endoscope m ni I'nvasi ve el ectroporation t e I nvention
provi des aoppasitegidas tof thentatroo do titadt lthe elagrit Hieldie betweea tieaslecaqodas. W hen fher t he

treatnment of cells, particularly tunor cells. | -4 BRI EF DESCRI PT] ON OF
THE DRAU NSS! Riforn, fie djstaneshet Ve %ﬁ'%@éﬁsﬂw therl 'H&‘ngnﬁg‘ Siighlew of
an enbodi , ' [Walp - - gy _ L C.c ikl at i ons
R G A A
i nvent i on. fidkd Erengdthiis Vécoy! \Geloltdgaar wottspindad+distatseencmi). @ hew heegd or internal

accordance with the inventign, FIG 4 is a schematic bl ock di agram of -t he
ci rcui try tHBIOrS R O ReatrREAd I HsRQUARENEO Broperly loeate pleetrodesiand AnGAsHEeHiaei ¢

di agr am of C A i : j J: N LS 4
i o o SREAGECh Rl e UieE TR SRR Bn0l phdfh hEHdn ROWSes Jofetdt oFo

f orm ng59 dleaaidesifor zoves elentraporatidamderai the ceareeleb adly renhseofedtihe the

invention. FIG _7a sh a pul se_se for a 2x2 treatnent zone i
accor danceUTiof nlb FRISER D ST Rt 0.t Na/ 1 vrd FES 6r Mietins7BOlGIER ARd o
pul se sequeNeEmbREulas RyrMeRhBoAkibAYtiiPesafeefics A1GH M dn\wRBR aRF BRI ERAL  Of
the invention. FIG 8 is a diagramof a prior art’ endoscopic exam nation
system FlefsStrodes. Jhisstomgtructionenables subsefacenplacegientof eledtiadgs.needl e array in
accordance with the invention.
Treatment of a subject using cell poration therapy provides a means for avoiding the
20 deleterious effects typically associated with administration of anticancer or cytotoxic

agents. Such treatment would allow introduction of these agents to selectively damage

or kill undesirable cells while avoiding surrounding healthy cells or tissue.



-

-5 FIG 10 shows the tunoigkol une up to 120 days of wi th bleonycin in
Panc- 3 xenografted nude m (D=drug; E=el ectroporati , for the venous
control groups (D+E-, D-E-, D-E+), and the treated group (D+E+). FIGS. 11 a
and 11b show the effect of EPT of Panc-3 with neocarcinostatin for the pre
5 and post-pul se injection of the drug, respectively, up to day 24. FIG 12
shows the tunor volune after 34 days of ,EPT with bl eonycin in non-snall

cell lung carcinoma (NSCLC) xenografted-nude mice. The arrow indicates
retreatnment_of on t drug; E=el ectwoporation). FIGS.
13a-13d shémmﬁngggﬁﬁi@ Mﬁﬁ@ involved in the treatnment of the tunor
10 xenogr af,t..(a) .. .,,Ea[] T d I : g i f r. (b)
whi ch dri eg 12 %@?I na g(fty&?tgf: I"?\%%]Pa??:? P Feé@?%‘gt‘]‘g" %ﬁé@bhﬁgﬁugéhﬁrég%& skin
(d) free oforveniently mdEifectidely béeitisha@ind fenehits paidegyminkd eleanic flokisih @se-
carried out 35 days after the treatment. D+E+ group shows necrotic tunor
cel | ghost%elf(cﬁﬁd SWpared to a mixture of viable and nectrotic cells in D+E-
group (a). Hi stology of sanples fromtunor site after 15 120 days show
conpl ete absence of tunor cells (c). FIGS. 15a and 15b show t he survival of
MCF- 7 ( I3r elnsicovedunee witeh Ipsimane aspexpof et inoerdtion, unleleagedaappdatgh torolheage

EPT, respectively. FIGS. 16a and 16b show the survival of MZF-7 cells when
exposed t AAPHGRAS qf%%ct%ﬂperwogﬁo \?d%%@'éogiﬁ,q’oﬂé%é@ﬁ'%lcwlpquﬁ HPBBTHy Ci n.

20 FIG 17 f = L - ¢

di fferent %‘%ﬁg&gﬁ? ﬁjglﬁ Flgt% Og?]te%ﬁéeSﬁg?ﬁ&aﬂﬁﬂ}tﬁd;gﬂlgﬂéaﬁ@%e%E%P ?1(3 el%gnce
nunber s andtaldssugratélectsd positibes andrdisiarscesl fiam agsaiotebrcaddemeidsancbdingat s.

. a,. r ~ -6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Overvi ew The
i nvent i on Y8 2GRS rasnoasiHe tassaihdistange siRaY froaprlyias englegisierynal to the
applicatio ' . oy kN Welal :

chormt oy asstiodE BEhGRBRLEN Bl usHe SEN AL AL RED: R BRELAR 9 e

ol ecul e ifidldofa prodetermided@éengthul ar, an agent or nolecule is injected into
ti ssue and voltage pul ses are applied between "needl e" el ectrodes di sposed
in the tissue, thus applying electric fields to cells of the tissue. The
need! e el ofty g RAIRIRILGReES Hat AELBPEAHERAM & hBSpLIbHEAE it Vi Ve
positioning of electrodes I1n or adjacent to ‘subsurface tunors or other

ti ssue. . Suisbud et fupetivn gs eleaadder fivr gederasing alecad fidldcor ppaticat ofarlls bEthapy
(EPT), alsp called el ectrochenotherapy. Wile the focus of the description
bel ow i s EFf¥€-the invention may be applied to other treatnents, such as
gene therapy of certain organs of the body. For a general discussion of
EPT, see co-pending application Serial No. 08/537,265) filed on Septenber
29, 1995, vd erhbodimantcafithe myattieninclydpsaa sysodm &ppdlincat electr@Geratadn thecap$ 5

08/ 4Gr, 566, fil ed on Jun% 6, I9§5 ¥\:hLCh i s, continuation-in-part of

appl i cat i ShatdBFiudes ngiecds ayay eleslods navingh E&W?& efemenfoRIchaly 2ISHSPERED, al |

of whi ch grg,L NGRLROKAL %@Tegrﬁg]‘éé TdYet" iﬁr@p&%'thﬁaﬁyé};oﬂgge @g@g”&' 4B o51 G |

IS a cross-section ‘assenb rawm ng oW ng a vie n e assenbly 100

in 20 accageldaable astdyhsvainshigypotimef@he appadrdtas haviegthiosystdmchanbeeld ermsdenbl y
100 conpri_ses

MedPulser™). A number of electrode applicator designs permit access to and treatment
20 of a variety of tissue sites.

Another embodiment of the invention providgs a 1aj55;6§€6bié needle applicator that is

preferably combined with an endoscope for minimally invasive electroporation therapy.

The invention provides a therapeutic method utilizing the needle array apparatus for the

treatment of cells, particularly tumor cells.



an el ongat ed tubul ar Squj" body or shaft 112, whichgny be hol | ow
stai nl ess steel or a nedi -grade plastic (e.g., nyl . If the shaft is
nade of a conductive material, electrical insulation should be applied on
the exterior services to protect bath patient and physician. The shaft 112
includes a plurality of electrode needles 114 at the distal end, 25 coupled
to respective conductors of a nmufti-conductor wire cable 116. The el ectrode
needl es 114 may be sharp or blunt, holtdw . -7- or solid, and of any
desired length. The material of the electrode needles 114 nust be

el ectri cal BRIEPDBSCRIPTION OFSEHEDRAWINGSet al or uniform(i. e., a
conposite or layered strucgture nqydgf used, such as netal-coated plastic or
ceram ¢ nefddi-ek)s a CFRSSHECHRIY BSHBPY SRKINE ShPYHNgE hxiew eisam embedireneofbed t o
inject a thefapgutic substance. In different 5 enbodinents, the el ectrode
needl es 114 may conprise a rectangul ar, hexagonal, or circular array.
However, other patterns nay be used. In use, the multi-conductor wre cable
116 is cogﬁled tg a thh-voItagiegeneraIpr. IE the jllustrated epbodi nent,
a retract 3905 mzgpEe dizgrammaticilusfrafons ot seyeralaliegpatiye eleggodopmbriimenty

di stal en o i fare.qand aft along the shaft ( 12 body to protect
or expo?eq?ﬁéaggggfékﬁeggégﬁﬁgg'es 114. FIGS. 2a-2e are diagrammatic
illustrations of several alternative el ectrode enbodi nents in accordance
with the invention | GS. 2a_.and 2b show straij ght-bodi ed. el ectrodes having
needl es ZdHCV\Pt‘ﬁa&aqcié?%?m%éémﬁmqf&“%‘%I"é}cc?rﬁ’é“‘?fe‘ékﬂli‘éhs?'PYF“F‘PE 2a
conprise a 0.5 cmdianeter array, while the needles in FIG 2b conprise a
1.4 cmdianmeter array. 15 The various body di nensions may vary as well. For
exanpl e, tHIG. ¢lisacichedstid blodk Gagiam dfthe airsiiap fedthb o@dytnsdne instrument dARIG. a
smal | er di ameter fore-body 202 relative to a |arger dianmeter aft-body 204.
The electrdede in FIG 2b has a uniform di aneter body 206. The el ectrodes in
FIGS. 2a and 2b are particularly well suited for treating snmall surface
tumors. 20 FIGS. 2c and 2d show angl ed- head el ectrodes having needle tips
200 set atFIans anpdchematidtidges o€ feldcbort Swdtchingi stemetdoOthe tchteuiehirsid @dds. FI G
2c shows the needle-tips at about a 45 angle with respect the body 206.
FIG 2d0sHows the needle-tips at about a 90 angle with respect the body
206. The electrodes in FIGS. 2c and 2d are particularly well suited for
treating head and neck tunors. 25 FIG 2e shows a doubl e-angl ed el ectrode
havi ng neqdGe ¢ diagraatfatially siovaa prafereedt k& miappecirrdyofod netids formitigagret er
fore-body 202. A larger dianeter aft-body_ 204 is angled as 8 well. The
el ect r ode tiegtogntzopes nacepidanceyily 98¢ ehqdimgentiefdhs igventiosat i ng tunors of the
| arynx, but may al so be used in other body cavities. FIG 2f shows an

el ectrode particularly well suited for treating large tunors. The spacing
bet ween n@ed! ga 2%vsnBypulie sefushcefanpl2x2 abarien)z6fe timcdotdanc@gvighens an

el ectrode 5 particularly well suited for treating internal tunors. The
spaci ng bémhedimentefithednvepgormy be, for exanple, about 1.0 cm Any of the
separate configuration elenents (e.g.) body size and configuration, head
and body angle, elc.) shown in FIGS. 2a-2g can be conbi ned as desired.

Qt her ¢oNFIGEr FbiTanshdds &l fetder RYGermsSfortl 6 afeedYarhy MMS@totdanbeetithoané i cul ar
size and access needs. 10 LPT Instrunment FIG 3 is a diagramof an EPT
treatnentCFWQ@WUW%ﬁf“@O@W@ﬁE@dying the invention. An el ectrode applicator
312 is renovably coupled to the instrunment 300, which selectively applies
vol tage pul ses to selected el ectrode needl es 314 of the el ectrode :
app! i cat OFIG1®is gt o plitrair @osacpid Akl sysehd el ectrode need! e
addressing or switching pattern 15 output by the instrunent 300 are al
programuabl e. A display 316 indicates the therapy voltage setpoint. A

remote th Vaagliyvati-on connection 318 i.s provided to a accomm e a
oot pedaf 1@ SERD s o feGERR LbhaRyphfactibe o oy itaoRERETRRATAS or

312. The f{pRehtigkedal switch 320 permits a physician to activate the

i nstrument 300 while freeing both hands for positioning of the el ectrode 20
applicator 312 in a patient's tissue. Indicator lights 322 for fault
detection, power on, and conpletion of a therapy session are provided for
conveni ence. Ot her indicator lights 324 are provided to positively indicate
that an el ectrode applicator 312 is connected to the instrunent 300 and to
indicate the type of needle array (see discussion below. A standby/reset
button 326 is 25 provided to "pause" the instrunent and reset all functions
of the instrunent to a default i



p—

-9 State. A ready button 38 is provided to prepare t i nstrunment 300 for
a therapy session. A prom¥ent "therapy in process" i cator light 330
irndi cates that voltage pul ses are being applied to the el ectrode needl es
314. In addition, the instrument 300 may have audi o indicators for such
functions as a button press, a fault state, comrencenent or 5 term nation
of a therapy session, indication of therapy in process, etc. In an

al ternative enbodi ment, the instrument-300 can be coupled to a feedback
sensor that detects heart beats. Applying pul ses near the heart may

i nterfere R@hlGhehoms theetamorrtojurhersp tByl 2y dagtsr FERT nvgthaplpbingan iimRand-3pul ses

to safe periods between beats,, the_possibility of. such interference is
reduced. 1196119%@&9@( Peae M et e E?QE%’%%@‘I‘%&\ Eﬂ‘ "Hﬁé(eﬁ‘?qsc‘iﬂ“fﬁo gHVWSt or

the treat L] PREL Uysat hehrekle® ordu power input nodul e 402

provi des el ect F’lm%al’l y 1solate 'pré):mér"gfr'orp %é@hti re instrument 300. A

| ow- vol t age DC power supply 404 provides suitable power for the control
circuitry i nstrument 300, A high-voltage power supply 40G provi des
sui tabl e hf@#-ugmaa éége@?‘@.ﬂ}e gifct ep Egg&fgla“‘f'adﬂﬁ’a‘?ﬁﬂ’c%@lfk‘)&?zﬁé@déﬁPff‘or EPT
therapy.c T t-BUts P e @iont i ah- g ply 40Gis coupled to a
pul se pgwegr}‘%zé’geﬁg{syHﬁ%SKfO\?mo??#ugrgH’earégéégg %Eh ges %%Lﬂ\%ari able wi dth and

vol tage under control froma controller assenbly 410. The output of the

pul se power assepbly 408 is coupl ed through hi gh voltage switch array 412
to a needl@%ﬂ?égg‘ﬁgm?éém& valyme aiter dfgays @@@Bwthd%%q%m griopwstallgelidl e

vol tage. suTErRapdd BYSOLCFARERhAR nfic Bk AEOMAT Rlsa igfanfity 2898 0 e

appl i ed t aneweat deyl2% (DgdaigpE=akciebpsihtiqles in a needle assenbl y 100. In
prior versions of EPT instruments, application of such voltages has
typically involved use of a manual rotary "distributor” switch, or a

not ori zed IS ' ' - ' ion, all
ui £ chi ng 11 Spy 35138, AR, PYEL of PR nyplyid W DL BRI SENRALERD, O
and quilét eiensgviaftqh) bgEPFofge trehtinfeat ledntd thefdrantiandf seca (b) ekichldeied @nt r ol
over switching patterns. . - FIG 5 is a_schematic diagram of one ]
sel ect or Wimewslyigll effmblsavinga clsar hepdedyargm of Slip AQdlreapfitemOnr ray 412 of the
circuit showmn in FIG 4. The nunber of such switching el enents 500 shoul d
at-- least match the -largest-- nunber -of electrodes -of -any attached
needl e asddaGisl y14h0G@c dhaohtienhisologygol tuameEmsanyflés pareied d@s 3f50days aifier ahe of t he
hi gh-vol tages 5 gﬁpbi ed to an el ectrode of l? Heedlbs assenmbly 100, with the
abi ity t & ARALdR " FEISr e shawsaiecrRitc HBI0a CPY ghegs thcomparsditapdaxeireof r ode.
In partic Wk rdtic [pV:zl I ' '

i nverti ngwikaﬁg)eu%n arrpfria?ci: gggg%zﬁf ésgneﬁz}é(sagbgﬂgfg ég@gﬁﬁaﬁ‘é@y dorggln[ﬁ%esﬁﬂg? ﬂéa(r)4a i's
cl osed}S edealdrysshiomgcampletyabsanse o€ tumor qedls kc)f or a pul se applied to a paired
el ectrode to be coupled.through an el ectrode 10 connector 506. Simlarly,
when a "positive" control voltage is applied to a second inverting input
anpl | 11 er F9G801 52 a3 otk Bk subAVAIRIENCEPE LR Bce4RId Sinél B88fed 1o
establishing a path for a positive pulse to be appql to an el'ectrode
coupl ed t lowughagemnddligicvoltge BPAhnespective06. Needl e Array Addressing 15 The
instrunment 300 of FIG -3 is designed to accommpdate el ectrode applicators
312 having varying nunbers of el ectrode needl es 314. Accordingly, an

addr essin h j ' ' t,

e (o Aqiee i yEoIRER HENFYRREGEMCE. 7 cbl bah Bl ot NG R

form ng upighovolaggBRT ereisperaivalg itk bleemyaimd several types of enl arged
treatnent zones. A treatnent zone conprises at |east 4 needles 20 in a
configuration of opposing pairs that are addressed during a particul ar

pul se. {Q9 i t f d _of t t one
are ofz(ppgglmt?i VIZ go ‘gér iq#éy%rgr?gylto\ﬁgmgr%w% %ltédg;j)tullns\%g Wa?i%@s F‘Wf (gHQ}enF

di agr amratomcehiratichefitde@anyuie et the MddPulseePhi ng array for needles formng 9
square treatnent zones nunbered fromthe center and proceedi ng cl ockw se.
In the 25 preferred enbodi nent, this nmapping array defines 4-needle,

6-needl e, | feNeRfte ndMBESAhE designations in the various drawings indicate like elements.



and 16-needl e el ectrode c igurations. A 4-needle el g&f rode conpri ses
needl es pl aced in positio F, G K and J (treatnent ne 1 ). A 9-needle
el ectrode conpri ses needl es W,... i placed in positions defining
treatment 'zones 1-4. A 16-needl e el ectrode conprises needl es placed in
positions defining treatnment zones 1-9. FIG 7a shows a pul se sequence for
a 2X2 treatnment zone in accordance with one enbodi nent of the invention.
During any of Four pul ses conprising a-éycle, opposing 5 pairs of needles
are respectively positively and negatively charged, as shown. O her
patterns oDESWHL.ERIDESGREPPIONI OF T HERIMEEERRER EMBOBIMENT® er cl ockwi se
progression. For a 9-needle electrode configuration, a preferred cycle
conprises 16 pules (4 treatnent zones at 4 pul ses each). For a | G needle
el ectrode @ggjygpratlon a preferred cycle conprises 3G pules (9 treatnent
zones at 4 pulses each). 10 A 6-needl e el ectrode can conprise a circular or-
hexagonal Bhé aweation peomiddsnanFAgpRratddardla idthed Rt thy @hetapeutie-appreition of

el ectrode can be defined as a_subset of a |arger array, such as is shown in
FIG 6. Foeleatsoanpstien The methed dcdudes 1m@5:tlon@f achemotherppedticagenber metteulean be
defined as r f.ne s Iace i tlons efining
reatmen JonaEtdBRHRNOY! e REDCY; RoBBRINER ByAGE du eeRERbohEEsert sy
hexagonal mbleaigeRReinjectdd irfto nevsak Q.ﬁdBvolﬁge @uld\ds dre dpplied tROYeddt hgfedret of
positions defining a hexagon) defining an enlarged treatnent zone . (shown
in dotted deatrqdes disposadan tig tlssspmhuaﬁpglyln&ﬁlestrwéaimetoaeatpf @dissuen T erprl se

an octagon set _of, th rparr i

wthr of eriesd Rem s Rbid Woq el Reic &R¥IE M ulPit mepPrmes ok S
array of negebess iR bﬁﬁgﬁ’cehﬂtop.ﬂﬁéuﬁ'ﬂ'aéwﬁmﬁﬁi bNbtRer fidsBAIMRAkhGIRRSic treatmaid 6
(or any other linear 20 triplet of treatnent zones)) or an octagonal

ar r angdferis cailed nbetmmat@n tbprapy (HPT).GISQ\pallbd eEcl(rmhemwhanw)e Wisketthefocus

posi tions an a |n|n an e tre t ment zone. :
Bb-ba shout The Attt P RIS RbTL iy Puttol S Bs dop e torir Ut Seitsbnce.
FIG 6b Smg\g’én@.t}fetd’p?tof&@ﬂu@r&%ansldﬂ‘tl«M‘lb &dy. needl es G and K are positive and
needles | and E are negative during a first pul se) and have reversed
polarities during a next pulse; needles B 25 and N, shown in dotted
outline, in co quence ngedl es K
and N ar e%roggl L:ﬁfle\?/‘rlel d‘gsﬁ'é“ﬁm%cﬂ Egandpéldgf% g'cgttll V er&uwongg)gg?’?reg’tﬁ gl se,

and have rthSElSted)bBt)Darll'QBSSwﬂlth 30a a:on&miaupulxﬁxpartn@tedﬂuﬂﬁsaﬁinars@nhl e
|nact|ve FI G a.thjrd sequence, in which needl es N and

are 6és|0l8(‘ma7 %ﬁﬁjﬁhéé’m Jé@eé éﬂ%ﬁ @"H?fé'sr?eifé‘t“ﬂ\}@‘%mrm’@ of gnplisatigaferil and
have r evetﬁ%e 2439 filgd OQIUA*)rnlgl aid@@’ﬁo“P%a%% n&F%ﬂ'cﬁ%ﬁcﬁﬁ% ﬂcgtrp%rdtQ@Ctl ve.
A total 6 pul sés "are appl a cyc of séquences
acti vat i ohesagberefaenan be used for an octagonal arrangenent . 5 Regardless
of physical configuration, the preferred enbodi nents of the invention
al ways uses at |least two switched pairs of electrodes (for exanple, as
shown in K ) pider to achieve a relatively uniformelectric field
in tlssueELndg%gé?%%zE5$ The electric field intensity should be of
suf fi ci enfFIGnt & trtogs-tectionlassenibiyc drapangpshioningd vievt sfanesdld assgrivly 100 ior der
to effect the process of elegtroporation. 10 Automatic ldentification of

El ect r 8%e 22gnptancaiyth Que epkodimpi ¢ig ews#@rﬁgélernmﬂ@ja%ﬁs@bb b@rqﬁmmlses
different gl ﬁ)%g{u%&"?ut?u‘?&'éugﬁaﬂrbﬁdg?:?sﬁa dFﬁs%%Q] ng?Cow sﬂgxﬁ?éﬁc !””E“t

300. Sincé't nber ectro nee Pon

incl udes a mediogl-drade plisaeye.igG alylon)C thihie Gshaf g n&zfd@ &g lcoHARMive IRMefill,
address the proper nunber of el ectrode needles 314. In one enbodi ment, each
el ectrode elzgnaqé msul@a@rm'rhogmq appliedien the axtarior serviaey pe pratecttbioth patiend and

et or m nePbinken s B Dot Fnat Ahumih 8 Rl erienhta 3 e o

mat chi 2y aslkeliles s P@pé&h@%ndi[&'t@rsl Sr5d FultRBonddREbreREI2al18] 16Y PRe electrode
identification el enent when an el ectrode applicator 312 is coupled to the

i nst r unenfeegirs. | 1¥Hean Bepwharpienklipt, ballown el enent may be incorporated into a

connector for the electrode 20 applicator 312 and access through shared or

dedi cated el ectrical connections. As an illustrative exanple, the follow ng
‘tabl e maps resistor values to the nunber of el ectrode needl es 314: -13 5
15



20 Needl e Array Type ID R'stor (ohns) Needl e Addr essjgg@ Scheme787G__ .
: 4 53 - &3 2GA4. 32K9 K~ 161.29K16 A
simlar technique can be used to automatically set the therapy vol tage for

the instrunent 300. That is, each electrode applicator 3l2 includes a
built-in voltage 10 identification el ement, such as a "keying" resistor,
that permts the instrunent 300 to determ ne the proper voltage |evel for
treatment pul ses for the particul ar el edt+ode applicator 312. The

i nstrunment 300 reads the voltage identification el enent when an el ectrode
appl i cat or oBs¢lid, §ndo<vf;ﬂrmdesloect hagtlhn§"h¢ oatanial 80the ebexctmnde inkédlet ¥ldt v be
exanpl e, e f.ol {SESI stor vaI s to setpoint vol tages:

Needl e Ar r%ﬁCt{)S?llya‘boé] ﬂﬁ“ﬁeg%{l orm (i.e., a composite or layered
Vol t age7875{%51%1&139%3%%&9%(:1335%@1%03&%@&@% éent ? @chﬂgéﬁle a%rr n?c% bf erent

identification el enents may be used for type | atlo
i dentifi caluolk@nv elEﬁeodmmagd@demw hedsed id ineat admrajeamm]ibslmye \IﬁldMTea&tV\m | .
For exa el ec C Cjrcui be incorporated into each el ectrode

0
appl i ca{ggr “3'1 iments, g aneftﬁ Beadlesd |{“é}’ CgfPAisG EoigCirasylas hesrgosaly i et y
o1 Var! abl G Pxaay B3 aler GG BRIAbPBL WRY be coded nto an el ectrode

applicator 312 are: needle array type paraneters, - - - such as nunber- of
needl es, needl e. spaC|ng, . heedle.--array-geonet -ry.,.- and/or needle
smﬁtching ers such as vol tage set poi nt,

equ elegtrica ar ane
pul se Iengl?‘ﬁ’g g WH':‘ o° H?tgéwérﬁéﬁ@ eiéﬁéﬁ ?quﬁqdem afgh-yelizge geperator. iﬂftﬂﬁ he
el ectrode i C re
Gat o (o g, e ot AP, AL e S D O P e
el ect r ode thpgistatatdocandieXlidetdrodead af ik the Siefl DCkisdy t6|pf@teet & e&ﬁ@@ thoat
di sables u of, an Iectrode appllcator 312 if its shelf life has expired);
a usagd? cc?iﬁ?fméﬁé!e? ekblft (i.e., a code that disables use of an el ectrode
applicator 312 if the nunber of 10 all owed uses has been reached; when an
el ectrode applicator 312 is designed to be disposable, this feature

prevent s OSald-Batieafiagra@matie ISR tiodsSHGEvdRISHRNALI(€eldctrddd @kboMthédis
records the number of Eul ses applied, date and tine of application, etc.);

and error 1% 38eTdagneywish the gnvenﬂ@n A IGSw Zanand éthhOWeStEﬂpthbodtedrel@l@dm) be

appl | oat o ape B RRA0D SHH Ao ARe s BRRL A bt e Bl B ot by

t he | engt la Oof cmldmnétemnaynumllakhm&edlei irt . ampionmits@a laﬁcM/QleeQ& drh§. nunber
ns froma single device. This nmay be acconplished by

of ther?p)i, asglj ca

wri ting’ a feReriots dy gimengiogs SPYSAD! & ‘aﬁlﬂ)lFQfaﬁxéWPlekW clegtenderin FiGt 2a/e
circuit up Qw use
beyond a ngr%% g@gﬁfcg%%@ﬁﬁgg@%rgg.tgg ts}éllra%éjrcg%él%gﬁ)?% r?ga)? Fei'u% i (rg‘lgtaa?rlé’on woul d
be det er nidnewtdrnaft-hedy2204rdhe mectrpda ot FI(ChIthHaEm unébh Hxa@fet&%dy Qogi Tiad
procedure., Further he e of the' key el enent may i ncl ude

manuf act uPieRE O nﬁ&%t%ﬁ E’Hﬁ?? e pattishiagy i Wl swed fox frgtias smal serface
informati gpndg | ot code of the device. Also, it may aid in the quality
control of the device by not allow ng untested naterial to be used, e.g.,

the device is configured for use only after it has successfully conpleted a
ciion. i -15 Laparogscopi ¢ Needl e Applicator

25 ma a i.n i ns Lap ! )

e entibafieh 2ot 25 shanoueitd-tuad elesieodss Tp4ioginG6S a 17360 o6t & oh ansloatig
internal ¢ [ d.t QS £api C
e nat | P RS, P PR S B eI GO0 i o
a prior anglewithsspist dlﬂmdyrﬂﬁ@tﬁl@anBthhenB@ﬂe -tips ghdbolt @902 ahglgiithsour ce

840 is transm fi b |ght urde 842 to an endoscopc

844, in KIFRE %*é?set?ﬁd&hr#"%ﬁgg CV% fiSM‘ Eiﬁ'"’iai %Fmpanglaélmltwgdf@romthe
di stal engefinstHeged 8RdRSGRRIPH4. Refl ected Ilght is gathered by the distal
end of the enéoscope 844 ang transmtted to an eyepi ece 846 or to a video

canera 848 via an optical coupler 850. A signal fromthe video canera 848

may be .r d on a video 10 sette recorder 852 and/or displayed on a
Vi éeo m #1pws a dogﬁe angleg electrode having needle tips 200 set at an an%le >\lmth

respect to a smaller diameter fore-body 202. A larger diameter aft-body 204 is angled as



FIGS. 9a-9b are partially antom side views of the digital end of an
| mproverrent over the endo pe 844 of FIG 8, shomﬁnd.ih detail an
extending/retracting needle array 960 in accordance with the invention. A
novabl e sheath 962 encl oses an endoscope 944 and the needle array 960. FIG
9a shows the sheath 262 in an extended position, fully 15 covering the
endoscope 944 and the needle array 9. FIG 9b shows the sheath 9& in a
retracted position, exposing the distal ends of the endoscope 944 and the
needl e array_960. (Wi le the preferred e odiq;nt uses a novabl e sheath
9&, all tWsl The destiade ad1is2g lé|palfticv@rlmr}3rﬁéﬁ@ futtiparrg tuseors REHEHayBS and

t he endoscope. 944 N 944 may be regarded as the novabl e
el enent .) @%IP%’éﬁéggpg éPFbJ”@%ggg%ﬁgﬁ%, the needl e array 960 includes at
least two el ectrode needl es 964, each coupled to a voltage supply (not
shown), and at | east one of which may be hol | ow and coupl ed via tubing 96b
to a drug Elppifyhqwson elastiapg partrprdary jysll syitedifar wpatinglerge tyraews| Ehe smgingr e
pref erably L t i h n e 944,
o that o PIOREA ERE 408 iy BETobEYRHL B5,E0 8 T 810 Al AT RER

el ectrode pirtioelatl egeliOfdtedifer iretimptiatriadtemdReThe SFatig Hedwberchedics Q08

needl e 964 is coupled to a conpressible nmechanism 968. In the illustrated
enbodi mentmay he RomHHEGaBPet kBEHRNi sm 968 i ncl udes, for each el ectrode
needl e 964, r'''> - 16 a support arm 970 pivotably coupled to a slidable

base 972 that is free to nove along the endoscope 944, and to a primary

ext ensi on ARy sefrate dohfigEaNoaleRBaisqR gabaUP fide hid Sonfiguadioy, Kadpingd- to
a fixed base -976 that is attached -to-the endoscope 944, and to a

cor r espondiady aaglecte bahewnde H1@6S.gafg cande combiined aedesiredi Otheacomfauratianisni | ar
in5 construction to th rimpry extension arm 974 ut_wi thqut a support
o ovoy 19 GO aasehibeLalRe dsdhliornes AArRb e SEF abd Hisatt s8I oo oo4 when
in a deployed configuration, described below. Wen the sheath 9& is in an
extended position, the electrode needles 94 are in relatively close

proxi milQy &RT &sétwmstther . Wile in some uses this degree of proxinity may 10

e e AL A Ao R uBLRR Yo Bkl B5LhingRese

enmbodi menteledtfria applicasdresilizns 9émovadlyenipled @ thetstr@ineaCc3 0] whidh deleetivelq
conpression elenment 978 (e a spring) biases each slidable base 972 away

fromthe faprégs veltage gt#ess(tééglééwg elestrade egsiast3 14rafterdectendspplieator hi.

et onst on Futserritd Vplale B Bffetpctic deBEAfhiekTne SESTHAME LD oy e

confi guas atguput biyRhs instrememsI 00t B peeftamaiablen bet ween the el ectrode needl es
964 as shown in FIG 9b. Wen the sheath 962 is noved to the extended

position, the sheath 962 conpresses the el ectrode needl es 964 together,

ext ons on S a1 Tfeles ' il WA Frply % TRMBES PRI

force on gafflectivpBUBtis Provi@edts aasesm@adite 3l fodapkdal Raseh 328 fboadBMEngOVar ds
the fixed base 976 into a sheathed configuration, conpressing the

conpr essi @Hlsey ertbpelegtrade applisttona 1 2.nl e fgot pedal ewitel 32 bpasmits @i thiysicieBdhani sms

968 b d.to. t he.el.ectrad I 964, 25 h d

(o a hol oty Soee iBHef: Sod whiE ceRisecbcih AEhdEF nosihpias; iR efie5e " oam
or rubber hppirdesid 126k WeRtedthaisingloscope 944 and the el ectrode needl es 964,
such

Indicator lights 322 for fault detection, power on, and completion of a therapy session
are provided for convenience. Other indicator lights 324 are provided to positively
indicate that an electrode applicator 312 is connected to the instrument 300 and to
indicate the type of needle array (see discussion below). A standby/reset button 326 is

25 provided to “pause” the instrument and reset all functions of the instrument to a default



- 17 that the wi dest portHl! of the wedges are at the i stal end of the
endoscope 944. \Wen the s th 962 is in an retracted sition, the

el astonmeric material expands nore at the -- distal-end of-the wedges than
at the-proximl- end- of -the wedges; thus increasing the separation

bet ween the el ectrode needl es 964. Further, not every el ectrode needle 94
5 need be novabl e by a conpressible nmechanism 9G3. For exanple, sufficient
separation between two el ectrode needl es” 964 may be achieved if one of the
el ectrode needles 9G4 is held in a fixed position relative to the endoscope
944 whi | e tstae. o Fradly Ritian Jogdepieided to prepare sheripstaument BB firemtharapy sessiess ed

and extende [ Welok . &Gl k. s 96 uld be

asynmetri ca'§j P ;P/&mng%gg[ga} a\ﬂf t‘%ﬁfoecg%)s’eclbél{? %Sf E@‘@R@dé‘@%&%&& V\?ﬁ%gﬁ R%Seé %

depl oyed caefrggaspiell @9 thd BleaitydeAgedlest3N8. GORRILGS ithd MsBRBAM MMAFRaRISt
provi de electrical isolation between each el ectrode needle 9G4, and thus is

pr ef er abl y andigeindicat@isifer suchifungsions apf battoh Press; a favltsshath, esnmenvementdorct i ve
plastic.sv%ile t he qLerred enbodi,nent aé a Ia?aroscopic needl e array

i ncl udes aﬁergﬂﬁ%?@o‘ﬁé{ §'8PY fesSiOReNEiBURN AetIERPY i1 PROGEBe/tsef ul to use the

| apar oscopi c needle array with a separate endoscope. In this configuration,
a support rod can be substituted in FIGS. 15a and 15b for the endoscope
944. El ect i en Blteindtiacmbedimest, Theeinstatruere 36D rhdeabepled it affecibdckt senber
generated i,s determ ned by the nature of the tissue, 20 the size of the
sel ected t % glggeﬁhglei“ﬁg)eﬁ%céfjplé’mg Rylses §‘ei‘fetg? Pegst may Hﬁ?‘%rﬁé‘“m nargpaeagts
honogenous sgih . r i : I Lel d..
strength ré@ﬁ?[ﬁg |By QP@%}?ﬂgng" &cdgﬁlcﬁwn gblélgégpg)' %dégv% |ne dsgﬁeéﬁgbzeh&r gécul ts

i n r educed pefsihilityf sudthiatezfeeaice akeducely be nount ed and manipul ated i n nmany
ways including but not limted to those in the parent application. The

el ectrodes may be conveniently nmani pul ated on and by forceps 25 to internal

bt se. gieFigch s EKBLEHAL A othfe Sl 460 o LB E PRl

uni pol ar ostFIGa3.i Ag ATpswet npunmodulei 402! grovides elettaitAIRGisllcSRWdrdbtheOr @
conbi nation of any of these forns: The nonmnal electric field strength can_

be from ab8gitre mstrymenh 309. AvewrvalbrY RN PeWeEesuRBlY 404 pravides suitableipswer or
strength i i i t Lial t t needl es
di vi ded byﬁltehe S‘fdsﬂcgﬁgte@é’&q%@% g"‘njg’?d@é%}?g@ﬁ%%paﬁaseg Sﬁéﬁéf‘ﬁg TS bout
10 yes to shtable Higl0voltageT (eg.c up an sberanhowdesd velts) neededrfop EPPuhaapy. The
typical]y one to.100.pul ses per second, The it between pul ses sets can be
any desi¥ eQU®PrhRl &@M-@ta@ﬁ@%&m!x%mav FREN PriseppprEasseably 498r engt h
and pul se gUIAtd HRratdPYuledsSet \gﬁgﬁ@q’viﬂ OéhdtMtagfoxﬁdaj cdtfflol Frodl'd hnﬁ‘oﬂ'&g. type
of nolecules that are to enter the cells via ectroporati on. fRe"Varti ous
par anet er sassemablyd Iy Theexitputofithepualss powagissamble 0B riedodpiéd thaiugh a high

el ectroporat,i on. of. 82%/ Kk ?gln cell is generally available fromthe nmany
research pAtaBe sHits fia}ﬁg fo aeedie Biray. conngstardilf. Adempimihgragy pathasion

mai nt ai nedgBY n FINEJSFRE i ' | £ o ni 2 i gnee of the
subj ect ap;c))l I léati on. Thtgﬁgllgyﬁr?lgsﬁag gxqﬁlbefggggé éégrapé‘%tﬁlhﬁzycel | 15

el ectroporation, such as EPT, are generally simlar in magnitude to the

fields required For cells in vitro. Recent investigation by the inventors
show t H ﬁlﬁPe‘fOétFE%aWHalg TRy, 418 alpws e P?@S%QE%OYOIFSWOIGEM denbeo
about 130 : ' gh)gz HS Y/} as
been veri %lpﬁfeﬂ;o gﬂ&\h&‘va %ngrg|(1)rrf§netc E-ng lg&q%r%gle?d\é%%@}gg%'n@gﬁogﬁg l|[£1°|nl§

publ i cat i cofEPRsithmentonappdicatedneaftsutie voltages haatypieellpiasolyeaussoi iagtal " hi gh”
or "low'. Preferab igh fields are use the nomnal electric field

J when , (
i s from adSHY 76’6“\#&% SHUEROY MmokeUzsd ‘fffsé?‘éPgﬁ‘Fih 3 pWHriaddevevenom thecm t o
1300 V/cm i : ' inadls: el ie field
is from abpéﬁieﬁgllg&%? l():'¥n atu\cl)wﬁ%(})d n%)%;:% aﬁ%%@ﬁ%ﬁg?%‘%‘Q%fag’g’ﬁ’g%dé ofﬁf HSE&V/ cm
to 75 HScrandiquietepswitihing, dongentiteciianed better andi moyer fidxible edntrbladvensaitching 25
electric field is low, the pulse length is |ong. For exanple, when the
noni nal elP88F¥c field is about 25-75 Vicm it is preferred that the pul se
| ength is about 10 nsec. - 19 Preferably, the therapeutic nethod of the
invention utilizes the apparatus of the invention which provides an
el ectrode apparatus for the application of electroporation to a portion of
t he body of a-patient conprises a. support nenber, a plurality- of needle
el ectrodes nounted on said support menber for insertion into tissue at
sel ect.ed positions and



S distances fromone anot ) and neans including a sigfal generat or
responsive to said distan signal for applying an el ric signal to the
el ectrodes proportionate to the di stance between said el ectrodes for
generating an electric field of a predeterm ned strength. Alternatively, it
i s understood that other systens could be utilized in the therapeutic 10
nmet hod of the invention (c.g.) for lIow voltage, long pulse treatnent), for
exanpl e, a square wave pul se el ectroporaggon system For exanple, the

El ect roSquar ePor at or (T820), available from GENETRONICS) I NC. of San Diego,
California, 3 be; SoME kah i

del i ver conI;Ir@()?Ilﬁ%S%Efég{gtu??gégﬁﬁgggﬁg ﬁgz;tt?ctri setcgtn%ﬂ{ng&? gagogglte%v%f fdz}glge stay
at that | ewstitckarrap4$2of thengtchit showi ireF((pul. The nembetyf, suansbwitdtiny dBments ckl y
drop to zerg. Thi twe of syste %/i el ds gett r transformation effciency
for the ele Orﬂ}%ﬁ?‘%tta ofshm hame%' &b praeer ahglertadas ofatnycatached meedle han
an eXpof‘entds%mlﬂ?Cﬁ)O. Bheh %mtcﬂ}?\g ehdnfsil r5@§gﬂ@\5i8g)§)Fo?tc%Btr§>fr§f29\)e Hi ﬁ]-t;'&? fel st
commerci ally avall abl e square ve el ectroporation system capasb &or

gener at i fig applied t@aM6levwbdesof Theedbisemblgri@Ohwitanhdshil§ tagiradderolfagem 5 sec
to 99 nsec. . The slquare wave el eét[ogor ation pul ses have a gentler effect on
the cells VGHPETPHRALY P LN sspciptedeleckprie.yi abi [ ity. The T820

El ectroSquarePorator is active in both the H gh Voltage Mdde (HVM (1003000
Volts) and the Low Vol tage Mbde (LVM (10-500 Volts). The pulse length for
LVM i s abouh ghrrfictlar,9®hers ac rmgativedr cdividl Voltage 99 appliedcto dhe ih@Rthghaput

mul tiple pul sipg 25 capabi|ity fromabout 1 to 99 pulses. = -20 .

Ther apeut | @MREIF 0825178 2639siatgde nPimallrapss delay SQWSicEvedneﬁ@hhahmmmtwe
-el-ectrot her, el red: i ectroporation:therapy (EPT),
si ng ho. SampfhT6: § BURE Aol AaRED RE A GEI CRRERY AN B SR SERES o
a cell 00 tossdteor £66.dSistlailpedhennl tpikiveheoh@sNvolimeriombRates REof

"nol ecul e"  as used herein refers to drugs (e.g., chenotherapeutic agents),
nucl ei ¢ aciy§ryUng dnput AMRIESE 1588k, @wﬁocméiwmaamppmrylpm{a‘tbe@,clq'asmdl udi ng

or ugs. costANSEaqhAeY UEHERE piIEe ] AEaMtEs D SRS R R TRET

chenot her aplettrode egmettor 56§ ng an antitunor or cytotoxic effect. Such drugs
or agents 10 include bl eonycin, neocarcinostatin, suram n, doxorubicin,
carboplatin, taxol, mtonycin C and cisplatin. O her chenotherapeutic
agents Wil hohg. kppwudpetdnse of skill in the art (see for exanple The
Merck Index). In addition, "agents that are "nenbrane-acting" agents are

al so i ntd udibe instrunient 300 R FIOE 3tihdesipveinto mwoniiedaee edgardde applicabsos ke
agents as )isted above, or alternatively, ents ich act, pri.marily by 15
oot ng. ¢ FAREMASRE B SEEBHATIE Meater e Aot g agalosns hnenm

Nal kyl nel aﬁﬁsdEge%nd’e\{%ﬁfp%thitoﬁrQtH@Pﬁé‘Pé’rVedb&H_g&ﬁﬁl%nt_, %ﬁnﬁ@%‘&rﬁ%ﬁngﬁ&@@sﬂé' on
of the agent will dictate the nost appropriate ti to adm nister the agent
in rel ati otiffeeent neediesnidasignatet Adhrayightty éorating upite Ipghare trédtmentzangd and whi | e
not wanting to, be baound by a particular, theory, it is helieyed that a drug
having a 'l %\Xfrﬁlstéfa?se(ﬁépligﬁg%éf eﬁfm?rg Zgnes. ﬁ‘e%eaé@egta?%’ieﬁBg‘Pé‘ts‘?srﬁtY?aEP‘l—'g?%ﬁs,

woul d 19 ' ' et : ' . order
to avoi ocl)k gbécc?ﬁgés?gﬁ?lggfﬁ@drsa t;iiagr%@lg%fat% hi‘kﬁué%ﬁ? 59‘2’?@ g@f&"@?ﬂg‘ﬂ%'t |¢1 he
field. Furdpeticulapulsedwogsf tizsndetlles of & treatnvdnit cbndare@f positvey poledgtdndawoog P,
(P being the Parti,ti on coefficient between octanol and water), are very
large in <i'SQT PRERLVAMONItANG are hydrophilic, thereby associating closely
with the lipid nenbrane, 25 diffuse very slowy into a tunor cell and are
typically admnistered prior to or substantially sinmultaneous with the

el ectric pilGse diagramidatidatip shows bairefeagérixd mappineatthy formdilks Cainiag 9i n
order to allow nore efficient entry into the cell. For exanple, an agent
o1 s aHARSITRaITSRt zones TRTSERCk {Tem e Gk candeprosrading clogkwisewlit the whi ch
woul d 3lsl i ShSNd - i C I r ratiaon,facilitates
eniry of B coreaoodefhsHirle e doBed Enbed | HAHBE STBMIEEY B ng
pores. i n andd éemdetlenstediroaieeonfiguratiense AbDdedia tlectrbde tonRites ABeddsPIAGRAS a
met hod for, the therapeutic application of 5 electroporation to a tissue of
a subj ect RFPsRigns Bdlic Kngndrd(Eeaimeat zangtld. Ad-neediheleetrode avompises herglles
providing an array of electrodes, at feast one of the el ectrodes having a
needl e configuration for penetrating tissue; inserting the needle el ectrode
into selected tissue for introducing nolecules into the tissue; positioning
a second el ectrode of the array of electrodes in conductive relation to the
sel ected tissue; applying pulses of high 10 anplitude electric signals to
the el ectrodes, proportionate to the distance between the el ectrodes, for
el ectroporation of the tissue. It should be understood that the

. Y Y L



o
triplex agent, or by cl ea'ig it with a ribozyne. Antjaense nucl eic acids
are DNA or RNA nol ecul es t are conplenentary to at ast 25 a portion of
a specific nmRNA nol ecul e (Wintraub, Scientific Anerican, 262:40, 1990). In
‘the cell, the antisense nucleic acids hybridize to the correspondi ng nRNA,
form ng a doubl e-stranded nol ecul e. The antisense nucleic acids interfere
with the translation of -22 the nRNA, since the cell will not translate
a mRNA that is doubl e-stranded. Antisensbl ol gonmers of about 15 nucl eoti des
are preferred, since they are easily synthesized and are less. likely to
cause . probplaged timpesitignydefimpg draatraentwinnes li-ht Aottroeadld mleotrodre comprjsss
cell. The useedef n%hsense.mgﬂgfdsﬁ/&o 'hé]hi bi t tlhs invitro translation of
genes is wel'T4&R £ (1 BOY RS ”"(‘ @ e—%&ﬁ'ﬂﬁ’sa,' ‘Anal . Bi ochem , 172:289,
1988). Use of an oligonucleotide to stall transcription is known as the
triplex strat eg¥ since the oligoner w nds around doubl e-heli cal DNA,
forming a thiee’ashaws anylsecsequprgeefasra 2%2 Heegtmentizonesin eoeqrduregswithrenpe

ant i Sonse. FenFORRRNES: theigh B bt fafof AP B9 EmbaETY et Satige 10
Desi gn, 6 6paifsOE ndedRt)are Redpoaens patitydRNAn IRk eR e ScHARRIC S8 shewh hortRpi |1ty

to specifically cleave other singlestranded RNA in a manner anal ogous to
DNA r est ri cRAEANSHf YRl Brisnare Possihe.omgh a5 Blockwise or cauntensloskwise pregressiet.

sequences Whi.Gh_ hes gt iQle to.engineer | ecul es
t hat repog%fé@sg%gggfegﬁﬁg% Oélgz{’"fr téor!séld&tfgfﬁgrgé%wﬁe SATPIRS !Pé’geﬁl(g?%?ﬁﬁ“
cleave it (Zmeh.atd pokes M) FsiSd.16-reflc3éedrodk S&RligurioRl £pr N@tﬂk&?@ of
this approach is that, because they are sequence-spécific, only nR W th
particul ar cosprsatds pelee(d eatmentazands atfhpulscssgaght. wo basi ¢ types of
ri bozynmes nanely, telrahynena-type (Hassel hoff, Nature, 334:585, 1988) and
"hanmer head"-type. Tetrahynena-type ribozynmes recogni ze 20 sequences which
are fourgbaggsndedlel fitttolle UL fpri aa*&rra'm%%?‘h—& rd PN 2. base
sequences 11- 18eb§ses inelcengtrﬁP.mThe gnger fh“é’“?%'e‘%@%??@iw@gﬁuencf t he
greater thé&d Alteliatively, 4 hakedlb elestodecrebendfined as wsutancd uslamet wrcay suble
target nRNA speci es, sequently, hamrerhead-type ribozynmes are preferable
3 RO i

to tetrahyif 51_39%5’ RESX e’i‘ﬁ'ékéf‘i_f?f&{“?%@ é%ﬁe%ﬁfqe@dwt@ﬁéé%s and
18- based recafhtd 89a QQQL}_@&E@lzg'Saréz%fF}{e@él@sr P@Eeﬁi itngxéi*f.‘i%hé ﬁéﬁr{iﬁﬁﬂgﬂﬂnhén?”
sequences. i - 23 The invention also provides gene therapy ¥or the

treat ment @bneeli2 {orahy berealingas pair dftraatioénd gboes)li eror kxagomab dirahgeoneny ofi

articular gene ar c ereof ., Such thera uld achieve  its
Pher apeds: adersdl GRieE SR argaitsr 56 wpdsi:ons deiaea Brvasar) dedivas an
pol ynucl eotehBgzddirfarhfeht §o$@§sh8@ntinedoqfe§0<§ﬂﬁﬁe: in[HG.V(ﬂr Sidlar ,la)ﬂnéj-?ik: i ides

can be 5 achi eved using a reconbi nant expression vect'or such'as a chineric
virus, or telestrpdt ganuaingwisede octigoheordesubsetrafdhalargen akreyl ShdWiinf HIG. & &opl e.

Various viral vectors ich c be utilized for gene therapy as_taught
ner ei ni noFRHBbEGRIb I FaEe 1o b & of dnacedlfietindd ag be dhietiasaor v 28R rua
virus suchogpeddle£plaedd M Sositfdnsdefi@Rk ¥realrt Z6h &0V 12" & evgngrté?@ dtfeinear
derivative of a marine or avian retrovirus. Exanpl'es 10 retrovira

vect or s20 n tugletcdf teeastnentlzenés)y @i aproqyegomabamarigemiensefiteedlies BcCyuHe L, I0ytN,dr e not
limted to: | oney marine l.eukeni.a virus LV), Harvey nmarine sarcona
Vi rus (I—lal\/Eé%'/??‘“yncﬁ\P/?rﬁgt ‘?fg’r?ﬁﬁ?‘}f d[eg]%g agpp@ggé\ﬁb,\%mwg,an&qarMe@@pewcw rus
(RSV). When the subject is a hunan, a vector such as the gi bbon ape

| eukemi a virus (GLV) can be utilized. A nunber of additional retroviral
vectors caRIGHcbrGuoshatve a rctagomd] @rrgegasent Ahd ods possilihisswatiec s@juenea FIG.
transfer or incorp{?rate a gene for a,selectable marker so that transduced

cel I's can BRSHAysH i seaenre inywhishaicedies Granddoarn pasityegnd aeedles ! sl Bept i des

may al so bﬁ.e% fGe H&it‘?rﬂ; 4 Arst B@lsé, hah %Q%]Hgtgﬁg?bgﬁgfigg dﬁrhf‘g d Hb\ﬁ?ghisg;nnee fisB

exanpl e, i nonodulat ory agents and I ol ogr cal® response’ nodiTiers
can be 2dnhnd Nt showd i dottadroutiineparatinamiveyFI&. Gelshowd heedoad medurnot dgivetdth

ey Res Rl B R art ol hnd RecERURAPH o8 REGaRVE Giring o Bt Fuse, A

have reversed polarities during a next pulse; needles G and I are inactive. FIG. 6de shows



Faaty)
K

i rmune response. Exanpl es¢@ i nmune response nodifi erq ncl ude such
conpounds as | ynphoki nes. nphoki nes include tunor n osis factor,
iFnterleukins 1, 2, and 3, |ynphotoxin, macrophage activating factor,

m gration inhibition factor, colony stimnmulating factor, and

al pha-interferon, beta-interferon, and gamma-interferon and their 25

subt ypes. i -24 Also included are polynucl eoti des which encode netabolic
enzynmes and proteins, including antiangﬂggenesis conmpounds, e.g, Factor
VIl or Factor I X The macronol ecule of the jnvention also includes  :

anti body nd t@’éi& Ff‘é&*?"%@”@é?weﬂfﬁs 3‘{)%@1 arg Positixe apdpegdiesiBsandeGire pegative | ude

i ntact nol I g : o L) z.
adm i st i R 515 PRy Ba)d AR polb AR kg 4RI e bR ad Bl o

t he i nvent iimctivenAbtetal fafré pudaespdre apphedemt £ cpdlt pf byquengesciAi simjlar apivation

i nfusi on, nasophar ngeal sorption, dernmal absorption, and orally. In the
case of a ﬁEﬁﬁWFeF%}‘%w§ PRan getagriah AHARSERALi ¢ or ot her agent can be

adm nistered locally) systemcally or directly injected into the 10 tunor.
Wien a drug, for exanple, is admnistered directly into the tunor, it is
advant agéoReghdlesnpfytiysitdleodfigigraiion, ahé preferiedEmbvdimnaits oflthe idvenfidn dlaaps ng”
refers to admnistering the drug_by changing the direction of the needle as
the drug i $s¢set fegstithpestiteednairp9f elestqdss Eor srasenle.qshown wuFiG.plag indendect i ons

l'i ke openi f r . ol us, der to vi de
2 greater aaitieda RUERED Jbm REOR AOO VAR QuiPiolls BR ShEREa BRI Y h S
vol une_ t hafintessityyshbald! UeyofseRtidnd idtBsitRnd allow indorplaaiisbf £tle@niencigatm t he
vol ume of the drug-containing solution, when the drug is adm nistered
(e.g., injeedesdg efteqtithe piasess ofielectroperadien. to i nsure adequate distribution
of the drug throughout the tunor. For exanple, in the EXAMPLES using m ce

herein, one of skill in the art typically injects 50 gel of drug-containing
sol utiong hawRvdic IdehefidRion df EladiRd BptityoAO. 1 nproved by increasing the
volunme to 150 ul. In the human clinical studies, approximately 20 m was

i nj ected t dhemappmgashenatdescpbed alxiverpeonits Héterentelectrdedmliattioys 3 12he be

i njection shoul done ver all arqund_.the base d fanni ng. .
At hough « Pt ta s FRRInsEimeat Y She? s el ae oS dedles o T pad W ohor
it is al sot meeityh WoRdes wem¥arRf fof MutdifaticdPlcohfgiRe! Bk iifstnARentrRbeiAb! v,
the nol ecule is adm nistered substantially contenporaneously with the

el ect r opor address the prapsrawmber pEcleetrede neggist ahd.ilalong ebadimmpbeasteelgetrgde means
that th e : raf e t dpini st er.
Feasonap] y eRckPs Blehdes £hAEL ARYIAA A dTALAER s % ARSI BL8Ry. |\
mol ecul e othat berédpeatt instragrnt 30@to détemtiye thelnuntfer bAtREYade nddaReBdE Nghdupon
such factors, for eﬁanple, as the nature of the tunor, the condition of the
patient, tHussesdtsglhdo dhmaiching ddsssswgeichems cEhemstrumentoP @Y tgads 4hel typs) t =

liTe of thge e demdrt GARA AL EIQ&F%Jng&pR@tSP.’s B RlcoRGE M Se"iAthbnlk ﬁb..“de

sterile or agueous Or non-aqueous ut1ons, suspensions, ‘and enulSi ons.
Exanpl es oTh&eypeddertificatisobiemhtsmay Be incomoretee irb Mcdhneddod foethwéleqteodsl ycol ,
vegetabl e oils such as olive oil, and injectable organic esters such as

et hyl od%adnplictigs s Heand pecepnibrqued;shatedos dedigated elssisisal eanvpgtianan al so

i ncl ude adjuvants, wetting agents, enulsifying and suspendi ng agents.

Furt her, vasoconstrictor agents can be used to keep the therapeutic agent

| ocal i zed As iaarillisorafiué ekargple,1theAollowiigl taBlarm;aﬁ fesistt adluy té e Mahb@dofof the
invention. The illustrative exanples provided herein denonstrate the use of
t he net hocelestradgaieedloei4dion for the treatnent of tunor cells, e.g.
pancreas; |ung, head and neck, cutaneous and subcutaneous cancers. Q her
cell proliferative disorders are anenable to treatnment by the

el ectroporation nethod of the invention. The term"cell proliferative

di sorder" denotes nalignant as well 15 as non-nmalignant cell popul ations
whi ch often appear to differ fromthe surrounding tissue both-

nmor phol ogi cal |y and genotypically. Malignant cells (i.e., tunors or cancer)
develop as a result of a nufti-step process. The nethod of the invention is
useful in treating malignancies or other disorders. of the various organ
systens, particularly, for exanple, cells in the pancreas, head and neck
(e.g., larynx, nasopharynx, oropharynx, 20 hypopharynx, lip, throat,) and

l ung, and al so including cells of heart, kidney, nuscle) breast, colon,
prostate, thymus, testis, and ovary. Further, malignancies of the skin,
such as basal cell carcinoma or nelanoma can al so be treated by the

t herapeutic nethod of the invention (see Exanple 2). Preferably the subject
i s human, however, it should be understood that the invention is also
useful for veterinary uses in non-human animals or 25 mamal s.



In yet another enbodi ment g he invention provides neigagd for the

t herapeutic application o™e|l ectroporation to a tiss of a subject for
damagi ng or killing cells therein. _ ,,., -26 The nethod includes
providing an array of electrodes; positioning a second el ectrode of the
array of electrodes in conductive relation to the selected tissue; and
appl yi ng pul ses of high anplitude electric signals to the el ectrodes,
proportionate to the distance between fﬂé'electrodes, for el ectroporation
of the tisgue- i < 26 :

pul se | enl gt iNd_&ﬂ'ldDhrﬂfmmeﬁlﬁ}emfsPEadditieﬁynsichrﬁ_

chenot her apeuttc—agents—For—exampte—prefgrabty—thenornat—etect++e—F+et
is fromabput 25 V/cmto 787V/cm and t he p:lil se length is féom about 5 sec
to 99 nsec{ _The TOITOW Ng _exanples are I ntended To I1iustrate bot—mot T

the invent{on. Wile they4d¥e typical of those that night be used, other
procedur es{ known to those %illed inthe aft 10 may alternatively be used.
EXAMPLES The foll ow ng exa les illustratelthe use of EPT Tn cell |ines,
d humans. EPT in poorly di

ani mal's an
human pancf-eati-c S anc=3 <Ya¥alsT& k
nude m ce. | Exanpl e shop®ihe results of trigks in humans
usi ng EPT fFet—treatrent—of—basat—ceH—caretnoras—and—retlanroras—bExanple—3
shows resujts of clinical.29Ki al s i n humans|using EPT for tigeatnent of hea
and neck tUMOTS. EXanpl € & provides in vitro data for EPT UtTtTzZing ow
vol tage (electric field) and | ong pulse I ength. The paraneters for EPT are
described in the exanples; for Exanple 1 and for the head and neck cli nical
trials, the nonmnal electric 20 fiel'd was 1300 V/cm and 6 pul ses for 99-100
~esec, spafedimylar fteghigied camberusad 40 aemalicallyceet the itherapy melizgst forotheused

iml ; t iG fiel , V/ Nomi, nal
ol ot 11 o 1 aIFaEG 20 EHETs et leERbLE Boblptdk, FTE atehis 1 R
di vi dedi Qyidehgfidhitidhaleeddeiushan af ‘heyngedisstoithd deeiits dhe ThsrmeB00%o

illustrate the use of EPT for effectively killing undesired cell
popul at i ondetemnige the prepesryoltage lavel foratieatmeps pylsesofor the paptcufarGAgptadel- EPT

for Treatnent. of i.n_ViVvo Si e treatnent.pr.ocedure invol ved

0 ect ) on BiPlsios Afa i heRutiehy 07 rEeRUhe «bli e, BRRiadB R etetoiR )

usi ng fanndled@rodsapPiedor PEXisketgedtd MeligREndY 360P! | cation of six square
wave el ectrical pulses, ten mnutes |ater, using needle array el ectrodes as

5 described in the present application) arranged al ong the circunference of
acircle I,cmin_ dianeter. e arr of variable diapmeters (e.g., 0.5
cm 0.75 ¢ %nnlguftrétg'ecerﬁgl@ﬁlﬁl\ﬁﬁeg%ﬁoo‘%mhg%b&e FEPHELEL V&E‘F%%ffﬁ%‘?'gt ‘691855?'i ous
si zes. .St qpper f varJ ous Ights C be jinserted af the nter of the
array tid n 5“@?13%’@6?1"&%? gﬁl%’é'ﬁf"d' @Bm[sﬁ needl es i%ﬁtﬁo'f‘lﬁyot'@#ﬁr vari abl 4.
A built-in mechanism all d switching of |el ectrodes for xi mum 10
coverage qf—the tunor by the pulsed field:] The-electrical” paraneters were:

7s0 Vicmgenter field strggngth and G x. 99 acs pul ses spaggpfd at 1 sec

5ferentiated

i nterval . HRestts—showed——severe—neerosts—grd—ederp—-h—hearly—altthe mce
at the treatnent site. Wm3lke there was a qubstantial redysig on in the tumgr
vol une (affter—a—stight—nrtrat—ncrease—dge—to—edems)—of—the—mce—+r—the
treated gfoup (D+E+; D=B*32K E=Electrical |field), those 845
20 221K 845
1.29K 1300

The same or different identification elements may be used for type identification and
voltage identification. The nature of the identification element may vary as well. For

example, an electronic circuit may be incorporated into each electrode applicator 312



15 in the control group ( -) increased dramatical | s Hi st ol ogi cal

anal yS| s of tunor sanples owed necrotic tunor cell osts in D+E+ group
conpared to a mi xture of viable and necrotic cells in D+E- group.
Prelimnary studies with human non-small cell lung cancer (NSCLC) tunors
xenografted onto nude m ce have al so shown very encouraging results with
EPT treatnent with bl eonmycin. 20 The tunor cell |ine Panc-3, a poorly
differentiated adenocarci noma cell |ineldf- the pancreas, was supplied by
Anticancer, Inc., San D ego. For EPT experinents, tissue taken fromthe
st ock ni ce,witthstoged Higitalmrmnaloignalumfomwrmy nEwyriables. Exaaypbet afrinfoeraatiomt o
very smal | |eces ab&;{d 1 mm each, 8-10 i)l eces re surgically

xenogr af t eé’l tinay k%6 dﬁ@oﬂbe@%féoc’r%‘t‘fﬁ’hf:ﬁofé 7 2 &Fﬁ@ %F”"I%B’@e rﬁaf?é“et%fﬁd t hen
cl osed wt t t ver ed
about 5 T Ty o8 T oo Sady HERe Shhdte | RIREEARIHAR, SER RERTCT
control gr GwptchlﬁgﬁequdbcaramtncﬁtﬁhbeIplaramdtereIsuk)h @ebltage sétﬁoﬂ:Q pul:melerﬂglh, EPT

t t : t f Il I f BTX
Squar ¢ Vi NG5 GSEBHER Ghelt s Soiuidnecmun Lt e slebi Sléwoéds @i
tumor vol U%%&aﬂv@kﬁ%ua}h cfiSdOusRdI@ ohit P8 herinfliffafoftwien and ¢

are, respecti t he | engt i ckness
Bl eonyci n ¢&i k@m@d@lﬁm mablsc)trmp@hezsod VYEYinclade. shelf tife loékot 9% Nacddexthak was

injected i e int unor al | for both the control

) h (]
(. D+E-) anH‘S? %Ltsrﬁne efb?JeC(t%?t ﬁypleﬁa&m)éﬁ %@ﬁﬂw}fﬁ&we&pt@) # HEAGefo8RE 3,
each mousedd oL {]3'521“ cS&é’Hﬁ% Wﬁﬁblﬁfhé@@f id aﬂ}t %68 g §Hz“ﬁ“ éﬁeﬂ@% er of
needl e array ectr 0

el ectroporator wth'a set o escripbed in the

pr esent'10 nukoved useschacheen aahchpdy avet an&lmmdeva@pﬁca&& jm lsOGY\é‘su,nfeti &b the
strength 1300 VI¢cm 6 pul ses of 99 i/es each, at 1 sec interval. The mce
wer e roni t Biseasables this fajure prevesistcantanyination em rejugels uetze disevddghd bat e

tamor or owthich Seie e AR B Q8RR AR Ui tidhofapddlon. B TLAR 8- oy

resul ts of coderdaptuse fz@nttb allovaad elesterieagdpldatdiall 3 to\bd Ruamdd toithd Hahuflet@erand/ or
with and wi thout pulsing using bl eony C|n for the Panc-3 tunors. There was a

dramati c dpfd anabred fydpiwe ma éOﬁHﬁri@ﬁfl@%ohwwﬁth%wﬁ@ﬂmnﬁtc@%n terms of
tunmor volune. There was essentially no detectable tunor after approxi mately
24 days of treatnent. The results of FIG 10 are also summarized in Table 1

bel ow Ul t Thelcitayismay\be defetininedby oite RAgf ofttime Roitiaitial e@r &fxhé applidatdrhe
tumor is shown in the seq uenc of FI 13 a 13 d .and the correspondi ng
hi st ol ogy #nWellas.t f4‘&'“1'l€6 of therapy ippliggtions franr@rrngiREiAWrEERADY ©RY BANC- 3

TUNDRS TN MUBE o108 15 ke S ol & 68 BB b Ty € BEimohe ST

circuit upon initial connection to the instrument and would not allow use beyond a
certain length of time afterward. The time length limitation would be determined by the

20 maximum practical time length of one surgical procedure.

Furthermore, the usage of the “key” element may include manufacturing and quality
control information. One examplé of such information is lot code of the device. Also,
it may aid in the quality control of the device by not allowing untested material to be
used, e.g., the device is configured for use only after it has successfully completed a

25 manufacturing test inspection.



N

volume (mm) C2Tunor vol (mm ) T1Tunor vol unme (nm
T20138. 746148. 940123. 110/ W¥. 3701206. 979179. 82021 0. 95 2.7208394. 78645l . 787
104.550211. 11 015557. 349798. 919113. 210226. 96618939. 582881. 752161. 730246. 9102
41391 . 0571406. 98041 . 56047. 223281628. 6311474. 21000352619. 7652330. 31000382908
.91 22333.96700433708. 5715381. 75900 15Cel | Line: poorly differentiatedhuman
pancreati ctunor (Pane-3)Muse nodel : nude nouseTranspl ant: subcut aneous
xenograftControl mce:C 1 and C2Treated IRice: T | and T2 20 The Panc-3
experiment was repeated using a non-snmall cell lung cancer cell line
(NSCLC), 17Zaparescopisdlesele Appliciiosgo, CA). The results were sinilar to that

found with bl i.n_and -3 in FlG | . i ment ,
tumor that FREPEINENon e Fag Bh B Apatiylas Hoghl for (Rafng e RRL LR days,
there was n@nditied Angsaroicopltdedle bRy Rad ehederdBst YR ExEmiRUSh Sy #eh fo Whinkit zed

with the drug neocarcinostatin (NCS) 25 follow ng the same procedures as
out | i ned alwpunallysinypsivgh EPA. BlG, 81is andiagrag plikqasiagd ot ardascepic ESinatien

manner sim| ar t,hat, used,.for the hl.eomycin studie s not .. .j -30

ot feoti ve ko gk ARER gf bk Lhon THEuEd HEbida BB AR gt wide e

| ow i soel equpit6 aR@hBbscBpc BER, in ®newh TR, MisshdisaN@finhea fﬂﬁﬁﬁglﬁtte@ﬂmbﬁ@gbdr ug
fromentering the tunor cell. Therefore, the experinent was repeated by

pul si ng fi fiom tadistaheed of Hig endsscppe B4pUfeflected|light is Batheeddduysthe Histal ghd pAl

7o tr cavetr PR s tyde o Ao s B U Pl b e s Vo] 7))

an i ncr easeptialtosUpler 890 UABiHAB froRSthE Wedko davferDRIE A9 betrechBedUR al Ad@AeNs.
However, as shown in FIG 20d, when a separate group of 5 mce were

exani ned0 arasgeje rgorder B5Aiand/os Hisplagechoma vided mandtec856n in tunmor vol ume. A
conparison of FIGS. | la and 11b indicated that post-pulse with NCS was
nore 10 effective than pre-pul se adm nistration for NCS. The present

Exanpl e i | IFUSS " 9d-96 atehgdrtidllydstantam didk Wsvanifith aidtaPemebeat intpréMdiaait ovEanc- 3)
and Non-smal | cell lung cancer (NSCLC) xenografted subcutaneously onto nude
m ce can béeendessope 844 of FléntSe dhayying e detpit amextandingfretrasting nessthe aroay U ng

bl eonycin or. NCS_and .needl.e ar.ray, el ectraodes. her, siml ar L

chonot her afst e RgorCREify RH68 A PSRbarTn o7 Hidosty He Blionspmodb™d ne

i nventi on. t}iﬁhﬁed&éﬁﬁﬂ?@@f FfaN0aZhbovs B6d shkdih 26b 6aMaCeendedSHambnl Fulkabl e

2. In 68%( | 7/25) of the treated mce, c | ete tunor re&gessmn was
B!

(0}
obser velP 280ssiig thoEndareRs 144ezndnhaneedippirey 2¢Fl6/ 55h @hesah PO2in

(>809% regr ion, 8% (2/25). s n e nse, and 4%.,(1/ di ed, 20 days
after treaf ﬁ%aatc&ral\%’%%g’p%’f}‘f%mﬁ[}ﬁrﬁmﬁg%gﬂ&@e}ﬁ%gbdqsﬁo%%“(afglztg%?e B3 he
cases evengel.(®hilkdfe gaferaf etib@lime@aise®dmoviEIR sREEINDED i Ve hab FRjusred & 17)
fromthis group were nmonitored to be without tunors for 243 days after

whi ch t heselaige monement betvesn theashrat 862 pad g eptosaspe fitdchenpetbs erdoseonpsr e was
t unor regrg#ingg?é@)@%@s}tﬁég{?%\%@ég%%mt.gut at a much slower rate.

Hi st ol ogi c severe necrosis of the tunor region for
the group 25 subjected to EPT whereas no necrosis was apparent in the

cont rol grou& | ntrat unor al __. -31 5 Electrochenot herapy of Pane-3 with
Bl eonycith Inabe preferred echbadimient, dhst icedle wrmajn 968 inphrdey ot leas twb didctrody aeedles

conbi ned w f anni n maxi{.m ze uni formdrug distribution, throughqut the
tunor vol \lg\%,’ R4 C?'ﬂﬁﬁij?‘f 8 VBL‘a%eef'ﬁPpr é‘@ég}‘?/”ér%a@‘éé éf‘téﬂ‘et%‘f’{‘ll'éh niay be
tcgg\éte% In ?nﬁduo@ﬂﬂ cBlipled i BitiRPo6d % dHg Suppy @6t howhY | e ths JPaNS it Sde
needles 964 are preferably positioned to extend beyond the distal end of the endoscope
944, so that a tissue site can be viewed with the endoscope 944 while the electrode

25 needles 964 are inserted into the tissue.

Each electrode needle 964 is coupled to a compressible mechanism 968. In the illustrated

* embodiment, the compressible mechanism 968 includes, for each electrode needle 964,
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Secondary rret astatic tunor e: Fibrous tissue 20 In vivo results using the
MedPul ser Thr Preliminary experinments usiktg MedPul ser TM (appar atus of the
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and seeded gonfi mmﬁby(akmﬂﬁﬂtﬁﬂﬁycells/n1 BleonyC|r| at 2x 10' 5M was added
to the wells (for D+E- and D+E+ only). Cells were el ectroporated in 24 well
pl ates using the 6-needl e and 4-needle array el ectrodes connected to t he
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cell survival was determ ned using XTT assay wh I's based on netabolic
conver silén befadxquate for paticalanvoltagds,iis otheassasdhe slpetcwdaxmadhemﬁé‘t neasdatiol havat 450
nm Only the cells which are Iive convert XTT to formazan. The percent cell
survival valTEHE ¥PE Y 8Mat i ve val ues cal culated fromthe O D. val ues of the
sanmpl e, a control with 100%cell survival (D-E-) and control with 0% cell
survival (D-E- with SDS, which Ilyses all cells). 15 The cell survival data
are as fol |Asgerdinghplinethe pmfemademhvémequgvh%tmwlmat}a?@a@n@vmmti@Eretracted
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statistically both 4 and 6 needl es appear to be equally effective in

ki | i ng 1 hextensior amePT4 This retractiye force causggtheExpmusior apms 9G,|9ﬂ7éa|anghe|oazts for
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the tunors esse €’ én € e&i erlo using the

same tunor béﬁﬁ&ﬂﬁﬁeel@éﬂrédﬁm&dﬁ§9m§Q)b@dlianI@(aBm e 1. The concentration of
bl eomycin adm nistered was 5 U1l nL. The dosages of bleonycin 5 were

adm ni stered as follows: TABLE 4 10 15
When the sheath 962 is moved to the extended position, the sheath 962 compresses the

electrode needles 964 together, forcing the extension arms 974, 977 to fold. This causes
20 each primary extension arm 974 to pull on the coupled support arm 970. The retractive
force on each support arm 970 causes each slidable base 972 to move towards the fixed
base 976 into a sheathed configuration, compressing the compression element 978, as

shown in FIG. 9a.

Otber compressible mechanisms 968 may be used to separate the electrode needles 964,
25 such as wedges (or a hollow core cone) of compressible elastomeric material (such as

foam or rubber) lodged between the endoscope 944 and the electrode needles 964, such



Turor, Si zeDose of Bl eomyGigax 100 nm. 0, 5 U 100 - 1g& mi .75
U150- 500mi 1. OUSOO0 - 1000 1.5 U1000 - 2000 mm 2.0 000 - 3000 mm 2.5
U3000 - 4000 nmm 3.0 UZ 5000 nmi 4.0 U Table 5, -follow ng, shows the results
of the responses to treatnent. NE=no effect; |ess than 50% reduction in
tunmor volunme. PR=partial response; 50% or greater reduction in tunor
vol ume. CR=conpl ete response; disappearance of all evidence of tunor as
det ermi ned by 20 physical exami nation,-&hd/ or biopsy. -34 pH r. u_ FEr
O.. Hc OH.. aa.wopo Uopapp@QOOCaPa0lpn. OCOOOW NnObNOO! ~ DNnndos80sw
Dn' no. oz Qhésthe. WideMafotiew aftheavalges aee atrthadistah endhdf the andossopaod{s-dVhan
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the sheath 962'is in an retracted position, the elastomeric material expands more at the
- distal-end of the wedges than- at the-proximal end of the wedges, thus increasing the . .
separation between the electrode needles 964. Further, not every electrode needle 964
5 need be movable by a compressible mechanism 968. For example, sufficient separation
between two electrode needles 964 may be achieved if one of the electrode needles 964
is held in a fixed position relative to the endoscope 944 while the other electrode needle
964 is movable between a corﬁpressed and extended position; the two electrode needles
964 would be asymmetrically disposed with respect to the endoscope 944 when in a

10 deployed configuration.

In any case, the compressible mechanism 968 must provide electrical isolation between

each electrode needle 964, and thus is preferably made in whole or in part of a dielectric

such as non-conductive plastic.

While the preferred embodiment of a laparoscopic needle array includes an endoscope,
15 in some embodiments it may be useful to use the laparoscopic needle array with a

separate endoscope. In this configuration, a support rod can be substituted in FIGS. 15a

~ Electric Field Parameters
The nature of the electric field to be generated is determined by the nature of the tissue,
20 the size of the selected tissue and its location. It is desirable that the field be as
homogenous as possible and of the correct amplitude. Excessive field strength results in
lysing of cells, whereas a low field strength results in reduced efficacy. The electrodes
may be mounted and manipulated in many ways including but not limited to those in the
parent application. The electrodes may be conveniently manipulated on and by forceps

25 to internal position.
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set-to-achieve a nomnal electric field strength of 1300 V/ cm (the needl e
array diameter was nultiplied 5 by 1300 to give the voltage the generator
was set at). The pulse length was 100 acs. Study Methods The study was
designed as a single center feasibilityl&tinical study in which the

ef ficacy of the EPT procedure in conbination with intral esional bleonycin
was conpar Ehe tvoavelfiatm fadrthe redetitticab rsednak pragaded, by ahié auisergenemthrocans ystaami c
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cal cul ﬁtOEdtyFé’BPholé‘éh!éErﬂlat Arontdrahetallstviel BitPsobdioaubsequent to the
injection Of bleonycin sulfate, the applicator is placed on the tunor and

electrical pulses initiated. Each application or an initiation of
electrical..pulses is referred,.to as a ence. The f EPT is not a,
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four subj ebst d08WYcinphhsdbepaktiifidd byeispovsexpeSmenBof otliers 2pofied b sihtiiy; and
two subjects _had no response (Subject No. 5 and 7) to treatnent. Three

subj ect's diuBHcaON®r to reachi ng week 12 due to progressive di sease or
conplications 15 unrelated to study treatnent (Subject No. 2, 5 and 7). One
of the three subjects achieved a PR at week 4 (Subject No. 2). Two subjects
had no 2pr epeontsiniahli glect At fieRINERbe d@idnarat githep hightebr “lowtD Praférably, ihest udy
enrol I ment (Subject No. 4 and 8). Three subjects had a tunor that was not
conpl et el yhi Srgised; the npminapplecteigichd is Sigoalenit 760 Wera taddPe &/emand

therefore receiyed seqne rea ubj.£c . 7.a ). 20 Table 7
shows a sIFiEF3P yo&O #HFEL@S&(P&? L%n?{psq &?%@SWY@‘%PZ%‘FQ%&%&‘EW%Si ng
t he appar afd'sorfithallelt@trididdis fism abBetRW ¥anZto 100 V/em,iand #iord pRiferaslyfRsSHRONSE
to Bl eonmycin Sulfate/ EPT 5 10 Subj ect
about 25 V/cm to 75 V/cm. In a particular embodiment, it is preferred that when the
25 electric field is low, the pulse length is long. For example, when the nominal electric

field is about 25-75 V/cm, it is preferred that the pulse length is about 10 msec.



No./Initials- Previous- Tymtnent\Wek of - Treat ment Ti g t0 Response
(Week) Rcsponse St at usLast sit (Week) 1/J-SS02,8 ~PR,

CR222/ G- CRO, 44PR43/ L- ORO3CRI
G4/ G RNoneO0, 44, 9PR, CR95/ R- HRO, 4naNR** 46/ C- BRO, 122PR127/ C-JS, R, COnaNR** 18/ L-

JNoneO, 64 .PR99/J-TS, R CO, 77PR**7 (S) Surbery, (R) Radiation, (C)
Chenot herapy; PR-Partial Response; CR-Conplete 15 Response; NR-No Response;
**Segnent ed treat nent -3 HJ ECNMZ --s ~:rvno a o ~z~ , . NpoppC ~ N
O N O O ONOO ™ | Ovlp. ~ T. . y.~ -0\ -
N ~ n n ~ Preferablyghe therapeutlc method of the invention utilizes the apparatus of the invention
which provides an electrode apparatus for the application of electroporation to a portion
of the body of a patient comprises a. support member, a plurality. of needle electrodcs
mounted on said support member for insertion into tissue at selected positions and
5 distances from one another and means including a signal generator responsive to said
distance signal for applying an electric signal to the electrodes proportionate to the
distance between said electrodes for generating an electric field of a predetermined

strength.

Alternatively, it is understood that other systems could be utilized in the therapeutic
10 method of the invention (e.g., for low voltage, long pulse treatment), for example, a
square wave pulse electroporation system. For example, the ElectroSquarePorator
(T820), available from GENETRONICS, INC. of San Diego, California, U.S.A., can be
used. Square wave electroporation systems deliver controlled electric pulses that rise
quickly to a set voltage, stay at that level for a set length of time (pulse length), and then
15 quickly drop to zero. This type of system yields better transformation efficiency for the
electroporation of plant protoplast and mammalian cell lines than an exponential decay

system.

The ElectroSquarePorator (T820) is the first commercially available square wave
electroporation system capable of generating up to 3000 Volts. The pulse length can be
20 adjusted from S usec to 99 msec. The square wave electroporation pulses have a gentler

effect on the cells which results in higher cell viability.

The T820 ElectroSquarePorator is active in both the High Voltage Mode (HVM) (100-

3000 Volts) and the Low Voltage Mode (LVM) (10-500 Volts). The pulse length for

LVM is about 0.3 to 99 msec and for HVM, 5 to 99 usec. The T820 has multiple pulsing
25 capability from about 1 to 99 pulses.
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Therapeutic method

The therapeutic method of the invention includes electrotherapy, also referred to herein
_as electroporation therapy (EPT), using the apparatus of the invention for the delivery of
macromolecules to a cell or tissue. As described earlier, the term “macromolecule” or
5 “molecule” as used herein refers to drugs (e.g., chemotherapeutic agents), nucleic acids
(e.g., polynucleotides), peptides and polypeptides, including antibodies. The term
polynucleotides include DNA, cDNA and RNA seqL;ences. . '

Drugs contemplated for use in the method of the invention are typically
chemotherapeutic agents having an antitumor or cytotoxic effect. Such drugs or agents
10 include bleomycin, neocarcinostatin, suramin, doxorubicin, carboplatin, taxol,
mitomycin C and cisplatin. Other chemotherapeutic agents will be known to those of
skill in the art (see for example The Merck Index). In addition, agents that are
“membrane-acting” agents are also included in the method of the invention. These
agents may also be agents as listed above, or alternatively, agents which act primarily by
15 damaging the cell membrane. Examples of membrane-acting agents include N-
alkylmelamide and para-chloro mercury benzoate. The chemical composition of the
agent will dictate the most appropriate time to administer the agent in relation to the
administration of the electric pulse. For example, while not wanting to be bound by a
particular theory, it is believed that a drug having a low isoelectric point (e.g., neo-
20 carcinostatin, IEP=3.78), would likely be more effective if administered post-
electroporation in order to avoid electrostatic interaction of the highly charged drug
within the field. Further, such drugs as bleomycin, which have a very negative log P, (P
being the partition coefficient between octanol and water), are very large in size
(MW=1400), and are hydro.philic, thereby associating closely with the lipid membrane,
25 diffuse very slowly into a tumor cell and are typically administered priér to or
substantially simultaneous with the electric pulse. In addition, certain agents may require

modification in order to allow more efficient entry into the cell. For example, an agent
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such as taxol can be modified to increase solubility in water which would allow more
efficient entry into the cell. Electroporation facilitates entry of bleomycin or other

similar drugs into the tumor cell by creating pores.in the.cell membrane.

In one embodiment, the invention provides a method for the therapeutic application of

5 electroporation to a tissue of a subject for i'ntroducing molecules into cells therein,
comprising providing an array of electrodes, at least one of the electrodes having a
needle configuration for penetrating tissue; inserting the needle electrode into selected
tissue for introducing molecules into the tissue; positioning a second electrode of the
array of electrodes in conductive relation to the selected tissue; applying pulses of high

10 amplitude electric signals to the electrodes, proportionate to the distance between the
electrodes, for electroporation of the tissue. It should be understood that the
electroporation of tissue can be performed in vitro, in vivo, or ex vivo. Electroporation

can also be performed utilizing single cells, e.g., single cell suspensions or in vitro or ex

vivo in cell culture.

15 It may be desirable to modulate the expression of a gene in a cell by the introduction of
a molecule by the method of the invention. The term “modulate” envisions the
suppression of expression of a gene when it is over-expressed, or augmentation of
expression when it is under-expressed. Where a cell proliferative disorder is associated
with the expression of a gene, nucleic acid sequences that interfere with the gene’s

20 expression at the translational level can be used. This approach utilizes, for example,
antisense nucleic acid, ribozymes, or triplex agents to block transcription or translation
of a specific mRNA, either by masking that mRNA with an antisense nucleic acid or

triplex agent, or by cleaving it with a ribozyme.

Antisense nucleic acids are DNA or RNA molecules that are complementary to at least
25 aportion of a specific mMRNA molecule (Weintraub, Scientific American, 262:40, 1990).
In the cell, the antisense nucleic acids hybridize to the corresponding mRNA, forming

a double-stranded molecule. The antisense nucleic acids interfere with the translation of



n~.a ~FZA4ZE- ~E~E— owO b.\la ~N~NaCGiv iN ~b 1~ ~ @' Nv1 b P Cl~ ~ daC Y

GO ~=AC-~" ~aC~ 0L 30z~-00 r Ca=9~- O- ;,~0Oo
~C ..- 03’?9ac~o~noor d~-WfA NN LWNv7 V7 LL ~IL M VWV V71( V1
N V7 a7HavimlaaUNA~::.a. Uf%a~ C,d C vl' ®0a” ~. ~HrnAaa ~avv ,t~ a~ '= ~ U U

Uuv~uul 'c. 5 1 -39 EXAMPLE 4 - Low Vol tage Long Pul se Length (LVLP)
EPT Conventi onal el ectrochenot herapy uses hi gh voltages short pul se
durations for treatnment of. tunors.. —~R% electrical field conditions of
1200-1300 V/cm and 100 us have been found to be very effective in vitro
and in vi vhewmRNAasmnie theosei! witlngs tﬂahsl{aelalre&chﬁhap isSlooblsptrahded, Aneisdmaycin,

m tonycin and c These resul t,s .ref to 1)y vitra din vivo
mor o Al £ idiegRe R AR A Pt BTt SR iy Frorabibrsypastess Bekarent & i n
clinical %stsllﬂkte!é«qa%auﬁ%gblteﬁﬁ@ﬁﬂﬁﬂltg%r mdnécutexmr{ea' Atvod%&ﬁm&t ?e?céllw' tch

and occasi onal i sconfort to patients. The sensation of disco Is often
found to Léheaseotinisersemathodsrdiinhibit the iparfretrandatiparafgenésdn wefl kpaivn.in Of t en

pati ent ) very. di f ferent undef..t ane experi nent al

condi ti §n§.ﬁe %82@&5‘1““5 #‘i‘g@ 6’:’8&%&@“56@%@%%&@ derably reduced by using

| ow vol tage hi gh pul se durations for el ectrochenotherapy. The | owest field
strength reported for in vivo gene transfer is.600 V/cm (T. N shi et al.
Cancer RedJse®6a10bgenugk®fide a9eipll trihsriptivn mimownedsdhe tripergstintepyesindedhe t he i n

vitro EPT o?lxgr%re{' wmés around double-helical DNA, forming a three-strand helix. Therefore,

these triplex compounds can be designed to recognize a unique site on a chosen gene
(Mabher, et al.;” Antisense Res."and Dev.; 1(3):227,°1991; Helene, C., Anticancer Drug
10 Design, 6(6):569, 1991).

Ribozymes are RNA molecules possessing the ability to specifically cleave other single-
stranded RNA in a manner analogous to DNA restriction endonucleases. Through the
modification of nucleotide sequences which encode these RNAs, it is possible to
engineer molecules that recognize specific nucleotide sequences in an RNA molecule and
15 cleave it (Cech, JAmer.Med. Assn., 260:3030, 1988). A major advantage of this
approach is that, because they are sequence-specific, only mRNAs with particular

sequences are inactivated.

There are two basic types of ribozymes namely, fetrahymena-type (Hasselhoff, Nature,
334:585, 1988) and “hammerhead”-type. Tetrahymena-type ribozymes recognize
20 seciuences which are four bases in length, while “hammerhead”-type ribozymes
recognize base sequences 11-18 bases in length. The longer the recognition sequence, the
greater the likelihood that the sequence will occur exclusively in the target mRNA
species. Consequently, hammerhead-type ribozymes are preferable to fetrahymena-type
ribozymes for inactivating a specific nRNA species and 18-based recognition sequences

25 are preferable to shorter recognition sequences.
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Experi nent al %“sl}}Fls‘é iRt 1§ Human, 3 Vessr sueh as f%&ﬁ?@”\/ﬂ e%?’i‘zbﬂgu odclr}é;())lfé‘l‘ng
MCF- 7 both e | Wt G Aol }@wrar@ec@i&éeaa hed ﬁgﬁdtemmﬁﬁé k/%néé’e)&ﬁ
obtai ned from T (American Type Tissue | ection, Rockuvil SA)

and mai ntl&i nectheye tvhetors cmtraﬁcxdedlrppqmwgraagenmrl&salmt@lsuwbwdsmlm
appropri ate nedium ang e d seedeﬁ in 24/96 .well plates. One of
the 20 fol | JAMEGA TGS 39 [éeo'ﬁf/l‘l I aB 8RF4P%A, nitonycin C doxorubicin and
taxol was added directly to the ceII suspensi ons at final concentrations of
about 1 x 10'i ( 1 E-4) to 1.3 x 10" 9 ( 1.3 E-9). The electrical pulses
gener at ed bylherapextid, Baﬂideb ecpolypepyidas mapelsatberinaleded io¢hd therapagutiomethod of| |

nerern.  DopdtimamRbeFy sl pfuro ol lars agCi bof el UldBeRRsGioree 1o
and 25 at Vafddits BRI AmBlsRALd fof iddofldiRtion bh LAETHAEM MAblARAl REpdral

vol t ages were appl | et ween two opposite pairs of a“six-need
array usifg nddifid38 imenchne taranagmpwstaubstaﬂ'ctas which cyoé am\eﬁvadememodtfy;bgtthd for
either 20 hrs or 70 hrs el | survival nmeasured by the XTT
assay. Sone !HMHUNRECSPRERH- a'&‘P B?EE@H'B%EFSP‘?PSPH@‘{;‘% F ude sug] c‘('BQOU“diéf a),
16(b) and 1 di t 7 t ai pe i ng
1000 pand, L BSes o HEROERE! SRARRIMG L AFURUNEL (NBIBIGRL ! 200t
survi vabi | i tlynp}mtwahJ medroph@e%mﬁngmﬁmarhem(ghﬂxm ankibjions dactom t:dmleny

absence of drugs; this percentage rther educe when .co |ned
the' drugs: Sﬁ“f‘g]?gnﬁ“rg d%@lﬁ&b"l’ gt gﬁf"‘f‘ﬁ%ﬁr effl apd gRRmarBiRITCrqTeAgy E'Et

r at her tQ§nstg ful se and requires selectlng initial survival values with
the pul se along at 10 about 80% Typical cell killing curves for LVLP node
are shown in Figure 15(a). Although the invention has been described with
reference to the presently preferred enbodi nent, it should be understood

t hat various nodifications can be nmade w thout departing fromthe spirit of
the invention. Accordingly, the invention is limted only by the follow ng
cl ai ns. _



-42 CLAI M5 What is clai ma.is: 1. Anethod for the t "apeutic application
of electroporation to a t™8sue of a subject for intr cing nolecules into
cells therein, conprising: a. providing an array of el ectrodes, at |east
one of the el ectrodes having a needle configuration for penetrating tissue;
b. inserting the needle electrode into selected tissue for introducing

nol ecul es into the tissue; c. positi oniE a second el ectrode of the array
of electrodes in conductive relation to“the selected tissue; d. applying

pul ses of high anplitude electric sid\ggal s to the el ectrodes, proportionate
to the di shdsecinchisiedetrs polpnusiestidesomduch eagods) metapelifoeasings #id pPrECNsssue.

2. The netho f claim.l, wherein the, nethodd s ingyitro. 3. Th hod of
claim1, V\H‘éﬂjéﬁ?’g tﬂglaﬁﬁ‘to%%?s'iss CPWPWWE &g.,Tﬁéct%t NX _8f g?%??n ﬁ(n\;\mﬂ‘ rein
the met hodysrofiolddutOof fe idVaatiRhIIO thcRides halitBdY, myBaN& Tht kenSwhaligedy”i s a
mammal 6. The nethod of claim1, wherein the subject is a human. 7. The

met hod of ad wsethhereir igrméaat tcioalode gitany malecudesans vl asdpgmghisghereefasedsnodul e
sel ectivel y ,con l\ng alternate opposite pairs of electrodes to a pul se
gener at of.¥ab ?nc{lﬁéé )28, The nethod of claim1, wherein the molecule is
selected fromthe group consisting of a chenotherapeutic agent, a

pol ynucl eoti de and a pol ypeptide. 9. The nethod of claiml, wherein the

mol ecul e i Admistodisoenf axrug, prdyrivucltotid¢ ecpelsipéntidm ke yedod of thesingeritiog of

intratunorally, .systemi call l.ocal.ly. 1Q. The nmethod of claim

wherein t h@ﬂé%ef?aﬁﬁa&@ﬁé’a_ﬁﬂzﬂz‘%ﬁ*“Fgllgpéﬂé%'aéfbf“f‘%rﬂaf a rngﬁé a@fﬂ{gﬁgq’i ng of
bl eonyci n, AAE AR, ahil BrallFAIORBIcAYd 6F a BIMAMTOR exsIRME! HBlickidinerBpdupizycin C
and cisplatin. 11. The nethod of claim1, wherein the tissue is selected
From t he goouphermgsitstimbe ampasteree dscally asystenyicallysaptiagcylmxnjetied optoathgnx,
oropharynx, |ip, throat, lupng, heart, kidney, nuscle, breast, colon,.

orost a0 RV hER A deue, o rExaTAI. AP peredTAeSTi: 0l BY WRPnitLsI
wher ei n t hegLi i RAOE" 13- 2 THEniARt ARdnd TRE &R ¢ weergti thhe
tissue is gd\{a;ns ugu% a heéﬁégﬁu ﬁeackﬁcgﬁge?@ T% Tﬁhgér?r]eg%grgw%f cl a.itm 13,
wher ei n t hadrhinsssering thel drugrby, chmagiogithe \directidry pb piieangedie, ad the, drog is beiogt

ti . 15. . Th hod ,of cl.aim 1, wh in.t inal .electriqg field:i
1 om about k5t B PY 84308 e MRS Histolpa® S 8P 55 chidiet febne

nom nal el Getdritkarf 458 Bolli ik bw&@@?ka?&; Weatsr dastrlButidh ©fdrnd/thrdp@onethgod of
claiml, wherein the nomnal electric fiéld is fromabout 1000 VVcmto 1300

V/icm 151 tumor4Ask®mparest wish rovpleme dhatiipntypicaliyetsed in theearput sedestabferioi s

from abOUtingreaslé%EeC V(;[IL(l)mg gf the drug-containing solution, when the drug is administered (¢.g.,
injected) intratumorally, in order to insure adequate distribution of the drug throughout
the tumor. For example, in the EXAMPLES using mice herein, one of skill in the art
typically injects 50 ul of drug-containing solution, however, the results are greatly

20 . improved by increasing the volume to 150 wl. In the human clinical studies,
approximately 20 ml was injected to ensure adequate perfusion of the tumor. Preferably,
the injection should be done very slowly all around the base and by fanning. Although
the interstitial pressure is very high at the center of the tumor, it is also a region where

very often the tumor is necrotic.

25 Preferably, the molecule is administered substantially contemporaneously with the
electroporation treatment. The term “substantially contemporaneously” means that the
molecule and the electroporation treatment are administered reasonably close together

with respect to time. The administration of the molecule or therapeutic agent can at any



p~

nmsec., 19. A nethod for t @ n vivo el ectroporation t py of a cell of a
subj ect conprising: (a) a nistering a therapeutic c osition to the
subj ect such that the conposition is delivered to the cell; (b) providing

an array of electrodes, at |east one of the el ectrodes having a needle
configuration for penetrating tissue; (c) inserting the needle el ectrode
into selected tissue for introducing noligules into the cell; (d)
positioning a second el ectrode of the array of electrodes in conductive

relation to.the se d tissue; el ectrical ses of short
duration to “’t‘tl"TE:"ai g‘tﬂg?pﬁr‘loﬁﬁ’ﬁpttﬂ%}ﬂa nggYap}pge %\t‘l‘&%‘r%é’h}é e the

el ectrodes T@8hqiidn\dr¥he E ?eglf rtHQQirzétahéP Bh&hica c%?{alcteﬂgtlésto?tﬁé ﬁr%}é%ﬁle and- haﬂ

45 20. A Iaparoscopl c heedl’'e applicator for electroporation therap

conpri sing: lifadf the sadgomid. rod; (b) a sheath surrounding the support rod,
and configured to nove relative to the support rod between an extended
position.covering the dlstal end of the support rod and a retracted
position ex n fistABors rt east

el ectrode no@ggéag%l%rgefog oerrgle?der@t lrsorpocr) atﬂfB gfr?lj etS %&gor QQE dﬁ%odsr it o%‘tf%g”s

bet ween t hie selupi@iy §uspack1ca:mplaﬁmenslheas lEm(rqb)esaafnomaqms bbleerite alapriopiene
attached to at | east one el ectrode needle, for :noving each attached

el ectrode n&larlePelyethylsne alyselnyesetahls P LTS 128 ﬁhwf@h aﬂ%éﬂ%%@é% Argagic eﬁt%e
ext ended po ,

et ract ed paitt A5 slbat b RIE BE Hhord i bl SRrblRUGICEAT oIS thiludc'd

Wi th respechdjua®goRettinBapents, dronelsifiént mydeshspendingdigentsi Eurl'tlﬁd’lfaVasbBortshﬁctor
sheat hed configuration. 21. The | aparoscopi ¢ needl e appllcator of claim 20,
wher ei n t he agenspean be usgd dokpen tedherapaiigaserntdecalized prortetmdsing or

sel ectively addressing a plurality of electrode needl e configurations, each
el ectrode needl e configuration conprising at |east four el ectrode needl es
adapt ed {@r Aglyeedlr eapbattraited b? @9 met BORIFI thé NBvehtién. STROAlU@frati ke bxdNRfly Ng
each el ectrode needl e of one of the plurality of electrode needle

confi gur at i ereyided hereimdemgnssrate disiuse oﬁglegbeta@d pbthgénvendon fasghertraatmeshes

h f d f al
Vol 1age to BuRtersl wl PEigrisohuly Rt AR B B lon RahE ML ek

ele nee rea
zone. 23. Trhéretdipgroliferatiod laﬁs%Edery\/faﬁd‘ @inénabie t@|tQﬁErﬁéﬁﬂGbynﬂ%délearopomtnon
configuration conprises 4 needles defining one treatnment zone, -4G 24.

The net hod &rethed & thednventipie idierterm ccedl Rrakiferdive diserres” denotesgnplinapims well
t 22,
Sherei n Bhoebgfuilafil Al ok bREWHH of & Epueal'ty SHIE AN 10E S0 fIALT 20

treat nent zeges bol®mofpteiogitdlycandf genbeaipioal?, Muliviagd celloifle. ptuntdrs @deamepll e

configuratign conpri ses
develop as a result of a multi-step process. The method of the invention is useful in

treating malignancies or other disorders.of the various organ systems, particularly, for
example, cells in the pancreas, head and neck (e.g., larynx, nasopharynx, oropharynx,
20 hypopharynx, lip, throat,) and lung, and also including cells of heart, kidney, muscle,
breast, colon, prostate, th);%mus, testis, and ovary. Further, malignancies of the skin, such
as basal cell carcinoma or melanoma can also be treated by the therapeutic method of the
invention (see Example 2). Preferably the subject is human, however, it should be
understood that the invention is also useful for veterinary uses in non-human animals or

25 matamals.

In yet another embodiment, the invention provides method for the therapeutic

application of electroporation to a tissue of a subject for damaging or killing cells therein.



G needl es defining a hexa!'hal treatment zone. 27. TigAnethod of claim 22
wherei n one el ectrode neelfe configuration conprises needl es defining an
octagonal treatnment zone. 28. A nethod for automatically setting an

el ectrode needl e addressi ng schene for an el ectroporation therapy apparatus
capabl e of accepting a plurality of electrode applicators having varying
nunbers of el ectrode needl es, conprisiag the steps of (a) providing a type
identification elenent in an el ectrodée<applicator having a nunber of

el ectrode needles, the type identification el enent representing at | east

t he nunberThsfmethed wickides Bravidinman agay phslectrrdssi PRGN éf'&pp@)gl@méaﬁéﬁ i cat or

to the el ectroporati ther.ap . e (C t 1y . ndbﬁgﬂ@ of

el ectrode etéﬁlaérsayforfgepﬁfithoed °t 9%8 |°3’§h?ﬁ£ ia%:té({nl %)ng,gl S%!fcgle{a; &%r@gt t gﬁ% he

el ect r opomalse®Bdf higR haRpYinARRMcidsigials AHE elkstrédws, pfrepertitnartonherbistancd

el ectrode needl es. 29. The nethod of, claim28, further including the step
of setti nietvrren dhecrtactrogdes, fori elestioperation of tratissieis Theomethodaseferally HEZes ni ned
nunber of el ectrode,needl es in sel. ec t I, ¢ - od for
aut ormat P cdPWy° %Ftaf‘ﬂa?%}é’e%‘ﬁ%ﬁ ‘8%&6*'%“#%&;‘2‘[ 5@%%‘9& hé BQ‘%‘* fog a?%‘ﬁgréaﬁrgym&"q‘%p

par aneters

el ectr 0porcﬁ&xingﬂwﬁ'ﬂ)gﬁﬁg%gﬁﬂﬁarﬁr Ua@pRABteTerablyate epkiimy eecticifielliiis Yrogf

different electro icators, .conprisi ngthe steps of:
0

. _(a)
provi di ng ahowty2feVicdetn V5 Véemn aohthsl pulshlength igfrom dwut ddeseaip?d B8¢%r, t he
type identification elenment representing at | east one of the follow ng
el ectrical treatnent paraneters to be used with the el ectrode applicator:
needl e Vo'ﬁhéffﬁlloiﬁhg@kmpleﬁweﬁ eh @O MusBlat Bl 5Bt BRRRKe inveAtiGiOWlilentey he
el ectrode applicator to the el ectroporation therapy apparatus; (c)
“det’er nmi ni ng: typiealef deise tmamight batsednotherapranetueesskfovontot theset skpked in the art
identification el enent; (g% setting the el ectroporation therapy apparatus
to t he lBemayaltsEntivelybesedl treatnment parameters. 31. A system for
automatically setting an el ectrode needl e addressi ng schenme for an
el ectroporation therapy apparatus capable of accepting a plurality of
el ectrode applicators having varyi BXAMIES of el ectrode needl es,
conprising: (a) an el ectrode applicator having a nunber of el ectrode
needl es and a type identification elenent, the type identification el enent
representifg ol xatnﬂﬁesnﬂ’{[mﬂ{te Qhe B4 BF BPaCHr QgelifeedhifRls dd) hindis! Cui t
in the el ectroporation therapy apparatus for determ ning the nunber of
el ect r ode Bxaeples ilusoratéshEP T yip poorie diffeféntiated drunsineprmateatih éumotsePaned) r ode

adapter is coupled to the el ectroporati.on,therapy a tus;..(c Lrcuit
for setti Hﬁ“?&fgﬁﬁfé‘&cfl@ﬁﬁ?ﬁx %tﬂeﬁgﬁﬂgﬁ nyde oyeq %éaqxﬁl%%&pgvgéhé ﬁéesugseﬁ {gr ni ned
nunber ; of .glggit (4e iNCRHhES. using -EIBT 33r tfeatyisnte BF fakalabdiD aicioatdsyamet ti ng
el ectrical treatnent paraneters for an el ectroporation therapy apparatus

capabl e ofmelapomps.iBxgmaled dowus resylty of eliniqabiriahy indugaps veeg BB fpE eyment

conpri si ng; .an el ectrode_ appli.cat.qr ] i i fil i
N Lt U L e
fol I owi ng (gkagicr fidd) atd EfgBuille RABEIEIR! Sarimetess {8 PP Nard dedeibed éctthode
applicator: needle voltage setpoint, pulse |length, or pulse s_hﬂg%cﬁ(écb) a

circuit imexahples) foctBxeppleat anh fartbe dpad agshracktdlisicaloirialie thernanyn

el ectrhgalg ld 3t 150U VA3 ANE 65hTsel F9704.160 L 4BE heAd: ! &RbAE &M ETPThe VO
clinical trials (Example 2) used similar parameters, however the electric field was 1130
V/em. (Nominal electric field (V/em) is applied voltage (V) across the needle pairs
divided by the distance between the needle pairs (cm).) The Examples illustrate the use

of EPT for effectively killing undesired cell populations (e.g., a tumor) in vitro and in

25 wvivo.



the el ectrode adapter is pled to the el ectroporati bt her apy appar at us;
(c) acircuit for setting e el ectroporation therapy paratus to the
determ ned electrical treatnent paranmeters. 33. An el ectrode applicator for
automatically setting an el ectrode needl e addressing schene in an

el ectroporation therapy apparatus capable of accepting a plurality of

el ectrode applicators having varying nunmbers of el ectrode needl es,
conprising: (a) a number of el ectrode needl-es conf i gured for

el ectroporation therapy; and (EPR-. a tipe identification elenent, configured
to be electrically couBKAMPEE: he EX'E&on Brastmentof Tumies igpyvaappar at us, t he
type identifjcat.iqgn.elenent representing.at |east, the nu r of .suc

el ot rode. ndi UedE fRaBRFR G0 BblBH ke PSR RS e T P mi

el ectrode agapie intrstufedllyetsih® firithgSheaéscABAT RérbidToll NPEPBY aftBR! A diSsix
provides the type identification elenment to the el ectroporation therapy
appar at us asduger wivs eldstrical gotsesptenaminntest hserapyingppeediet asayt electrodes as

aut omat i cgll Id s%di.t ﬁgl f-to add{.e i%nt hre ndet e[ m'rgﬁd .nug{tﬁgr of fl ect r?de
needl es. > SCSCTIRFdl WIARreset APPUALCROATAIBSY 4onB SPe greusmratenesPl 3 Ckds iRy

el ectrical ifgrhieeat NRERBES ST Vagiabladigheerds(0.pQ1083 tANO BRI RBIAY 84S
capabl e of accepting a plurality of different- el ectrode ,applicators,
conpri si ng, asape asadipseconnodsiteitimoshel wrious sizee Sigppes domriodehaigde tashe and
(b) a type identifigcation element. confiqured to,.be electrically coupled to
Lo el oot rofBratd ehBEiseRp i B tiay, G akerb Binckbiat AgpeF ok o s GMafhe

repr esent i nurbe Lagble OAhRR.ir RRchAIUPHIDHC sAEAEAlr LAY RGATRE o S
to be used with the electrode applicator: needl e voltage setpoint, pulse

| ength, @ poveregshfife; tunverbyithe tpabsed Yokl iTdierdéctii@mbpiiametdre merd: ,73GhHéfent he
el ectrode adapter .is cougl e(g to . the el ectroporation therapy apparatus,
provi des t hEeRt§iield SEpRgth RRAP XY 4% BHGHSPReFh td S8F dte™alhor ati on t her apy
apparatus and permts the el ectroporation therapy apparatus to
automatically set itself to the determ ned electrical treatnent paraneters.

35. An el ecResty shtoivord severeapgrasppadatdesa ic oy &l thg:micaht thesmmatroentfsae.
generating l.t age pul ses; . (b) a, connector for gqne of a plurality. of

el ectrode ag‘&‘lf@%f%g? ﬁ&ﬁ%SW_ét‘%}é?%CHa" H’_utﬁ?ﬁé‘r"_gob‘!’aéq_“é ‘E{)F%&ék‘ﬁlé‘éﬂllt‘ég‘f‘c@éﬁf’n
el ectrode agpl i,GRAbAR) b HiRDtHR tedied tgwi@rmﬁmc BEDA, ,gﬁ@ﬁcal Exbg?,tma&

identification element representing at |east t he nu suc ectrode
needl es; 1Y cin theceontudl tgroep (BeEey imcrdaseyl ttamatigather Histolegzal amdisisnetines from-

the type identificatiop el erent whe ne su | ectrode adapter is coupled
to the conntAURIFS Sfﬂa CJ;“%qr?‘é%P“t"_‘qro‘iﬁﬂsg&Pftisd’éﬂL - BIMR5OgaF HO&"’E’H%%%?
appar at us t gjapddin@Secidik @i BrD+BRegrobgTbRlinfiard s@als Qg NBSH foh-aidl &upp! y
generated voltage pul ses to addressed el ectrode needl es. 36. The

el ect r opor alungncancer 3$ChED areoas xefogra¢dnoss) nfide mhice havi lalsdi sigvan vemyot e
t herapy actjvation device f0 ntrolling generation of voltage pul ses.
-50 37. Thee’}?PBE:aﬂ‘@pFSP%{f%%%h Eﬁi&éﬁ?@“ﬁrﬁﬁg?‘h@ﬁgmﬁ el ai m 36, wherein the
renote therapy activation device conprises a foot pedal switch. 38. An

el ectroporation therai)y_ apparatus, conprising: (a) a source for generating
vol t age 28ul Bles tirmoi nell pneodlaaesialsl powlyedifierantiatedr siznowantinpme aeltlvesof the

conprising at | east one qf .needl e.voltage setpQint, pulse length, or pulse
Shape: (b) PASETtobAD PuRRIIEd FABICARCRH dFG) DRy LiveceiFet Brderappienisatisre
. having el egk&ieem HREH &SmicE 3HerEhe Blirhtdfie 38! a@xﬁamgd,r&ﬁ%éw&ﬂ?&%mﬁ@d

el ectrical treatnment paraneters, each electrode appli'cator 1ncluding a type
i dent i fi catvesy smlal ipices abdig |t ype eaaheand B8 Khpicoes weenstingicallyprensgmnfteddn ahe

specific electrical treatnent r ters to .be used with the electrad
appl i cat or ;suﬁeljta%eo(gis rséﬁi“?a%o‘fl lgit@ﬁioﬁi“f}get’wgsﬁ?éc' 2 G}OéF‘ir(‘:‘t“rhi @815ur 813t nent
par amet sS { kA After the average tumor size reached about 5 mm, mice with palpable tumors

were divided randomly, 10 mice for control group (D+E-; D=Drug, E=Electric field) and



-

the type identification e nt when an el ectrode adagiaer is coupled to the
connector; (d) a circuit programm ng the electri treat nent
paranmeters for the el ectroporation therapy apparatus to the determ ned
specific electrical treatnent paraneters. 39. The el ectroporation therapy
apparatus of claim 38, further including a renote therapy activation device
for controlling generation of voltage pulses. 40. The el ectroporation

t her apy apparatus of claim 39, wherei n-£he renote t herapy activation device
conpri ses a foot pedal swtch. -51 41. An el ectrode applicator for

aut omat i callOymisst for P Th reatment rnamely hlsemysindneetiansiollgyved by auisng dptESt i on

t herapy apparat abl g,,of tin urality of.differ ode
appl i cat or E‘:on&ﬁmgﬁf‘@;eewﬁ‘ée) ?gf(ﬁg;ﬁﬂ%rrgmgf ﬂéﬁ élc orr(%%?ngﬂnts)r‘lv etrﬁglggé%lgécgﬁed(’:t r ode
needl es; anmgk (ubordolumecdlélaantd Lisiagtheofdralament, configured to be

el ectrically coupled to the el ectroPor ation therapy apparatus, the type
identification elenent representin§l&) ¥ &x5dt*ene of the foll owi ng needl e

array type paraneters: nunber:.o gadl es, nae ' .
v Lot oy Bt B peP Bl DR T AR RS BB el S it
el ectrode aaph®in [Sige (Nefftals) AliRbRed iP5 ailioP0. %h eraa@pndRRa npdoted
provides the type 1dentification elenment to the el ectroporation therapy

appar at us #ndagiemiget intrahumerhalic by dpanieg ifembethetha ppnuphbddbEusandothe treate

aut omat i cal r ond to the detgrm ned needl e array type anet er 42.
Aﬁ el eclt r o&t’XEﬂSf %‘ﬁso&e‘? &'“%F%eﬁfﬁ W0 'gﬁrél‘ci"cg?%;]r ey eclln?‘/tBE ‘j'ﬁ*ag&” r‘gaﬁ‘ or an
el ectropor ghisemfrémrmpx TBRO dakdwavdiathloporafor Mhanet hnaedRl ddfagleldcyroats

different electrode applicators, conprising: (a) a nunmber of
el ect r opor at idescribhé irathe preseat inveatione &Eddotsqal pardmelers asedywereiad doliavs: digtd on

el ement, configured be el ectrj call oupl ed.to the el ectroporation

t her apy apéﬁ?'&ghé?oq ﬁ(zcr{’ayi)ﬁmﬁﬁé?ﬁqgfﬁ%%’ﬁﬁrﬂﬁeqe@h‘ﬁﬁ“{vagr ovi di ng an indi cation
of at |east one applicator specific parameter; wherein the type
identification elenent, when the el ectrode adapter is coupled to the

el ect r opor Jhe atice Wakamhitmpabevatyday for marthdisy drideanty\sipas ofledisedsed atatowesd enent

to the el ectroporation therapy apparatus and permts the el ectroporation
t her apy apparesk Jdiettymos dipensians Were ‘B%"{SEF% ﬁe’ggﬁlﬁbf‘}t@%{gérang gugef jgrowth

par anet ers : e84 itefeRl i cator of claim42, wherein at |east one
appl i cat or r%gggséPH cogae‘rggrrré?%?l ?’% t he nunber of needles in the el ectrode
applicator. 44. The el ectrode applicator of claim42, wherein at |east one

ol bct 1ot &l 1 shcord e B Teizoulof ot GUitFace H5pe ARl Bith o Pivhat
wherein at dh?zﬁh/o?Q}‘r‘thaaﬂﬁ’wiﬁx%ﬂhliiggg%ihg bleRA EthelFin83NERAHE THEtL WY NT

sequence for e el ectrode app he el ectrode applicator of
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Transplant: subcutaneous xenograﬂ
Control mice: C1land C2
Treated mice: T1 and T2

20 The Panc-3 experiment was repeated using a non-small cell lung cancer cell line
(NSCLC), 177 (AntiCancer, San Diego, CA). The results were similar to that found with
bleomycin and Panc-3 as shown in FIG. 10. In one experiment, a tumor that had recurred

was retreated at day 27 (FIG. 12) and after 7 days, there was no evidence of tumor.

The Panc-3 and NSCLC models were utilized with the drug neocarcinostatin (NCS)
25 following the same procedures as outlined above. As shown in FIG. 1la, pre-pulse

dosing with NCS in a manner similar to that used for the bleomycin studies, was not
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25 subjected to EPT whereas no necrosis was apparent in the control group. Intratumoral



——
P

hj.mouw .

| wgl fa\Vid_zU d_zU] 1 Y cg:a] caU] ca] calU) ca]ca]calc a‘ alc

cal] caU] ca] ca] caU] caU] ca] cal] ca] caU] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca. g
LM j|vqgl fa[ U d_ZU V] caV] ca] caV] ca] ca] cal] c(a] ca] ca] ca] cal] ca] cal] ca] cal] c
cal] ca] ca] ca] ca] ca] ca] cal] caU] ca] cal] ca] ca] ca] ca] ca

X ~ybn| 3! #5=#xzupkf " [ U d_ZU] U] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”aV]c
ca] caV] ca] ca] ca] caV] ca] caV] ca] caV] ca] Céi calcaV]calcaV]calca *12 3 9

O' l Qf##h$| $I In$s$s$

‘B Dt} mg/m%lpmvatlzlgrgqr]www]f@éam]mmm oxitte Binomgcta] matiovdeca) ca

Vi cal ool c2) iake) Snleal Rpboal AGAbEPheIhaE) FANbe G R o  rafesiveay o

] ca] ca] ca] catkeinpgdred adfie: o@haaa]u@amqad,@@d»tqa Gﬁ{]ﬁﬂ@ﬂe@ﬁl{gﬁ&]&&b%ﬂ ﬁge{/ca] ca] ca] caU
]cZa] ca]calc™a! 00 111f1V22. 34J4| 44(5u5[ 66A7k71 7977798 88819a99V: : ;

;| wnmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] cgl
<<<<=>7?7?7?: @ AA#BBBBBDDEREEEFG&HYyI { I | IAII?M:\ﬁr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca

] c?l C?mﬂ ca] ca] ca] ca] caEAIREARIRAhHIIF PhhaboRlts Bém fdh oal ca] cal] c4a] cal
cal ca
O+O00OPPPPAQ UUy VVWWYXI Y} Xsni ]cat]caksd] c a] eallca]cad] cal ¢
a] ca] ca] ca] caiicai cg}}-cga ca cg]yca] caj ZL] cd] gzég]zca] caj ca%ce] CZB}4 cia] ga] ca% cal ca!l
YZ_\\\ E] ] ] ] | Namberofimice treateda2¥naa&b{ bbblhbcUdp} xsnif d_2Z] Jica] ] cja] ca]jca] cd] ca] ¢
6a] ca] ca] cafcalcarcarcalcarca cajcajcargarca cajcqfcalgqaicajcajtgitaital cajl
ca] ca] ca! denfeemplete RegjgwsipigH {l/q)?j j j bbblycUdd} xshé ¢ Z]16 da] 116a]] cafda] d&]|ca] c6
a] ca] ca] callc ajcalc cal cal caJjcalJcaJcafcaJcgJcaVv[calcaV] caJ|ca] ca
] I:a] I:a] LaElj@gﬁ%ﬁ/&; ](Sgé ]10%1) h ]h& ) - é{ 391$1%>( 0 hIMLLJ () L%g% 5

f

#.
a
a
J
a

]
/
]
T
]

h& () - QY& () - SE] CaBl -M LO%Zhh&' (); M 1%h& () LIII10%

h& ()- L & ()2 laxd ~/s1%|&()- st 10%

h& ()- @/#10%%() F 1 10% h& 0 - = 110%u Orf - 104 he Of-nvs | - | dYNG! ~ 10
Tumor regrowth 2 1¢
Retreatment 2
Histology 1

15 a, c: Mice sacrificed due to increased tumor burden _
b: 1 mouse died after retreatment; 1 mouse with no palpable tumor died after 64 days
survival
d: Secondary metastatic tumor

e: Fibrous tissue

20 Invivo results using the MedPulser™
Preliminary experiments using MedPulser™ (apparatus of the invention) for treatment
of tumor xenografts grown subcutaneously onto nude mice have shown encouraging
results. Human pancreatic xenograft (Panc-4) when treated with EPT .using MedPulser™
and bleomycin showed complete tumor regression in about 75% of the mice treated up
25 to day 39 of observation. Treatment of human prostate xenografts (PC-3) has also shown
about 66% complete regression of tumors. (No tumors observed up to 60 days after

treatment). Both 4 and 6 needle array are effective in treatment of tumors by EPT.
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4-needle array. The cells were transferred to 96 well plates and incubated for 20 hours
10 at37°C. The cell survival was determined using XTT assay which is based on metabolic
conversion of XTT to formazan and is measured spectrophotometrically at 450 nm. Only
the cells which are live convert XTT to formazan. The percent cell survival values are
relative values calculated from the O.D. values of the sample, a control with 100% cell
survival (D-E-) and control with 0% cell survival (D-E- with SDS, which lyses all cells).

15 The cell survival data are as follows:

TABLE 3

Treatment Avg. % Survival - SE
D-E- 100 _ 3.65 (n=6)
o D+E- 0 2771 1.05 (n=6)
20 ~ D-E+(@4N) 101.15 ' 4.32 (n=12)
D-E+ (6N) 97.72 4.33 (n=12)
D+E+ (4N) 4.78 7.53 (n=12)
D+E+ (6N) -4.12 0.59 (n=12)

From the preliminary data obtained in the experiments, it can be concluded that
25 statistically both 4 and 6 needles appear to be equally effective in killing the tumor cells

in vitro.
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eomycin

<100 mm® 0.5U

100 - 150 mm’ 75U

10 150 - 500 mm? 1oU
500 - 1000 mm’® 15U

1000 - 2000 mm? 20U

2000 - 3000 mm* | 25U

3000 - 4000 mm’® 3.0U

15 > 5000 mm’® 40U

Table 5, following, shows the results of the responses to treatment.

NE=no effect; less than 50% reduction in tumor volume.

PR=partial response; 50% or greater reduction in tumor volume.

CR=complete response; disappearance of all evidence of tumor as determined by

20 physical examination, and/or biopsy.



JSTTTTTTLUU- @" 10%: () - @10%: ()- S10% ()-! 10%c 1() 10 h 10 h 10

hF8! 10% h& ()- UWUXX ZZdee @l +3109%& ()-F$ ! 109& () 109& () -

YML0%& () - 109 () -1 ! 10% () - ZZ2BAZZZZbCYS10%)] & () - @O & () - 410%] & ()-

10 10.103".0109%& ()-3:!109% () -

777#[ <[ =[ A O] kQRCcy$10%4| & () - cy$10%4|& () - +#cy$10%| & () - cy$10%| & ()- @ /1

09| & () - f S&10%! & b[ W[ X[ }[[ [} "FCcy$10%d+#cy$10%4| & () - cy$10%4| & () -

i A lJ. % CCcy$109%ey$10%t| & () - +#&cy$10%4| & (

VBIOFH| & ()-[[[[[D\\\nM C F: ! 10%0) & () -

"1090) & () - F@'
“F10%0) & () - cy$1d -#eysfccy‘a &{C-\H 117271 E) %8$10%0) & () - &88$0%8S$
10%0) & () - 9RS$10%0)& ()- OYTTTOUR & T~ 3 10%) & ()- 3FM 10%) & () -~
AL AGRE ALA ] AANS\WT YIS 00D € 0/%))-&°( Y2 PRENYO) & ()--&&SLIRSL0%D) & () - YRS$10%0D) &

() - 8&&$9%8$10%0) & () : .
AN @ GM KA LA X X@RS 0&R&$YRS O] & | (D | 9&B10%O) & () - &8&$IR$10%0) & () - YR$10%0) &
2 OO & ()= F)f! 10%0) & () -

() - &&SLARN XA YAA

p
5 110%0) & () - %&$1W5&() IESURB1YUD Rofl) - Y&$10%D) & ()-\ ]~ f  “wvld
L#10% & ()- & 10%& ()- 9frtord&TOF—S10% & () -
10% & () - OL0O) 100)|150) v ) adbBHa| [= vzl ! #10% & ()- | M 10% & () -

& 10% & ()- de*fgggggg| obU4

| &940% F& ()- @!
2y1094& () - 10" 10°

[ ~] 1 10% & ()- y*10% & () -

Ff# 110% & ()-gaghl(ijj|[;: bips—p—36 ()- s!1098%8& ()- " "10%8YB& () -
M 1096968 ()- M 1{u8S& () - | fulop@ysd £ ) «f | pl mYoo| [: bU4  ? y31098%8&: () -
F& s! 109888 () - - #1098HSR—H—H—4LLoMEUss ()- | " 10%6%88& () -

L! 1096%8& () - 003p4p5p6p<pBppy Ui | &[10pe) & ()- 10% )& ()- 0 ~10%;

) P& () -10S¥810S¥s10S%s F8 | Tous¥b& [() | || F7s! 1096%8& ()- ppJaqgqg8rXr|[: vU4
10% )& ()- f:110%) & ()-0 %oobég:()- 10%) & ()- s#10%' <& ()- 9!10%
)& ()-Xrrs sts$tyf|[:vua |la 1 gdA&|[(FF M 10%)& ()-0 10%)& ()- "10%
Y& ()- :110%) & ()- I‘ﬂ10%)&f-)tt uuvhv|[:vU4  -#10%)& ()- + !110%
Y& ()-0 9% 110%) & ()- 2 1p% )Rz g-_z_sﬂ 10%) & ()- #'10%
)&'()-hvvmﬂvawg&x'xH -4101) 951 10%)& ) - Y7@10% )& ()-0 5 110% )& ()-
y210% )& ()- OE!'10% )& ()- @NI;D%),&' - X(X) x*x0xxx; ybA410;)
13040088 ()- ¥ l1nwee (B2 I I100mied ()- @o0% &8 ()- 10% &&' () - 10;) 10;
) yyy>{ Y | *| € AB10;) viohesd £) 5|\l 4L0% && ()-  10%8& () ¥S 110%
&& ()-210% &&2()f Y 11048 E 1 K e} } ~| [ A410;) yL--#10% &&' () -
F+|1o%&&() g 3] 10Y% @) ¥ o? ()- F%!10% &&' ()- ! #10%

&& () -2 ~$y| obBALD 109X ( & y5' 10% && ()- F3'110% && () -

14

FO 11084 &&' ()-5F. ! 10% &&' [ k- % l%L 0 'y #10%(c& ()- ,, Sg&10% () -
. Sg810% & () - 21004 & ()- *| £09 SR04 & ()-Py' ()*+ obU410

1ocy@&& ()-10(1B(1P( ) @SHID% & {Da| J@SHL0N& ()-  #s! 104 & ()-

y #109% & ()-+1Ed| | : bU410 A#1 33| #10%08&' () - #10%08&' () -
109%A0C8A&' () - %10 ' NdvU410 * S10%0) & () -

10%0) & () - 100810CR10C& 0 13% ¢ |3, #10%0&&' () -

\
3
F(, #109%8& ()-9n| | yU410 ° 1 &l g f#10%0) & ()-g L"109940 T& ()-Z
110%0) & ()- 1109 E | & %&(é gdfgihkqvU410 10%) & () - :
0310% & () - 100 10PF.00 4fLiO_0ﬂ)& Ya4g] 8f#10%0) & ()-g PI#10%0) & ()-g
gh|[:vW410 ,:110 &() N HEIEE :
g AEEEE
E [ gl 3 g ©
= a b 3
B |58 8|8
2 I
2 |s|8(%|5
w 1§ 8|88

Tetal #
Nodules
67
9
4
7

Tumar
Type
BCC

Mel
Other
Total




LM 10%) & ()- "10%) & () @@ ! 10%) & ()- Sl 9! 10%))“) S9! 10%) & () -
OP| [: vU410  $M 10%) & () -WSH#10%) & ()-  310%) & ( 1 10%) & () -
2 110%) & ()- " #10%) & ()- H45|[: - 410b) 3T#10%) & ()- 3T#10%) & () -
010%) & ()- 31+ #10%) & ()-Z )L! 10%) & ()- & 10%) & () - 5678=KbA410b)
LI 10%0) & ()- 3 91 10%D) & ()- 39! 10%0) & ()- 10%) & () -
L0%) & () - 10b) 10b) <OU| [ : A410b) SI @O%D) & ()- 9M0%) & ()- M 10%)) & ()-
y:110%0) & ()- 9'10%0) & ()- SS10%0) & ()35 UHc| [: A410b) +s! 10%0) & () -
)M 10%0) & ()-  &10%) & ()- $M 10%) & ()- , @H#10%) & () -

1 109%0) & () - Rl [ NA41010GNAMRIE) Efab/to)rﬂ(a)dm@mae/o»&u(r); 0s! 10%0) & () -

1109 NA41010 f 0% & & ()- f-#1096t&#&
%;S éoo/qg/‘? & (Am Q? i%ﬁ{c&mm agm}g !Q['e& eate w1th#f)}eomycm mtratumoral injection agc)i

AL b SIS S S B
Yz#10% & (honﬁxﬁﬂ/dabe&tr(c)ﬁeICYMréﬁg%b&w@O Wd:ﬁq(me@ne(ebue aEhS)‘kﬁb)r&tér)wamh[npwlolo

0%) & (), #109%) & ( & ()- '#10%) & ()-
Eﬁﬁ%%) i &2169%«& swfé ﬁay%% %gftg &@%ratgr mas m@})léﬁlsy peby iens@h wendPlks.) -
37 110%) & ()- 3y5 !110%)& ()-s6~] <vU410 #10%&R& ()- "10%0) & ()-
,9:110%0) & ()- f 10% ()- ,F M10%D) & ()- @' 10%0) & ()- 9|[:vUu4l0
$° 1 10%0) & Gtudy Methadoo) & ()b-@M 10%0) &3%-@ zlvl )10%0)2&" (1)0-/@)32}0%0) & ()-
0%0) W10 . 6s! 10%0) & () - - 0 -~ 2s! 109
gll 1/023/55 5&1“? Sludy}/%%o l&ﬂ% as &%&%e&fwwﬂévgﬁ jcal\stystyon whigin y&ﬁ(cymy

; % ML) U410
f'zigom Chrub ) e BRI SRR ATV 8 il L
s" 109%) & ( Yor tfal{tiovdMskfkery, rddidlivh) ad(dr-systedid/dRk erdpy. Af &M%)ﬁ §thdy S

#10%) & S #10%) & ()-. f 10%) & ().- %NU410 10%)& - -10%)&()- 210%
) & ()) %%tlwt{ yvesm%f)f? ) inghy Stuslx )S&ld(v)sumchgMervwwedfmpgm/sry&n(e)u

M 10% ) & 1 10094 )

i 1: vua10%9 RS LAR biopry Voibphefiye bssopsent SRSy Seienss s o8 G50

)& ()~ M 2@9eks,(and nfiklly thédedftdr fisba LRA%()I& thdnths. HpptOUmhely 3 to 12 weeks
following therapy, a biopsy of the tumor site was performed. Use of CT or MRI scans

was utilized in accordance to standard medical follow-up evaluation of HNC subjccts.

15 Tumor evaluation includes measuring the tumor diameter (in centimeters) and estimating
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1991.) XTT is a tetrazolium reagent, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino) carbonyl]-2H- tetrazolium hydroxide (XTT), which is metabolically
reduced in viable cells to a water-soluble formazan product. Therefore, only the cells

which are live convert XTT to formazan. The percent cell survival values are relative
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values calculated using a formula from the O.D. values of the sample. (Control, with

100% cell survival (D-E) and control with 0% cell survival (D-E with SDS)). The

experiments with HVSP were done to permit direct comparison with the. currently

developed LVLP mode of EPT.

5 Table 8
Cell line Cell Type HVSP | LVLP
| LD,,(V/em) LD,,(V/cm)
MCF-7 Breast Cancer 1800 50
(Human)

(LDsq is the lethal dose of pulse required to kill 50% of cells)

Voltages as low as 25V/cm caused significant cytotoxicity to the cells. An increase in the
10 electric field resulted in complete cell killing. Some of the cell lines like C6 glioma
which were not affected very significantly by high voltage pulses but were completely
killed by low voltages of 20-30 V/cm. These ‘in vilro results clearly establish the potential

of using the LVLP modality of EPT treatment.

Cytotoxicity of drugs with EPT in vitro
15 Experimental results of in vitro EPT experiments with various drugs using MCF-7 both

high voltage and low voltage are described below.

Cells were obtained from ATCC (American Type Tissue Collection, Rockville, MD,
USA) and maintained by their recommended procedures. Cells were suspended in
appropriate medium and were uniformly seeded in 24/96 well plates. One of the
20 following drugs: bleomycin, cisplatin, mitomycin C, doxorubicin and taxol was added
directly to the cell suspensions at final concentrations of about 1 x 10*(1E-4) to 1.3 x 10
? (1.3E-9). The electrical pulses generated by a BTX T820 electro square porator were
delivered to the cell suspensions in microplates using a BTX needle array electrode as
described herein. Depending on the experiment, six pulses of either 100 us or 10 ms and

25 at various nominal electric fields of either high voltage or low voltages were applied
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and 17.
5 The curves corresponding to Figure 17 were obtained using the MedPulser. T™

For the LVLP mode, the method shows that cell survivability is well below 50% even
when the cells are pulsed in the absence of drugs; this percentage is further reduced when
combined with the drugs. It is more desirable to show that the drugs show the effect
rather than the pulse and requires selecting initial survival values with the pulse alone at

10 about 80%. Typical cell killing curves for LVLP mode are shown in Figure 15(a).

Although the invention has been described with reference to the presently preferred
embodiment, it should be understood that \)arious modifications can be made without
departing from the spirit of the invention. Accordingly, the invention is limited only by

the following claims.

T e, L e
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What is claimed is:

1. A method for the therapeutic application of electroporation to a tissue of a
subject for introducing molecules into cells therein, comprising:

a. providing an array of electrodes, at least one of the electrodes having a
needle configuration for penetrating tissue;

b. inserting the needle electrode into selected tissue for introducing
molecules into the tissue;

"¢ positioning ' secondelectrode of thé array of electrodes in conductivé”

relation to the selected tissue;

d. applying pulses of high amplitude electric signals to the electrodes,
proportionate to the distance between the electrodes, for electroporation

of the tissue.

2. The method of claim 1, wherein the method is in vitro.

3. The method of claim 1, wherein the method is in vivo.

4, The method of claim 1, wherein the method is ex vivo.

5. The method of claim 1, wherein the subject is a mammal

6. ‘The method of claim 1 ?__Whg_rgin Ehe subject is a humap_. B

7. The method of claim 1, further comprising the step of providing a switch

module selectively connecting alternate opposite pairs of electrodes to a pulse

generator.
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consisting of a chemotherapeutic agent, a polynucleotide and a polypeptide.

9. The method of claim 1, wherein the molecule is introduced by a method

selected from the group consisting of intratumorally, systemically and locally.

10. The method of claim 8, wherein the chemotherapeutic agent is selected from
‘the group consisting of bleomycin, neocarcinostatin, carboplatin, suramin,

doxorubicin, mitomycin C and cisplatin.

11, The method of claim 1, wherein the tissue is selected from the group consisting
of pancreas, larynx, nasopharynx, hypopharynx, oropharynx, lip, throat, lung,

heart, kidney, muscle, breast, colon, prostate, thymus, testis, skin, and ovary.

12, The method of claim 11, wherein the tissue is pancreas.

13. The method of claim 11, wherein the tissue is a tissue of a head and neck
cancer. |

14. The method of claim 13, wherein the tissue is larynx, nasopharynx,

hypopharynx, lip, or throat tissue.

15. The method of claim 1, wherein the nominal electric field is from about 10

V/em to 1300 V/iem.

16. The method of claim 1, wherein the nominal electric field is from about 25

V/ecmto 75 V/cm.

17. The method of claim 1, wherein the nominal electric field is from about 1000
V/em to 1300 V/em.,
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configurations, each electrode needle configuration comprising at least four

electrode needles adapted for electroporation therapy, comprising the steps of:

(a) mapping each electrode needle of one of the plurality of electrode needle
configurations to an array of positions so as to define treatment zones
having at least four sides;

(b) applying pulses of alternating polarity voltage to opposing pairs of

electrode needles defining each treatment zone.

23, The method of claim 22, wherein one electrode needle configuration comprises

4 needles defining one treatment zone.
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25. The method of claim 22, wherein one electrode needle configuration comprises

16 needles defining 9 treatment zones.

26. The method of claim 22, wherein one electrode needle configuration comprises

6 needles defining a hexagonal treatment zone.,

27. The method of claim 22, wherein one electrode needle configuration comprises

8 needles defining an octagonal treatment zone.

28. A method for automatically setting an electrode needle addressing scheme for
‘an -electroporation therapy apparatus capable of accepting a plurality of
electrode applicators having varying numbers of electrode needles, comprising
the steps of: '

(a) providing a type identification element in an electrode applicator having
a number of electrode needles, the type identification element
representing at least the number of such electrode needles;

(b) coupling the electrode applicator to the electroporation therapy apparatus;

(c) determining the number of electrode needles from the type identification
element;

(d) setting the electroporation therapy apparatus to address the determined

number of electrode needles.

29. The method of claim 28, further including the step of setting the electroporation
therapy apparatus to address the determined number of electrode needles in a

selected pattern.
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A method for automatically setting electrical treatment parameters for an

electroporation therapy apparatus capable of accepting a plurality of different
. electrade applicators, comprising the steps of:

(a) providing a type identification element in an electrode applicator, the type
identification element representing at least one of the following electrical
treatment parameters to be used with the electrode applicator: needle
voltage setpoint, pulse length, or pulse shape;

(b) coupling the electrode applicator to the electroporation therapy apparatus;

(c) determining the electrical treatment parameters from the type
identification element; S

(d) setting the electroporation therapy apparatus to the determined electrical

treatment parameters.

31 A system for automatically setting an electrode needle addressing scheme for
an electroporation therapy apparatus capable of accepting a plurality of
electrode applicators having varying numbers of electrode needles, comprising:

‘(a) an electrode applicator having' a number of electrode needles and a type
identification element, the type identification element representing at
least the number of such electrode needles;

(b) a circuit in the electroporation therapy apparatus for determining the
‘number of electrode needles from the type identification element when
the electrode adapter is coupled to the electroporation therapy apparatus;

(c) acircuit for setting the electroporation therapy apparatus to address the

determined number of electrode needles.
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electrode needles, each electrode applicator requiring selected electrical
treatment parameters, each electrode applicator including a type
identification element, the type identification element representing the
specific electrical treatment parameters to be used with the electrode
applicator;

(c) acircuit for determining the specific electrical treatment parameters from
the type identification element when an electrode adapter is coupled to
the connector;

(d) a circuit for programming the electrical treatment parameters for the
electroporation therapy apparatus to the determined specific electrical

treatment parameters.

39. The electroporation therapy apparatus of claim 38, further including a remote

therapy activation device for controlling generation of voltage pulses.

40. The electroporation therapy apparatus of claim 39, wherein the remote therapy

activation device comprises a foot pedal switch.

S L N N B R N
T o



Ko

L10% & ()- |1 10% & ()- ) 1& () -G @0%?6& () -G
s110% & ()-SSTTTKUU| [: yX7™% ]/!110% & ()- 1*!110% & Iy &S10% & () -
Cf#1096)6& ()- 1Y 110%& ()- 1Y, 10% & ()-UUUULLUW VP!  bY' 110% & ()-)
1 109 & ()-) 110% & ()-) 11YL0%9 & ()-s) 10 10 10! 2?+109%& ()-yVVWWXI YZ| [ : qP/
bY gFs 1109 & ()- 110% & ()-Z 110%9&& ()- L10%) (& ()- | L10%t& ()- |
L10%! & ()-2ZKZ% \\\E]|[:qP/ bY 1337110% & ()- | 310% & ()- 13S2110% & () -
*Fs 110% & ()- -Fs 110% & ()- Fs' !109%85(3-EJ1111111-~vU4  L10%).& ()- |
M109%& ()- 1f109%& ()- I1- 10% & ()-10)10)10) | 8GLO% & () -
I ’é ’i ’(; /()_&_(1)4[ YU|4 f(x)n &1@6Sgedipplicatdr ﬂo@hﬁﬁﬁw&ﬂgaﬂy 1egr%giekﬂ)l‘¥%a;?ra§llyrp$|(pallri@6%%s&'( § ) I-
0 0 v 0 0E& ()-
|, %0% & ()-1 |f%a11@£%ft§°fe9mtlorr @'&W/&@ tus %Pa?ibbé CRPting & B HY] [ Nag

10) 10) 10) | |@5@ 109 & |, /10% &

|L2!12)0/o 3&' ()- bb%?%d’éf ?Acﬁij&@%gﬁﬁ%}% O{"‘Jr‘g%‘)‘: fr/()f pl()%(l & ()/?| -

gM 10%_(_&'.(|)-| (5 1@%@&1;(31) of ¢1dd8dp8irdtion tﬁmp&&ectyecsﬂmékeyfa‘nﬂu NA4 10
f

| +y10% & | YCLO% & ().-1 (>! 10% & >1 1004 & ()- . >! 10%
| oV 100 & () T 0gadBbodGRbntEaEam Bt ¢ynikoTBION Marieicpysed o th

TG PR ol 9 i 9 0

|, 3109%&RE) && () - 7] j ] | refredentihg atol¥adt ToeGof &hd Jollgwang ﬂlébﬂﬁf@r&iy(t)/pé parameters
gI M 10%E) & () - zI | 10%&5%_&8?' (e) - 7&1%% F& ()- aF#s! 10 SZ} Nor mal "
"Headi ng 13]c¢c" "Headh§ aeedlpg, nge Qsé@j“lﬁ* o¢ &SCUNEREdi ng 53] ¢

" Headi ng 63] CyyhetdRAtle He Yd%llﬁﬁcatl&‘?agﬁlgﬁ GRLS the Mdggd%?t]:ﬁs%ouﬁ% e

Par agr aph

Font - | ' / P7?GQetecatbpdnatipn Gacigy! Sfpajad@ prdddesahk nppe idemtjficifiBQejetwRO®h fitH 8
' 0; M Yd] . : .
: electroporation therapy apparatus and permits the electroporation therapy apparatus

to automatically respond to the determined needle array type parameters.

42. An electrode applicator fof providing applicator specific parameters for an
electroporation therapy apparatus capable of accepting a plurality of different
electrode applicators, comprising:

(a) a number of electroporation therapy electrode needles; and
(b) atype identification element, configured to be electrically coupled to the
electroporation therapy apparatus, the type identification element
providing an indication of at least one applicator specific parameter;
wherein the type identification element, when the electrode adapter is coupled to the
electroporation therapy apparatus, provides the type identification element to the
electroporation therapy apparatus and permits the electroporation therapy apparatus

to respond to the determined applicator specific parameters.

43. The electrode applicator of claim 42, wherein at least one applicator specific

parameter is the number of needles in the electrode applicator.

44 The electrode applicator of claim 42, wherein at least one applicator specific

parameter is the spacing of the needles in the electrode applicator.
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45. The electrode applicator of claim 42, wherein at least one applicator specific

46.

47,

48.

49.

50.

5L

52.

. parameter is.a_needle switching sequence for the electrode applicator.

The electrode applicator of claim 42, wherein at least one applicator specific
parameter is a voltage setpoint to be applied to the needles of the electrode

applicator.

The electrode applicator of claim 42, wherein at least one applicator specific
parameter is a pulse length to be applied to the needles of the electrode

applicator.

The electrode applicator of claim 42, wherein at least one applicator specific
parameter is a pulse shape to be applied to the needles of the electrode

applicator.

The electrode applicator of claim 42, wherein at least one applicator specific

parameter is a shelf life of the electrode applicator.

The electrode applicator of claim 42, wherein at least one applicator specific

parameter is a usage limit for the electrode applicator.

The electrode applicator of claim 42, further including a writable active circuit

which can store data specific to the electrode applicator.
The electrode applicator of claim 42, wherein at least one applicator specific

parameter is a shelf life of the electrode applicator, and a shelf life lockout code

is stored in the writable active circuit when the shelf life is exceeded.
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54. The electrode appli;:atof of claim 52, wherein a usage history for the electrode

applicator is stored in the writable active circuit.

55. The electrode applicator of claim 52, wherein captured error codes are stored

in the writable active circuit.

56. A method for the therapeutic application of electroporation to a tissue of a
subject for damaging cells therein, comprising:
(a) providing an array of electrodes;
(b) positioning a second electrode of the array of electrodes in conductive
relation to the selected tissue;
(c) applying pulses of high amplitude electric signals to the electrodes,
proportionate to the distance between the electrodes, for electroporation

of the tissue.
57. The method of claim 56, wherein the method is in vitro.
58. The method of claim 56, wherein the method is in vivo.
59. The method of claim 56, wherein the method is ex vivo.
60. The method of claim 56, further comprising the step of providing a switch

module selectively connecting alternate opposite pairs of electrodes to a pulse

generator.
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The method of claim 56, wherein the tissue is selected from the group
consisting of pancreas, larynx, nasopharynx, hypopharynx, oropharynx, lip,
throat;-lung, heart, kidney, muscle, breast,-colon; prostate, thymus, testis, skin,

and ovary.
The method of claim 61, wherein the tissue is pancreas.

The method of claim 61, wherein the tissue is a tissue of a head and neck

cancer.

The method of claim 63, wherein the tissue is larynx, nasopharynx,

hypopharynx, lip, or throat tissue.

The method of claim 56, wherein the nominal electric field is from about 25

V/emto 75 V/em.

The method of claim 56, wherein the pulse length is from about 5 usec to 99

msec.



