Office de la Propriete Canadian CA 2663596 A1 2008/03/20

Intellectuelle Intellectual Property
du Canada Office (21) 2 663 596
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2007/09/14 (51) CLInt./Int.Cl. A67N 71/32(2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/03/20 A6TE 18/12(2000.01)

. . : _ (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2009/03/06 LAZURE TECHNOLOGIES LLC. US

(86) N° demande PCT/PCT Application No.: US 200//078562
(72) Inventeur/Inventor:
(87) N publication PCT/PCT Publication No.: 2008/034103 AZURE, LARRY, US

(30) Priorites/Priorities: 2006/09/14 (US60/825,660),; (74) Agent: SMART & BIGGAR
2006/10/30 (US60/863,484)

(54) Titre : DISPOSITIF ET PROCEDE POUR LA DESTRUCTION DE CELLULES CANCEREUSES
(54) Title: DEVICE AND METHOD FOR DESTRUCTION OF CANCER CELLS

32
34

36

33

30

(57) Abréegée/Abstract:

The present invention provides devices and systems, as well as methods, of electric field delivery and non-thermal or selective
ablation of target tissue regions, Including selective ablation of cancerous cells and solid tumors. A method of the present invention
Includes delivering an electric field to a tissue, including positioning an electrode within a target tissue region comprising cancerous
cells, and applying an alternating electrical current to the target tissue so as to non-thermally ablate cancerous cells of the target
tissue region around the electrodes.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2008/034103 A3 I D0 !0 0 R0 0 R0

CA 02663596 2009-03-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
20 March 2008 (20.03.2008)

(51) International Patent Classification:
A61IB 18/18 (2006.01)

(21) International Application Number:
PCT/US2007/078562

(22) International Filing Date:
14 September 2007 (14.09.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/825,660
60/863,484

US
US

14 September 2006 (14.09.2006)
30 October 2006 (30.10.2006)

(71) Applicant (for all designated States except US): LAZURE
TECHNOLOGIES, LL.C [US/US]; 13 Eagles Nest Drive,
LaConner, Washington 98257 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): AZURE, Larry
[US/US]; 13 Eagles Nest Drive, Laconnor, Washington
98257 (US).

(74) Agents: ROSATO, Michael. T. etal.; TOWNSEND AND
TOWNSEND AND CREW LLP, Two Embarcadero Cen-
ter, 8th Floor, San Francisco, California 94111 (US).

(10) International Publication Number

WO 2008/034103 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
20 November 2008

(54) Title: DEVICE AND METHOD FOR DESTRUCTION OF CANCER CELLS

32
34

36

38

30

(57) Abstract: The present invention provides devices and sys-
tems, as well as methods, of electric field delivery and non-ther-
mal or selective ablation of target tissue regions, including se-
lective ablation of cancerous cells and solid tumors. A method
of the present invention includes delivering an electric field to a
tissue, including positioning an electrode within a target tissue
region comprising cancerous cells, and applying an alternating
electrical current to the target tissue so as to non-thermally ablate
cancerous cells of the target tissue region around the electrodes.
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DEVICE AND METHOD FOR DESTRUCTION OF CANCER CELLS

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. §119(¢e) ot U.S. Provisional
5  Patent Application No. 60/825,660 (Attorney Docket No. 026533-000100US), filed
September 14, 2006, and U.S. Provisional Patent Application No. 60/863,484 (Attorney
Docket No. 026533-000200US), filed October 30, 2006, the full disclosures of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION
10 [0002] The present invention relates generally to electric field delivery to tissue regions.
More specifically, the present invention relates to electric field delivery and non-thermal

ablation of target tissue regions, including selective ablation of cancerous cells and solid

fumors.

[0003] Current tissue ablation techniques rely on a high-frequency, hyper-thermia inducing
15 electric current to the tissue of a patient (e.g., human, animal, etc.) as a means to remove
unwanted tissue or lesions, staunch bleeding, or cut tissue. There has been increased interest

and activity is the area of hyper-thermal ablation as a tool to treat cancer by heat-induced

killing and/or removal of tumor tissue.

[0004] In hyper-thermal tumor ablation techniques, high-frequency RF (e.g., "RF thermal
20  ablation") or microwave sources are used to heat tissue resulting in histological damage to the
target tissue. In RF thermal ablation techniques, for example, high frequencies, including
about 500 kHz and greater, are used to cause ionic agitation and frictional (e.g., resistive)
heating to tissue surrounding a positioned electrode. Lethal damage to tissue (€.g.,
denaturation of tissue proteins) occurs at temperatures in excess of about 47 degrees C,

25  though heat generated near electrodes in RF thermal ablation can reach temperatures up to or

exceeding about 100 degrees C.

[0005] A number of different cancer ablation methods and devices relying on hyper-
thermal ablation or heat-induced tumor tissue destruction have been proposed. One such
example includes U.S. Patent No. 5,827,276, which teaches an apparatus for volumetric

30 tissue ablation. The apparatus includes a probe having a plurality of wires journaled through

a catheter with a proximal end connected to the active terminal of a generator and a distal end
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projecting from a distal end of the catheter. Teachings include a method and probe
deployable in a percutaneous procedure that will produce a large volume of thermally ablated

tissue with a single deployment.

[0006] U.S. Patent No. 5,935,123 teaches an RF treatment apparatus including a catheter
with a catheter lumen. A removable needle electrode is positioned in the catheter lumen in a
tixed relationship to the catheter. The treatment apparatuses are taught as being used to
ablate a selected tissue mass, including but not limited to a tumor, or treat the mass by
hyperthermia. Tumor sites are treated through hyperthermia or ablation, selectively through
the controlled delivery of RF energy.

[0007] Numerous other methods and devices are taught using hyper-thermal or heat-
induced cancer tissue destruction. However, a significant limitation of RF induced, hyper-
thermal ablation is the difficulty of localizing the heat-induced damage to targeted cancerous

tissue while limiting histological damage and destruction to surrounding healthy, non-target

tissue.

[0008] Thus, there is a need for minimally invasive ablation techniques that selectively

destroy cancerous cells while minimizing damage to healthy tissue.

BRIEF SUMMARY OF THE INVENTION
[0009] The present invention provides devices and related methods for applying low-
intensity electric fields for selective cancerous cell destruction and non-thermal tissue
ablation. Devices of the present invention will generally be designed to introduce an
electrode or plurality of electrodes into a target tissue region and apply an electric field to the
target tissue region. The electrode or plurality thereof is typically positioned such that the
applied electric field radiates throughout the target tissue region, including, for example,
where the electric field radiates outwardly and in a plurality of directions radially from a
location within the target tissue or an electrode(s) positioned within the target tissue region.
Additionally, the energy applied to the target tissue region can be selected such that
electrically generated heat is minimized and elevations in tissue temperature can be avoided.
In particular embodiments, the applied electric field is generally a low-intensity (e.g., less
than about 50 V/cm) and intermediate frequency (e.g., between about 50kHz and 300 kHz)
alternating current field sufficient to provide low-power or non-thermal ablation of target

cells. The electrode positioning and application of the electric field (e.g., low-power/non-
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thermal ablative electric field) of the present invention has demonstrated to be surprisingly
effective in ablating cancerous cells without a thermal effect being a factor in the ablation
process. Moreover, the ablative process according to the present invention primarily occurs
among abnormally proliferating cells or cells exhibiting unregulated growth (e.g., cancerous
cells). Thus, the present invention provides the additional advantage of providing minimally

invasive, selective ablation or destruction of cancerous cells, while leaving normal cells or

tissue substantially intact.

[0010] Thus, 1n one aspect, the present invention includes a method of delivering an
electric field to a tissue. Such a method includes positioning an electrode within a target
tissue regton comprising cancerous cells, and applying an alternating electric field to the
target tissue so as to non-thermally ablate cancerous cells of the target tissue region around

the electrode.

[0011] In one embodiment, the target tissue region includes a mass or solid portion of
tissue. Typically, the target tissue region includes cancerous cells including, for example, a
target tissue region including a solid tumor. The volume of the tissue to be subject to the
inventive methods can vary, and will depend at least partially based on the size of the mass of
cancerous cells. Peripheral dimensions of the target tissue region can be regular (e.g.,
Spherical, oval, etc.), or can be irregular. The target tissue region can be identified and/or
characterized using conventional imaging methods such as ultrasound, computed tomography
(CT) scanning, X-ray imaging, nuclear imaging, magnetic resonance imaging (MRI),
electromagnetic imaging, and the like. Additionally, various imaging systems can be used for
locating and/or positioning of a device or electrodes of the invention within a patient's tissue

or at or within a target tissue region.

[0012]  As set forth above, the electrode is positioned within the target tissue region and an
alternating electric field is applied. Ablation techniques according to the present invention
can be accomplished in some embodiments without an increase in local tissue temperature
and without thermal effects of energy application being a means by which tissue ablation
occurs. Typically, the applied electric field includes a low-intensity, intermediate frequency
alternating current. In one embodiment, for example, the electric current provides a voltage
tield less than about 50V/cm. In another embodiment, the electrical current includes a
frequency between about 50kHz and about 300 kHz. The voltage field and/or the frequency

of the applied current can be held constant during energy application or varied. The
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electrode(s) can be positioned within the target tissue region such that electric field
application occurs from within the target tissue. In one embodiment, electrode(s) are
positioned within the target tissue region (e.g., tumor) and the applied electrical current
provides an electric field extending radially outward from the electrode. In certain
embodiments, such positioning can take advantage of tumor physiology, including, e.g.,
orientation of dividing/proliferating cells within a target tissue region, and ensure that the
electric field provided by the electrode is substantially aligned with a division axis of a

dividing cancerous cell.

[0013] Thus, in another aspect, the present invention includes a method of delivering an
electric field to a tissue, the method including positioning a plurality of electrodes within a
target tissue having cancerous cells. The plurality can include a first electrode and a plurality
of second electrodes, and an ablation volume at least partially defined. The method further
includes applying an alternating current to the volume to provide an electric field extending
radially outward from within the volume so as to selectively destroy cancerous cells of the

target tissue.

[0014] The present invention can include a variety of electrode compositions,
configurations, geometries, etc. In certain embodiments, electrodes can include tissue-
penetrating electrodes including, for example, small diameter metal wires having tissue-
piercing or sharpened distal ends that can penetrate tissue as they are advanced within the
target tissue region. Electrodes can be non-insulated or can include an insulated portion. In
one embodiment, a non-insulated portion of the electrode provides an electric field delivery
surface for delivery of electrical current to the surrounding tissue. Electrodes can be
substantially rigid, e.g., so as to be more easily advanced through tissue, including hardened
or more dense tissue, or can be more flexible, depending upon the desired use. In one
embodiment, an electrode includes a needle or needle-like electrode or electrode having a
substantially linear portion. In another embodiment, electrodes can be curved, having a
curved portion or portion with a radius of curvature. Electrode composition can vary and in
certain embodiments can include a memory metal (e.g., commercially available memory

'™, etc.) or sprung steel. Suitable electrode materials can include, e.g.,

metals, Nitino
stainless steel, platinum, gold, silver, copper and other electrically conductive materials,
metals, polymers, etc. In certain embodiments, electrodes can be positioned in and
deployable from a lumen of a catheter and/or microcatheter or other member for introducing

the electrode into a tissue.
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[0015] In one embodiment, the present invention inéludes a plurality of electrodes
positioned or positionable within a target tissue region. The plurality of electrodes can form
an array and be deployable, for example, from a catheter lumen. In one embodiment, the
plurality of electrodes includes a one or more outer or secondary electrodes substantially
defining an ablation volume and a primary or centrally positioned electrode, where the
primary electrode is spaced from the secondary electrode(s) and positioned within the
ablation volume defined by the secondary electrode(s). Electrodes can be operated in
monopolar mode or biopolar mode. The device can be configured for polarity shifting
between electrodes. In one embodiment where the electrodes are used in bipolar mode, for
example, and an electrical current is applied, an electrical field can be provided extending
radially outward from the primary or centrally positioned electrode and toward the

peripherally positioned or secondary electrode(s) substantially defining the ablation volume.

[0016] In another embodiment, the present invention can make use of one or more sensor
mechanisms to provide feedback and/or control the ablation process. Sensor mechanisms can
include sensors or detectors that detect and measure parameters such as temperature, current,
voltage, impedance, pH and the like. Certain embodiments of the present invention can
include modifying the applied electric current at least partially based on a detected
characteristic or a change in a detected characteristic. In one embodiment, for example,
moditication of the applied electric current can occur in response to a measured temperature,
impedance, and the like. Modification can include, for example, modifying the voltage,
frequency, etc. of the applied current and/or discontinuing application of the electric current,

for example, where the ablation process or a stage thereof is determined to be completed.

[0017] In yet another aspect of the present invention, a system for non-thermal tissue
ablation 1s provided. The system includes a tissue ablation probe having one or more
electrodes, the electrodes positionable within a target tissue region comprising cancerous
cells. The system further includes an energy source for providing an electrical current (e.g.,

alternating) to non-thermally ablate cancerous cells of the target tissue region.

[0018] In another aspect, the present invention provides a system for selectively destroying
cancerous cells. The system includes a probe including a plurality of electrodes positionable
within a target tissue. The plurality of electrodes includes a first electrode and one or more
secondary electrodes, with an ablation volume being at least partially definable by the

secondary electrodes. The first electrode can be positioned in the ablation volume. The
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system further includes an energy source for providing an alternating electrical current and
one or more electric fields extending radially from the first electrode and through the volume

so as to selectively destroy cancerous cells in the target tissue.

[0019] For a tuller understanding of the nature and advantages of the present invention,
reference should be made to the ensuing detailed description and accompanying drawings.

Other aspects, objects and advantages of the invention will be apparent from the drawings

and detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 illustrates a device according to an embodiment of the present invention.

[0021] FIGS. 2A through 2C illustrate a device according to another embodiment of the

present invention.

[0022] FIGS. 3A and 3B show a device having an electrode configuration according to an

embodiment of the present invention.

[0023] FIG. 4 1illustrates an electrode arrangement according to an embodiment of the

present invention.

[0024] FIGS. 5A and 5B illustrate a catheter and microcatheter device according to another

embodiment of the present invention.

[0025] FIGS. 6A and 6B illustrate a method according to an embodiment of the present

1nvention.

[0026] FIGS. 7A and 7B illustrate a method according to another embodiment of the

present invention.

[0027] FIGS. 8A and 8B illustrate a tumor or mass of cancerous cells, with FIG. 8B

showing a focused view of a dividing cancerous cell.

[0028] FIGS. 9A through 9D show a device and method according to an embodiment of the

present invention.
[0029]  FIG. 10 shows a device according to an embodiment of the present invention.

[0030] FIGS. 11A through 11C illustrates an ablation method according to an embodiment

of the present invention.
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[0031] FIGS. 12A through 12F illustrate exemplary electrodes according to various

embodiments of the present invention.

[0032] FIGS. 13A and 13B illustrate a device according to an embodiment of the present

invention.

[0033] FIGS. 14A and 14B illustrate a device according to another embodiment of the

present invention.

[0034] FIGS. 15A through 15D illustrate a device and ablation method according to an

embodiment of the present invention.
[0035] FIG. 16 1llustrates a system according to an embodiment of the present invention.

[0036] FIG. 17 illustrates a system according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0037] The present invention provides systems and devices, and related methods for low-
power or non-thermal tissue ablation. According to the present invention, an electrode or
plurality of electrodes can be introduced into a target tissue region and an electric field
applied to the target tissue region. The energy applied to the target tissue region can be
selected such that electrically generated heat is minimized and rises in tissue temperature can
be avoided, thereby providing low-power or non-thermal ablation of target cells. Devices
and methods of the present invention have been demonstrated to be effective in ablating
cancerous cells without a thermal effect being a factor in the ablation process, with ablation
occurring primarily among abnormally proliferating cells or cells exhibiting unregulated
growth (e.g., cancerous cells). Thus, the present invention is advantageous in providing
minimally invasive, selective ablation or destruction of cancerous cells, while leaving normal

cells or tissue substantially intact.

[0038] Reterring to FIG. 1, a device according to an embodiment of the present invention is
described. The device 10 includes a delivery member 12 having a distal portion 14 and a
proximal portion 16. The device 10 further includes a proximal portion 18 of the device that
can be coupled (e.g., removably coupled) to the delivery member 12. Additionally, the
device 10 can include conductive cables 20 electrically coupled to an energy source (not
shown). The device includes a plurality of electrodes 22 at the distal portion 14 of the

delivery member 12. The electrodes 22 can be positioned or fixed, for example, at the distal



10

15

20

25

30

CA 02663596 2009-03-06
WO 2008/034103 PCT/US2007/078562

end of the delivery member 12 or positionable and deployable from a lumen of the delivery
member 12 and retractable in and out of the distal end of the delivery member 12. The
electrodes 22 can include a non-deployed state, where the electrodes 22 can be positioned
within a lumen of the delivery member 12, and a deployed state when advanced from the
distal end of the delivery member 12. Electrodes 22 are advanced out the distal end and

distended into a deployed state substantially defining an ablation volume.

[0039] A target tissue region can be located anywhere in the body where the tissue ablation
methods of the present invention would be desired or beneficial. Target tissue is not limited
to any particular type and non-limiting examples can include, e.g., breast tissue, prostate
tissue, liver, lung, brain tissue, muscle, lymphatic, pancreatic tissue, colon, rectum, bronchus
and the like. The target tissue region will typically include a mass or solid portion of tissue.
Typically, the target tissue region includes cancerous cells including, for example, a target
tissue region including a solid tumor. The term "cancerous cell”, as used herein, generally
refers to any cells that exhibit, or are predisposed to exhibiting, unregulated growth,
including, for example, a neoplastic cell such as a premalignant cell or a cancer cell (e.g.,
carcinoma cell or sarcoma cell), and are amenable to the ablation methods described herein.
The volume of the tissue to be subject to the inventive methods can vary depending, for
example, on the size and/or shape of the mass of cancerous cells, as well as other factors.
Peripheral dimensions of the target tissue region can be regular (e.g., spherical, oval, etc.), or

can be 1rregular.

[0040] Imaging systems and devices can be included in the methods and systems of the
present invention. For example, the target tissue region can be identified and/or characterized
using conventional imaging methods such as ultrasound, computed tomography (CT)
scanning, X-ray imaging, nuclear imaging, magnetic resonance imaging (MRI),
electromagnetic imaging, and the like. In some embodiments, characteristics of the tumor,
including those identified using imaging methods, can also be used in selecting ablation
parameters, such as energy application as well as the shape and/or geometry of the electrodes.
Additionally, these or other known imaging systems can be used for positioning and

placement of the devices and/or electrodes in a patient's tissues.

[0041] As set forth above, the electrode is positioned within the target tissue region and the
applied electric field is sufficient to provide low-power or non-thermal ablation of target

cells. The term "non-thermal ablation" as used herein generally refers to techniques of the
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present invention including the removal of or destruction of the function of tissue or cells of a
tissue by application of an electric field, and where the energy application/delivery process
occurs without a substantial increase in local tissue temperature and without thermal effects
of energy application being a significant or primary means by which tissue ablation occurs.
In many embodiments, an increase in Iocal tissue temperature can be avoided altogether, with
no resulting increase in temperature being detectable in the target tissue region. In some
embodiments, however, small changes/elevations in temperature in the target tissue region
may occur, but will typically be no more than a few degrees C above body temperature (e.g.,
less than about 10 degrees C, but typically no more than about 2 degrees above body
temperature), and without the thermal effects being the primary means by which tissue
ablation occurs (e.g., no significant thermally-mediated, lethal protein denaturation).
Typically, the applied electric field includes a low-intensity, intermediate frequency
alternating current. The intermediate frequency employed according to the present invention,
for example, will be less than that typically required for frictional/resistance heating to tissue
surrounding the electrode (e.g., less than about 400 kHz, preferably about 300 kHz or less).
In one embodiment, for example, the electric current provides a voltage field less than about

50V/cm. In another embodiment, the electrical current includes a frequency between about

50kHz and about 300 kHz.

[0042] The voltage field and/or the frequency and/or the magnitude of the applied current
can be held constant during energy application or varied. In some embodiments, providing a
non-constant or varying voltage and/or frequency and/or current by "scanning" across a given
range may be desired, for example, to ensure that the optimal ablative
voltage/frequency/current is applied to the target tissue region. In another embodiment, a
particular voltage and/or frequency and/or current can be selected prior to energy application.
Furthermore, the electrode(s) can be positioned within the target tissue region such that
electrical current application occurs from within the target tissue, and the target tissue is
ablated from the inside out. In one embodiment, electrode(s) are positioned within the target
tissue region (e.g., tumor) and the applied electrical current provides an electric field
extending radially outward from the electrode. In certain embodiments, such positioning can
take advantage of tumor physiology, including, e.g., orientation of dividing/proliferating cells
within a target tissue region, and ensure that the electric field provided by the electrode is

substantially aligned with a division axis of a dividing cancerous cell.
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[0043] FIGS. 2A through 2C show a device having a plurality of electrodes according to
another embodiment of the present invention. As shown, the device 30 includes a plurality of
electrodes extending from the distal portion of the device. FIG. 2A shows a three
dimensional side view of the device having the plurality of electrodes. FIG. 2B shows a top
view of the device illustrating the electrode arrangement. The plurality includes a centrally
positioned electrode 32 and outer electrodes 34, 36, 38 spaced laterally from the central
electrode 32. The illustrated electrodes include substantially linear needle-like portions or
needle electrodes. The electrodes extend from the distal portion of the device and are
oriented to be substantially parallel with the longitudinal axis of the device 30. Additionally,
each electrode is substantially parallel with other electrodes of the plurality. The plurality of
electrodes substantially define the ablation volume, with the outer electrodes 34, 36, 38
substantially defining a periphery of the ablation volume and the electrode 32 positioned
within or at about the center point of the defined periphery. Each of the electrodes can play
difterent roles in the ablation process. For example, there can be changes in polarity and/or
polanity shifting between the different electrodes of the device. As with other devices of the
invention, electrodes can be electrically independent and separately addressable electrically,
or two or more electrodes can be electrically connected, for example, to effectively function
as one unit. In one embodiment, for example, outer electrodes 34, 36, 38 can be electrically
connected and, in operation, include a polarity different from that of the inner electrode 32.
As 1llustrated in FIG. 2C the electrodes 32 and 34, 36 of the device can include opposing
charges (e.g., bipolar). In such an instance, the applied electrical current can provide an
electrical field, as illustrated by the arrows, extending radially outward from the central

electrode 32 and toward the peripherally positioned or outer electrode(s) 34, 36.

[0044] In some embodiments, devices and/or systems of the present invention include
electrically floating systems or systems designed to operate without an earth grounding. In
some instances, it was observed that electrode configurations that were electrically floating in
this manner allowed more accurate or controllable field application and/or delivery. The low-
power requirements of systems according to certain embodiments allow more design options
(¢.g. battery operation) in configuring devices and systems that are electrically floating, as
described, compared, for example, to known techniques such as thermal RF or microwave
ablation, or high-voltage irreversible electroporation that require much higher powered

energy delivery and corresponding power sources.

10
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[0045] Another embodiment of a device of the invention is described with reference to
FIGS. 3A and 3B. The device 40 includes a plurality of electrodes at or extending from the
distal end 42 of the device 40. The plurality of electrodes includes outer positioned
electrodes 44 that are curved and substantially define an ablation volume. An electrode 46 is
positioned within the volume defined by the outer electrodes 44 and spaced from the
electrodes 44. The central electrode 46 is shown as being substantially linear and parallel
with the longitudinal axis of the device 40, although other configurations will be available.
FIG. 3B shows a target tissue 48 within the periphery defined by the outer electrodes 44 with
an electrical current being applied to the target tissue 48, and illustrating an oblong or oval
ablation volume being defined by the curved electrodes 44. Thus, a target tissue region 48,
such as a solid tumor, can essentially be encased within the volume defined by the outer
electrodes 44. Arrows illustrate an electric field extending outward and radially from the

electrode 46 and in a plurality of different directions.

[0046] Electrodes of a device according to another embodiment of the present invention are
described with reference to FIG. 4. The device 50 includes a substantially linear electrode 52
that 1s retractable in and out of a microcatheter 54 and an electrode 56 having a curved
portion, the electrode retractable in and out of a microcatheter 58. Microcatheters 58 and 54
can be included in a single delivery member, such as in a lumen(s) of a delivery catheter or
can be independently arranged, e.g., for individually accessing and addressing a target tissue.
One outer electrode is illustrated (e.g., electrode 56), though multiple outer or secondary

electrodes can be provided, as illustrated in other embodiments (e.g., see below).

[0047] A device can include a plurality of electrodes, each deployable or retractable in and
out of a microcatheter, with each microcatheter/electrode assembly optionally positioned
within a central lumen of a larger delivery member, as illustrated in FIGS. 5A and 5B. The
device 60 includes a delivery member 62 with a lumen 64, and microcatheters 66, 68, 70, 72
positioned 1n the lumen. FIG. 5B shows a top view of the device with microcatheters 60, 68,
70, 72 positioned in the lumen 62 of the delivery member 60. Electrodes 74, 76, 78 each
having a curved portion, are deployable from microcatheters 68, 70, 72 and, in a deployed
state, substantially define an ablation volume. Electrode 80 is deployable from microcatheter

66 1s positioned within the ablation volume substantially defined by electrodes 74, 76, 78.

[0048] In use, as shown 1n FIG. 6, a device 82 of the present invention can be advanced

through the patient's tissue 84, and an electrode 86 of the device 82 positioned within a target
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tissue region 88 (e.g., tumor). Once the electrode is positioned in the target tissue region 88,
electrical current is delivered to the target tissue region 88. As the electrode 86 is positioned
within the target tissue region 88, the applied electrical current can provide an electric field
that radiates outward and in a plurality of directions. A system or device of the invention can
be operated in monopolar mode or bipolar mode. In one monopolar operation embodiment, a
second electrode can be placed, for example, outside the patient's body, such as by
positioning the patient on a conductive pad or plate (e.g., metal plate) and may make use of
conductive materials, such as conductive gels or adhesives, placed between the patient's skin
and the second electrode. In a bipolar mode embodiment, outer electrodes substantially
defining an ablation volume can function as return electrodes, or complete a circuit with an
electrode(s) positioned within the ablation volume, with applied current flowing through
tissue of the target region positioned between the outer electrodes and electrode(s) positioned
within the ablation volume. FIG. 7 shows use of a device of the present invention according
to another embodiment of the present invention. As described above, the device 90 is
advanced through the patient's tissue and the delivery member 92 positioned proximate to the
target tissue region 94. Once the delivery member 92 is positioned, a plurality of electrodes
96, 98, 100 can be deployed from the delivery member 92. Outer electrodes 96, 98 are
deployed within or around the perimeter of the target tissue region 94, e.g., at about the
margin of the target tissue region (e.g., tumor margin) and substantially define the ablation

volume or target region. The inner electrode 100 is positioned within the ablation volume.

[0049] The present invention can include various means of accessing or addressing a target
tissue and positioning electrodes/probes for delivery of the described ablative treatment.
Typically, positioning of a device of the invention will include a minimally invasive access
and positioning techniques, including, e.g., access techniques commonly used with other
types of tissue ablation (e.g., thermal RF ablation, microwave ablation, high-voltage
electroporation, and the like). For example, devices of the invention can be introduced
percutaneously through the skin and advanced through tissue and positioned at a target tissue.
Though, addressing a target tissue and positioning of a device can occur in conjunction with

more conventional surgical techniques or laparoscopic techniques.

[0050] As set forth above, certain embodiments of the present invention include positioning
of an electrode within the target tissue region and applying an alternating electrical current,
with the applied electrical current providing an electrical field that radiates outwardly from

the positioned electrode. Electric field application in this manner was found to be highly
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ettective in disrupting and destroying cancerous cells via low-power ablation and in the
absence of a thermal ablative effect. In certain embodiments, disruption of cancerous cells
and resulting ablation according to the present invention even more effectively occurred
where the electrical field provided by an electrode of an inventive device was substantially
aligned with a division axis of a dividing cancerous cell or plurality of cells. FIG. 8A shows
a simplified version of a growth pattern and physiology of a cancer tumor or solid mass of
cancerous cells, illustrating ftumor growth by cancer cells dividing outwardly from the center
of aregion. Arrows indicate division axes of cancerous cells dividing outwardly from the
center. FIG. 8B shows a focused and simplified view of a dividing cell of the tumor of FIG.
8A, further 1llustrating the concept of an axis of cell division.- The illustrated dividing or
proliferating cancerous cell (illustrated at a metaphase stage of mitosis) includes an axis of
cell division 110 substantially orthogonal to a metaphase plate axis 112, where the cell
divides substantially along the plate axis 112 and cell proliferation and growth occurs along
the cell division axis 110. Thus, in certain embodiments of the invention, the positioning of
an electrode within a tissue region, e.g., proximate to the center region of a tumor or mass of
cancer cells, and/or the configuration and arrangement of the electrodes of the device, can be
selected such that the electrical field radiates outwardly from about the center region and the

electric tield 1s substantially aligned with the division axes of cells of the growing tumor.

[0051] Furthermore, the electric field application as described was observed to be
particularly effective in selectively disrupting and destroying the dividing cancerous cells,
while having little or no effect on normal cells that were not exhibiting unregulated growth
and proliferation. Without being bound by any particular theory, electric field application as
described may specifically disrupt the cell division process (e.g., mitosis) or progression
through the cell cycle, or a stage or process thereof (e.g., mitotic spindle formation,
microtubule polymerization, cytoplasmatic organelle function or arrangement, cytokinesis,
cellular osmotic balance or the like) and, therefore, more particularly effects cells exhibiting
unregulated growth (e.g., cancerous cells) and progressing more rapidly through the cell

cycle.

[0052] According to the present invention, a target tissue region can be ablated in whole or
in part. It will be recognized that while it is generally desirable to ablate as much of the
target region or tumor as possible, in some embodiments, methods can include ablation of a
portion or less than the entirety of the target region. In some instances, partial tumor ablation

can be sufficient to ultimately destroy or kill an entire tumor or cancerous tissue region.
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[0053] Use of a device according to an embodiment of the invention (e.g., the device of
FIG. 2A through 2C) is discussed with reference to FIGS. 9A through 9D. The device 120
includes a plurality of electrodes, including outer electrodes 122, 124, 126 substantially
defining an ablation volume and at least one inner electrode 128. The device can be
positioned at a target tissue region including a tumor or portion thereof. The tumor 130 is
shown positioned substantially within the ablation volume, with the inner electrode 128
positioned about through the center of the tumor and outer electrodes 122, 124, 126 spaced
laterally from the inner electrode 128 and positioned at about or slightly inside or outside the
tumor margin. FIG. 9A shows a top sectional view of the tumor 130 and positioned
electrodes 122, 124, 126, 128, and FIG. 9B shows a side view of the same. An electric field,
illustrated by the arrows in FIG. 9C, is provided by the positioned electrodes and the
application of an electrical current. As can be seen, in the parallel straight needle electrode
configuration shown in FIGS. 9A through 9C, the electrical field along the length of the
ablation volume is oriented in a direction orthogonal to the longitudinal axis of the device.
The electric current emanating from the center electrode 128 toward the outer electrodes 122,
124, 126 provides a field that 1s substantially aligned with the direction of cell division for
many of the tumor cells, particularly those in region 132, which divide in a direction from the
tumor center and outward (see, e.g., FIG. 8 A and 8B). It will be recognized that arrows are
provided for illustrative purposes, and that embodiments of the invention are not limited to
any particular current and/or electrical field direction, but may include directions other than
and/or 1n addition to those specifically illustrated. The tumor includes region 132 where
direction of tumor cell division is believed more closely aligned with the electrical field. In
the 1llustrated configuration, the tumor can include regions 134, 136 at opposing ends of the
tumor that may include a greater proportion of cells having cell division axes not in
alignment with the provided electric field, or, in other words, are at an angle relative to the
electric field and may remain alive following application of energy, while a greater
proportion of cells of region 132 are ablated. However, in one example, using tumor ablation
1n this manner, the tissue/cells of region 132 were ablated and materials subsequently
removed from the treatment site (€.g., squezzed out by application of pressure) and/or
absorbed by surrounding tissue, and regions 134 and 136 were observed to collapse inward
forming a flat, "pancake-like" tissue residue (FIG. 9D), which eventually died subsequent to
energy application. Remarkably, numerous experimental (e.g., animal) models that were
subject to the described ablation techniques of the present invention demonstrated complete

remission of detectable tumor. These results indicated that the present inventive methods
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eftectively ablate tumor tissue, can destroy a solid tumor, even where less than the entirety of
tumor tissue 1s ablated, and 1llustrated the improved tissue ablation where the electric field is

aligned with the direction of cell division of cancerous cells.

[0054] Another embodiment of a device of the present invention is illustrated in FIG. 10.
As discussed above, device configuration and electrode arrangement can be selected such that
the electrical field radiates outwardly from about the center of the target tissue region and the
electric field 1s substantially aligned with the division axes of certain cells of the growing
tumor. More optimal application of electrical energy and alignment of the electric field with
division axes of the growing tumor can be accomplished by both positioning of the electrodes
in the target region and selected electrode configuration and/or geometry of the device. In
one embodiment, for example, device can include an inner electrode 140 and a plurality of
outer electrodes 142, 144 that are curved. The inner electrode 140 can additionally include a
curved or non-linear distal portion. Having curvature on electrodes can help select an applied
electric field that radiates in a plurality of directions, including directions other than
orthogonal to the longitudinal axis of the device or inner electrode. The outer curved
electrodes substantially define the ablation volume and the inner electrode is positioned
within the ablation volume. Arrows illustrate the field emanating from the center in a
plurality of directions and substantially in line with dividing cancerous cells of the target
tissue region. In some instances, the electric field provided by this configuration may align
with a greater portion of cancerous cells of the target tissue region compared, for example, to

the straight needle electrode configuration illustrated in FIGS. 9A through 9D.

[0055] As the ablation process is initiated, the field intensity is highest at the inner or
central electrode and within tissue around and in close proximity to the inner or central
electrode. As the ablation process progresses, cancerous cells near the inner electrode are
observed to be destroyed or ablated first. The ablated cells effectively "liquefy" or assume
properties of a low impedance, liquid-like material. The term "liquefy" is used herein for
convenience and 1llustrative purposes, and does not necessarily imply any particular
mechanism of ablation or cell death, which may include cell blebbing, apoptosis, lysis, or
some other cellular process, and/or some combination thereof. Another possible cause of cell
destruction may include disruption of cellular membrane integrity, e.g., including dielectric
breakdown of one or more cellular membranes (see, e.g., below). The liquid-like material
surrounds the central electrode and effectively enlarges the higher field intensity ablative

area, with the highest field intensity ablative area being at the outer perimeter of the liquid-
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like material. Thus, the liquid-like material is said to become a "virtual electrode". As the
ablation process progresses, the outer perimeter of the liquid-like material or "virtual
electrode” expands, essentially ablating the target tissue region from the inside out. In some
embodiments, target tissue regions were observed to be more pliable and soft or mushy
tollowing the ablation process. The ablated, liquid-like tumor tissue was eventually removed

from the treatment site and/or absorbed by the surrounding tissue, and no longer detectible.

[0056] The virtual electrode effect is illustrated with reference to FIGS. 11A through 11C,
showing a cross section view of electrodes positioned in a target tissue region. Outer
electrodes 150, 152, 154 are positioned at about the margin or outer periphery of the tumor
156, and 1nner electrode 158 is positioned at about a center point of the volume defined by
the outer electrodes 150, 152, 154. Ablation is shown at T1, or the beginning of the ablation
process (FIG. 11A); T2 after ablation has begun with the expanding liquid-like tissue region
160 (FIG. 11B); and subsequent time T3, with the liquid-like tissue region 162 expanded
further outward from the inner electrode 158 and toward the outer electrodes 150, 152, 154

(FIG. 11C).

[0057] The ablation process, including the progress thereof, can be monitored by detecting
the associated change in impedance in the ablated tissue. Once the outer perimeter of the
ablated, liquid-like tissue reaches the outer electrodes defining the ablation volume, the
impedance stabilizes or levels out. Thus, the progress of the ablation process can be
monitored by measuring change in impedance, and electric field application discontinued

once a change in impedance is no longer observed.

[0058] Feedback measurements can also be used to ensure that the ablation of the target
cancerous cells occurs by non-thermal ablation. In certain embodiments it may be desirable
to generate as much field intensity at the inner electrode as possible without causing a hyper-
thermal effect or thermal ablation. Certain hyper-thermal effects would be observable and
distinguishable from the desired non-thermal ablation of the present invention, since thermal
ablation would cause destruction of the surrounding cells without the "liquefying" effect
described above. For example, if cell destruction is caused by a thermal ablation process, the
1mpedance of the treated tissue may not decrease since the impedance of cells that are charred
or become necrotic due to thermal effects typically increases. In one embodiment, non-
thermal ablation according to the present invention can include placement of a sensor, such as

a thermocouple, within the target tissue region (e.g., proximate to the inner electrode), and
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selection ot an applied field intensity as below the intensity that would cause thermal effects

on the target cells.

[0059] As stated above, in some instances, it may be desirable to increase the field intensity
emanating from the position of the inner electrode within the target tissue region. In one
embodiment of the present invention, field intensity can be increased by increasing the
surface area of the inner electrode that is placed within the target tissue region. Various
embodiments of increased surface area electrodes are illustrated in FIGS. 12A through 12F,
though other configurations will be available. In one embodiment, the electrode includes a
coiled distal portion that can further form a circular pattern (FIG. 12A), a corkscrew (FIG.
12B), or a simple coil (FIG. 12C). In another embodiment, a small wire mesh could be
included at the electrode distal end, and expanded when placed within a target tissue region
(FIG. 12D). In other embodiment, an electrode can include a "Litz" wire-type of electrode,
where the distal end includes a plurality of small wires expanded in an array (FIG. 12E). In
another embodiment, the distal portion can include a shape resembling two cones stacked
base to base, or from a side view having a diamond shape (FIG. 12F). The pointed opposing
distal and proximal portions of the double cone/diamond end can facilitate insertion and
retraction ot the electrode in tissue. Numerous other configurations are available and can
include, for example, a ring, sphere, corkscrew, helix, concentric helixes, or plurality thereof,
array of needles, length of non-resilient, string-like wire that is pushed out a tube and forms a

small ball of wire similar to a string piling up randomly in a small container, and the like.

[0060] Another embodiment of a device of the present invention is shown in FIG. 13. The
device includes a delivery member 170 with a tissue piercing distal portion 172. The delivery
member includes a lumen and openings 174 on the body and at 176 the distal end. A
plurality of electrodes are positionable within the lumen of the member. In a deployed state,
outer electrodes 178 extend out the openings 176 at the distal end of the member 170 and
invert in an umbrella-like orientation. The deployed outer electrodes 178 substantially define
an ablation volume. Electrodes 180 extending out the openings 174 of the body are spaced

from the outer electrodes 178 and positioned within the ablation volume.

[0061] FIG. 14 illustrates a device similar to that shown in FIG. 13. Referring to FIG. 14,
the device includes a delivery member 190 with a distal portion, openings 192 on the body

and at the distal end 194. Outer electrodes 196 deploy distally out the body openings 192 and
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define a volume surrounding the electrodes 198 deployed and extending out the distal end

opening 194,

[0062] Another embodiment of a device of the invention is described with reference to
FIG. 15. The device includes a plurality of electrodes, with each electrode positioned within
a microcatheter, and each microcatheter positioned within a lumen of a delivery member.
The delivery member or probe 300 can include a tissue piercing end that is pointed or
sharpened so as to more easily be inserted into the tissue of a patient. Similarly, the
microcatheter can include a pointed or sharpened tissue piercing end. In use, the delivery
member 300 is advanced through the tissue of a patient and the distal end positioned
proximate to a target tissue region (e.g., tumor) and the microcatheters are deployed from the
delivery member. As shown in phase 1 deployment, microcatheter 310 is advanced distally
from the distal end of the delivery member and into the target tissue region, where the
electrode 320 of the microcatheter can be deployed. Microcatheter 330 is also deployed from
the delivery member 300 to aim the electrode 340. In phase 2 deployment, electrode 340 is
deployed 1n the direction aimed by microcatheter 330, such as around the outer perimeter of
the target tissue region (e.g., tumor margin). Both microcatheters and electrodes positionable
therein can be made of memory shape metal such as nitinol so as to assume a predetermined

configuration when deployed. Other phases of use can further be included.

[0063] A system according to an embodiment of the present invention is described with
reference to FIG. 16. The system 200 can include incorporated therewith any device of the
present invention for delivery of energy to the patient, and includes a power unit 210 that
delivers energy to a driver unit 220 and then to electrode(s) of an inventive device. The
components of the system individually or collectively, or in a combination of components,
can comprise an energy source for a system of the invention. A power unit 210 can include
any means of generating electrical power used for operating a device of the invention and
applying electrical current to a target tissue as described herein. A power unit 210 can
include, for example, one or more electrical generators, batteries (e.g., portable battery unit),
and the like. One advantage of the systems of the present invention is the low power required
for the ablation process. Thus, in one embodiment, a system of the invention can include a
portable and/or battery operated device. A feedback unit 230 measures electric field delivery
parameters and/or characteristics of the tissue of the target tissue region, measured
parameters/characteristics including without limitation current, voltage, impedance,

temperature, pH and the like. One or more sensors (e.g., temperature sensor, impedance

18



10

15

20)

25

30

CA 02663596 2009-03-06
WO 2008/034103 PCT/US2007/078562

sensor, thermocouple, etc.) can be included in the system and can be coupled with the device
or system and/or separately positioned at or within the patient's tissue. These sensors and/or
the teedback unit 230 can be used to monitor or control the delivery of energy to the tissue.
The power unit 210 and/or other components of the system can be driven by a control unit
240, which may be coupled with a user interface 250 for input and/or control, for example,
from a technician or physician. The control unit 240 and system 200 can be coupled with an
1maging system 260 (see above) for locating and/or characterizing the target tissue region

and/or location or positioning the device during use.

[0064] A control unit can include a, e.g., a computer or a wide variety of proprietary or
commercially available computers or systems having one or more processing structures, a
personal computer, and the like, with such systems often comprising data processing
hardware and/or software configured to implement any one (or combination of) the method
steps described herein. Any software will typically include machine readable code of
programming instructions embodied in a tangible media such as a memory, a digital or
optical recovering media, optical, electrical, or wireless telemetry signals, or the like, and one
or more of these structures may also be used to transmit data and information between

components of the system in any wide variety of distributed or centralized signal processing

architectures.

[0065] Components of the system, including the controller, can be used to control the
amount of power or electrical energy delivered to the target tissue. Energy may be delivered
in a programmed or pre-determined amount or may begin as an initial setting with
modifications to the electric field being made during the energy delivery and ablation
process. In one embodiment, for example, the system can deliver energy in a "scanning
mode", where electric field parameters, such as applied voltage and frequency, include
delivery across a predetermined range. Feedback mechanisms can be used to monitor the

electric field delivery in scanning mode and select from the delivery range parameters

optimal for ablation of the tissue being targeted.

[0066] Methods and techniques of the present invention may employ a single device or a
plurality of devices. In one embodiment, for example, a device of the present invention (e.g.,
device as illustrated in FIGS. 2A through 2C) can be positioned within a target tissue region
as described above. A second device can then be positioned within the target tissue region or

in another target tissue region, either of part of the same tumor or at a separate tumor. In one

-~
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embodiment, for example, a first device is positioned in a target tissue region, and a second
device can be positioned in the target tissue region, where the second device is positioned at
an angle (e.g., 90 degree angle) relative the first device. Additionally, the same device may

be positioned in a different orientation and/or location at a separate time point.

[0067] Systems and devices of the present invention can, though not necessarily, be used in
conjunction with other systems, ablation systems, cancer treatment systems, such as drug
delivery, local or systemic d'elivery, radiology or nuclear medicine systems, and the like.
Similarly, devices can be modified to incorporate components and/or aspects of other

systems, such as drug delivery systems, including drug delivery needles, electrodes, etc.

[0068] In some instances, it may be desirable to remove ablated tissue from the target tissue
region at a stage of the ablation process described herein. For example, it has been observed
that, 1n some instances, removal of ablated tissue can improve treatment and/or recovery of
the subject, and possibly reduce stress and/or toxicity (e.g., local tissue toxicity, systemic

toxicity, etc.) associated with the ablation process of the present invention.

[0069] Various devices and methodologies can be utilized for removing the ablated tissue.
In some 1nstances, as described above, the ablated tissue can effectively "liquefy" or assume
properties of a liquid-like material. The liquid ablated tissue can then be drained or removed
trom the target tissue region. In one embodiment, removal of the ablated tissue can be as
simple as allowing ablated tissue to leak or ooze out of target tissue region (e.g., with or
without application of a force or pressure to the target tissue region or tissue proximate
thereto), for example, by leaking out holes or piercings in the tissue, including, e.g., entry
holes through which the device/electrodes are introduced into the target tissue region. In
other embodiments, removal of ablated tissue can be more deliberate or controlled. The
removal can be accomplished using a device or apparatus separate from the ablation device,
such as a syringe or other liquid removing device, or the removal can be accomplished using

the ablation device further configured for the tissue removal.

[0070] While embodiments of the present invention are discussed in terms of use for non-
thermal ablation and destruction of cancerous cells as described above, in some instances
systems and probes can be configured for delivering energy sufficient for other types of tissue
ablation, such as thermal RF ablation, microwave ablation, irreversible electroporation via
high-voltage direct current, and the like. For example, a system of the invention can include

a power unit configured for delivery of energy suitable for any one or more types of tissue
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ablations. In fact, certain probe configurations have designs (e.g., electrode arrangements)
that can provide improved delivery of a various types of tissue ablation, including, e.g.,
improved delivery of thermal RF ablation, and the like. And treatment according to methods
of the present invention can include delivery of one or more types of tissue ablations for a
given treatment. In some instances, for example, treatment may include one or more ablation
delivery modes, such as one mode where non-thermal tissue ablation is delivered, which can
precede or follow another ablation mode, such as thermal RF tissue ablation. For example, in
one embodiment, treatment can include delivery of non-thermal tissue ablation followed by a
shorter application or pulse of energy to produce a thermal mediated effect, e.g., to help
"sterilize" one or more components of the probe for withdrawal from the target tissue through
the entry track and reduced risk of tracking any potentially viable cancer cells through tissue

during probe withdrawal.

[0071] In some embodiments, systems of the present invention can further include certain
components and aspects for positioning and/or stabilizing probes and other components
during the energy delivery process. For example, in instances where a phase of treatment,
such as energy application, is expected to exceed more than a few minutes, it may be
desirable to include a positioning or stabilizing structure to maintain a probe in a desired
position/location without specifically requiring a user (e.g., surgeon) to hand-hold the probe.
Thus a system can include a harness, belt, clamp, or other structure to maintain probe
positioning. Systems can be designed for ambulatory use so as to allow for movement of the
patient (e.g., shifting, walking, etc.) during treatment. In fact, the low-power requirements
and corresponding design options (e.g., battery powered system) may make the current

systems particularly well suited for use as an ambulatory system

[0072] In certain embodiments, the present invention can include use of aspects or
techniques as described herein in conjunction with certain known or commercially available
components for providing improved systems and methods for destroying cancerous cells. For
example, certain available systems having ablation probes or electrode configurations,
including those commonly used for techniques such as thermal RF ablation, microwave
ablation, high-voltage electroporation, and the like, can be modified and used for non-thermal
ablation techniques of the present invention. In one example, methods of the present
invention include non-thermal ablation of cancerous cells using probes commonly used in
thermal RF ablation, such as the "LeVeen probe" (see, e.g., U.S. Patent No. 5,855,576).

Reterring to FIG. 17, an embodiment of the present invention is described using a probe for
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providing non-thermal tissue ablation. A 270 can be introduced, e.g., percutaneously
(through the skin - "S"), so that a distal portion of the probe 272 is positioned at or within a
target site or region ("TR"). Individual electrodes 274 are shown extended distally from the
distal portion of the probe 272. Electrodes 274 can be advanced so that they first diverge
radially outward from each other, eventually everting backward in the proximal direction, as
shown 1n FIG. 17. The electrodes 274 can be electrically connected, e.g., via a cable 278, to
a power unit 280 or supply, and can be operated in monopolar mode, as shown. Current can

be applied from the power unit 280 at a level and for a duration sufficient to non-thermally

ablate or destroy cancerous cells in the target tissue region.
[0073] The following examples are intended to illustrate but not limit the invention.

Examples
[0074] One series of testing included treatment of breast cancer tumor models. In one

example, testing was done on Female Fisher-344 rats (Charles River), with body weight 230-
250 grams. Rat breast cancer cells (MTLn-3) were initially grown 1n culture and
subcutaneous tumors were produced by implanting cells from cultures into the abdomen of
the animal. When the tumors grew to approximately 1 cm or greater in diameter, the ablation

treatment was administered. 18 solid breast tumors in rats were treated.

[0075] Ablation treatment included insertion of an ablation probe including a stainless steel
needle electrode array percutaneously, through the skin and directly into the tumor, and then
applying tumor treating electric fields. The needle array included a central needle surrounded
with three parallel outer needles of approximate equal spacing. Probe design, including
needle length and arrangement, were selected to traverse the approximate diameter of tumors
being treated and needles were about 1 cm in length. The outer needles were spaced about
0.5 cm from the central needle. The central needle was activated with the tumor treating
voltage, and the surrounding needles provided the return path for the current. No earth
ground was provided (e.g., electrically "floating" system) where probes were operated in "bi-

polar mode" as described, and the device included a battery powered source.

[0076] Using the above described probe and configuration of needles, the treating field was
contained within a cylinder approximately 1 cm 1n diameter and 1 cm long, the volume of
which was substantially occupied the tumor. The applied AC voltage was about 10-12 volts
peak, at about 20-30 mA (starting current). The frequency was about 98Khz.
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[0077] A teedback circuit was included to measure the total current into the tumor during
freatment. One hypothesis from preliminary experimentation was that when tumors cells
began destruction from the applied field (e.g., lyse, disintegrate, spill cytoplasm, etc.), the
current would actually increase due, for example, to increased conductance within the tumor
area due to contents of the destroyed cells (e.g., cytoplasm, etc.) being more conductive than
cells substantially in tact. Results indicated that the circuit worked as hypothesized. The
current began to increase after the start of treatment in each case, indicating that treatment
was effectively taking place. Observed current increase also provided indication of when the
process reached a stage of substantial completion. For example, an observation of no further
increase in current indicated that treatment could be discontinued. This plateau in current
was observed to occur at approximately 40 mA, and typically within approximately 90

minutes into the treatment.

[0078] Tumors began to show cell destruction almost immediately after power was applied.
Signmificant destruction occurred within 30 minutes into the treatment. In some instances,
treatment was terminated after 30 minutes and the tumors were almost undetectable. In other
treatment groups, treatment was completed at about 90 minutes, or within 3 hours. In all
cases the treated tumor was virtually undetectable upon visual inspection. Controls were
included to confirm that tumor destruction was a result of the applied field. In one group,

needles were inserted with no power applied as a control. Continued tumor growth was

observed 1n controls.

[0079] A group of rats that were treated were selected for long term viability study and
were not sacrificed following treatment. Survival was confirmed at one point at greater than
12 months from the date of treatment, which was >17 times the expected survival in the
animal model when not having any treatment (e.g., about 3 weeks). These rats currently
remain alive. Survival observations and histological analysis (e.g., see below) indicated

destruction of a vast majority , if not substantially all, of the cancer cells within target tissue

subject to treatment as described.

[0080] As noted above, treatment typically resulted in a sort of liquification of cancerous
cells/tissue. Following treatment, a clear to pinkish fluid was observed present in the target
tissue region subject to treatment, which could leak from needle entry locations and further
excreted upon compression or application of pressure to the treated region. Histological

analysis was performed on the fluid and the tumor area after treatment. The histology
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showed that the fluid primarily consisted of destroyed cancer cells, with destroyed cells
appearing substantially necrotic and non-viable. Testing of pH indicated that the removed
fluid was more highly alkaline (e.g., pH of about 7.8 or greater) than typical physiological
fluids. Observed treatment areas were about 80-90% necrotic or non-viable cancer cells. The
treated area which was not necrotic (e.g., typically about 10-20% of target tissue) appeared to
be the part of the area which was healthy, non cancerous tissue. Thus, the results indicated a

selective destruction of cancerous cells, while leaving healthy cells substantially unharmed or

viable.

[0081] The observed treatment appeared to have no significant side effects. Surviving
subjects not sacrificed for further analysis have exhibited no debilitation or any noticable
signs of negative side effects (viability, behavior, or otherwise) after treatment. No
significant distress or discomfort, or irritation of the treatment region, due to application of
energy was observed in the subjects. During treatment the rats appear comfortable, i.e.,

eating, drinking, and sleeping even though they are not anesthetized during treatment.

[0082] The only observation of a potential side effect appeared to be a result of non-
removal of the fluid or ablated tissue following treatment. When fluid was not removed from
the treatment region following treatment, subjects appeared lethargic for several hours and

recovery time was increased compared to rats subject to fluid removal following ablation

treatment.

[0083] As noted above, treatment as described was observed to be selective in destroying
cancerous cells within a defined target tissue region. Without being bound by any particular
theory, one or more reasons could explain the selective nature of the described treatment.
One reason for the observed selectivity appeared to be design of the ablation probe -
treatment was substantially confined to a treatment volume as defined by the positioning of
the electrodes. Only the tissue 1s within the probe's outer electrodes appeared to receive the
delivered energy and that is the area the electric field almost exclusively covers. The field

does not appear to extend outside of the volume defined by the outer electrodes.

[0084] Second, selectivity inay be inherent to the mechanism of cell destruction. The cell
ablation 1s distinguished from a primarily thermal-mediated ablation as performed in known
high-frequency RF thermal ablation, or microwave ablation techniques, nor is the effect due
to high voltage 1rreversible electroporation by application high voltage direct current as has

been previously described elsewhere. All of these previously taught methods, by design,
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destroy normal tissue as well as cancer. Techniques of the present invention make use of

voltage, power and frequency ranges that are not within the range of thermal or high voltage

ablation.

[0085] Furthermore, without being bound to any particular theory, additional cellular-level
effects of the current techniques may cause selective destruction of cancerous cells compared
to non-cancerous cells. The energy application as described herein appears to mediate
breakdown of the cell membrane integrity. One potential reason for the breakdown of the
cell membrane and/or destruction of cancer cells may include disruption of cell cycle
progression and cell mitosis by the applied electric field, with the disruption triggering cell
destruction (e.g., necrosis, apoptosis, disintegration) as has been observed herein. Since
cancer cells 1n a tumor are actively dividing and proliferating and, therefore actively
progressing through the cell cycle/mitosis at a much higher rate compared to orders of
magnitude slower rates of non-cancerous or healthy cells, this energy application as described

can be selective to cancer cells.

[0086] Another possible cause of cell destruction may include dielectric breakdown of the
cellular membrane. Cell membranes are known to have a dielectric breakdown threshold,
above which the cell is destroyed. A normal cell typically has a higher threshold than a
cancer cell. Thus, it 1s possible to selectively breakdown a cancer cell membrane without
harming a normal cell where the applied energy is above the dielectric breakdown threshold
for cancerous cells but below that of normal/healthy cells. Breakdown in membrane integrity
resulting from treatment as described herein may occur in both extracellular membranes as
well as intracellular membranes, for example, causing rupture of lysosomes containing
components (e.g., degradative enzymes, etc.) that further lead to cell destruction. Rupturing
of cells and spilling of cellular contents can negatively effect nearby cells, resulting in a sort
of cascade of cellular destruction. Treatment may also stimulate an immune response that
can "clean up" the treatment region and may further destroy any residual/viable cancer cells
not destroyed or removed. Other disruptions and/or mechanisms of action may also occur.
Regardless ot any particular mechanism of action, where cellular disruption occurs as
described, the resulting fluid appears to further act in some instances as a sort of virtual

electrode, making the electrode larger and larger in diameter, and finally substantially

covering the entire target tissue region.
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[0087] It 1s understood that the examples and embodiments described herein are for
1llustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. Numerous different combinations are

possible, and such combinations are considered part of the present invention.
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WHAT IS CLAIMED IS:
1. A method of delivering an electric field to a tissue, comprising:

positioning an electrode within a target tissue region comprising
cancerous cells; and
applying an alternating electrical current to the target tissue so as to

non-thermally ablate cancerous cells of the target tissue region around the electrode.

2. The method of claim 1, wherein the positioning comprises identifying
a central area of the target tissue region and disposing the electrode at or proximate to the

1identified central area.

3. The method of claim 1, wherein the non-thermal ablation comprises

low-power ablation.

4, The method of claim 1, wherein the electrical current comprises a low

current intermediate frequency current.

5. The method of claim 1, wherein the electrical current provides a

voltage field less than about 50 V/cm.

0. The method of claim 1, wherein the electrical current comprises a

frequency between about 50kHz and about 300 kHz.

7. The method of claim 1, wherein the electrode provides an electric field

extending radially outward from the electrode and in a plurality of different directions.

8. The method of claim 1, further comprising positioning a plurality of

secondary electrodes within the target tissue region to define an ablation volume.

9. The method of claim 1, wherein the electrode is operated in monopolar
or bipolar mode.

10.  The method of claim 1, wherein the target tissue region comprises a
tumor.

11.  The method of claim 1, further comprising detecting a characteristic of

tissue of the target tissue region, the characteristic comprising temperature or impedance.

12. The method of claim 11, further comprising modifying the applied

electric current at least partially based on a change in a detected characteristic.
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13. A method of delivering an electric field to a tissue, comprising:
positioning a plurality of electrodes within a target tissue comprising
cancerous cells, the plurality comprising a first electrode and a plurality of secondary

electrodes, the secondary electrodes at least partially defining an ablation volume and the first

electrode positioned in the volume; and

applying an alternating electrical current to the volume to provide an
electric field extending radially outward from the first electrode so as to selectively destroy

cancerous cells of the target tissue.

14.  The method of claim 13, wherein the electrical current provides a
voltage field less than about 50 V/cm and a frequency between about 50kHz and about 300
kHz.

15.  The method of claim 13, wherein the first electrode is positioned

substantially within the center of the ablation volume.

16. The method of claim 13, wherein the applied electric field provides

low-power, non-thermal tissue ablation.

17. The method of claim 13, wherein the applied voltage field is

substantially aligned with division axes of a dividing cancerous cells of the target tissue

region.

18.  The method of claim 13, wherein the applied electric field disrupts

mitosis or cell cycle progression dividing cancerous cells.

19.  The method of claim 13, wherein the applied electric field disrupts

cellular membrane integrity of cancerous cells.

20.  The method of claim 13, wherein the applied electric field provides

liquification of cancerous cells of the target tissue region.

21.  The method of claim 13, wherein the cancerous cells are substantially

disposed within the ablation volume.

22.  The method of claim 13, wherein the target tissue region comprises a

fumor.

23. A method of destroying cancer cells in a target tissue, comprising:
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applying an electrical current to the target tissue; and
detecting a decrease in impedance of a current through the target tissue, the

decrease being indicative of destruction of cancer cells of the target tissue.

24.  The method of claim 23, wherein the decrease in impedance is detected

5  during application of electrical current.

25.  The method of claim 23, wherein the applying electrical current

provides liquification of cancerous cells of the target tissue region.

26.  The method of claim 25, wherein liquification includes rupturing of

cancerous cells.

10 27.  The method of claim 23, wherein field intensity increases as

progressing from an outer portion of the target tissue toward an inner portion.

28. A device for delivering an electric field to a tissue and destroying
cancerous cells, the device comprising:
a probe comprising a plurality of electrodes positionable within a target
15  tissue region comprising cancerous cells, the plurality comprising a first electrode and a
plurality of secondary electrodes;
an ablation volume at least partially defined by the secondary
electrodes, the first electrode positionable within the ablation volume and spaced from the
secondary electrodes so as to provide one or more electric fields extending radially outward

20 from the first electrode and through the volume in a plurality of different directions.

29.  The device of claim 28, wherein an electrode comprises an insulated

portion and/or non-insulated portion.

30.  The device of claim 29, wherein the non-insulated portion of the

electrode comprises an electric current delivery surface.

25 31.  The device of claim 28, wherein the electrodes are positionable such
that the applied electric field is substantially aligned with a division axis of dividing

cancerous cell in the ablation volume.

32.  The device of claim 28, wherein the secondary electrodes comprise a

plurality of electrically connected electrode elements.
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33.  The device of claim 28, wherein the first electrode is positioned

substantially within the center of the ablation volume.

34.  The device of claim 28, wherein the device comprises an electrically

floating system.

5 35.  The device of claim 28, wherein an electrode comprises a shape

memory metal.

36.  The device of claim 28, a delivery member having a distal portion with
a lumen, and the plurality of electrodes positionable within the lumen of the delivery

member.

10 37.  The device of claim 36, the plurality of electrodes comprising a non-
deployed state with electrodes positioned within the lumen of the delivery member, and a

deployed state with electrodes advanced from the distal portion of the delivery member.

38.  The device of claim 37, the ablation volume defined by electrodes in
the deployed state.
15 39.  The device of claim 28, the probe comprising a tissue piercing distal

portion for percutaneous access to the target tissue.

40.  The device of claim 28, wherein the secondary electrodes comprise a
plurality of straight needle electrodes equally spaced from a central first needle electrode, the

secondary electrodes defining a cylindrical ablation volume.

20 41.  The device of claim 28, wherein the secondary electrodes are curved so

as to define a substantially spherical ablation volume.

42. A system for non-thermal tissue ablation, comprising:
a tissue ablation probe having one or more electrodes positionable
within a target tissue region comprising cancerous cells; and
25 an energy source coupled to the device to provide alternating electrical

current to non-thermally ablate cancerous cells of the target tissue region.

43.  The system of claim 42, wherein the energy source is powered by a

battery.
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44.  The system of claim 42, wherein an electric field applied by the

electrodes 1s substantially aligned with a division axis of a dividing cancerous cell of the

target tissue.

45.  The system of claim 42, further comprising a feedback unit for

detecting a characteristic of tissue of the target tissue region.

46.  The system of claim 45, wherein the characteristic comprises

impedance or temperature.

47.  The system of claim 42, further comprising an imaging system.

43.  The system of claim 42, further comprising a computer configured to
output a signal to the energy source for providing a low voltage, intermediate frequency

current to a target tissue.

49.  The system of claim 42, a positioning system for holding the probe in a

treatment position during energy delivery to the target tissue.

50. A system for selectively destroying cancerous cells, comprising:
a probe comprising a plurality of electrodes positionable within a target
tissue, the plurality comprising a first electrode and one or more secondary electrodes, an
ablation volume at least partially definable by the secondary electrodes, with the first

electrode positionable within the ablation volume;

an energy source coupled to the device to provide an alternating
electrical current and one or more electric fields extending radially from the first electrode

and through the volume so as to selectively destroy cancerous cells in the target tissue.

51.  The system of claim 50, wherein the energy source is powered by a

battery.

52.  The system of claim 50, wherein the applied field provides a low-

power, non-thermal ablation of tissue.

53.  The system of claim 50, wherein the applied field is substantially

aligned with division axes of dividing cancerous cells of the target tissue region.
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54.  The system of claim 50, further comprising a computer coupled to the

energy source to output a signal for a selected treatment current for application to the target

tissue.

55.  The system of claim 54, a user interface coupled to the computer.

56.  The system of claim 50, wherein the system comprises an ambulatory

system.
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