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CANCER IMMUNOTHERAPY BY RADIOFREQUENCY ELECTRICAL MEMBRANE
BREAKDOWN (RF-EMB)

CROSS REFERENCE TO RELATED APPLICATHONS

{001 This patent application claims priority to US, Provisional Patent Application No
61/912,172 fided Decomber 5 233 and nded “Cancer Anngen BEnbanced Presentabon to
Antigen Pressnting Cells by Radiofrequency Elecmical Menbrane Breakdown {RE-EMB) as an
Adipvant Mechanism for Imununotherapy,” which 8 here meorporated in us entirety by
reference.  This patent apphication glse claims prionity 1o US. Patent Application No.
14/451,333, filed Aonguat 4, 2014 and tiled “System And Method For Creating Radio-Freguency
Energy Elevtrical Mershrane Breakdown For Tissue Ablation”™ which i3 bere invorporated in s
entivety by reference.

BACKGROUND OF THE INVENTION

(0211 Freld of the hovention

s

{003 The present invention relates generally to the field of medical ablation of tuological issue
for treatment of divease amd, more particularly, 1o the controlied application of radio frequency
energy 1o soft tssue and cancorous tissue in humans and mammals to ablate such tissoe through
cellufar destruction by Electnical Membrane Breakdown.

FO0412. Description of the Background

Cancer is not ong single disease but rather a group of disegses with common characteristics that
often result w sustained cell probiferation, reduced or delaved cell montality, cooption of bodily
angingenesis aud metabolic processes and evazion of bodily immane response whicly resalis in

undesirable soft tissue growths called nsoplasms or, more commuondy, twnors. Removal o

destruction of thix aberrant tissue 15 a gosl of many cancer ireatment methoeds and moedalities,
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Surgicat tumor excision s one method of accomplishmg this goal Tissue sblation 1 another,
minimally wvastve method of destroying undesirable tissue w the body, and has been geverally
divided nto thermal and non-thermal ablation techaologies. Thermal ablation encompasses both

the additton and removal of heat to destroy undesivable cells. Uryoablation s a well established

techmque that kifls cell

e

by freexing of the exiracelelar compartment resulting in cell
debvdration beginning at -15 € and by miracellular fce formation causing wombrang uphwe
occniring at colder terperatures. Becanse oryvoablative technigues can rapture the cell membrane
withont denaturing cell proteins under certain condihions, sueh techmaues have the additional

ability to stumuelate an antitmor e response o the patient.

{005 Heat based techniques are alse well established for ghlation of bath cancercus and non
cancerous bssues and mclude radio-frequency (RF} thermal, microwave and high inteusity
focused ultrasound ablation which raise focalized tsswe temperatures well sbove the body’s
normal 37°C. These methods use various technigues to apply energy to the target cells 1o rase
mterstitial temperature, For example, RE theomal ablation uses a high fregoency electric field to
induce vibrations in the cell membrane that are converted to heat by friction. Cell death occurs i
as bittle as 30 second onee the cell teraperature reaches 30°C and decreases as the temperature

ses. At o0°C cell death is instantaneous. If the intracellular temperature rises to between abowt
60 and 95°C, the mechansms wvelved in cell death include cellular desiccation and protein
coagulation. When the intracellular tomperatore reaches 10070, cellular vaponzation occws as
miracellnlar water boils 1o steam. In the context of Uasue ablation, cell temperatwres not
gxceeding S0°C are not considered chinically significant. Because cellular proteins are depatured
by the heat of thermal ablation techniques, they are not available to sumulate a specific immune

response as they mav be with eryoablation. Both heat based and oryoablation technigues suffer
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fream the drawback that they have hittle or no ability to spare normal strectures m the treatment
zone and so can be contramdicgted based on tumor location or lead 1o complications from
cotlateral wury.

[{HisINon  thermal  ablastion  technigques  wolude  electrochemotherapy  and  imreversible
slectroporaticn which although quite distinet from one another, each rely on the phenonenon of

clectroporation. With reference to FIG. 1, electroporation refers to the fact that the plasme

membrane of a cell exposed to high voltage pulsed electric hields within certawn parameters,

becomes temporaniy permeable due to destabilization of the lipid bilaver and the formation of
pores P The cell plasima membrane conaists of a lipd bilaver with a thickness { of approximately

5 nm With reference to FIG. 24, the membrane acts a3 8 nonconduciing, dilectric barner
formung, W ossence, a capacior. Physwlogical condinons produce 8 natural electne poteatig]
cifference due to charge separation across the mambrane between the nside and outside of the
cell even in the absence of an applied slectrie field. This resting transmembrane potential Vim
ranges from $0mv for adipose cells to S5my for sheletal muscle cells and 90mv cardiac muscle

cells and can vary by cell size and 1on concentranion among other things.

{007 TWith continued reference to FIGS. 2B-2D, exposore of a cell 1o an extemally applied

poeees

electric field E induces an additional voltage V across the menvbrans as jong as the external field
is present. The induced transmembrane voltage 18 propertional to the strength of the external
electrie Held and the radios of the celll Formation of transmembrane pores P o the membrane
occrrs i the cumulative resting and apphed iransmembrane potential exceeds the threshold
voltage which may typically be between 200 mV oand 1 V. Poration of the membrane i
reversible if the transmembrane potential does not ¢ d the coriical value such that the pore

area ts small in relation o the toted membrane surface. In such reversible electroporation, the cell
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membrane recovers after the applied {field i3 removed and the cell ramains viable. Above 8
critical tansmembrane potential and with longer exposure times, porgtion becomes wreversible
feading 1o eventual coll death due an mfhux of extracellnlar jous resuliing w loss of homeostasis
and sohsequent apopiosis. Pathology after yreversible electroporation of a cell does not show
structural or cellular changes untit 24 howrs after field exposure except m certam very Hmited
tissne types, However, in all cases the mechamsm of cellular destruction anad death by IRE s
apoptotic which requires considerable time to pass and 15 not visible pathologically i a time
frame 10 be clinically useful in determining the efficacy of IRE treatment which s an important
chinical drawback to the method.

008 [ Developed In the carly 19907s, clectrochemotherapy comnbines the physical effoct of
reversible cell wombrane poration saith administration of chemotherapy drugs such gs cisplatin
and bleomycin, By temporarily mcreasing the cell membrane permealnlity, uptake of non-
permgant or poorly permseant chemotherapsutio drugs 1§ greatly enhanced. After the electric fisld
is discontinued, the pores close and the drug molecnles are retamned inside the trget cells withowt
signmificant damage to the exposed cells. This approach to chemotherapy grew out of earher
research developing electroporation as a techuque for franafection of genes and DNA molecudes
for therapentic effect In this context, irreversible electroporation leading 1o cell death was
viewed as a fatlure v 8 much as the reated pells did not survive to realize the mcdification as
ntended,

[ Irreversible clectroporation {(IRE) as an ablanon method grew out of the realization that the
“fatlure” to achieve reversible elsctroporation conld be utilized to selectively kil undeair
tissne, IRE effectively hills & predictable treatment ares withoot the drawbacks of thermal

ahlation methods that destroy adiacent vascular and collagen stroctures. During a typwcal IRE
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reatment, one fo three pairs of electrodes are placed m or around the tumor. Electnical pulses
cavefully chosen to mdiee an olectrical feld strength above the cruical transmembrane potential
are delivered in groups of 10, wsually for nine oycles, Each 10-pulse ovele takes about one
secord, and the slecrodes pause briefly before starting the next cyele. As deseribed 10 US.
Patent 8048067 to Rubinsky, et al and application number 13/332 133 by Arena, &t al. which
are tworporated here by reference, the feld strength and pulse charactenistics are choson fo
provide the necessary feld strength for IRE byt withowt inducing thermal effects as with RF
thermal ablation. However, becanse cells ablated by IRE methods ondergo apoptotic death
without membrane rupture their ability to induce a suppleniental immune response as observed
with grvoghlation is impatred. When used as the sole ablative tool in s treatmend protocol, IRE s
ability to wduce 8 supplemental imune respousy s & substantial mitation to it therapoutic
hepefit for patienss. U the othey hand, coveablation suffers from the sigoificant clinical
disadvantages avising from the extreme cold and #3 capacity to destroy nearby critival healthy
structures. What 18 needed 15 a nunumally invasive nisspe ablatien technology that can avoid
damaging bealthy tssue while exposing cellelar contents without denanring such cellular
contents so that they can 1o trigger a clnically usefnll momme response

SUMMARY OF THE INVENTION

OO s, thevefore, an object of the present wvention o provide a method of tissue ablation
using electrical palses which canses mmedigte cell death through the mechanism of complete
break down the membrane of the cell.

FOT1TH is another object of the present invention o provide a method of tissue ablation that

canses immediate cell death electrically breaking down the cell membrane such that it can be
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monttored by mmmediate pathologie, chemical or spectroscopic examination of the tiasue
evaluate efficaey of the treatment and adjust the same 88 needed.
FOT2 1 18 vet another object of the present wvention 1o provide 8 wmethod of yssue ablation nsng

electrical pulses that causes immediate celllar membrane breakdown non~thermully so that

senstiive Hssue structures are spared and the mirz-celludar and niembrane proteios are spilied into
the extraceliular space without denaturing to be exposed 10 the body s mmune system 1n order to

itheit g specifie mor mmue response,

(0131 s vet another object of the present invention to provide a method of nissue ablation that
exposes non-depatured wira-cellular and membrane proteins {0 the immune system to it a
specific wmor immune response which can be mwdulated and enhanced by a variety of
additional nvmune modulators.

{4 jAccording to the present pvention, the above deseribed and other objects are
avcomplished, by applving o undesivable tssug in the body an external electrie field specifically
configurad to directdy and completely disintegrate the cell membrane. Referrad to as Electnical
Membrane Breskdown (EMRB), application of an external oscillating clectric field causes
vibratton and flexmg of the cell membrase which results 1n a dramatic and mmediate
mechamical tearing or rupturing the cell membrane. EMB appliss signiffcantly higher energy
levels than prior an methoeds © rupture the cell membrane rather than 1 electroporate the cedl
membrane.,  Unlike prior an methods, EMB expels the entire contemts of the cell into the
exivacellntar fluid and exposes internal components of the cell membrane which induces an
innnunclogic response by the subjsct,

FO1S]A system for peneration of the electric field necessary 1o induce EMB includes & hipolar

e

pulse generator operatively coupled to g controller for controlling generation and delivery of the
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electrical pulses necessary 10 gensrate an appropriate electric field. The field is generated by
therapeutic prabes placed o proximty to the sofi tssue or cancerous cells withn the body of the
subject and the bipolar pulses are shaped, designed and applied to achieve that result In an
optimal fashion. A temperatire probe may be provided for temmperatirs feedback (o the controller
which is confipured to control the signal output characteristios of the signal generstor. The EMB
protoce! calls for g series of short and tdense W-polar electrio o generate an oscillating electric
field between the electrades that induce 8 stlarly raptd and oscillatmg buildup of
wapsmembrane potential across the cell rosmbrane. The gl up charge applies a an oscillating
and fexing force to the cellular membrane which upon reaching a oritical value causes sxtensive
rupture of the membrane and spillage of the cellular content. fn addition to bemg bi-polar, the
electtic pulses preferably trace a square wave form and are chavactertzed by instant charge
reversal that have substaniially no refaxation time between the positive and negative polaritiey of
the bi-polar pulse. Instant charge reversal pulses are signifivantly more effective tn destruction of
dielectric cell membranes

Ho o mponam charsctenistic of the apphed electric field melude the fleld strength (Volis/om),
frequency, polarity, shape, duration, number and spacing. Field strength (Voltsfom) is a funchion

preferably i the range of 1,300

& Loy

of both the applied voltage and the elecirode spacing and s
Viom to 10,000 Viem ghsent thermal considerations. RF-EMEB ablation is preforably performed
by apphication of 4 series of not less than 100 electric pulses in a pulse train so as fo mnpart the
epergy necessary on the targed tssue withowt developing therowml tssnes in any clinically

significant way, The pulse duration s preferably from 100 to 1000 ps. The relationship between

the durstion and frequency of each pulse detsrmines the number of instantansous charge

reversals expertenced by the cell membrane during cach pulse. The duration of cach mier pulse
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burst mderval is determined by the controller 14 based on thermal considerations.  Real time
wnperatire feedback of the treatment site may be provided 1o the controller by which the
controlter can modulate reatment parameters fo olivnaate thermal effects as deswed, Current
flow at the treatment site may also be momtored for das purpose.

{0171The EMB ablation methed is carnied out by first identifying the location of the soft tissue

within the subject to be ablated by medical imaging techmgues such as O or MRY or other

means, A preforred position and spacing of the eloctrodes relative 10 the targer tissue 18
determined and from 1 to 6 needle electrodes comected o the controtler and signal gensvator ave
wmserted pto poaition in and around the treatment site. Placement and positioning of the
plectrodes i3 confirmed by medical tmaging and the pulse generator s sotivated 1o apply
electrical palses to the clectrodes 1o generate the freatment field thereby cagusing electresl
membrane breakdown of cells w the soft Hiesue

[0 E ectrical membrane breskdown canses tmmediate spillage of all miracelhddar components
of the ruptured cells inte an extracelinlar space and exposes the imernal constuent parts of the
cell and cell membrane including anpigens which induce an insnunclogic response to destroy and
verpove this and like material m the body of the subject The immuonclogic response can be
enhanced by administration of agents that increase the immunclogic response process inclading
drugs. Electrical membrane breakdown causes tnunediate, visually observable tssue change,
collufar membrane destraction and cell death such that the method may welade the bopsy of a
portion of the treated target tasue to verdy treatment efficacy inmediately after completion of

g

the reatment while the patient s sull i position for additional ireatment. In other embodiments

o

needle probes placed in oritical treatment locations could monitor various parameters by means

of chevmical or speciroscopic means related to the mmediate destruction and spiflage of the wira-
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cellular contents alse to vertly treatment efficacy. In some siuation, the mode of trestment may
be switched from EMR to therma! ahlation withont removal or repositioning of the electredes by

reconfiguring the signal generaied by the pulse genergtor to fncvease the tssue emperature at the

L=

electrodes according to known BF thermal techniques

BRIEF DESCRIPTION QF THE DRAWINGS

(019 Figure 1 is ashagram of a

i

s membrane pore

020 Figore 2 is a diagram of cell membrane pore formation by a prior art method.

021 Figure 3 15 a companson of a prior art charge reversal with an jostant charge reversal
according to the present invention.

023 Figare 4 is @ square wave from tnstant charge reversal pulse sccording o the present
vention,

{23 Figare § is a diagram of the forces waposed on 8 cell membrane a3 a function of gleciric

field pulse width according to the present lvention.

feewny

024 Figure 6 15 a diagram of a prior art failure to deliver prescribed pulses due o excess current.

gomen,

428 Figore 7 15 a schematic diagram of a feedback loop according to the present invention by
which a controdier redoces an apphed signal voltage to keep the corrent avaperage at ov below a
IRAXHIYRIN,

020 Figare § © o disgram of g reduction in gpplied signal voltage upon reachimg 3 maxamuam
current level to permit continued signal delivery according to the presont invention,

(27 igure 9 15 a schematic diagram of a pulse generation and delivery system for apphication of
the method of the present mvention.

FO28 Figure 10 45 a diagram of the parameters of a partial pulse train according to the present

mveniion.



WO 2015/085162 PCT/US2014/068774
10

H029Figare 11 s a chart of exemplary treatment protocol parameters according to the presemnt
tnvention.
030 Figure 12 s a dlagram of the parameters of excmplary treatment protwcol manber 1,

{31 P gure 1315 ¢ diagram of the parameters of exemplary ireatment protocol number 2.

el

{032 Figure 14 i3 a diagram of the parameters of exemplary reatment protocol munthey

x

(033 Figure 15 is a dlagra of the parameters of exemplary treatmuent protoeo! aumbes

r
e

DETAILED DESCRIPTION
{034 TWhale the making and using of varioss embodiments of the present fnvention are discussad
w detad below, it should be apprecated that the present tnvention provides many apphicable
tnventive concepts that can be ombodivd g wide variety of specific contexts. The speeific
emnbodiments discussed borein are merely lustrative of specific ways o make and wse the
mvention and do not fimit the scope of the yovention.
[0S hreverstble  electroporation a8 a Ussue ablation method ds well developsd  wuh
commercially manufactured equipment such as the NanoKaife by AngioDvnanues {Latham,
NY) availagble on the market. As desoribed, this ablation technigue utilizes high electrie field
sirengths, withug spectiic parameters, to indace reversible clectroporation of the cell membrane
csulting m eventual cell death due 0 foss of homeostasis and apoptosis, The present invention
also deseribes methods for ghiating cells within the body of a subject wtilizing high frequency
and high strength electnic fields but does so thvough the entively different process of Electrical

Mentbrane Breakdown (EMB) using very different enorgy characteristics. Electrical Membrane

Breakdown i the applization of an external oscillating sleotvic feld o oause vibration and
flexing of the cell membrane which results in ¢ dramatic and immediate mechanical tearing,

disintegration or rupturing of the cell membrang. Uplike IRE| in which nano-pores are created in
Ly 3 L >
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the vell membrane but through which little or no content of the cell is released, EMB completely
wwars open the cell membrane such that the entive contengs of the ceoll are expelled e the

extracelular fhnd, and tmeral components of the cell mevobrase itsell are exposed.

P

036]The present invention relies on the imieraction of an apphed slecwic field with the
ravamembrang potential bt #ts sunilasdy to IRE ends there. EMB applies significantly higher
energy levels by specifically confipored electic field profiles to dwectly and complemsly
disintegrate the cell membrane rather than to electroporate the cell membrane. Others have
demonstrated that the energy levels requared for EMB s 100 times greater than for IRE using the
same pulse configurations {pulse number and voliage density) delivered by currently available

IRE gquipment gad protocoels, The wmability yrrent IRE methods and encrgy protocols i
deltver the cnorgy novessary to cause EMB explains why pathologic examination of IRE treated
specumens has never shown the pathologie characteristics of EMB and s a critical veazon why

EMB had not asti] now been recounized as an alternative method of cell destruction,

feewny

O37IFIG. 9 15 a schematio diagram of a system 10 {or generation of the electric fleld necessary
o induce EMB of colls 11 wathin g patient 12, The system 10 melodes 8 bipolar pulse generator
16 operatively coupled to a controller 14 for controlling generation and debivery to the
therapeutic probe or prabes 20 (two are shown) of the electrical pulses necessary to generate an
appropriate electte fleld o schieve EMB. The therapeutic probes are placed m proximity to the
soft tasue ov cancerous cells 11 which are intended 1o be ablated through the process of EMB
and the Wipolar polses are shaped, designed and apphed to achiove that rosult in an optimal
fashion., A tenmperature probe 22 mayv be provided for percutaneous temperatore measurerment
and feedback to the controlier of the temperature at or near the electrodes. The controller may

preferably include an onboard digital processor and a memaory and may be a general purpose

baay
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computer systeen, programmable logic controller o stmtlar digital logie control device, The

controtler 18 prefergbly contigured 1o control the signal output characteristies of the signal

generation ncloding the voltage, frequency, shape, polarity and duration of polses as well gs the
todal number of pulses deltvered tn # pulse train and the duration of the intey palse barst fnterval.

(O3 W ith reference fo FHI 9, the EMB protocel calls for a sertes of short and mignse bi-polar
£ iy

electnie pulses deliverast from the pulse penerator through one or more therapeutic probes

{electrodes) mserted directly imto, or placed around the target tissee 11 The bi-polar pulses

genevate an oscillating electne field between the electrodes that wduee a similarly rapid and
osciffaning buildup of transmenbrane potential across the cell membrane. The buidt up charge
< MR st b iatiner o 3 evee 1 9 vt ey S0y o gngr ) 3 RN TR RPN 4N ol ad g ) ¥

applies an oscillating and flexing, foree 1o the cellular membrane which wpon reaching 8 critical
value causes rupture of the mewbrase and spillage of the cellnlar content, Bipolar pulses ave
more Jethal than monopolar pulses hecmse the pulsed sleairic field causes movement of charged
moleculey i the cell membrans and reversal in the orientation or polarity of the electric fisld
canses a corresponding change in the direction of movement of the charged molzcules and of the
forces acting on the celll The added stresses that are placed on the cell membrane by aliernating
changes in the movement of charged wolecales create additional wternal and exiemal changes
that cause indentatioay, crevasses, rifts and ovegular sudden fears in the cell membrane causing
more extensive, diverse and randony damage and disintegration of the cell membrane..

FO39TWith reference o FIGL 4, in addition 1o being bi-polar, the preferred embodiment of electric

puises i one for which the voltage over tHme fraces 3 square wave form and s charactenzed by
instant charge reversal pulses (JCR). A sguave voltage wave {orm iy one that maintaing a

sunbstantially constant voltage of not less than 80% of peak veltage for the duration of the single

polartty portion of the frace, except during the polarity tansition. An mslant charge reversal
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pulse is @ pulse that is speoifically designed to ensure that substantially ne relasation time iy
permitted between the posttive and negative polaritics of the bi-polar pulse. That 18, the polariy

transition happens virually justantaneousty.

P

(40 The destroction of dieleciric cell membranes through the process of Bleotrical Mambrane
Breakdown s significantly mere effective if the applied voltage pulse can transition from a

posiiive o0 @ segative polarity without delay wn between. Instant charge roversal prevests

rearrangement of induced swrfzce charges resulting fn g short state of tension and transient
mechanical forces in the cells, the effects of which arg amphified by large and abrupt force
reversals. Alternating siress on the target cell that causes sirvctural fatigue s thought to reduce
the oritical electrivc Held strength reguired for EMB. The added stroctural fatigue inside and along
the cell membrane results tn or contnibutes o physical changes in the structure of the cell, These
phvaical changes and defects appear 1o response to the force applied with the osciflaning EMB
protocol and approach dislecttic membrane breskdown as the membrase posstion shifts
response to the oscillation, up to the point of total membrane rupture and catastrophic discharge.

This can be analogized to fatigue or weskening of » material caused by progressive and localized
sirachiral damage that occnrs when a matertal {8 subjectad to cyclic loading, such as for example
a metal paper chip that is subjected to repeated bending, The nominal maxtmuam siress valnes that

cause such damage way be much loss than the strength of the material under ordinary conditions,

The effectiveness of this wavelorm compared to other pulse waveforms can save up to VS or 146

of the total energy requuirement.
f041TWith reference to FIG. 10, apother smportant characieristic of the applied electrie figld is
the figld strength (Volts‘om) which s a function of both the voltage 30 apphied 1o the slectrodes

by the polse generator 18 and the electrode spacing. Typical electrode spacing for a bi-polar,
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needle type probe myight be 1 om, while spacing between nultiple neede probe electrodes can be
selocted by the surgeon and might tvpically be from 75 cm to 15 am. A pulse generator for
apphication of the present invention iy capable of delivering up o a 10 kV potential, The actagl

apphisd feld strength will vary over the coarse of 8 freatment to control clrcmt amperage which

s the controlling factor i heat generation, and patient safety {preventing larges upanticipated

current flows as the tdssue fpedance falls during a treatment), Where voltage and thus field
strength 18 limiled by beating concerns the duration of the treatment cyole may be extended w
corgpenaate for the dimimished charge accumulation. Absent thermal considerations, a prefered
field strength for EMB i3 in the range of 1,300 Viom to 10,000 Viem.

{042 TWith continued reference to FIG, 10, the frequency 31 of the electric signal supphiad to the
electrodes2Q, and thos of the field polarity oscillations of the resudting electric fleld, mfluences
the total energy tmparied on the subject tissee and thus the efficacy of the freatmens but are lesy
critical than other characteristivs. A preferved signal frequency is from 142 kHz to less than 300
kHz. The lower frequency bound taparts the masimun energy per ovele below which no furthe
incremental energy deposition is achieved, With reference to FIG. 5, the upper freguency linut is
set based on the observation that above 500 k2, the polarity oscillations are too short to develop
enough motive Rree on the cell membrane to induce the desired cell membrane distortion and
movement, More spectfically, at 500 kHz the duration of a stagle full cycle 182 ps of which half
1 of positive polanity and half negative. When the duration of a single polarity approaches 1 us

\

there 1s msufficient time for charge to accomulate and motive to develop on the membrane,
Consequently, membrane movement is reduced or ehiminated and EMEB does not ocour. In a

wore preferred embodiment the signal frequency s from 100 kHz to 450 kHz. Here the lower

hownd is deternuned by & desire 1o avoid the need for anesthesia or neuromascular-blocking
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drugs to Hmt or avoid the muscle contraction stumulating effects of electrical signals applied to
the body, The upper bound in this more preforved embodiment s snppested by the freguency of
radiofrequency thermal ablation equipment aheady approved by the FDA, which has been
deemed safe for therapeutic use in medical patients

{043 1in addition to controlling the pulse amphitude 30, frequency 31, polarity and shape provided
by the pulse generator 16, the logie controlier 14 controls the number of pulses 32 to be gpplied

in the treatment series or pulse tratn, the duration of each pulse 32, and the wter pulse burst delay

33 Although only two are depicted in FIG. 19 dee to space constraints, RE-EMB ablation s
preferably performed by application of a series of not less than 1) electrie pulses 32 in a pulse

gt So 8% to tmpart the energy necessary on the farget tissue 1 without developing themal
ssues i any clindeally stgnificant way. The width of cach individus! pulse 32 is preferably from
10t 1000 ps with an inter pulse burat interval 33 doring which no voltage s applied i order to

~

favilitate heat dissipation and avoid thermal effects. The relationship batween the durativn of
each pulse 32 and the frequency 31 (penod) determines the mumber of instantaneocus charge

reversals experienced by the cell membrane during cach pulse 320 The duwration of each nter
pulse burst mterval 33 18 determined by the controller 14 based on thenmal considerations. Inan
alternate embodiment the svstem 10 §s fwrther provided with 8 temperatwre probe 22 inserted
proxumal o the target tissue 11 to provide a lecalized wemporaiure reading at the treatment site
the controller 14 The temperature probe 22 may be 4 separate, acedle type probe having a
thermocouple fip, or nay be integrally formed with or deploved from one or more of the needle
slectrodes. With temperature feedback in veal tme, the controller can medulate treatmment
parameters o eliminate thermal effects as desired by comparing the observed temperature with

e

varions temperature sof points stored 1w memory, More specifically, the controller can shorten or
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wmerease the duration of sach pulse 32 o maintam a set tmperature at the ireatment site fo, for
exgrnple, croate a heating (high temp) for the needle tmagt o provent bleeding or o limit heating
{low lemp) o provent aay coggulative necrosis. The darabion of the mter palse barst interval can
be modulated in the same mamner o order o eliminate the need to stop treatment and
maximizing the deposition of energy o accomplish RF-EMA. Pulse amplitude 30 and total
wuniher of pulses in the pulse tain way also be nndnlated for the same purpose and result,

(044 in ver another embodiment, the controller may montior or deternmoe corrent flow through
the tssue doring teatment for the pupose of avoding overheating wiile vet peromiting
reatment to continne Dy reducing the apphied voltage. Reduction in tssue mpedance dunng
treatment due 1o charge buildup and membrane rapture Can cause fncreased current How which
engenders additional heating at the treatment sue, With relerence to FHG. 6, prior treatment
methods have sutfered from o peed o ceass teatmant when the current excesds a maxamuam
atlowable such that eatment goals are not met As with dipect temperature monitoring, the
presemt mvention can avoid the need 1o stop treatment by reducing the applisd voliage and thus

current through the tssue to conmtrol and prevent undesirable clinically sigoificant thermal

cts. Modulaton of pulse duration and pulse borst imterval doration may also be emploved by
the controtler 11 for this purposs as described.

{045 With reference to FIG. T four exemplary RE-EMB reatment protocols are detatted. With
additional reference to FHG. 12, 1 protocol 1, a pulse tratn of 83 pulses 32 each s 10 ms duration
15 apphed at 600 volts 1o elecirodes spaced at 1 om resnlting in a feld strongth of 600 Viem
betwesen the clectrodes. In this example the applied pulses are bipolar with & frequency of 1235
kHz with a polse widdth of 10 ms, such that the 1ol energy applied over the 83 seconds duration

of the pulse tam was 10.38mt. These tremment models and the total energy debivered were
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itf‘i“.‘"‘\mc-ﬁ" :.‘f{. XL OWOR GEsCriging Cnergy parameiers use 4 & T3NE WEaKainyn OFf a1Ead iy
eferenced from work descriting energy parameters used for membrane treakdown of algas

Foltz, ., dlege Lysis With Pulsed Flectric Fiolds, Californig State Polvtechnic Untversity, San
Lawis Obispo 2012, downleaded from  hipdidigitaloonmuons ~calpoly eduftheoses/732/ Folix
demonstraied this energy requivement wsing unipolar polses, without the advantage of nstant
chavge reversal pulsex, making this the worst case scenano o snergy requirenents to produce

0461 With reference to FIG. 13, in protocol 2 EMB is achieved by a pulse width decreased to
200 ps and pulse tam exisnded to 2490 pulses i a 10 kViom fleld for a total freatment time of
49 seconds. The total applied energy 18 again 1038 ml. With reference fo FIG. 14, in protocol
3 additional pulses above the intially targeted 2490 are added by the controlier 11 1o compensate
for reduction w voltage/field stength during tregtment based on feedback from the treatment
site. With reference to FIGL 15 m protoco! 4 the additional pudses above the minally targeted

2490 are added 1o compensate fiw loss of efficiency resuliing from the 230 kHMz signal as

woty

comparad to the 125 kHz signal freguency o the previons exemplary protocols.

i

{047 1 The method of ablating undesirable soft tissue of the present invention is carrted out by first
wdentifving the location of the soft tissne within the subject 1o be ablated. Thesue wenbification
may be done by known medical imaging techmigues such as witvasound, T or MRL The targst
soft tssue may or may not be g malignaney bt rather need only be tissue that & undesirable in
s present location for some reason. After sdentificatiom of the twrget tissue, the preferved
positton and spacing of the electrodes relative to target soft tssne 18 determined based on the
location and shape of the ssug to be ablated, the shape and location of adjacent structures, the

dielectric constant and the condoctivity of the target and surrounding soft tissue. Typically from

1 to 6 needle type probe electrodes are used, The clectrodes are introduced imo position in and
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around the treatment and connectad to a controller for controlied delivery of the electric pulses
for field generation and tregtiment. The probe electrodes may melnde g tompersturg sensor such

as a thermocouple for reading and sigoaling to the controller the local nperature gt or near the
electrode. Placement and positioning of the electrodes muy preferably by confizmed by medical
imaging. The pulse penerator ix activated by the controller to apply electrical pulses to the
clectrodes 1o ponerste the weatment field as described above thereby causing elestoesl
menbrane breakdown of some or all of cells of said soft tissoe.

4R Electrical membrane breabdown, anlike IRE or thermal ablation techmques, causes
wnmediate spillage of all intaceliular components of the ruptured cells into an exwacellular
space gl exposes the internal constituent part of the cell membrane © the extracellular space.
The traceudar components include cellular antigens and the internal constituens parts of the
celt membrase fnclode antigens speeific o the cell membrane which induce an immunslogic

response o destroy and remove this and like matenial in the body of the subject. Like mawnal
may be other material in the body of the subjent having the same cellular antigens or cell
membrane speaific antigens at locations remote from the treatment siie including mwetastatic
ussue, However, the human body alse has natural defense systems for tumors which prevent
destruction andfor removal of the lumor m some cazes. Oue of these operates via an inhibitory
signal, which presents fiself to the body's oyvtotoxae T lymphocytes (CTLs), the cells w the bedy
that recogmize snd destroy cancer cells, and binds 1o the cytomtoxric T fymphocyte-associated

antigen 4 ({UTLA) receptor, toming off the cyiotoxic reaction that may otherwise destroy the

pancer call

e

191 Thas, sccording to another embodiment of the presem mvention, the immuonologic response

of RFE-EMB is enhanced by administration of drugs that increase the immunclogic response
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process including drogs which block inhibitton of the CTLA-4 mhibitory signal of ovtotoxic
Ivaphocyies, or that bind to the S100-A9 proein, which s involved n modulating repulatory

myvelowd cell functions.  An exawmple of the former drug type i Ipptimunab {marketed ag
Yervov®)  An example of the latter 1y Tasquinimod. Such drogs can be administered by any
nieans, mchuding without limitation, intravenousty, orally or miranuscolarly and may forther be
myected directly tnte or mljscent to the target soft tissue mnmediately before or afier applying the
EMB electric fickd or a set number of days before or after an RE-EMB treatment, as deseribed in
the sample treatnent protocols below.  Soch immanologic response enhancing drug may be
comprised alse of avtologons dendritic cells. For example, SipulencelT {marketed
Provenge®) themapy uses amtologons patient dendritic cells activated wuh prostatic acid
phosphatase (PAPY and wifused back info the patient’s systom, Avother refovant ivmunologic
drug i3 pembrofizomab, which works by blocking a protein kpown as Programmed Death
regeplor {PD-13, or a related protety knowa as PD-L1, both of which are used by wmors as a
defense to tumor-fighting cells. Yet another relevant imnunologic drog s owelophosphamide,
which depresses regulatory T cells and mterfore with DNA replicatton.  Many immuonologie
drags such as those desenbed herem are effective agamst one ov & small handfd of cancer types,
tut are pot effective, in isolation, against all cancer types for which this clasy of drugs was
designed to be used.
(050 Combming RF-EMB treatment with the administration of an mmmmunologic drug such as
those described above leaves the target cells’ antigens miact and exposed to the external
savironment, allowing them 1o react with the patient’s immupe system, all of which aids the
functioming of the immunologic drog. The combination treatment may aid m the treatment of

patients with one of two distingt disease pathologies.  In g first embodiment, comprising s
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method for treating a patient with 3 promary cancerows tumor and a high lkelibood of
micrometgstatic disease, RE-EMB may be applied 0 cause direct destruyction of the primary
twmnor preceded ov followed by the adwinisteation of & wmunologie drog vegumen desigued to
mteract coopemtively with the intact antigens wihich have been exposed as a resalt of the RF-
EMB weatment. The mamunologic drug chosen may be one that blocks the inhibitory response
that may otherwise provent the pattent’s bedy from recognizing and destroving the RF-EMB
target cells and others having the same cellular antigens (e, micrometastatic growths) as a
respll of the RE-EMB freatment.  In a second embodiment, comprising a method for treating a
patient having advanced metastatic disease, RF-EMB teatment may be adminstered
midpoinis of an ongeing teatment plan witlizing an mmanologe drug as desoribed above
Under this evnbodiment, RF-EMB treatmenis enhgnce the effectivensss of the inmmologic drug
by exposiny umgque cellolar antiyens to the patient’s wmme system,

031 Three sample reatment profocoly for the use of RE-EMB in conpuction with the
administration of an immwusologic drag are now desceribed.  In Example 1, 300my/nr’ of
cyclophosphamide are adminisiered mtravenonsly 1o the patient on Day 1 of treatment. On Day
3, the patient recerves RE-EMB treatment according 1o one of the fowr protocols deseribed above
with reference to Fig, 11 Beginming two weeks after the RF-EMB treatment and lasting until
week 26 following RF-EMB treatment, 25mg of owclophosphamide s administered 1o the pationt

orally for six eveles, each ovele comprising four weeks, wherem the patient recetves an oral dose

o

of cyclophosphanuide twice daily in oveles of seven days on {wherein the drag 8 administered),
seven davs off {whereln no dmg is administered}. In Example 2, the patient s treated on Day |
with RF-EMB treatment according o one of the hor protocoels described above with reference to

Fig. 11 Alscon Day |, the pavent is given Smg'kg of ipthmumad intravenously over the cours
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of 90 minutes.  The patient then receives an additional three doses of ipthmumed, 3mgikg
fntravenously, cach dose separated by a period of three weeks. In Example 3, 300mgim® of
cyclophosphamide are admmsterad intravenously to the patient on Day 1 of treatment. On Day
3 of treatment, the patient recerves RF-EMB treatment according to one of the fowr protocels

deseribed shove with reference w Fig 11, with the addivon of the miection of autolpgous

dendritic cells dirsctly tnte the target tumor, Beginaning two weeks gfter the RF-EMB treatment

and lasting sntgl week 26 following RF-EMB geatment, 3Smg of cyclophosphamide is
adunmstered 1o the patient ovally for six cyeles, sach oyele comprising fowr weeks, wherein the

~3

patient veceives an oral dose of cyclophosphamide twive daily in cveles of seven days on
{wheorem the drug s sduvinstered), seven days off {wherein no drng s adminisiered),

Py

F052Electrical wombrane breakdown causes wnmediate, visnally observable tissue change,

eitudar meantwane destruction and cell death. As a resolt, the method may 1nclade the nopsy of
a poriton of the treated targe! tissue to venfy treatiment efficacy nnmediately after completion of
the treatment while the patient ix still in position for additional reatment. Additional treatment

may be unmediately administered based on the biopsy result and visual determination of

treatmaent efficacy.

,....(

{33 AHernatively, because the intracellolar enviromment conpwises a unigue chemigcal
composition, such as high potassiuny and orie gad concentrations, spillage of the cell contonts
can now be detected by methods such as placing one or more needle probes mto oritical locations
of the treatment area to measure chemical levels uaing chemical reagents, electrical snpedance or
resistancs measurements, pH measurernants, spectroscopy, or the like. Moreover, a device such

as a microneedls sensor, comprising one or more sensors capable of measuring the above

qualities infegrated into or mserted thvopgd the hollow core of a mioroneedle, may be nsented at
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one of more predetermined locations in the trestiment area during s RF-EMB procedure to
measure cellular spillage via extracellular chemical conmposition in real e,

{054 According to this wethod, 1 a preferred embodiment, 3 hollow needle having at least one
dimension of less than | millimeter (known as a mueroneedie) s outfited with one o more
sensory by inserting the sensor(s) through the hollow center of the needle. The sensor(s) may be
one of more of the types descrbed above, weluding but not linuted 0 & pH sensor, g lactate
sensor, @ ghucose sensor, an clectrical wnpedance sensor, a potassium sensor, andior a wric acid
sensor. Multiple such sensors way be bundled together or a single sensor could be used which
measures ong o nwre of the relevant properties. In an aliernative embodiment, the sensor may
be a spectrometer. Maost preferably, one or more sensor-containing mivroneedles are inserted
o the selected treatmoent grea mediately priov to the gpphication of RE-EMB tregtment, and
remuaiy nserted o the treated tissue for the entive duration of the treatment seasion. Readings
from the sepsors may be measured by any means known m the art. Such 2 method has the added
benefit of allowmg the treatment provider o ohserve and quantity the level of target cell
destruction, and thereby treatment efficacy, in real fime and in vivo, By contrast, prior avt,
thermal ablation wethods or non thermal ablation methods such ag IRE fack this capabibty w
that they do not cause a measurable amount of the celludar contents to be spilled nto the
extracelivlar grea fmmediately, resulting nstead 1o thermal necrosis or targeted apoptotic cell
death which destroys the celt and its contents belore any of the cellulyr comtents are exposed for
measprement.  Thus, prior art ablatton methods often requuired a Diopsy of the weated area o
determine treatment efficacy, which canpot be completad antil the ternvnation of the treatment.

{55 According to this preferred emsbodiment, treatment parameters andior location{s} may be

montored andéor adjnsted in real time based on the real time measared levels of cellular spillage
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during the treatment process. In addition, or alternatively, measurements of the celludar contenty
as described hersin may be taken before, afler, or betwaen phases of treatment without the need
to subject the patient to a biopsy or other wvasive procedure o measure treatment efficacy
Measurenent technigues for cellolar conteuts are not himited to those descriibed herein, nt may
be carnied put by any means known i the art of messurmg chemical compositons of & targeted
treatiient arer 1w vivo sndfor w real o,

(056N vet another slternate embodiment of the present wvention, with or withont intermediate

biopsy and visual observation for efficacy, the mode of treatment according io the present

wvention may be switched from EMB to thermal ablation withowt removal or repositioning of
the clectrodes. & switch o thermal ablation may be desirable 1o control bleeding at the tssue site
or for direct destruction of undestrable tisspe w concert with the RF-EMB. The switch may ocowr

within a single pulse tram by operation of the controller, or may be accomphshed by a second or

woomplished by

-
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additional pulse train directed to RF thermal ablation only.
reconfiguring the signal generated by the pulse generator 1 morease the fissue femperature at the
electrodes according to known RF thermal weclunques.

F05T Having now fully set forth the preferred embodiment and centain modifications of the
concept underiving the pressy mvention, various other cmbodiments as well as certain
vartations and modifications of the embodiments hergin shown and deseribed will obviously
occur to those shilled in the art upon becoming fanuliar with said wunderhyving concept. It is 1o be
understood, therefore, that the investion may be practiced otherwise than as specifically set forth

in the appended clamms.

INDUSTRIAL APPLICABILITY
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Stadies extimate that cancer kills approximataly 20,000 people worldwide per day. Many

L]

casuaities vould be gvnided and the quality of hife could be improved for many paticnts with
meve effective, mintmally invasive methods treatrent of cancerons amors and other conditions
resulting i amwanted soft tissue. Minmmally invasive reatments capable of assisting a pattent™s
owit e svitem in attacking and remeoving enwanted or cancerous tsue within the pattent’s
bedy would forther aid 1 saving lives and improving patient quality of Iife. What 1s needed 1s a
sindmally mvasive method of removal of unwanted soft tissue, such as cancernos tamors. The
present mvention 18 an imovative method of ablating wowanted soff Ussue within a patient’s
bady that bas applicabality to many types of cancerous as well as non-cancerous tissue, that
signifrcantly fmproves effectiveness of performing such a provedure, and thar further provides a
means o divectly measare the efficacy of such procedures i vive and simuoltascous with

ireatment
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We claim:

The invention claimed ik

1. A method of ablating undesirable soft tissue in a Hving subiect, comprising the steps of

wentifying & Iocation of saxd soft tssue within sad subject;

e'+

determining a posttion of at least one electrode relative to said soft tssug;

irodocing said a1 least one electrode to said position within said subject, said electrode
glectrically connected o a controller for controlling the delivery of electnic pulses to sawd
elecirade, sald controller comprising an electnie pulse genorator;

applvipg o sald soft dssue an electoic field sufficient to cause electiical memiwane
breakdown of a cell membrane of a phluvality of cells of said soft tssue o caose
immediate spilfage of all intracellular components into an extracetinlar space and
exposure of an interag! constituent part of said coll menbrane 10 seid exwraceliular space,
said glectnie field applhied 1o said soft tissne by debvenng from saud pulse generator o

said gt least one electrade at feast one bi-polar electric pulse vonfignred to cause said

slectrical membrane breakdown
2. The method of claim 1 wherein a voliage of said ar least one bi-polar electric pulse is from

3KV w0 10 kY and 2 frequency of saxd electrie fleld is from 14.2 kHz o less than 5300 kHa

3. The method of claim 2 wherein sard freguency of said electric fleld s from 100 kHa to 450
kHz.

4. The methad of claim 2 wherein said voltage over time of said bi-pelar clectric polse traces a

sguare waveform for a positive and negative component of a polarity oscillation,

The method of claim 2 wherein satd voltage of said bi-polar electric pulse & characterized by
¥ 3 o

an instant charge reversal, between the positive and negative charge of each oyele.
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The method of claim | whersin the duration of said at least one hi-polar electric pulse s from

1001000 us.

’J' t
""""4

7. The method of olaim 1, wherein said determining step further comprises the steps
estimating or measwring the dielecinic constant aud the conductivity of saxd soft tissue,
8. The method of clam 1 wherein said at least one bi-polar eleciric pulse 18 a series of not less
than 100 bipolar pulses, each sawd bipolar pulse in said series separated by an mier pulse barst
mnterval daring which no voltage s applied o said &t least one elecirade.
o The method of claim B, further comprising the step of configuring satd series of elestric pulses
deltvered to sald at least one electrode from said pulse generator 1o apply an electrie feld that
causes no clinically significant thermal damage to said soft tissue.
11 The method of claim 9, wherein said series of glectric pulses 18 configured o apply a fleld
that causes a lomperature of said soft tissue o 1ise to not more than 50 degrees Celsius,

. The method of claim 8, further comprizsing the step of delivening from said pulse generator
o said at feast one electrode a second series of eleciric pulses delivered so as to apply to sald soft

tissoe a second electric field

12, The method of latm 11, further comprising the step of configuring sad second serigs of
electrio pulses to apply sad second electric fleld to cause clmically significant thermal damage {o

said soft tissue
13, The method of clatns &, further comprising the steps of delivering from said pulse generator
i said st feast one electrode a second series of electric pulses configured 1o canse & temperatore

of at least a portion of said tissue to exceed SO degrees Celsiug.

14, The method of claim 8
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wherein a tissae change, celludar membrane destnwetion and cell death are visually observable
i a sample of said undesirable soft tssue taken tmonediately after apphemg saxd elecinie
field to saud soft nissue; and further comprising the steps of,

~

after applying said electnic field to said soft tissus by delivering said series of electric pulses,
impnedhately biopsying a portion of said soff tysue {o determine an efficacy of said
ablation;

if said efficacy excoeds s pre-determined threshold, ceasing said ablavion of undesirable soft
fissue; and

if said efficacy does not exceed said pre-detormined threshold, delivering from said pulse

genevator (o said af least one electrode a second at least one bi-polar eleciric pulse

7 q
L]
=)
s

to apply o sald soft tasue a second electric field

13, The method of claim 14 wherewn spid second at least one bi-polar electric pulse i3 a second

sevies of not fess than 100 electnie pulses configurad so that sard second electne fleld s sufficient

v)

to cause electrical membrane breakdown of said cell membrane of @ phurality of cells of said soft

flsne.

16, The method of clanm 14 wherein said second st least one bi-polar eleciric palse 15 configured
so that satd second electriv fivld causes a temperature of at least a portion of said tissue to exceed
540 degrees Celsiys.

e

The method of clagim 14 wherein said second electric feld causes g weraperature of at least a

portion of said tssue to exceed 60 degrees Celaius bt not 1o exceed 95 degrees Celshas.

I8, The method of clann 1, further comprising the step of mireducing a tompenature probe
proxunal 1o said at least ope glectrode, said probe operativedy connerted to satd controller and
reporting a temperature reading to sawd comroller, said controtler comtrolling varvimg at least ong

character of said at least one bi-polar eleciric pulse 1 response o sad reporied temperature.

14 The method of claim 18 wherein said temperatae probe i3 a thermocouple
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20, The method of clamm 18, wheren said temperature probe is integrad 10 said &t least one

glectrode and intoduced therewiil

21, The method of claim 18, wherein said at least one bi-polar sleciric pulse s a serigs of not les
than 100 bipolar pulses separated by an ter pulse burst mierval during which no voltage

applied to saud at least one electrode; and further comprising the steps of

U}

storing fit @ memory of satd controlier at legst one twwaperature set-pomnt; and

altering by satd controller for gt least a portion of said series &t Teast one of a pulse duration,
said mnder pulse burst interval and 2 total mupber of pulses in said series i response o
said tomperature reading reported 1o said controller from said probe exceeding said set
point.
22, The method of clalny 21, frther comprising the step of nitiating said altering step in

response o said tompersture reported by said probe falling below saxd set-poing,
23, The method of clawm 21, wherem said altering step comprises reducing said pulse duration.

24. The method of clain 22, wherein said altering step comprizes increasing said inter pulse

hurst mierval,

25, The method of claim 23, wherein satd altering step comprises reducing the number of pulses

111 said series.

26, The method of claim 1, funther comprising the steps of

storing i a memory of a controller at least one maxumum carrent set-point, said controller

controfling said delivery of at least one bi-polar electric pulse;

Dy

determmning by said controller a current through said at feast one elecirode; and

reducing said voliage of satd at feast one bi-polar electric pudse delivered 1o said ot feast one
clectrade when said cwrrent eguealy said masdmuny aarend set-poirt whereby said cwrrent

is prevented from exceeding said set point,
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27, The method of clatm 1 wherein said intracellular componens and internal constituent pant

of said cell membrase are left 1n sd extracelludar apace of said subfect wherein an mmusologic

process of said subject is sctivated 1o remove said intracellular components and mternal

constitnent part of saxd cell oembrane from sad extraceliular space.
28, The method of claim 27 wherein said tmracellular components comprises a cellular antigen

andd sard mternal constituent part of said cell membwane further comprises a cell membrane

spectfic antigen; and

wherein said immunologic process further comprises removal of undesirable soft tissue at 8

second Iocation in said Biving subject having one or more of said cellular antigen and

saxd cell maembrane specific antigen, sad undesirable soft tssoe at a second location w

satd Hving subject not having undergone satd method of ablating undesivable soft tissue.

29, The method of clamm 27 wherein said intraceliular components comprises a cellular antigen

aud satd intorual constituent part of said cell mewbrane further comprises an autigen specific o

said cell membrane; and
further comprising the step of administering to said sabject an immunclogic response
enhancing drug to increase said immunologie provess of satd subject 1s activated ©

remove satd intrgcellular components and internsl Constituent pant of said cell membra

from saxd extracellular space.

3. The method of claim 29 whersn said ymmunologie response enhancing drug blocks

whibition of the CTLA-S mnbitory signal of cyvtotoxic lymphooyies.

31, The method of claim 2% wherein said imnunologic response enhancing drag is administered

by one of intravenoasty, orally and intranuscnlardy.

32, The method of clabm 29 wherein said immunclogic response enhancing drug is injected

divectly mnto or adjacent 1o undesivable soft tsane before or after said step of applving to said soft

tissue an olectric Held
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cing drag is comprised of

(‘z

3 The method of clahm 29 wherein said immunologic response enhan
atotogous dendrine cells,

34 The method of claim 29 wherein said ymmunologic response enhancing drug binds to

=

S100AY and modulating repudstory myelont cell functions,

8. The method of clain: 2% wherein said mnnunologic response enhancing drag i3 administered

by one of travenoasly, orally and intramuscularly.

r. The methad of claim 29 wherein said tmmunclogic response enhancing drag i injected
divectly into ov adiacent to undesivable soft ussae before or alter sad step of applying fo sasd soft
issue an electrie field,

37, The method of clamm 36 wherein said immunologic rasponss enbancing drug is comprised of

pey

autologous dendritic cells,

38, The method of olatm 1, further comprising the steps off
1I3ETHIY ONe OF mowe sensors into sawd soft tissne within sawd subject
obtaining a plurality of measurements from said sensors simultaneoosly with said step of
applying to saad soft tissue an electrie feld sufficient to cause electrical membrane
breakdown of g cell membrane of a plurality of cells; and
determining, based on said meazorements, a treatment efficacy of said method of ablating

undesivable soft tissue m a Hving subjeet.

34, The method of clatn 38, wherein at least one of said one or mors sensors 18 chosen from the
group comprising & pH sensor, & lactate soosor, a glocose seasor, an clectnical upedance sensor,

& potassinm sensor, o unie actd sensor, and a speoirometer,

40, The method of clatm 3§, further comprizing altering one or more parameters of said electric

field based on said treatment efficacy,



WO 2015/085162 PCT/US2014/068774
31

41. A method of ablating nndesivable sofl tissue n a hving subjedt, comprising the steps of!

wdentifyving a location of satd solt tissne within said subject;

determmning based on a tissue type of 3aid sofl tisue a mminnm energy profile necessary {o
be applied to g cell of said soft tissue to cause cell membrane rupture by electrical
menbrang breakdown;

determining a posttion of af least one electrode relative o said cell muss;

rrodneing sad at least one glectrode 10 satd postiion within said sulyect, said elecirode
electrically connected to a controller for controlhing the delivery of electric pulses o said
electrade, said controller comprising an electric pulse generator;

determiining based on said munimpum energy profile and said position of said at least ons

elecirode an eloctric field strength necessary o apply o said cell mass said rmimum

energy profile;

determining hased on said electrie field strength a bi-polar electriv pulse frain profile having
not less than 100 pulses, said pulse train profite charctenized by a pulse vurber, pulse
durvation and inter pulse burst intervals, said pulses each having a freguency and a
voltage, said voliage characterized by an instantaneous reversal of polarity;
dedivering from sad polse generator to smd at feast one electrode by sald controlier a series
of electric pulses according to said eleotric pulse train profile whershy a polsed glecuic
field s generated, said field applying sufficient energy to a ploarality of said cells of saxd
soff tissue to cause cell death by glectrical membrang breakdown,
42. The method of clatm 29 wherein said immunologin response enhancing drag blocks a protein
sefected from the group compriztng PR and PB-LL
43 A wmethod of ncreasiog an inmanologie response m a living sebject, comprising the steps of!
wdentifving a location of undesivable soft tissue within said subject;
performing a non-thermal ablation weatment on said undesirable soft tissue; and

administening an imnmnologic response enhancing drug 1o said subject.
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44, The method of claim 43, wherewn said step of performing a non-thermal ablation treatment
comprises
deternnnmg a position of at feast one electrode relative o sard undesirable soft Hissu
introducing said at loast one electrode to said position within said subject, said electrode
electrically conpected to a controller for controlling the delivery of electnic pulses o swd
electrode, said controller comprising an electrie polse generator; and
applving to said soft tissue an electric field suificient 1o cause electrical membrane
breakdowsn of & cell membrane of a phurality of cells of said soft tissue to cause
impnediate spillage of all wtracelinlar components imto an extraceliular space and
exposure of an internal constituent part of said cell membrane o satd extracetiular space,
said electric field applied to said soft tissue by delivering from said pulse generator to
saxd at least one electrode at feast oue bi-polar electric pulse configared (o cause sad
electrical membrane breakdown.
45, The method of clatm 43, wheretn sard tinvmunologic response enbancing drog blocks a
protein selected from the group comprising PDO-1 and PD-L1
46, The method of clahm 43, wherein said immanologie response enhancing drug blocks

.»w.v

inhibition of the CTL A4 inhibitory signal of eviotoxic lvmphocyies.



