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ELECTRODE ASSEMBLY COMPRISING AN ANISOTROPIC MATERIAL LAYER AND A SKIN
CONTACT LAYER COMPRISING A CONDUCTIVE ADHESIVE COMPOSITE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of the filing date of U.S.
Provisional Patent Application Nos. 63/357,441, filed June 30, 2022, and 63/239,173, filed
August 31, 2021, the entirety of each of which is hereby incorporated by reference herein.

BACKGROUND
[0002] Tumor Treating Fields (TTFields) therapy is a proven approach for treating
tumors using alternating electric fields at frequencies between 50 kHz — 1 MHz, more
commonly, 100-500 kHz. In current commercial systems, the alternating electric fields are
induced by electrode assemblies (e.g., arrays of capacitively coupled electrodes, also called
transducer arrays) placed on opposite sides of the subject’s body. When an AC voltage is
applied between opposing electrode assemblies, an AC current is coupled through the
electrode assemblies and into the subject’s body. And higher currents are strongly correlated

with higher efficacy of treatment.

[0003] FIG. 1A is a schematic representation of a prior art electrode assembly 40
including nine prior art electrode elements, labeled X1-X9. FIG. 1B is a cross sectional
schematic view of electrode elements X7-X9 of the electrode assembly 40, taken along the

dashed line in FIG. 1A.

[0004] As shown in FIG. 1B, electrode element X7 (taken as exemplary) includes a
metal layer (shown with diagonal hatching) and a ceramic (diclectric) layer. A respective
layer of electrically conductive hydrogel is provided between each ceramic layer and the
subject’s skin, to ensure good ¢lectrical contact of the electrode elements with the body. An
AC voltage from an AC voltage generator (not shown) is applied to the metal layers of
clectrode elements in opposing clectrode assemblies to generate the TTFields in the subject’s
body. In order to retain the electrode assembly in place during use, an adhesive cover

(bandage) is typically provided over the electrode assembly.

[0005] During use, the hydrogel and the skin under the electrode elements heat up,

and safety considerations require that the skin temperature remain below a safety threshold
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(e.g., 41° C). Because the vast majority of the heat appears immediately below the electrode
elements X1-X9 (as shown in FIG. 1C), the prior art electrode assembly has hot spots
immediately below the electrode elements, and cooler regions positioned between the
electrode elements. And those hot spots limit the amount of current that can be delivered

through the prior art electrode assemblies.

[0006] The hydrogel layer(s) of the electrode assembly can also present various
issues. For example, since the hydrogel has a limited shelf-life, moisture barrier packaging is
required, increasing the cost of packaging for the electrode assembly. Additionally, the
signal through the hydrogel can vary with the specific moisture content within the hydrogel,
and the hydrogel can fail with either too much or too little water. Further, during use,
electrode assemblies having hydrogel layers must be changed out frequently, and many
patients have adverse reactions (e.g., allergic reactions) to the hydrogel. And, as a skin-
contact layer, the hydrogel layer tends to transfer to the subject’s skin if the array is released
or repositioned. A skin contact structure that provides sufficient conductivity through its

thickness, and avoids the issues of using hydrogel, is desirable.

SUMMARY
[0007] One aspect of the invention is directed to a first apparatus for applying an
alternating electric field to a subject’s body. The first apparatus comprises a sheet of
anisotropic material, a skin contact layer comprising a conductive adhesive composite, and a
first electrode element. The sheet of anisotropic material has a front face (also referred to
herein as a “skin-facing surface™) and a rear face (also referred to herein as an “outwardly
facing surface™). The sheet has a first thermal conductivity in a direction that is perpendicular
to the front face, and thermal conductivity of the sheet in directions that are parallel to the
front face is more than two times higher than the first thermal conductivity. The skin contact
layer comprising a conductive adhesive composite is disposed on a front side of the sheet, or,
in some embodiments, on the front face of the sheet. The first electrode element is positioned
behind the sheet (i.e., on an outwardly facing side of the sheet), and the first electrode

clement has a first front face disposed in electrical contact with the rear face of the sheet.

[0008] In some embodiments of the first apparatus, the first electrode element
comprises (i) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of dielectric material. The front

face of the first layer of dielectric material is the first front face of the first electrode element.
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These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, wherein the
first layer of conductive material facilitates the electrical contact between the first front face
of the first electrode element and the rear face of the sheet. Optionally, in these embodiments
the first layer of conductive material may comprise conductive hydrogel. Alternatively, the
first layer of conductive material may comprise a conductive adhesive composite as further

disclosed herein.

[0009] Herein, for cach embodiment including a first layer of conductive material,
there exists an embodiment wherein the first layer of conductive material may comprise a

conductive adhesive composite.

[0010] In some embodiments of the first apparatus, the first electrode element
comprises (1) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of dielectric material. The front
face of the first layer of dielectric material is the first front face of the first electrode element.
These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, wherein the
first layer of conductive material facilitates the electrical contact between the first front face
of the first electrode element and the rear face of the sheet. These embodiments also further
comprise a second electrode element positioned behind the sheet (i.e., on an outwardly facing
side of the sheet). The second electrode element has a second front face disposed in electrical
contact with the rear face of the sheet. The second electrode element comprises (1) a second
layer of dielectric material having a front face and a rear face and (ii) a second layer of metal
disposed on the rear face of the second layer of dielectric material. The front face of the
second layer of dielectric material is the second front face of the second ¢lectrode element.
The first layer of conductive material is also positioned between the second front face of the
second electrode element and the rear face of the sheet, and the first layer of conductive
material facilitates the electrical contact between the second front face of the second
electrode element and the rear face of the sheet. That is, the first layer of conductive material
extends across the first front face of the first electrode element and the second front face of
the second electrode element (see, for example, FIG. 3A). Optionally, in these embodiments,

the first layer of conductive material may comprise conductive hydrogel. Alternatively, it is
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contemplated that the first layer of conductive material may comprise a conductive adhesive

composite as further disclosed herein.

[0011] Herein, for each embodiment including a first layer of conductive material
and/or a second layer of conductive material, there exists an embodiment wherein the first
layer of conductive material or the second layer of conductive material or both may comprise

a conductive adhesive composite.

[0012] In some embodiments of the first apparatus, the first electrode element
comprises (i) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of dielectric material. The front
face of the first layer of dielectric material is the first front face of the first electrode element.
These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, wherein the
first layer of conductive material facilitates the electrical contact between the first front face
of the first electrode element and the rear face of the sheet. These embodiments also further
comprise a second electrode element positioned behind the sheet. The second electrode
element has a second front face disposed in electrical contact with the rear face of the sheet.
The second electrode element comprises (i) a second layer of dielectric material having a
front face and a rear face and (ii) a second layer of metal disposed on the rear face of the
second layer of dielectric material. The front face of the second layer of dielectric material is
the second front face of the second electrode element. These embodiments additionally
further comprise a second layer of conductive material positioned between the second front
face of the second electrode element and the rear face of the sheet. The second layer of
conductive material facilitates the electrical contact between the second front face of the
second electrode element and the rear face of the sheet. Optionally, in these embodiments, the
first layer of conductive material or the second layer of conductive material or both may
comprise conductive hydrogel. Alternatively, it is contemplated that the first layer of
conductive material or the second layer of conductive material or both may comprise a

conductive adhesive composite as further disclosed herein (see, for example, FIG. 5).

[0013] In some embodiments of the first apparatus, the first electrode element
comprises a piece of metal having a front face, and the front face of the piece of metal is the
first front face of the first electrode element. Optionally, these embodiments may further

comprise a first layer of conductive material positioned between the first front face of the first
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clectrode element and the rear face of the sheet, wherein the first layer of conductive material
facilitates the electrical contact between the first front face of the first electrode element and
the rear face of the sheet. Optionally, in these embodiments, the first front face of the first
electrode element may be positioned in direct contact with the rear face of the sheet.
Optionally, in embodiments that include the first layer of conductive material, the first layer
of conductive material may comprise conductive hydrogel. Alternatively, the first layer of
conductive material may comprise a conductive adhesive composite as further disclosed

herein.

[0014] In some embodiments of the first apparatus, the sheet of anisotropic material is
a synthetic graphite. In some embodiments, the sheet of anisotropic material is a sheet of
pyrolytic graphite. In some embodiments of the first apparatus, the sheet of anisotropic
material is graphite foil made from compressed high purity exfoliated mineral graphite, or
graphitized polymer film. In some embodiments of the first apparatus, the sheet of

anisotropic material is nonmetallic.

[0015] In some embodiments of the first apparatus, the thermal conductivity of the
sheet in directions that are parallel to the front face is more than two times higher, or, even,
more than ten times higher than the first thermal conductivity. In some embodiments of the
first apparatus, the sheet has a first resistance in a direction that is perpendicular to the front
face, and resistance of the sheet in directions that are parallel to the front face is less than

half; or, even, less than 10% of the first resistance.

[0016] In some embodiments of the first apparatus, the skin contact layer comprises a
conductive adhesive composite as disclosed herein. In some embodiments of the first
apparatus, the skin contact layer comprises a conductive adhesive composite with a thickness

between 40 and 2000 pm.

[0017] Some embodiments of the first apparatus further comprise a flexible self-
adhesive backing configured to support the sheet, the first electrode element, and the front
layer of conductive material so that the front layer of conductive material can be positioned

against a subject’s skin.

[0018] In some embodiments of the first apparatus, the sheet has a centroid, and a
centroid of the first front face of the first electrode element is positioned less than 3 cm away

from the centroid of the sheet. In some embodiments of the first apparatus, the sheet has a
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centroid and a dimension in a direction parallel to the rear face of the sheet, and a centroid of
the first front face of the first electrode element is positioned away from the centroid of the

sheet by less than 10% of the dimension.

[0019] Some embodiments of the first apparatus further comprise a lead that is

electrically connected to the first electrode element.

[0020] Another aspect of the invention is directed to a first method of applying an
alternating electric field to a target region in a subject’s body. The first method comprises
positioning a first electrode assembly at a first position on or in the subject’s body. The first
electrode assembly includes a first sheet of anisotropic material having a first front face and a
first rear face. The first electrode assembly is positioned so that the first front face of the first
sheet faces the target region. The first method also comprises positioning a second electrode
assembly at a second position on or in the subject’s body. The second electrode assembly
includes a second sheet of anisotropic material having a second front face and a second rear
face. The second electrode assembly is positioned so that the second front face of the second
sheet faces the target region. The first method also comprises applying an alternating voltage
between the first electrode assembly and the second electrode assembly. The applying is
performed after positioning the first electrode assembly and the second electrode assembly .
In some embodiments, the first sheet has a first thermal conductivity in a direction that is
perpendicular to the first front face. Thermal conductivity of the first sheet in directions that
are parallel to the first front face is more than two times higher than the first thermal
conductivity, and the second sheet has a second thermal conductivity in a direction that is
perpendicular to the second front face. Thermal conductivity of the second sheet in directions
that are parallel to the second front face is more than two times higher than the second

thermal conductivity.

[0021] In some instances of the first method, the applying is implemented by
applying the alternating voltage between (i) a first electrode element disposed in electrical
contact with the first rear face and (i1) a second clectrode element disposed in electrical

contact with the second rear face.

[0022] Some instances of the first method further comprise measuring a first

temperature of the first electrode element; measuring a second temperature of the second
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electrode element; and controlling the applying based on the first temperature and the second

temperature.

[0023] In some instances of the first method, the first electrode assembly further
includes a first skin contact layer comprising a conductive adhesive composite disposed on
the first front face. In these instances, the second electrode assembly further includes a
second skin contact layer comprising a conductive adhesive composite disposed on the

second front face.

[0024] In some instances of the first method, each of the first and second sheets of
anisotropic material is a synthetic graphite. In some embodiments, the sheet of anisotropic
material is a sheet of pyrolytic graphite. In some instances of the first method, each of the
first and second sheets of anisotropic material is graphite foil made from compressed high
purity exfoliated mineral graphite, or graphitized polymer film. In some instances of the first

method, each of the first and second sheets of anisotropic material is nonmetallic.

[0025] In some instances of the first method, the thermal conductivity of the first
sheet in directions that are parallel to the first front face is more than two times higher, or,
even, more than ten times higher than the first thermal conductivity, and thermal conductivity
of the second sheet in directions that are parallel to the second front face is more than two

times higher, or, even, more than ten times higher than the second thermal conductivity.

[0026] In some instances of the first method, the first sheet has a first resistance in a
direction that is perpendicular to the first front face, and resistance of the first sheet in
directions that are parallel to the first front face is less than half, or, even, less than 10% of
the first resistance. The second sheet has a second resistance in a direction that is
perpendicular to the second front face, and resistance of the second sheet in directions that are
parallel to the second front face is less than half, or, even, less than 10% of the second

resistance.

[0027] Another aspect of the invention is directed to a second apparatus for applying
an alternating electric field to a subject’s body. The second apparatus comprises a sheet of
anisotropic material, a skin contact layer comprising a conductive adhesive composite, and a
first electrode element. The sheet of anisotropic material has a front face and a rear face. The
skin contact layer comprising a conductive adhesive composite is disposed on the front face

of the sheet. The first electrode element is positioned behind the sheet, and the first electrode
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element has a first front face disposed in electrical contact with the rear face of the sheet. In
some embodiments, the sheet has a first resistance in a direction that is perpendicular to the
front face, and resistance of the sheet in directions that are parallel to the front face is less

than half of the first resistance.

[0028] In some embodiments of the second apparatus, the first electrode element
comprises (i) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of dielectric material. The front
face of the first layer of dielectric material is the first front face of the first electrode element.
These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, and the first
layer of conductive material facilitates the electrical contact between the first front face of the
first electrode element and the rear face of the sheet. Optionally, in these embodiments, the
first layer of conductive material may comprise conductive hydrogel. Altematively, it is
contemplated that the first layer of conductive material may comprise a conductive adhesive

composite as further disclosed herein.

[0029] In some embodiments of the second apparatus, the first electrode element
comprises (i) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of dielectric material. The front
face of the first layer of dielectric material is the first front face of the first electrode element.
These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, and the first
layer of conductive material facilitates the electrical contact between the first front face of the
first electrode element and the rear face of the sheet. These embodiments also further
comprise a second electrode element positioned behind the sheet. The second electrode
element has a second front face disposed in electrical contact with the rear face of the sheet.
The second electrode element comprises (i) a second layer of dielectric material having a
front face and a rear face and (ii) a second layer of metal disposed on the rear face of the
second layer of dielectric material. The front face of the second layer of dielectric material is
the second front face of the second electrode element. The first layer of conductive material is
positioned between the second front face of the second electrode element and the rear face of
the sheet, and the first layer of conductive material facilitates the electrical contact between

the second front face of the second electrode element and the rear face of the sheet (see FIG.
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3A). Optionally, in these embodiments, the first layer of conductive material may comprise
conductive hydrogel. Alternatively, it is contemplated that the first layer of conductive

material may comprise a conductive adhesive composite as further disclosed herein.

[0030] In some embodiments of the second apparatus, the first electrode element
comprises (1) a first layer of dielectric material having a front face and a rear face and (ii) a
first layer of metal disposed on the rear face of the first layer of diclectric material. The front
face of the first layer of dielectric material is the first front face of the first electrode element.
These embodiments further comprise a first layer of conductive material positioned between
the first front face of the first electrode element and the rear face of the sheet, and the first
layer of conductive material facilitates the electrical contact between the first front face of the
first electrode element and the rear face of the sheet. These embodiments also further
comprise a second electrode element positioned behind the sheet. The second electrode
clement has a second front face disposed in electrical contact with the rear face of the sheet.
The second electrode element comprises (i) a second layer of dielectric material having a
front face and a rear face and (ii) a second layer of metal disposed on the rear face of the
second layer of dielectric material. The front face of the second layer of dielectric material is
the second front face of the second electrode element. The apparatus additionally further
comprises a second layer of conductive material positioned between the second front face of
the second electrode element and the rear face of the sheet, and the second layer of
conductive material facilitates the electrical contact between the second front face of the
second electrode element and the rear face of the sheet (see FIG. 3A). Optionally, in these
embodiments, the first layer of conductive material or the second layer of conductive material
or both may comprise conductive hydrogel. Alternatively, the first layer of conductive
material or the second layer of conductive material or both may comprise a conductive

adhesive composite.

[0031] In some embodiments of the second apparatus, the first electrode element
comprises a piece of metal having a front face, and the front face of the piece of metal is the
first front face of the first electrode element. Optionally, these embodiments may further
comprise a first layer of conductive material positioned between the first front face of the first
electrode element and the rear face of the sheet, wherein the first layer of conductive material
facilitates the electrical contact between the first front face of the first electrode element and

the rear face of the sheet. Optionally, in these embodiments, the first front face of the first
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electrode element may be positioned in direct contact with the rear face of the sheet.
Optionally, in embodiments that include the first layer of conductive material, the first layer
of conductive material may comprise conductive hydrogel. Alternatively, the first layer of
conductive material may comprise a conductive adhesive composite as further disclosed

herein.

[0032] In some embodiments of the second apparatus, the sheet of anisotropic
material is a synthetic graphite. In some embodiments, the sheet of anisotropic material is a
sheet of pyrolytic graphite, or graphitized polymer film. In some embodiments of the second
apparatus, the sheet of anisotropic material is graphite foil made from compressed high purity
exfoliated mineral graphite. In some embodiments of the second apparatus, the sheet of

anisotropic material is nonmetallic.

[0033] In some embodiments of the second apparatus, the resistance of the sheet in
directions that are parallel to the front face is less than half] or, even, less than 10% of the

first resistance.

[0034] In some embodiments of the second apparatus, the sheet has a first thermal
conductivity in a direction that is perpendicular to the front face, and thermal conductivity of
the sheet in directions that are parallel to the front face is more than two times higher, or,

even, more than ten times higher than the first thermal conductivity.

[0035] In some embodiments of the second apparatus, the skin contact layer
comprises a conductive adhesive composite as disclosed herein. In some embodiments of the
second apparatus, the skin contact layer comprises a conductive adhesive composite as

disclosed herein with a thickness between 40 and 2000 um.

[0036] In some embodiments of the second apparatus, the front layer of conductive

material comprises a conductive adhesive composite as further disclosed herein.

[0037] Some embodiments of the second apparatus further comprise a flexible self-
adhesive backing configured to support the sheet, the first electrode element, and the front
layer of conductive material so that the front layer of conductive material can be positioned

against a subject’s skin.
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[0038] In some embodiments of the second apparatus, the sheet has a centroid, and a
centroid of the first front face of the first electrode element is positioned less than 3 cm away
from the centroid of the sheet. In some embodiments of the second apparatus, the sheet has a
centroid and a dimension in a direction parallel to the rear face of the sheet, and a centroid of
the first front face of the first electrode element is positioned away from the centroid of the

sheet by less than 10% of the dimension.

[0039] Some embodiments of the second apparatus further comprise a lead that is

electrically connected to the first electrode element.

[0040] Another aspect of the invention is directed to a second method of applying an
alternating electric field to a target region in a subject’s body. The second method comprises
positioning a first electrode assembly at a first position on or in the subject’s body. The first
electrode assembly includes a first sheet of anisotropic material having a first front face and a
first rear face. The first electrode assembly is positioned so that the first front face of the first
sheet faces the target region. The second method also comprises positioning a second
electrode assembly at a second position on or in the subject’s body. The second electrode
assembly includes a second sheet of anisotropic material having a second front face and a
second rear face. The second electrode assembly is positioned so that the second front face of
the second sheet faces the target region. The second method also comprises applying an
alternating voltage between the first electrode assembly and the second electrode assembly.
The applying is performed after positioning the first electrode assembly and the second
clectrode assembly. In some embodiments, the first sheet has a first resistance in a direction
that is perpendicular to the first front face. Resistance of the first sheet in directions that are
parallel to the first front face is less than half of the first resistance, and the second sheet has a
second resistance in a direction that is perpendicular to the second front face. Resistance of
the second sheet in directions that are parallel to the second front face is less than half of the

second resistance.

[0041] In some instances of the second method, the applying is implemented by
applying the alternating voltage between (i) a first electrode element disposed in electrical
contact with the first rear face and (i1) a second electrode element disposed in electrical

contact with the second rear face.
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[0042] Some instances of the second method further comprise measuring a first
temperature of the first electrode element; measuring a second temperature of the second
clectrode element; and controlling the applying based on the first temperature and the second

temperature.

[0043] In some instances of the second method, the first electrode assembly further
includes a first skin contact layer comprising a conductive adhesive composite disposed on
the first front face. The second electrode assembly further includes a second skin contact

layer comprising a conductive adhesive composite disposed on the second front face.

[0044] In some instances of the second method, each of the first and second sheets of
anisotropic material is a synthetic graphite. In some embodiments, the sheet of anisotropic
material is a sheet of pyrolytic graphite. In some instances of the second method, each of the
first and second sheets of anisotropic material is graphite foil made from compressed high
purity exfoliated mineral graphite, or graphitized polymer film. In some instances of the

second method, each of the first and second sheets of anisotropic material is nonmetallic.

[0045] In some instances of the second method, the resistance of the first sheet in
directions that are parallel to the first front face is less than half, or, even, less than 10% of
the first resistance. And the resistance of the second sheet in directions that are parallel to the

second front face is less than half, or, even, less than 10% of the second resistance.

[0046] In some instances of the second method, the first sheet has a first thermal
conductivity in a direction that is perpendicular to the first front face, wherein thermal
conductivity of the first sheet in directions that are parallel to the first front face is more than
two times higher, or, even, more than ten times higher than the first thermal conductivity.
And the second sheet has a second thermal conductivity in a direction that is perpendicular to
the second front face, wherein thermal conductivity of the second sheet in directions that are
parallel to the second front face is more than two times higher, or, even, more than ten times

higher than the second thermal conductivity.

[0047] In various embodiments, an apparatus can include: at least one electrode
element having a skin-facing surface (or “front face™); a layer of anisotropic material having
a skin-facing surface and an opposing outwardly facing surface (or “rear face™); and a skin
contact layer formed at least partially of a conductive adhesive composite. In these

embodiments, the at least one electrode element is electrically coupled to (optionally, in
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electrical contact with) the outwardly facing surface of the layer of anisotropic material, and
the skin contact layer can be disposed on a skin-facing side of the layer of anisotropic

material (optionally, on the skin-facing surface of the layer of anisotropic material).

[0048] In additional embodiments, a method can include the steps of: positioning at
least first and second electrode assemblies on a body of a subject; and applying an alternating
voltage between the first electrode assembly and the second ¢lectrode assembly, thereby
generating an electric field (e.g., a TTField). In these embodiments, it is contemplated that
each of'the first and second electrode assemblies can include: at least one electrode element
having a skin-facing surface; and a skin contact layer comprising a conductive adhesive
composite. The conductive adhesive composite can include a dielectric material and
conductive particles dispersed within the dielectric material. The at least one electrode

element is electrically coupled to the skin contact layer.

[0049] One aspect of the invention is directed to an apparatus for applying an
alternating clectric field to a subject’s body. The apparatus comprises at least one electrode
element having a skin-facing surface. A layer of anisotropic material has a skin-facing
surface and an opposing outwardly facing surface. A skin contact structure has an outer
adhesive layer comprising conductive adhesive composite, an inner adhesive layer
comprising conductive adhesive composite, and a substrate positioned between the inner and
outer adhesive layers. The at least one electrode element is in electrical contact with the
outwardly facing surface of the layer of anisotropic material. The outer adhesive layer of the
skin contact structure is disposed on a skin-facing side of the layer of anisotropic material.
The inner adhesive layer of the skin contact structure is configured to contact skin of a

subject.

[0050] One aspect of the invention is directed to a method for applying an alternating
electric field to a subject’s body. The method comprises positioning at least first and second
electrode assemblies on a body of a subject. Each of the first and second electrode assemblies
comprising at least one electrode element having a skin-facing surface, a layer of anisotropic
material having a skin-facing surface and an opposing outwardly facing surface, and a skin
contact structure. The skin contact structure has an outer adhesive layer comprising
conductive adhesive composite, an inner adhesive layer comprising conductive adhesive
composite, and a substrate positioned between the inner and outer adhesive layers. The at

least one electrode element is in electrical contact with the outwardly facing surface of the
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layer of anisotropic material. The outer adhesive layer of the skin contact structure is
disposed on the skin-facing side of the layer of anisotropic material. The inner adhesive layer
of the skin contact structure contacts skin of the subject. The method further comprises
applying an alternating voltage between the first electrode assembly and the second electrode

assembly, thereby generating an electric field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1A is a schematic representation of a prior art electrode assembly.

[0052] FIG. 1B is a cross sectional view of electrode elements of the prior art

electrode assembly, taken along the dashed line in FIG. 1A.

[0053] FIG. 1C is a cross sectional view showing the heat generation properties of a

prior art electrode element.

[0054] FIG. 1D is a cross sectional view showing the heat generation propertics of a

hypothetical modification to the FIG. 1B electrode element.

[0055] FIG. 2 is a plan schematic representation of an electrode assembly including

electrode elements that is used for applying TTFields to a subject’s body.

[0056] FIG. 3A is a cross sectional representation of a first embodiment including

clectrode elements E1, E2, taken along the dashed line in FIG. 2.

[0057] FIG. 3B is a cross sectional view showing the heat generation properties of the
FIG. 3A embodiment.

[0058] FIG. 4A is a thermal image of a prior art electrode assembly.

[0059] FIG. 4B is a thermal image of an electrode assembly corresponding to the
FIG. 3A embodiment.

[0060] FIG. 4C is a graph comparing the thermal properties of the prior art electrode
assembly with the FIG. 3A embodiment.

[0061] FIG. 5 is a cross sectional representation of a second embodiment including
clectrode elements E1, E2, taken along the dashed line in FIG. 2.
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[0062] FIG. 6 is a cross sectional representation of a third embodiment that includes a
single electrode element E1.
[0063] FIG. 7 is a cross sectional representation of a fourth embodiment that includes
a single electrode element E1.
[0064] FIG. 8 is a cross sectional representation of a fifth embodiment that includes a
single electrode element E1.
[0065] FIG. 9 is a block diagram of a system incorporating two electrode assemblies

that is used for applying TTFields to a subject’s body.

[0066] FIGS. 10A-10B show a modified version of the embodiment of FIGS. 3A-3B.
As shown, FIGS. 10A-10B include a skin contact layer comprising a conductive adhesive

composite rather than hydrogel.

[0067] FIG. 11 shows a modified version of the embodiment of FIG. 5. As shown,
FIG. 11 includes a skin contact layer comprising a conductive adhesive composite rather than
hydrogel.

[0068] FIG. 12 shows a modified version of the embodiment of FIG. 6. As shown,
FIG. 12 includes a skin contact layer comprising a conductive adhesive composite rather than
hydrogel.

[0069] FIG. 13 shows a modified version of the embodiment of FIG. 7. As shown,
FIG. 13 includes a skin contact layer comprising a conductive adhesive composite rather than
hydrogel.

[0070] FIG. 14 shows a modified version of the embodiment of FIG. 8. As shown,
FIG. 14 includes a skin contact layer comprising a conductive adhesive composite rather than
hydrogel.

[0071] FIG. 15 shows a modified version of the embodiment of FIG. 13. As shown,

FIG. 15 does not include a layer of anisotropic material.

[0072] FIG. 16 shows a modified version of the block diagram of FIG. 9. As shown,
the electrode assemblies within the block diagram of FIG. 16 include a conductive adhesive

composite and do not require a layer of anisotropic material.
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[0073] FIG. 17 shows a modified version of the embodiment of FIG.10A. As shown,
the embodiment has a skin contact structure in place of the front layer of conductive adhesive
composite.
[0074] FIG. 18 shows a modified version of the embodiment of FIG.11, having a skin

contact structure in place of the front layer of conductive adhesive composite.

[0075] FIG. 19 shows a modified version of the embodiment of FIG. 12, having a

skin contact structure in place of the front layer of conductive adhesive composite.

[0076] FIG. 20 shows a modified version of the embodiment of FIG. 13, having a

skin contact structure in place of the front layer of conductive adhesive composite.

[0077] FIG. 21 shows a modified version of the embodiment of FIG. 14, having a

skin contact structure in place of the front layer of conductive adhesive composite.

[0078] Various embodiments are described in detail below with reference to the
accompanying drawings, wherein like reference numerals represent like elements, and
wherein descriptions of like elements may not be repeated for every embodiment, but may be

considered to be the same if previously described herein.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0079] This application describes exemplary electrode assemblies that may be used,
e.g., for delivering TTFields to a subject’s body and treating one or more cancers or tumors

located in the subject’s body.

[0080] When TTFields are applied to a subject’s body, the temperature at the
subject’s body may increase proportionally to the induced electric field. Regulations limit the
amount of current that can be driven through a transducer array to an amount that keeps the
measured temperature at locations on the subject’s body below a temperature threshold. As
practiced in the art, the temperature at the location of the transducer arrays on the subject’s
body is controlled to be below the temperature threshold by reducing the operational current
driven by the transducer arrays and reducing the strength of the resulting TTFields. This in
turn becomes an over-riding limitation on the TTFields strength that can be used to treat the
tumor. Accordingly, there is a need in the art to safely access higher TTField strengths

without exceeding the temperature threshold at the subject’s skin.
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[0081] On transducer arrays that comprise multiple electrode elements, the portions
of the transducer arrays positioned directly beneath the electrode elements get hotter than the
portions of the transducer arrays positioned between the electrode elements. Furthermore, on
transducer arrays that comprise multiple electrode elements, higher currents flow through the
clectrode elements located along the edge of the array compared to the electrode elements
located toward the middle of the array. Further still, an electrode element located at a corner
or similar sharp bend in the edge of the array will have a higher current than other electrode
clements along the edge and near the center of the array. The tendency of a transducer array
to drive higher currents through electrode elements located along the edge of the array, and

particularly at the comers, is referred to herein as the “edge effect.”

[0082] An uneven distribution of current through the transducer array due to either
the distribution of the electrode elements or the edge effect can lead to higher temperature
zones (or “hot spots™) e.g., at the corners or edges of the transducer array. These hot spots are
the locations that reach the threshold temperature first and therefore control the requirement
to reduce the current. As such, the generation of hot spots limits the maximum operational

current that may be driven by a transducer array, and the strength of the resulting TTFields.

[0083] The inventors have now recognized that a need exists for transducer arrays
that reduce or minimize uneven distribution of current and thereby allow the application of
higher operating currents. Transducer arrays operated with increased current can induce
stronger TTFields in the subject’s body, ultimately leading to better patient outcomes. A
related issue with respect to hot-spots under specific electrodes is an increased risk of skin
irritation at those locations. The sensitivity to skin irritation is accentuated by the hydrogel
skin contact layer, which is acidic and has a high ion content. Accordingly, avoiding hot spots
and replacing the hydrogel with a less skin-irritating conductive gel or conductive adhesive
would be desirable. The electrode assemblies disclosed herein allow current and heat to be
spread evenly over the array thereby minimizing or eliminating hot spots; and the use of
conductive adhesives, in some embodiments described herein, can reduce skin irritation

without adhesive transfer to the subject’s skin upon removal or repositioning of the arrays.

[0084] Optionally, the embodiments described herein incorporate into the electrode
assembly a sheet of material having anisotropic thermal properties and/or anisotropic
electrical propertties, as described below. If the sheet of material has anisotropic thermal

properties, then the sheet spreads the heat out more evenly over a larger surface arca. If the
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sheet of material has anisotropic electrical properties, then the sheet spreads the current out
more evenly over a larger surface area. In each case, this lowers the temperature of the hot
spots and raises the temperature of the cooler regions when a given AC voltage is applied to
the electrode assembly (as compared to the prior art configuration described above).
Accordingly, the current can be increased (thereby increasing the therapeutic effect) without

exceeding the safety temperature threshold at any point on the subject’s skin.

[0085] In some embodiments, the anisotropic material is anisotropic with respect to
clectrical conductivity properties. In some embodiments, the anisotropic material is
anisotropic with respect to thermal conductivity properties. In some preferred embodiments,
the anisotropic material is anisotropic with respect to both electrical conductivity properties

and thermal conductivity properties.

[0086] The anisotropic thermal properties include directional thermal properties.
Specifically, the sheet has a first thermal conductivity in a direction that is perpendicular to
its front face (skin-facing surface). And the thermal conductivity of the sheet in directions
parallel to the front face is more than two times higher than the first thermal conductivity. In
some preferred embodiments, the thermal conductivity in the parallel directions is more than
ten times higher than the first thermal conductivity. For example, the thermal conductivity of
the sheet in directions that are parallel to the front face may be more than: 1.5 times, 2 times,
3 times, 5 times, 10 times, 20 times, 100 times, 200 times, or even more than 1,000 times

higher than the first thermal conductivity.

[0087] The anisotropic electrical properties include directional electrical properties.
Specifically, the sheet has a first resistance in a direction that is perpendicular to its front
face. And resistance of the sheet in directions parallel to the front face is less than the first
resistance. In some preferred embodiments, the resistance in the parallel directions is less
than half of the first resistance or less than 10% of the first resistance. For example, the
resistance of the sheet 70 in directions that are parallel to the front face may be less than:
75%, 50%, 40%, 30%, 20%, 10%, 5%, 1%, 0.5%, or even less than 0.1% of the first

resistance.

[0088] In some embodiments (e.g., when the sheet of anisotropic material is a sheet of
pyrolytic graphite), the sheet of anisotropic material has both anisotropic electrical properties

and anisotropic thermal properties.
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[0089] In some embodiments (e.g., when the sheet of anisotropic material is a sheet of
pyrolytic graphite), the sheet of anisotropic material is nonmetallic. These embodiments are
particularly advantageous in situations where preventing the transfer of ions into a subject’s
body is desirable. More specifically, using a metallic sheet could result in the transfer of ions
into a subject’s body. In situations where this is not desirable, embodiments that use

nonmetallic sheets of anisotropic material are preferable.

[0090] The present invention can be understood more readily by reference to the
following detailed description, examples, drawings, and claims, and their previous and
following description. However, it is to be understood that this invention is not limited to the
specific apparatuses, devices, systems, and/or methods disclosed unless otherwise specified,

and as such, of course, can vary.

[0091] Headings are provided for convenience only and are not to be construed to
limit the invention in any manner. Embodiments illustrated under any heading or in any
portion of the disclosure may be combined with embodiments illustrated under the same or

any other heading or other portion of the disclosure.

[0092] Any combination of the elements described herein in all possible variations
thereof is encompassed by the invention unless otherwise indicated herein or otherwise

clearly contradicted by context.

[T

[0093] As used in the specification and the appended claims, the singular forms “a,

“an” and “the” include plural referents unless the context clearly dictates otherwise.

[0094] In the preceding and following description, the terms “front” and “skin-
facing™ are used interchangeably to refer to a face or surface of the disclosed electrode
assemblies (or components thereof) that faces or is oriented toward the skin of a subject (or
generally toward the body of a subject) when used as disclosed herein. Similarly, the terms
“rear” and “outwardly facing” are used interchangeably to refer to a face or surface of the
disclosed electrode assemblies (or components thereof) that faces away from or is oriented
away from the skin of a subject (or generally away from the body of the subject) when used

as disclosed herein.

[0095] FIG. 2 is a schematic representation of an electrode assembly 50 of an

embodiment including electrode elements used for applying TTFields to a subject’s body. In
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FIG. 2, only two electrode elements labeled E1 and E2 are shown, but additional electrode
elements may be included in the electrode assembly 50. In alternative embodiments, the
electrode assembly 50 includes only a single electrode element. Notably, FIG. 2 depicts an
electrode assembly 50 generically, and those electrode assemblies E1 and E2 can have
different configurations (e.g., as described below in connection with FIGS. 3A-8, 10A-15,
and 17-21).

[0096] FIG. 3A is a cross sectional representation of a first embodiment of an
clectrode assembly 50a including electrode elements E1, E2, taken along the dashed line in
FIG. 2.

[0097] In the FIG. 3A embodiment, the electrode assembly 50a includes a sheet of
anisotropic material 70 having a front face (facing towards the subject’s skin in FIG. 3A) and
arear face (outwardly facing). This sheet 70 has a first thermal conductivity in a direction
that is perpendicular to the front face. Thermal conductivity of the sheet 70 in directions that
arc parallel to the front face is more than two times higher than the first thermal conductivity.
In some preferred embodiments, the thermal conductivity of the sheet 70 in directions that are
parallel to the front face is more than ten times higher than the first thermal conductivity. The
sheet 70 in the FIG. 3A embodiment is also anisotropic in another respect. More specifically,
the sheet 70 has a first resistance in a direction that is perpendicular to the front face, and the
resistance of the sheet in directions that are parallel to the front face is less than half of the
first resistance. In some embodiments, the resistance of the sheet in directions that are parallel

to the front face is less than 10% of the first resistance.

[0098] The electrode assembly 50a includes a sheet of conductive anisotropic
material 70 having a front face (facing towards the subject’s skin in FIG. 3A) and a rear face.
The sheet of conductive anisotropic material 70 could be a sheet of graphite. Examples of
suitable forms of graphite include synthetic graphite, such as pyrolytic graphite (including,
but not limited to, Pyrolytic Graphite Sheet (PGS), available from Panasonic Industry,
Kadoma, Osaka, Japan), other forms of synthetic graphite, including but not limited to,
graphite foil made from compressed high purity exfoliated mineral graphite (including, but
not limited to, that supplied by MinGraph® 2010A Flexible Graphite, available from Mineral
Seal Corp., Tucson, Arizona, USA), or graphitized polymer film, ¢.g., graphitized polyimide
film, (including, but not limited to, that supplied by Kaneka Corp., Moka, Tochigi, Japan. In
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alternative embodiments, conductive anisotropic materials other than graphite may be used

mstead of graphite.

[0099] In some embodiments, the sheet of anisotropic material 70 is a sheet of
pyrolytic graphite. Thermal conductivity of pyrolytic graphite sheets in directions that are
parallel to the front face of those sheets (i.c., in the a-b plane) is typically more than 50 times
higher than the thermal conductivity of those sheets in directions that are perpendicular to the
front face (i.e., in the ¢ direction). And electrical resistivity of pyrolytic graphite sheets in
directions that are parallel to the front face of those sheets (i.¢., in the a-b plane) is typically
less than 2% of the electrical resistivity of those sheets in directions that are perpendicular to

the front face (i.c., in the ¢ direction).

[0100] In other embodiments, the sheet of anisotropic material 70 is graphite foil
made from compressed high purity exfoliated mineral graphite or graphitized polymer film.
In other embodiments, the anisotropic material may be pyrolytic carbon. Other embodiments
may utilize sheets of other conducting materials with anisotropic propertics. In some
embodiments (¢.g., when the sheet of anisotropic material is a sheet of a synthetic graphite,
such as pyrolytic graphite or the compressed high purity exfoliated mineral graphite or

graphitized polymer film), the sheet of anisotropic material 70 is nonmetallic.

[0101] The electrode assembly 50a further includes at least one layer of conductive
material 60 disposed on the front face of the sheet 70, and the at least one layer of conductive
material 60 has a biocompatible front surface. Note that in the embodiment illustrated in FIG.
3A, there is only a single layer of conductive material 60, and that single layer (the front
layer) is biocompatible. But in alternative embodiments (described herein) there could be
more than one layer, in which case only the front layer must be biocompatible. In the FIG. 3A
embodiment, the front layer of material 60 is configured to ensure good electrical contact
between the device and the body. In some embodiments, the front layer of material 60 should
cover the entire front face of the sheet of anisotropic material 70. The front layer of material
60 may be the same size or larger than the sheet of anisotropic material 70. In some
embodiments, and as shown in FIG. 3A, the front layer of conductive material 60 comprises
hydrogel. In these embodiments, the hydrogel may have a thickness between 50 and 2000
um. In other embodiments, and as shown in FIG. 10A, the front layer of conductive material

60 comprises a conductive adhesive composite as further disclosed herein.
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[0102] In some embodiments, the at least one layer of conductive material 60 is a
single layer of non-hydrogel biocompatible conductive adhesive such as the developmental
product FLX068983 — FLEXcon® OMNI-WAVE™ TT 200 BLACK H-502 150 POLY H-9
44PP-8 from FLEXcon, Spencer, MA, USA, or other such OMNI-WAVE products from
FLEXcon; or ARcare® 8006 electrically conductive adhesive composition manufactured and
sold by Adhesives Research, Inc. (Glen Rock, PA, USA). Non-hydrogel conductive
adhesives may comprise a waterless polymer with adhesive propertics and carbon particles,
powder, fibers, flakes or nanotubes. The adhesive polymer may be, for example, an acrylic
polymer or a silicone polymer, or combination thereof, which may be available as acrylic- or
silicone-based carbon-filled adhesive tapes. The adhesive may additionally include one or
more conductive polymer (such as, for example, polyaniline (PANI), or poly(3,4-
cthylenedioxythiophene (PEDOT), or others known in the art). The conductive filler in the at
least one layer of conductive material 60 can be non-metallic. In these embodiments, the
biocompatible conductive adhesive may have a thickness between 10 and 2,000 um, such as,

from 20 to 1000 um, or 30 to 400 um.

[0103] In the FIG. 3A embodiment, the electrode assembly 50a further includes a first
electrode element E1 positioned behind the sheet 70. The first electrode element E1 has a first
front (skin-facing) face disposed in electrical contact with the rear (outwardly facing) face of
the sheet 70. In the FIG. 3A embodiment, the first electrode element E1 includes a first layer
of dielectric (e.g., ceramic) material 310 having a front (skin-facing) face and a rear
(outwardly facing) face, and a first layer of metal 320 disposed on the rear face of the first
layer of dielectric material 310. The front face of the first layer of dielectric material 310 is
the first front face of the first electrode element E1. As further illustrated in FIGS. 17-18, the
dielectric material need not be ceramic. In some aspects, for example, the dielectric material
310 can comprise polymer (e.g., high dielectric constant polymer). Accordingly, it should be
understood that, in all embodiments disclosed herein, the diclectric material 310 referred to
and shown in the drawings as ceramic can be any suitable dielectric material (for example, a
polymer layer having a dielectric constant of at least 10, or another material having a

dielectric constant of at least 10).

[0104] In some embodiments, the layer of dielectric material 310 can have a dielectric
constant ranging from 10 to 50,000. In some embodiments, the layer of dielectric material

310 comprises a high dielectric polymer material such as poly(vinylidene fluoride-
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trifluoroethylene-chlorotrifluoroethylene) and/or poly(vinylidene fluoride-trifluorocthylene-
1-chlorofluorocthylenc). Those two polymers are abbreviated herein as “Poly(VDF-TrFE-
CTFE)” and “Poly(VDF-TrFE-CFE),” respectively. These embodiments are particularly
advantageous because the dielectric constant of these materials is on the order of 40. In some
embodiments, the polymer layer can be poly(vinylidene fluoride-trifluoroethylene-

chlorotrifluoroethylene-chlorofluoroethylene) or “Poly(VDF-TrFE-CTFE-CFE).”

[0105] In some embodiments, the layer of dielectric material 310 comprises a
terpolymer comprising polymerized units of monomers such as VDF, TrFE, CFE and/or
CTFE in any suitable molar ratio. Suitable terpolymers include those, for example, having 30
to 80 mol% VDF, 5 to 60 mol% TrFE, with CFE and/or CTFE constituting the balance of the
mol% of the terpolymer.

[0106] In some embodiments, the sheet 70 has a centroid, and the centroid of the first
front face of the first electrode element E1 is positioned less than 3 cm away from the
centroid of the sheet 70. In some embodiments, the sheet 70 has a centroid and a dimension
parallel to the rear face of the sheet 70 (e.g., a length or a width), and the centroid of the first
front face of the first electrode element E1 is positioned away from the centroid of the sheet

70 by less than 10% of the dimension.

[0107] The electrode assembly 50a further includes a first layer of conductive
material 80 positioned between the first front face of the first electrode element E1 (i.c., the
front face of the first layer of diclectric material 310) and the rear face of the sheet 70. The
first layer of conductive material 80 facilitates the electrical contact between the first front
face of the first electrode element E1 and the rear face of the sheet 70. In the illustrated
embodiment, the layer of conductive material 80 is a layer of hydrogel. But in alternative
embodiments, for example, as shown in FIG. 10A, a different conductive material (e.g.,
conductive grease, conductive adhesives, conductive tape, etc.) could be used. For example,
in FIG. 10A, the layer of conductive material 80 can comprise a conductive adhesive

composite as further disclosed herein.

[0108] The electrode assembly 50a may optionally include one or more additional
clectrode elements. In the illustrated embodiment, the electrode assembly 50a includes a
second electrode element E2 positioned behind the sheet 70. The second electrode element

E2 has a second front (skin-facing) face disposed in electrical contact with the rear face of the
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sheet 70. The two electrode elements E1, E2 in FIG. 3A have identical structures. Thus, the
second electrode element E2 includes a second layer of dielectric (¢.g., ceramic) material 310
having a front (skin-facing) face and a rear (outwardly facing) face, and a second layer of
metal 320 disposed on the rear face of the second layer of dielectric material 310. The front
face of the second layer of diclectric material 310 is the second front face of the second
electrode element E2. In some embodiments, the collective area of all the electrode elements
is less than the area of the sheet 70, less than half the area of the sheet 70, less than one

quarter the area of the sheet 70, or less than one tenth the area of the sheet 70.

[0109] The first layer of conductive material 80 is positioned between the second
front face of the second electrode element E2 (i.¢., the front face of the second layer of
dielectric material 310) and the rear face of the sheet 70. The first layer of conductive
material 80 facilitates the electrical contact between the second front face of the second
clectrode element E2 and the rear face of the sheet 70. As described for E1, and as shown in
FIG. 3A, the conductive material 80 may be a layer of hydrogel, but in alternative
embodiments, a different conductive material may be used (¢.g., conductive grease,
conductive adhesives, conductive tape, etc.). For example, in FIG. 10A, the layer of
conductive material 80 can comprise a conductive adhesive composite as further disclosed

herein.

[0110] The metal layers 320 of all of the electrode elements (i.c., E1 and E2 in the
illustrated embodiment), may be wired together (e.g., using wires, traces on a flex circuit,
etc.) to a lead 90. The lead 90 supplics an AC voltage from an AC voltage generator (not
shown) to the electrode elements to generate the TTFields when the electrode assembly 50a is

affixed to the subject’s body for treatment.

[0111] Optionally, the electrode assembly 50a includes a flexible self-adhesive
backing 55 configured to support the sheet 70, the first electrode element E1 (and any other
electrode elements present in the electrode assembly), and the front layer of conductive
material 60 so that the front layer of conductive material 60 can be positioned against the

subject’s skin.

[0112] As noted above, FIG. 2 is a plan schematic representation of an electrode
assembly 50 including electrode elements E1, E2. This view of FIG. 2 (not to scale) also

demonstrates that the area of the sheet 70 is larger (¢.g., at least 2 times larger, at least 4 times
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larger, or at least 10 times larger) than the combined areas of the electrode elements E1, E2.
When an AC voltage is applied to the electrode elements E1, E2, heat spreads out across the
entire sheet 70, which minimizes or eliminates hot spots. In addition to spreading and altering
the directionality of the heat (minimizing heat in specific locations), the spread has an
additional effect in dissipating the heat since the majority is directed in the x-y plane to the
edges of the sheet, which terminate in a room temperature (cooler) heat sink, rather than
proceeding in the z-direction to a much warmer body temperature. The area therefore cools

much faster.

[0113] This reduction in hot spots (as compared to the prior art) becomes apparent by
comparing FIG. 1C to FIG. 3B. More specifically, FIG. 1C shows the current distribution and
heat generation for prior art electrode elements, each of which is positioned on a conductive
hydrogel layer that is about the same size as the electrode element. As shown in FIG. 1C, all
the current passes through the hydrogel layer directly beneath the electrode elements, which

results in hot spots directly beneath the electrode elements.

[0114] One might initially think that this problem could be solved by increasing the
area of the hydrogel to cover all the regions between the electrode elements (i.e., by covering
a significantly larger area in the x-y plane than that of the electrode elements). But this is not
the case. More specifically, FIG. 1D shows the current distribution and heat generation for
this hypothetical electrode assembly. As shown in FIG. 1D, all the current still passes through
the hydrogel layer directly beneath the electrode elements, which results in hot spots directly

beneath the electrode elements.

[0115] In contrast, FIG. 3B shows the current distribution for the FIG. 3A
embodiment. As shown in FIG. 3B, the current is still distributed in the upper hydrogel layer
80 only in the area below the electrode element. However, the sheet of anisotropic material

70 spreads the heat out across its entire arca because the thermal conductivity in the
horizontal directions (i.e., in directions parallel to the face of the sheet) is much higher than
its thermal conductivity in the vertical direction. In addition to spreading out the heat, the low
electrical resistance of the sheet 70 in the horizontal direction spreads the current outward
throughout the sheet 70, and this spread-out current distribution continues in the front layer of
conductive material 60, and thence to the subject’s skin. Because the current and heat in this
embodiment are both spread out over a larger area of the front layer of conductive material

60, hotspots are eliminated (or at least minimized). This means that for a given applied AC
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voltage, the hottest point beneath the FIG. 3A/B embodiment will be lower than the hottest
point beneath the FIG. 1 prior art example. Accordingly, the current can be increased (with
respect to the prior art current) without exceeding the safety temperature threshold at any
point beneath the electrode assembly in the FIG. 3A embodiment. And this increase in
current will advantageously increase the efficacy of the TTFields treatment. Similar results
can be achieved when the hydrogel is replaced with a conductive adhesive composite as

disclosed herein (See FIG. 10B).

[0116] The superior performance of the FIG. 3A embodiment is demonstrated in
FIGS. 4A, 4B, and 4C. FIG. 4A is a thermal image of a prior art electrode assembly that
includes two electrode elements and a layer of hydrogel disposed on the front faces of the
clectrode elements (see, ¢.g., FIG. 1B). There is no sheet of anisotropic material between the
front faces of the electrode elements and the rear face of the layer of hydrogel. In use, the
front face of the layer of hydrogel is positioned on the subject’s skin. FIG. 4A shows hot

spots generated in the areas that correspond to the electrode elements.

[0117] FIG. 4B is a thermal image of an electrode assembly corresponding to the
FIG. 3A embodiment, in which pyrolytic graphite was used as the anisotropic material. FIG.
4B shows that hot spots such as those generated in the prior art electrode assembly have been
minimized, and also that the maximum temperature has been reduced. FIG. 4C is a graph
comparing the thermal performance of the FIG. 3A embodiment (utilizing pyrolytic graphite
as the anisotropic material) with the prior art (no anisotropic material) for the same applied
current (500 mA). Notably, the hottest portion of the prior art electrode assembly was 41° C.
But when the same 500 mA current was applied to the FIG. 3A embodiment, the hottest
portion of the electrode assembly was only 32° C. Similar experiments were performed
utilizing graphite foil made from compressed high purity exfoliated mineral graphite as the

anisotropic material, with similar results.

[0118] In a related experiment, optimized conventional arrays (no anisotropic
material), running with 2 A applied current, reached the maximum 40 °C average
temperature, and were thereby limited. The same type of array with an added pyrolytic
graphite sheet (in the manner of the FIG. 3A embodiment) was able to operate at an increased
power level (with 3 A applied current), and ran at 38 °C average temperature, 2-3 °C below

the temperature threshold limit. This result suggests that the inventive apparatus and methods
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described herein should be able to achieve more beneficial treatment results by operating at

higher applied currents.

[0119] FIG. 5 is a cross sectional representation of a second embodiment of an
clectrode assembly 50b including electrode elements E1, E2, taken along the dashed line in
FIG. 2. The FIG. 5 embodiment is similar to the FIG. 3A embodiment in all respects
(including the figure labeling) except as follows. The FIG. 3A and FIG. 10A embodiments
include a large continuous layer of conductive material 80 (e.g., hydrogel or conductive
adhesive composite) spanning across both electrode elements E1, E2, and positioned between
the sheet 70 and the front faces of both the first and second electrode elements E1 and E2. In
contrast, the FIG. 5 embodiment includes a separate region of conductive material 380 for
cach individual electrode element. Thus, the FIG. 5 embodiment includes a first layer of
conductive material 380 positioned between the first front face of the first electrode element
E1 and the rear face of the sheet 70, and also includes a second layer of conductive material
380 positioned between the second front face of the second electrode element E2 and the rear
face of the sheet 70. The first and second layers of conductive material 380 facilitate the
electrical contact between the respective electrode front faces and the rear face of the sheet
70. In the embodiment illustrated in FIG. 5, the layers of conductive material 380 are layers
of hydrogel. But in alternative embodiments, different conductive materials (¢.g., conductive
grease, conductive adhesives, conductive tape, etc.) could be used. For example, in the
embodiment illustrated in FIG. 11, the layers of conductive material 380 can be layers of
conductive adhesive composite as disclosed herein. In some embodiments, the collective area
of all the clectrode clements is less than the area of the sheet 70, less than half the arca of the
sheet 70, less than one quarter the area of the sheet 70, or less than one tenth the area of the
sheet 70.

[0120] As in the FIG. 3A embodiment, the current in the FIG. 5 embodiment is still
concentrated in the upper layers of conductive material 380 only in the arcas below the
electrode elements. The sheet of anisotropic material 70 spreads out the heat and the current
as described above in connection with the FIG. 3A embodiment, which climinates or at least
minimizes hot spots. This means that for a given applied AC voltage, the hottest point
beneath the electrode assembly in the FIG. 5 embodiment will be at a lower temperature than
the hottest point beneath the electrode assembly in the FIG. 1 prior art example. Accordingly,

the current can be increased (with respect to the prior art current) without exceeding the
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safety temperature threshold at any point beneath the electrode assembly in the FIG. 5
embodiment. And this increase in current will advantageously increase the efficacy of the
TTFields treatment. Other components of the FIG. 5 construct (e.g., metal layers 320,
dielectric material 310, skin contact layer 60, the lead 90 supplying the AC source, and the
self-adhesive backing 55) are analogous to those described above for the FIG 3A

embodiment.

[0121] FIG. 6 is a cross sectional representation of a third embodiment of an electrode
assembly 50c¢ that includes a single electrode element E1. The embodiment of FIG. 6 is
similar to the embodiment of FIG. 3A, except the FIG. 6 embodiment does not include the
layer of dielectric material. In the FIG. 6 embodiment, the electrode assembly 50c includes a
sheet of anisotropic material 70 having a front face (facing towards the subject’s skin in FIG.
6) and a rear face. This sheet 70 is similar to the sheet 70 described above in connection with
FIG. 3A. In some embodiments, the sheet of anisotropic material 70 is a sheet of synthetic
graphite. In some embodiments, the sheet of anisotropic material 70 is a sheet of pyrolytic
graphite. In other embodiments, the sheet of anisotropic material 70 is graphite foil made
from compressed high purity exfoliated mineral graphite (e.g., MinGraph® 2010A Flexible
Graphite). In other embodiments, the sheet of anisotropic material 70 is a sheet of graphitized
polymer film. In other embodiments, the sheet of anisotropic material 70 is a sheet of
pyrolytic carbon. In other embodiments, the anisotropic material may be boron nitride. In
other embodiments, the sheet of anisotropic material 70 is a sheet of another conductive
anisotropic material. In some embodiments (e.g., when the sheet of anisotropic material is a
sheet of a synthetic graphite, such as pyrolytic graphite or the compressed high purity
exfoliated mineral graphite or graphitized polymer film), the sheet of anisotropic material 70

1s nonmetallic.

[0122] The electrode assembly 50c¢ further includes a front layer of biocompatible
conductive material 60 (or skin contact structure 61 (FIGS. 17-21)) disposed on the front face
of the sheet 70. Note that in the embodiment illustrated in FIG. 6, there is only a single layer
of conductive material 60, and that single layer is biocompatible. But in alternative
embodiments described herein there can be more than one layer. Optionally, in such
embodiments, only the front layer is biocompatible. The front layer of conductive material 60
(or skin contact structure 61 (FIGS. 17-21)) is configured to ensure good electrical contact

between the device and the body. In a preferred embodiment, the front layer of conductive



WO 2023/031792 PCT/1B2022/058124
29

material 60 should cover the entire front face of the sheet of anisotropic material 70. The
front layer of conductive material 60 may be the same size or larger (i.c., cover the same arca
or larger) than the sheet of anisotropic material 70. In some embodiments, the front layer of
conductive material 60 (or skin contact structure 61 (FIGS. 17-21)) comprises hydrogel. In
these embodiments, the hydrogel may have a thickness between 50 and 2000 um. In other
embodiments, and as shown in FIG. 12, the front layer of conductive material 60 (or skin
contact structure 61 (FIGS. 17-21)) comprises a conductive adhesive composite as further
disclosed herein. In these embodiments, the biocompatible conductive adhesive may have a

thickness between 10 and 2,000 pum, such as, from 20 to 1000 pum, or even 30 to 400 um.

[0123] The electrode assembly 50c further includes a first electrode element E1
positioned behind the sheet 70. The first electrode element El includes a piece of metal 500
having a front face disposed in electrical contact with the rear face of the sheet 70. In the
FIG. 6 embodiment, the front face of the piece of metal 500 is the first front face of the first
electrode element E1. Accordingly, the FIG. 6 embodiment differs from the FIG. 3A or FIG.
5 embodiments by omitting a layer of dielectric material. The positional relationship between
the first electrode element E1 and the sheet 70 in this FIG. 6 embodiment may be as

described above in connection with FIG. 3A.

[0124] The electrode assembly 50c¢ further includes a first layer of conductive
material 80 positioned between the first front face of the first electrode element E1 (i.c., the
front face of the piece of metal 500) and the rear face of the sheet 70. The first layer of
conductive material 80 facilitates the electrical contact between the first front face of the first
electrode element E1 and the rear face of the sheet 70. In the illustrated embodiment, the
layer of conductive material 80 is a layer of hydrogel. But in alternative embodiments, a
different conductive material (e.g., conductive grease, conductive adhesives, conductive tape,
etc.) could be used. For example, in FIG. 12, the layer of conductive material 80 can

comprise a conductive adhesive composite as further disclosed herein.

[0125] The picce of metal 500 of the electrode element E1 is wired (e.g., using wires,
traces on a flex circuit, etc.) to a lead 90, which supplies an AC voltage from an AC voltage
generator (not shown) to the electrode element to generate the TTFields when the electrode

assembly 50c¢ is affixed to the subject’s body for treatment.
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[0126] The electrode assembly 50¢ may optionally include one or more additional
clectrode elements (not shown) having a structure identical to electrode element E1 and
positioned to have the same functionality. In such case, the pieces of metal 500 of all the
electrode elements may be wired together (e.g., using wires, traces on a flex circuit, etc.) to
the lead 90.

[0127] In some embodiments that include only a single electrode element E1, the arca
of the sheet 70 is larger (e.g., at least 2 times larger, at least 4 times larger, or at least 10 times
larger) than the area of the electrode element E1. In some embodiments that include a
plurality of electrode elements (not shown) the area of the sheet 70 is larger (e.g., at least 2, 4,
or 10 times larger) than the collective area of all of the electrode elements. When an AC
voltage is applied to the electrode elements, the heat spreads out across the entire sheet 70,

which minimizes or eliminates hot spots.

[0128] Similar to the FIG. 3A embodiment, the sheet of anisotropic material 70 in the
FIG. 6 embodiment spreads out the heat and the current as described above in connection
with the FIG. 3A embodiment, which eliminates or at least minimizes hot spots. This means
that for a given applied AC voltage, the hottest point beneath the electrode assembly in the
FIG. 6 embodiment will have a lower temperature than the hottest point beneath the electrode
assembly in the FIG. 1 prior art example. Accordingly, the current can be increased (with
respect to the prior art current) without exceeding the safety temperature threshold at any
point beneath the electrode assembly in the FIG. 6 embodiment. And this increase in current

will advantageously increase the efficacy of the TTFields treatment.

[0129] FIG. 7 is a cross sectional representation of a fourth embodiment of an
clectrode assembly 50d that includes a single electrode element E1. The FIG. 7 embodiment
is similar to the FIG. 6 embodiment except that the first front face of the first electrode
clement E1 (i.e., the front face of the piece of metal 600) is positioned in direct contact with
the rear face of the sheet 70 (instead of being electrically connected via an intervening layer

of conductive material).

[0130] Similar to the FIG. 6 embodiment, the sheet of anisotropic material 70 in the
FIG. 7 embodiment spreads out the heat and the current as described above in connection
with the FIG. 3A embodiment, which eliminates or at least minimizes hot spots. This means

that for a given applied AC voltage, the hottest point beneath the electrode assembly in the
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FIG. 7 embodiment will be lower than the hottest point beneath the electrode assembly in the
FIG. 1 prior art example. Accordingly, the current can be increased (with respect to the prior
art current) without exceeding the safety temperature threshold at any point beneath the
electrode assembly in the FIG. 7 embodiment. And this increase in current will

advantageously increase the efficacy of the TTFields treatment.

[0131] FIG. 8 is a cross sectional representation of a fifth embodiment of an electrode
assembly 50e that includes a single electrode element E1. The FIG. 8 embodiment is similar
to the FIG. 7, but it adds a capacitor 700 connected in series with and behind the piece of
metal 600. A similar addition of a capacitor 700 connected in series with and behind the piece

of metal 500 could also be envisioned for the FIG. 6 embodiment.

[0132] FIG. 9 shows how a pair of the FIG. 3A electrode assemblies 50a may be used
to apply an alternating electric field to a target region in the subject’s body. The subject can
be a human or another mammal, including but not limited to rats and mice. (Note that any of
the clectrode assemblies described above in connection with FIGS. 5-8 may be used instead

of the FIG. 3A electrode assemblies 50a shown here).

[0133] The method includes positioning a first electrode assembly 50a at a first
position on or in the subject’s body. (In the example depicted in FIG. 9, the first electrode
assembly 50a is positioned on the subject’s skin at the right of the subject’s head facing a
target region, e.g., a tumor.) The first electrode assembly 50a may be constructed as
described earlier herein. In the FIG. 9 embodiment, the first electrode assembly 50a includes
a first sheet 70 of anisotropic material having a first front face and a first rear face. The first
sheet 70 has a first thermal conductivity in a direction that is perpendicular to the first front
face. Thermal conductivity of the first sheet 70 in directions that are parallel to the first front
face of the sheet 70 is more than two times higher than the first thermal conductivity. The
first sheet 70 has a first resistance in a direction that is perpendicular to the front face, and the
resistance of the first sheet in directions that are parallel to the front face is less than half of
the first resistance. During use, the first electrode assembly 50a is positioned so that the first

front face of the first sheet 70 faces the target region.

[0134] The method also includes positioning a second electrode assembly 50a at a
second position in or on the subject’s body. (In the example depicted in FIG. 9, the second

clectrode assembly 50a is positioned on the subject’s skin at the left of the subject’s head
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facing the target region.) The second electrode assembly 50a may be constructed as described
carlier herein. In the FIG. 9 embodiment, the second electrode assembly 50a includes a
second sheet 70 of anisotropic material 70 having a second front face and a second rear face.
The second sheet 70 has a second thermal conductivity in a direction that is perpendicular to
the second front face. Thermal conductivity of the second sheet 70 in directions that are
parallel to the second front face of the sheet 70 is more than two times higher than the second
thermal conductivity. The second sheet 70 has a second resistance in a direction that is
perpendicular to the front face, and the resistance of the second sheet in directions that are
parallel to the front face is less than half of the second resistance. During use, the second
electrode assembly 50a is positioned so that the second front face of the second sheet 70 faces

the target region.

[0135] The method further includes applying an alternating voltage between the first
clectrode assembly 50a and the second electrode assembly 50a. The applying is performed
after positioning the first electrode assembly 50a and the second electrode assembly 50a. The
applying may be implemented by applying the alternating voltage between (i) a first electrode
clement disposed in electrical contact with the first rear face of the first sheet 70 and (i1) a
second electrode element disposed in electrical contact with the second rear face of the

second sheet 70.

[0136] In some embodiments, the first electrode assembly 50a further includes a first
layer of biocompatible conductive material 60 disposed on the first front face of the first
sheet 70. Correspondingly, the second electrode assembly further includes a second layer of
biocompatible conductive material 60 disposed on the second front face of the second sheet
70. As described above, the biocompatible conductive material 60 may be hydrogel or may
be a conductive grease, conductive adhesive including the non-hydrogel conductive

adhesives discussed above, conductive tape, conductive composite, etc.

[0137] In some embodiments, the first electrode assembly 50a further includes a first
rear layer of conductive material 80 (as described above) positioned between the first front
face (skin-facing surface) of the first electrode element of the first electrode assembly 50a
and the first rear face (outwardly facing surface) of the first sheet 70. Correspondingly, the
second electrode assembly further includes a second rear layer of conductive material 80 (as
described above) positioned between the second front face of the second electrode element of

the second electrode assembly and the second rear face of the second sheet 70.
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[0138] In some embodiments, each of the first and second sheets of anisotropic
material 70 is a sheet of synthetic graphite. In some embodiments, the sheet of anisotropic
material 70 is a sheet of pyrolytic graphite. In other embodiments, each of the first and
second sheets of anisotropic material 70 is graphite foil made from compressed high purity
exfoliated mineral graphite or a sheet of graphitized polymer film. In other embodiments, the
anisotropic material may be pyrolytic carbon. In other embodiments, the anisotropic material
may be boron nitride. Other embodiments may utilize sheets of other conducting materials
with anisotropic properties. In some embodiments (¢.g., when the sheets of anisotropic
material are sheets of synthetic graphite, such as pyrolytic graphite or compressed high purity
exfoliated mineral graphite or graphitized polymer film), the sheets of anisotropic material 70

are nonmetallic.

[0139] The alternating voltage between the first electrode assembly and the second
clectrode assembly may be applied by an AC voltage generator 820. In some embodiments,
the frequency of the alternating voltage is between 50 kHz and 1 MHz, or between 100 kHz
and 500 kHz. In the illustrated example, the AC voltage generator is controlled by a
controller 822. The controller 822 may use temperature measurements to control the
amplitude of the current to be delivered via the first and second electrode assemblies 50a in
order to maintain temperatures below a safety threshold (e.g., 41° C). This may be
accomplished, for example, by measuring a first temperature of the first electrode element,
measuring a second temperature of the second electrode element, and controlling the
applying of the alternating voltage based on the first temperature and the second temperature,

as described below.

[0140] FIG. 9 depicts one example of hardware that is suitable for this purpose. More
specifically, temperature sensors 800 (e.g., thermistors) are positioned in thermal contact with
respective electrode elements (for example, dielectric material 310 / layer of metal 320)
within each of the electrode assemblies 50a. The temperature sensors 800 measure respective
first and second temperatures (e.g., at first and second electrode elements in the first electrode
assembly and second electrode assembly, respectively), and the controller 822 controls the

output of the AC voltage generator 820 based on these temperatures.

[0141] Similar embodiments and methods are envisaged utilizing any of the electrode
assemblies 50a-e, or combinations thereof, in place of either or both of the first electrode

assembly 50a and the second electrode assembly 50a.
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Electrode Assemblies Having Skin Contact Lavers that Comprise a Conductive
Adhesive Composite

[0142] As discussed above, it is contemplated that one or more of the layers of
conductive materials 60, 80, 380 (or the skin contact structure 61 disclosed herein with
reference to FIGS. 17-21) can comprise conductive adhesive composites (described further
below) rather than hydrogel. Exemplary electrode assemblies including such conductive
adhesive composites are depicted in FIGS. 10A-14, which depict the embodiments of FIGS.
3A-3B and 5-8 with conductive adhesive composite used in place of hydrogel as a skin
contact layer, and in FIG. 15, which includes a skin contact layer comprising a conductive
adhesive composite but does not include a layer of anisotropic material. In other aspects, and
as depicted in FIG. 16, it is contemplated that electrode assemblies comprising conductive
adhesive composites can be used to apply TTFields. In other respects, the FIG. 16
embodiments may include similar electrode assembly features and components as described

above for the FIG. 9 embodiments.

[0143] In exemplary aspects, and with reference to FIG. 16, a method can comprise
positioning at least first and second electrode assemblies 150a on a body of a subject. In
these aspects, each of the first and second electrode assemblies can comprise at least one
electrode element 300 having a skin-facing surface 305. As used herein, the term “skin-
facing” refers to a direction or orientation that would be toward the skin of a patient when
used as disclosed herein (for example, to apply TTFields with the electrode assembly adhered
to the skin of a subject). Optionally, cach electrode element 300 may comprise a dielectric
component (¢.g., a ceramic), not shown in FIG. 16. However, in some aspects, such
dielectric components (e.g., ceramics) can be omitted. Generally, it should be understood
that the first and second electrode assemblies 150a can be embodied by any of the electrode
assemblies described herein, including the embodiments with reference to FIGS. 3A, 3B, 5-8,
10A-15, and 17-21.

[0144] Each of the first and second electrode assemblies can further comprise a skin
contact layer 160 comprising a conductive adhesive composite. As used herein, the term
“skin contact layer” refers to a layer that is configured to contact the skin of a subject when
used as disclosed herein (for example, to apply TTFields with the electrode assembly adhered
to the skin of the subject). In exemplary aspects, the conductive adhesive composite can

comprise a dielectric material and conductive particles dispersed within the dielectric
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material. In some embodiments, at least a portion of the conductive particles define a
conductive pathway through a thickness of the conductive adhesive composite. It is
contemplated that the conductive particles can be aligned in response to application of an
electric field such that the conductive particles undergo electrophoresis. In some aspects, the
dielectric material of the conductive adhesive composite of each of the first and second
electrode assemblies is a polymeric adhesive. Optionally, in these aspects, the polymeric
adhesive can be an acrylic adhesive. In some aspects, the conductive particles can comprise
carbon. Optionally, in these aspects, the conductive particles can comprise graphite powder.
Additionally, or alternatively, the conductive particles can comprise carbon flakes.
Additionally, or alternatively, the conductive particles can comprise carbon granules.
Additionally, or alternatively, the conductive particles can comprise carbon fibers.
Additionally, or alternatively, the conductive particles can comprise carbon nanotubes or
carbon nanowires. Additionally, or alternatively, the conductive particles can comprise
carbon black powder. In further aspects, the conductive adhesive composite further
comprises a polar material (¢.g., a polar salt). The polar salt may be a quaternary ammonium
salt, such as a tetra alkyl ammonium salt. Exemplary conductive adhesive composites, as well
as methods for making such conductive adhesive composites, are disclosed in U.S. Patent No.
8,673,184 and U.S. Patent No. 9,947,432, which are incorporated herein by reference for all
purposes. In exemplary aspects, the conductive adhesive composite can be a dry carbon/salt
adhesive, such as the OMNI-WAVE adhesive compositions, described above, manufactured

and sold by FLEXCON (Spencer, MA, USA).

[0145] In further aspects, the at least one electrode element 300 can be electrically
coupled to (optionally, in electrical contact with) the skin contact layer 160, and the method
can further comprise applying an alternating voltage between the first electrode assembly and

the second electrode assembly, thereby generating an electric field (¢.g., TTFields).

[0146] As discussed above with respect to FIG. 9, FIG. 16 depicts temperature
sensors 800 (e.g., thermistors) positioned in thermal contact with respective electrode
clements (for example, dielectric material 310 / layer of metal 320) within each of the
electrode assemblies 150a. The temperature sensors 800 measure respective first and second
temperatures (e.g., at first and second electrode elements in the first electrode assembly and
second electrode assembly, respectively), and the controller 822 controls the output of the AC

voltage generator 820 based on these temperatures.
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[0147] Optionally, as shown in FIG. 16, the skin-facing surface 305 of the at least one
clectrode element 300 of the first electrode assembly can be in electrical contact with the skin
contact layer 160 (or skin contact structure 61 (FIGS. 17-21)) of the first electrode assembly.
Similarly, it is contemplated that the skin-facing surface of the at least one electrode element
of the second electrode assembly can be in electrical contact with the skin contact layer of the

second electrode assembly.

[0148] Optionally, as shown in FIGS. 9 and 10A-14, it is contemplated that the first
clectrode assembly of the FIG. 16 embodiment can further comprise a layer of anisotropic
material 70 having a skin-facing surface and an opposing outwardly facing surface (not
shown). In these aspects, the at least one electrode element 300 of the first electrode
assembly can be electrically coupled to (optionally, in electrical contact with) the outwardly
facing surface of the layer of anisotropic material 70, and the skin contact layer 160 (or skin
contact structure 61 (FIGS. 17-21)) of the first electrode assembly can be disposed on the
skin-facing side of the layer of anisotropic material, optionally, on the skin-facing surface of
the layer of anisotropic material. Similarly, it is contemplated that the second electrode
assembly can likewise comprise a layer of anisotropic material as disclosed with respect to
the first electrode assembly. As shown in FIGS. 9 and 10A-12, in some aspects, it is
contemplated that each electrode assembly can optionally comprise a conductive layer 80
positioned between the electrode elements and the anisotropic material 70. In these aspects,
it is contemplated that the material of the conductive layer 80 can optionally be a conductive
adhesive composite as disclosed herein. Alternatively, it is contemplated that the conductive

layer 80 can be another conductive material as further disclosed herein.

[0149] In exemplary aspects, the skin contact layer 160 (or skin contact structure 61
(FIGS. 17-21)) of each of the first and second electrode assemblies does not comprise

hydrogel.

[0150] In further exemplary aspects, the skin contact layer 160 (or skin contact
structure 61 (FIGS. 17-21)) of each of the first and second electrode assemblies does not

comprise a latex rubber polymer.

[0151] In further exemplary aspects, the skin contact layer of each of the first and

second electrode assemblies does not comprise silver or silver chloride.

[0152] In still further aspects, the conductive adhesive composite of each of the first

and second electrode assemblies has a thickness ranging from about 30 um to about 2000
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pm, such as from 30 um to about 70 um. Optionally, the conductive adhesive composite can

have a thickness ranging from about 45 um to about 55 pm

[0153] In still further aspects, the conductive adhesive composite of each of the first

and second electrode assemblies does not comprise water.

[0154] In exemplary aspects, the conductive particles of the conductive adhesive
composite comprise a plurality of groups of conductive particles. In some embodiments, the
conductive particles of the collective plurality of groups of conductive particles are aligned to
define a conductive pathway through the thickness of the conductive adhesive composite of

each of the first and second electrode assemblies.

[0155] In further exemplary aspects, and as disclosed above, an apparatus can
comprise: at least one electrode element having a skin-facing surface; a layer of anisotropic
material having a skin-facing surface and an opposing outwardly facing surface; and a skin
contact layer comprising a conductive adhesive composite. In these aspects, the at least one
clectrode element can be electrically coupled to (optionally, in electrical contact with) the
outwardly facing surface of the layer of anisotropic material, and the skin contact layer can be
disposed on the skin-facing side of the layer of anisotropic material, optionally, on the skin-

facing surface of the layer of anisotropic material.

[0156] Optionally, in exemplary aspects, the skin contact layer can be releasably
connected to the layer of anisotropic material. In these aspects, it is contemplated that the
skin contact layer can be selectively detached from the anisotropic material and replaced with
anew skin contact layer (for example, when a maximum/threshold duration of use is

approached or met).
[0157] In exemplary aspects, the sheet of anisotropic material is a synthetic graphite.

[0158] In exemplary aspects, the sheet of anisotropic material is a sheet of pyrolytic
graphite or graphite foil made from compressed high purity exfoliated mineral graphite or

graphitized polymer film.
[0159] In exemplary aspects, the sheet of anisotropic material is nonmetallic.

[0160] In exemplary aspects, the sheet of anisotropic material has a first thermal

conductivity in a direction that is perpendicular to the plane of the sheet, and thermal
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conductivity of the sheet in directions that are parallel to the plane of the sheet is more than

two times higher, or, even, 10 times higher than the first thermal conductivity.

[0161] In exemplary aspects, the sheet of anisotropic material has a first resistance in
a direction that is perpendicular to the plane of the sheet, and wherein resistance of the sheet
in directions that are parallel to the plane of the sheet is less than half, or, even, less than 10%

of the first resistance.

[0162] Optionally, in exemplary aspects, the apparatus can further comprise a release
liner that covers the skin contact layer. In these aspects, it is contemplated that, prior to use,
the apparatus can be provided with the release liner to ensure that the skin contact layer does
not adhere to undesirable surfaces or locations. Immediately prior to use, the release liner
can be removed, and the skin contact layer can be positioned in contact with the skin of the

patient.

[0163] In exemplary aspects, by using a conductive adhesive composite as a skin
contact layer as disclosed herein, it is contemplated that additional backing and/or cover
layers (such as, for example self-adhesive backing 55) can, optionally, be omitted. In these
aspects, it is contemplated that the conductive adhesive composite can provide sufficient
adhesion to the skin such that it is unnecessary to provide additional layers to maintain a
desired position of the electrode assembly on the body of the subject, thereby improving ease

of use and decreasing the overall cost of manufacture and use.

[0164] In further aspects, by avoiding the use of hydrogel within an electrode
assembly, it is contemplated that electrode assemblies comprising conductive adhesive
composites as disclosed herein do not require moisture barrier packaging, thereby making the
cost of packaging far more affordable. Additionally, it is contemplated that the conductive
adhesive composites of the disclosed electrode assemblies can avoid the signal variation
issues of hydrogels, thereby providing consistent material properties (e.g., tackiness) and
reliable performance during delivery of TTFields. Further, it is contemplated that the
disclosed conductive adhesive composites can have a far greater shelf life than hydrogels,
thereby decreasing the frequency at which electrode assemblies (or the skin contact layers of

clectrode assemblies) must be replaced.

[0165] It is further contemplated that embodiments that include the sheet of

anisotropic material may additionally aid in avoiding or reducing overheating of the
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electrodes and associated discomfort on the skin by dissipating both electrical current and
heat in a lateral (in-plane) direction rather than passing directly through the layer (in a

direction perpendicular to the plane of the skin contact layer) in a concentrated manner.

Electrode Assemblies Having Skin Contact Structures that Comprise Multiple Adhesive

Layers

[0166] Referring to FIGS. 17-21, in some aspects, the front (skin-facing) layer of
conductive material 60 (of FIG. 3A) can be embodied as a skin contact structure 61.
Referring to FIG. 17, the electrode assembly 50a includes a layer of anisotropic material 70
(referred to herein also as a sheet of anisotropic material) having a (front) skin-facing surface
72 (facing towards the subject’s skin in FIG. 17) and an opposing outwardly facing (rear)
surface 74. This sheet 70 has a first thermal conductivity in a direction that is perpendicular
to the front face. Thermal conductivity of the sheet 70 in directions that are parallel to the
front face is more than two times higher than the first thermal conductivity. In some preferred
embodiments, the thermal conductivity of the sheet 70 in directions that are parallel to the
front face is more than ten times higher than the first thermal conductivity. The sheet 70 in
the FIG. 17 embodiment is also anisotropic in another respect. More specifically, the sheet 70
has a first resistance in a direction that is perpendicular to the front face, and the resistance of
the sheet in directions that are parallel to the front face is less than half of the first resistance.
In some embodiments, the resistance of the sheet in directions that are parallel to the front
face is less than 10% of the first resistance. Each electrode element (e.g., electrode elements
E1, E2) can be in clectrical contact with the outwardly facing surface 74 of the layer of

anisotropic material 70.

[0167] The electrode assembly 50a further includes a skin contact structure 61
disposed on the front face of the sheet 70. The skin contact structure 61 is configured to
ensure good electrical contact between the device and the body. In some embodiments, the
skin contact structure 61 can cover the entire front face of the sheet of anisotropic material
70. The skin contact structure 61 may have an areal footprint the same size or larger than the
sheet of anisotropic material 70. In some embodiments, the skin contact structure 61
comprises hydrogel. In these embodiments, the hydrogel may have a thickness between 50
and 2000 um. In other embodiments, the skin contact structure 61 comprises a conductive

adhesive composite as further disclosed herein.
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[0168] The electrode assembly 50a further includes a first electrode element E1
positioned behind the sheet 70. The first electrode element E1 has a first front face disposed
in electrical contact with the rear face of the sheet 70. In the FIG. 17 embodiment, the first
electrode element E1 includes a first layer of dielectric (e.g., ceramic) material 310 having a
front face and a rear face, and a first layer of metal 320 disposed on the rear face of the first
layer of dielectric material 310. The front face of the first layer of dielectric material 310 is
the first front face of the first electrode element E1. The first layer of dielectric material 310
can be disposed on an outwardly facing side 78 of the layer of anisotropic material 70.
Optionally, the first layer of dielectric material 310 can have a dielectric constant of at least
10.

[0169] The electrode assembly 50a may optionally include one or more additional
electrode elements. In the illustrated embodiment, the electrode assembly 50a includes a
second electrode element E2 positioned behind the sheet 70. The second electrode element
E2 has a second front face disposed in electrical contact with the rear face of the sheet 70.
The two electrode elements E1, E2 in FIG. 17 have identical structures. Thus, the second
electrode element E2 includes a second layer of dielectric (e.g., ceramic) material 310 having
a front face and a rear face, and a second layer of metal 320 disposed on the rear face of the
second layer of dielectric material 310. The front face of the second layer of diclectric
material 310 is the second front face of the second electrode element E2. Each electrode

element can have a skin-facing surface 52.

[0170] The electrode assembly 50a further includes a first layer of conductive
material 80 positioned between the first front face of the first electrode element E1 (i.e., the
front face (skin-facing surface) of the first layer of dielectric material 310) and the rear face
of the sheet 70. The first layer of conductive material 80 facilitates the electrical contact
between the first front face of the first electrode element E1 and the rear face of the sheet 70.
In the illustrated embodiment, the layer of conductive material 80 can be a layer of hydrogel.
In alternative embodiments, a different conductive material (e.g., conductive grease,
conductive adhesives, conductive tape, etc.) can be used. For example, in FIG. 17, the layer
of conductive material 80 can comprise a conductive adhesive composite as further disclosed

herein.

[0171] The first layer of conductive material 80 (e.g., an upper adhesive layer) is also

positioned between the second front face of the second electrode element E2 (i.e., the front
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face of the second layer of dielectric material 310) and the rear face of the sheet 70. The first
layer of conductive material 80 facilitates the electrical contact between the second front face
of the second electrode element E2 and the rear face of the sheet 70. As described for E1, and
as shown in FIG. 3A, the conductive material 80 may be a layer of hydrogel, but in
alternative embodiments, a different conductive material may be used (e.g., conductive
grease, conductive adhesives, conductive tape, etc.). For example, in FIG. 17, the layer of
conductive material 80 can comprise a conductive adhesive composite as further disclosed

herein.

[0172] As illustrated in FIG. 17, the skin contact structure 61 can have an outer
adhesive layer 62, an inner adhesive layer 64, and a substrate 66 positioned between the outer
and inner adhesive layers 62, 64. Although shown in FIGS. 18-21 as a single component, it is
contemplated that the skin contact structure 61 depicted in these figures can include the inner
and outer adhesive layers and substrate as shown in FIG. 17. The outer adhesive layer 62 can
be disposed on a skin-facing side 76 of the layer of anisotropic material 70). The inner
adhesive layer 64 can be configured to contact skin of a subject. Optionally, the outer
adhesive layer 62 of the skin contact structure 61 can be disposed on the skin-facing surface

72 of the layer of anisotropic material.

[0173] Referring to FIG. 17, in some aspects, the outer and inner adhesive layers 62,
64 of the skin contact structure 61 do not comprise hydrogel. For example, the outer and
inner adhesive layers 62, 64 of the skin contact structure 61 can comprise conductive
adhesive composite, as further disclosed herein. Alternatively, it is contemplated that the

outer and/or inner adhesive layers 62, 64 can comprise hydrogel.

[0174] In some optional aspects, the outer adhesive layer 62 and/or the inner adhesive
layer 64 can comprise carbon black. For example, in exemplary aspects, the outer adhesive
layer 62 and/or the inner adhesive layer 64 can comprise adhesive provided by ADHESIVE
RESEARCH, such as ARcare® 8006 electrically conductive adhesive composition
manufactured and sold by Adhesives Research, Inc. (Glen Rock, PA, USA). In other optional
aspects, the outer adhesive layer 62 and/or the inner adhesive layer 64 can comprise carbon
fibers or nanowires. For example, in exemplary aspects, the outer adhesive layer 62 and/or
the inner adhesive layer 64 can comprise a dry carbon/salt adhesive, such as the

developmental product FLX068983 — FLEXcon® OMNI-WAVE™ TT 200 BLACK H-502
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150 POLY H-9 44PP-8 from FLEXcon, Spencer, MA, USA, or other such OMNI-WAVE
products from FLEXcon.

[0175] In some optional aspects, the outer adhesive layer 62 can have a thickness of
at least 40 um (optionally, at least 45 um or at least 50 um). For example, the thickness of
the outer adhesive layer 62 can range from about 40 um to about 75 um (e.g., optionally,
from about 40 um to about 70 pm, or from about 40 pm to about 65 um, or from about 45
pum to about 75 pm, or from about 45 pum to about 70 pum, or from about 45 pum to about 65
pum or from about 50 pm to about 75 pum or from about 50 pm to about 70 pm, or from about
50 um to about 65 um). In further optional aspects, the inner adhesive layer 64 can have a
thickness of at least 40 pum (optionally, at least 45 pm or at least 50 pum). For example, the
thickness of the inner adhesive layer 64 can range from about 40 pum to about 75 um (e.g.,
optionally, from about 40 um to about 70 pm, or from about 40 um to about 65 pm, or from
about 45 pum to about 75 um, or from about 45 um to about 70 um, or from about 45 pum to
about 65 pum or from about 50 um to about 75 pum or from about 50 pm to about 70 um, or
from about 50 pm to about 65 pm). It was discovered that an excessive thickness (¢.g.,
greater than 75 pm or, even, greater than 65 pm in certain embodiments) can leave a residue
following removal from a subject or patient. It was further discovered that an insufficient
thickness (e.g., less than 25 pm in certain embodiments) can result in the layers breaking too

casily.

[0176] In some embodiments, the substrate 66 can be electrically conductive. In
various optional aspects, the substrate 66 of the skin contact structure 61 can have a
continuous, uninterrupted structure. In these aspects, it is contemplated that the substrate can
be electrically conductive to conduct electricity between the outer and inner adhesive layers

62, 64, in like manner to scanning electron microscopy (SEM) tape.

[0177] In alternative aspects, the substrate 66 of the skin contact structure 61 can have
an at least partially open structure that is configured to permit flow of adhesive between or
among the inner and outer adhesive layers 64, 62 of the skin contact structure. In this way,
the adhesive can conduct electricity through the substrate 66. For example, in some aspects,
the substrate 66 can comprise a mesh. Optionally, the mesh can have a density from about 6
grams per square meter to about 8 grams per square meter. In other aspects, the substrate 66

can comprise a scrim.
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[0178] In various optional aspects, the substrate 66 of the skin contact structure 61

can comprise paper or any suitable polymer (e.g., polyester, polyolefin, etc.).
[0179] Optionally, the skin contact structure 61 can be reusable.

[0180] In embodiments in which the inner and/or outer adhesive layers of the skin
contact structure comprise a conductive adhesive composite, the conductive adhesive
composite of the inner and outer adhesive layers of the skin contact structure can comprise a
dielectric material; and conductive particles dispersed within the dielectric material.
Optionally, the conductive particles comprise a plurality of groups of conductive particles. In
some optional aspects, the dielectric material of the conductive adhesive composite can be a
polymeric adhesive, such as an acrylic polymer. Conductive particles may include, for
example, carbon particles, such as graphite powder, carbon flakes, carbon granules, carbon

fibers, carbon nanotubes, carbon nanowires, or carbon black powder.

[0181] As skin contact layers, both hydrogel and, to a lesser degree, conductive
adhesive composites are subject to transfer of adhesive to the subject’s skin when the array is
removed or repositioned. Importantly, the use of a central substrate in a 3-layer skin contact
structure described herein, and particularly the use of a scrim or mesh layer as the central
substrate, has minimal or no adhesive transfer to the subject’s skin upon removal or

repositioning.

[0182] In some aspects, the layer of anisotropic material 70 has a first thermal
conductivity in a direction that is perpendicular to a plane of the layer. Thermal conductivity
of the layer of anisotropic material 70 in directions that are parallel to the plane of the layer
can be more than two times higher, or, even, 10 times higher than the first thermal

conductivity.

[0183] In some aspects, the layer of anisotropic material 70 can have a first resistance
in a direction that is perpendicular to a plane of the layer. Resistance of the layer in
directions that are parallel to the plane of the layer can be less than half the first resistance, or,

even, less than 10% of the first resistance.

[0184] The layer of anisotropic material 70 can be or can comprise a layer of

synthetic graphite. In other embodiments, the layer of anisotropic material 70 can be or can
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comprise a layer of pyrolytic graphite, graphitized polymer film, or graphite foil made from

compressed high purity exfoliated mineral graphite.

[0185] Referring to FIGS. 9, 16, and 17, a method can comprise positioning at least
first and second electrode assemblies on a body of a subject. As described herein with
reference to FIGS. 17-21, each of the first and second electrode assemblies can comprise at
least one electrode element (e.g., E1) having a skin-facing surface 52, a layer of anisotropic
material 70 having a skin-facing surface 72 and an opposing outwardly facing surface 74, and
a skin contact structure 61. The skin contact structure 61 can comprise an outer adhesive
layer 62 (optionally, comprising conductive adhesive composite); an inner adhesive layer 64
(optionally, comprising conductive adhesive composite); and a substrate 66 positioned
between the inner and outer adhesive layers (which, optionally, may be a mesh or scrim).
The at least one electrode element can be in electrical contact with the outwardly facing
surface of the layer of anisotropic material. The outer adhesive layer 62 of the skin contact
structure 61 can be disposed on the skin-facing side 76 of the layer of anisotropic material,
and, optionally, may be disposed on the skin-facing surface 72 of the layer of anisotropic
material. The inner adhesive layer 64 of the skin contact structure 61 can contact skin of the
subject. An alternating voltage can be applied between the first electrode assembly and the

second electrode assembly, thereby generating an electric field.

[0186] Referring also to FIG. 18, contrasting to FIG. 17, in some optional aspects, the
conductive material 80 can include a separate region of conductive material 380 for each
individual electrode element. Thus, the FIG. 18 embodiment includes a first layer of
conductive material 380 positioned between the first front face of the first electrode element
E1 and the rear face of the sheet 70, and also includes a second layer of conductive material
380 positioned between the second front face of the second clectrode element E2 and the rear

face of the sheet 70.

[0187] Referring to FIG. 19, optionally, the dielectric material (e.g., ceramic or high
diclectric constant polymer) can be omitted. Referring to FIG. 20, optionally, the first layer
of conductive material 80 between the piece of metal 600 and the anisotropic material 70 can

further be omitted.

[0188] Referring to FIG. 21, optionally, the capacitor 700 can be connected in series
with and behind the piece of metal 600. For example, the FIG. 21 embodiment is similar to
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that of FIG. 20, but it includes capacitor 700 connected in series with and behind the piece of
metal 600. A similar addition of a capacitor 700 connected in series with and behind the piece

of metal 500 could also be envisioned for the FIG. 19 embodiment.

[0189] Generally, it is contemplated that aspects disclosed herein with reference to
FIGS. 1-16 are also applicable to the embodiments described with reference to FIGS. 17-21.
For example, the anisotropic material 70 and conductive materials (e.g., conductive adhesive
composites) shown and described with reference to FIGS. 1-16 can be embodied as disclosed
herein with reference to FIGS. 17-21. Likewise, aspects disclosed herein with reference to
FIGS. 17-21 can be applicable to aspects disclosed with reference to FIGS. 1-16. For
example, the front layer of conductive material 60 of any one of FIGS. 1-16 can be embodied
as a skin contact structure 61 having inner and outer adhesive layers and a substrate, as

shown and described with reference to FIGS. 17-21.

[0190] It is contemplated that all embodiments of the Apparatus, such as the electrode
assemblies as described herein, may be considered in combination with the described
methods of the invention, such as the methods to apply an alternating electric field to a target
region in the subject’s body. Unless clearly contradicted by the description, all variations and
combinations of the elements described for one embodiment, are herein disclosed as
variations and combinations of the elements for other embodiments described herein, both in

descriptions of Apparatus, and for Apparatus(es) included in descriptions of the methods(s).

EXEMPLARY ASPECTS

[0191] In view of the described products, systems, and methods and variations
thereof, herein below are described certain more particularly described aspects of the
mvention. These particularly recited aspects should not however be interpreted to have any
limiting effect on any different claims containing different or more general teachings
described herein, or that the “particular” aspects are somehow limited in some way other than

the inherent meanings of the language literally used therein.

[0192] Aspect 1. An apparatus comprising:

at least one electrode element having a skin-facing surface;

a layer of anisotropic material having a skin-facing surface and an opposing
outwardly facing surface; and

a skin contact layer comprising a conductive adhesive composite,
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wherein the at least one electrode element is in electrical contact with the outwardly
facing surface of the layer of anisotropic material, and
wherein the skin contact layer is disposed on a skin-facing side of the layer of

anisotropic material.

[0193] Aspect 2. The apparatus of aspect 1, wherein the skin contact layer does

not comprise hydrogel.

[0194] Aspect 3. The apparatus of aspect 1 or aspect 2, wherein the skin contact

layer is releasably connected to the layer of anisotropic material.

[0195] Aspect 4. The apparatus of any one of the preceding aspects, wherein the

skin contact layer does not comprise a latex rubber polymer.

[0196] Aspect 5. The apparatus of any one of the preceding aspects, wherein the

skin contact layer does not comprise silver or silver chloride.

[0197] Aspect 6. The apparatus of any one of the preceding aspects, wherein the

conductive adhesive composite has a thickness ranging from about 30 pum to about 2000 pm.

[0198] Aspect 7. The apparatus of any one of the preceding aspects, further

comprising a release liner that covers the skin contact layer.

[0199] Aspect 8. The apparatus of any one of the preceding aspects, wherein the

conductive adhesive composite does not comprise water.

[0200] Aspect 9. The apparatus of any one of the preceding aspects, wherein the
conductive adhesive composite comprises:
a dielectric material; and

conductive particles dispersed within the dielectric material.

[0201] Aspect 10.  The apparatus of aspect 9, wherein the conductive particles

comprise a plurality of groups of conductive particles.

[0202] Aspect 11.  The apparatus of any one of aspects 9 or 10, wherein the

dielectric material is a polymeric adhesive.
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[0203] Aspect 12.  The apparatus of aspect 11, wherein the polymeric adhesive is
an acrylic adhesive.
[0204] Aspect 13, The apparatus of any one of the preceding aspects, wherein the

at least one electrode element comprises a dielectric layer having a skin-facing surface and an
outwardly facing surface, and a layer of metal disposed on the outwardly facing surface of the

diclectric layer.

[0205] Aspect 14.  The apparatus of aspect 14, wherein the dielectric layeris a
ceramic.
[0206] Aspect 15.  The apparatus of aspect 14, wherein the dielectric layer is a

polymer film.

[0207] Aspect 16.  The apparatus of any one of aspects 9-15, wherein the

conductive particles comprise carbon.

[0208] Aspect 17.  The apparatus of aspect 16, wherein the conductive particles

comprise graphite powder.

[0209] Aspect 18.  The apparatus of aspect 16 or aspect 17, wherein the

conductive particles comprise carbon flakes.

[0210] Aspect 19.  The apparatus of any one of aspects 16-18, wherein the

conductive particles comprise carbon granules.

[0211] Aspect 20.  The apparatus of any one of aspects 16-19, wherein the

conductive particles comprise carbon fibers.

[0212] Aspect 21.  The apparatus of any one of aspects 16-20, wherein the

conductive particles comprise carbon nanotubes or carbon nanowires.

[0213] Aspect 22.  The apparatus of any one of aspects 16-21, wherein the

conductive particles comprise carbon black powder.

[0214] Aspect 23.  The apparatus of any one of aspects 9-22, wherein the

conductive adhesive composite further comprises a polar material.
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[0215] Aspect 24.  The apparatus of any one of the preceding aspects, wherein the

layer of anisotropic material is a synthetic graphite.

[0216] Aspect 25.  The apparatus of any one of aspects 1-24, wherein the layer of

anisotropic material is a sheet of pyrolytic graphite.

[0217] Aspect 26.  The apparatus of any one of aspects 1-25, wherein the layer of
anisotropic material is graphite foil made from compressed high purity exfoliated mineral

graphite or graphitized polymer film.

[0218] Aspect 27.  The apparatus of any one of aspects 1-26, wherein the layer of

anisotropic material is nonmetallic.

[0219] Aspect 28.  The apparatus of any one of the preceding aspects, wherein the
layer of anisotropic material has a first thermal conductivity in a direction that is
perpendicular to a plane of the layer, and wherein thermal conductivity of the layer in
directions that are parallel to the plane of the layer is more than two times higher, or more

than 10 times higher than the first thermal conductivity.

[0220] Aspect 29.  The apparatus of any one of aspects 1-28, wherein the layer of
anisotropic material has a first resistance in a direction that is perpendicular to a plane of the
layer, and wherein resistance of the layer in directions that are parallel to the plane of the

layer is less than half, or less than 10% of the first resistance.

[0221] Aspect 30.  The apparatus of any one of the preceding aspects, wherein the

skin contact layer is disposed on the skin-facing surface of the layer of anisotropic material.

[0222] Aspect 31.  The apparatus of any one of the preceding aspects, further
comprising an upper adhesive layer comprising conductive adhesive composite wherein the
upper adhesive layer is disposed on an outwardly facing side of the layer of anisotropic

material.

[0223] Aspect32. A method comprising:
positioning at least first and second electrode assemblies on a body of a subject, cach
of the first and second electrode assemblies comprising;:

at least one electrode element having a skin-facing surface; and
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a skin contact layer comprising a conductive adhesive composite, the
conductive adhesive composite comprising;
a dielectric material; and
conductive particles dispersed within the dielectric material,
wherein the at least one electrode element is electrically coupled to the skin
contact layer; and
applying an alternating voltage between the first electrode assembly and the second

clectrode assembly, thereby generating an electric field.

[0224] Aspect 33.  The method of aspect 32, wherein the skin-facing surface of the
at least one electrode of the first electrode assembly is in electrical contact with the skin

contact layer of the first electrode assembly.

[0225] Aspect 34.  The method of aspect 32 or aspect 33, wherein the skin-facing
surface of the at least one electrode of the second electrode assembly is in electrical contact

with the skin contact layer of the second electrode assembly.

[0226] Aspect 35.  The method of any one of aspects 32-34, wherein at least a
portion of the conductive particles define a conductive pathway through a thickness of the

conductive adhesive composite.

[0227] Aspect 36.  The method of any one of aspects 32-35, wherein the first
clectrode assembly comprises:

alayer of anisotropic material having a skin-facing surface and an opposing
outwardly facing surface,

wherein the at least one electrode element of the first electrode assembly is in
electrical contact with the outwardly facing surface of the layer of anisotropic material of the
first electrode assembly, and

wherein the skin contact layer of the first electrode assembly is disposed on a skin-

facing side of the layer of anisotropic material of the first electrode assembly.

[0228] Aspect 37.  The method of any one of aspects 32-36, wherein the second
clectrode assembly comprises:
a layer of anisotropic material having a skin-facing surface and an opposing

outwardly facing surface,
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wherein the at least one electrode element of the second electrode assembly is in
clectrical contact with the outwardly facing surface of the layer of anisotropic material of the
second electrode assembly, and

wherein the skin contact layer of the second electrode assembly is disposed on a skin-

facing side of the layer of anisotropic material of the second electrode assembly.

[0229] Aspect 38: The method of aspect 37, wherein the skin contact layer of the
second electrode assembly is disposed on the skin-facing surface of the layer of anisotropic
material of the second electrode assembly, and wherein the skin contact layer of the first
electrode assembly is disposed on the skin-facing surface of the layer of anisotropic material

of the first electrode assembly.

[0230] Aspect 39.  The method of any one of aspects 32-38, wherein the skin

contact layer of each of the first and second electrode assemblies does not comprise hydrogel.

[0231] Aspect 40.  The method of any one of aspects 32-39, wherein the skin
contact layer of each of the first and second electrode assemblies does not comprise a latex
rubber polymer.

[0232] Aspect41.  The method of any one of aspects 32-40, wherein the skin

contact layer of each of the first and second electrode assemblies does not comprise silver or

silver chloride.

[0233] Aspect42.  The method of any one of aspects 32-41, wherein the
conductive adhesive composite of each of the first and second electrode assemblies has a

thickness ranging from about 30 pm to about 2000 pm.

[0234] Aspect 43.  The method of any one of aspects 32-42, wherein the
conductive adhesive composite of each of the first and second electrode assemblies does not

comprise water.

[0235] Aspect44.  The method of any one of aspects 32-43, wherein the

conductive particles comprise a plurality of groups of conductive particles.

[0236] Aspect45.  The method of any one of aspects 32-44, wherein the
conductive particles comprise a plurality of groups of conductive particles, wherein the

conductive particles of the collective plurality of groups of conductive particles are aligned to
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define a conductive pathway through the thickness of the conductive adhesive composite of

cach of the first and second electrode assemblics.

[0237] Aspect 46.  The method of any one of aspects 32-45, wherein the dielectric

material of each of the first and second electrode assemblies is a polymeric adhesive.

[0238] Aspect47.  The method of aspect 46, wherein the polymeric adhesive is an

acrylic adhesive.

[0239] Aspect 48.  The apparatus of any one of aspects 32-47, wherein the at least
one electrode element of the first electrode assembly and of the second electrode assembly
comprises a dielectric layer having a skin-facing surface and an outwardly facing surface, and

a layer of metal disposed on the outwardly facing surface of the dielectric layer.

[0240] Aspect 49.  The apparatus of aspect 48, wherein the dielectric layeris a
ceramic.
[0241] Aspect 50.  The apparatus of aspect 48, wherein the diclectric layeris a

polymer film.

[0242] Aspect 51.  The method of any one of aspects 32-51, wherein the

conductive particles comprise carbon.

[0243] Aspect 52.  The method of aspect 51, wherein the conductive particles

comprise graphite powder.

[0244] Aspect 53.  The method of aspect 51 or aspect 52, wherein the conductive

particles comprise carbon flakes.

[0245] Aspect 54.  The method of any one of aspects 51-53, wherein the

conductive particles comprise carbon granules.

[0246] Aspect 55.  The method of any one of aspects 51-54, wherein the

conductive particles comprise carbon fibers.

[0247] Aspect 56.  The method of any one of aspects 51-55, wherein the

conductive particles comprise carbon nanotubes or carbon nanowires.
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[0248] Aspect 57.  The method of any one of aspects 51-56, wherein the

conductive particles comprise carbon black powder.

[0249] Aspect 58, The method of any one of aspects 32-57, wherein the

conductive adhesive composite further comprises a polar material.

[0250] Aspect 59.  The method of any one of claims 32-58, wherein the layer of
anisotropic material of the first electrode assembly and/or the second electrode assembly is a
synthetic graphite.

[0251] Aspect 60.  The method of any one of aspects 32-59, wherein the layer of

anisotropic material of the first electrode assembly and/or the second electrode assembly is a

sheet of pyrolytic graphite.

[0252] Aspect 61.  The method of any one of aspects 32-60, wherein the layer of
anisotropic material of the first electrode assembly and/or the second electrode assembly is
graphite foil made from compressed high purity exfoliated mineral graphite or graphitized

polymer film.

[0253] Aspect 62.  The method of any one of aspects 32-61, wherein the layer of
anisotropic material of the first electrode assembly and/or the second electrode assembly is
nonmetallic.

[0254] Aspect 63.  The method of any one of aspects 32-62, wherein the layer of

anisotropic material of the first electrode assembly and/or the second electrode assembly has
a first thermal conductivity in a direction that is perpendicular to a plane of the layer, and
wherein thermal conductivity of the layer in directions that are parallel to the plane of the
layer is more than two times higher, or more than ten times higher than the first thermal

conductivity.

[0255] Aspect 64.  The apparatus of any one of aspects 32-61 or 63, wherein the
layer of anisotropic material of the first electrode assembly and/or the second electrode
assembly has a first resistance in a direction that is perpendicular to a plane of the layer, and
wherein resistance of the layer in directions that are parallel to the plane of the layer is less

than half, or is less than 10% of the first resistance.
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[0256] Aspect 65.  The apparatus of any one of aspects 32-64, wherein the skin
contact layer of the first electrode assembly and/or the second electrode assembly is disposed
on the skin-facing surface of the layer of anisotropic material of the first electrode assembly

and/or the second electrode assembly.

[0257] Aspect 66.  The apparatus of any one of aspects 32-65, further comprising
an upper adhesive layer in the first electrode assembly and/or the second electrode assembly,
the upper adhesive layer comprising conductive adhesive composite wherein the upper

adhesive layer is disposed on an outwardly facing side of the layer of anisotropic material in

the first electrode assembly and/or the second electrode assembly.

[0258] Aspect 67.  An apparatus comprising:

at least one electrode element having a skin-facing surface;

alayer of anisotropic material having a skin-facing surface and an opposing
outwardly facing surface; and

a skin contact structure having:

an outer adhesive layer comprising conductive adhesive composite;

an inner adhesive layer comprising conductive adhesive composite; and

a substrate positioned between the inner and outer adhesive layers,

wherein the at least one electrode element is in electrical contact with the outwardly
facing surface of the layer of anisotropic material,

wherein the outer adhesive layer of the skin contact structure is disposed on a skin-
facing side of the layer of anisotropic material, and

wherein the inner adhesive layer of the skin contact structure is configured to contact

skin of a subject.
[0259] Aspect 68.  The apparatus of aspect 67, wherein the inner and outer

adhesive layers of the skin contact structure do not comprise hydrogel.

[0260] Aspect 69.  The apparatus of aspects 67 or aspect 68, wherein the inner
adhesive layer has a thickness of at least 40 um.

[0261] Aspect 70.  The apparatus of any one of aspects 67-69, wherein the outer

adhesive layer has a thickness of at least 40 um.
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[0262] Aspect 71.  The apparatus of any one of aspects 67-70, wherein the
thickness of the inner adhesive layer ranges from about 40 pm to about 75 pm and the

thickness of the outer adhesive layer ranges from about 40 pm to about 75 um.

[0263] Aspect 72.  The apparatus of any one of aspects 67-71, wherein the

substrate of the skin contact structure has a continuous, uninterrupted structure.

[0264] Aspect 73.  The apparatus of aspect 72, wherein the substrate of the skin

contact structure is electrically conductive.

[0265] Aspect 74.  The apparatus of any one of aspects 67-73, wherein the
substrate of the skin contact structure has an at least partially open structure that is configured
to permit flow of adhesive between the inner and outer adhesive layers of the skin contact

structure.

[0266] Aspect 75.  The apparatus of aspect 74, wherein the substrate of the skin

contact structure comprises a mesh.

[0267] Aspect 76.  The apparatus of aspect 74, wherein the substrate of the skin

contact structure comprises a scrim.

[0268] Aspect 77.  The apparatus of any one of aspects 67-76, wherein the
conductive adhesive composite of the inner and outer adhesive layers of the skin contact
structure comprises:

a diclectric material; and

conductive particles dispersed within the dielectric material.

[0269] Aspect 78: The apparatus of aspect 77, wherein the conductive particles
comprise graphite powder, carbon flakes, carbon granules, carbon fibers, carbon nanotubes,

carbon nanowires, or carbon black powder.

[0270] Aspect 79.  The apparatus of aspect 77 or aspect 78, wherein the

conductive particles comprise a plurality of groups of conductive particles.

[0271] Aspect 80.  The apparatus of any one of aspects 77-79, wherein the

conductive particles comprise a plurality of groups of conductive particles.
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[0272] Aspect 81.  The apparatus of any one of aspects 77-80, wherein the
diclectric material is a polymeric adhesive.
[0273] Aspect 82.  The apparatus of aspect 81, wherein the polymeric adhesive is
an acrylic adhesive.
[0274] Aspect 83.  The apparatus of any one of aspects 67-82, wherein the at least

one electrode element comprises a dielectric layer having a skin-facing surface and an
outwardly facing surface, and a layer of metal disposed on the outwardly facing surface of the

dielectric layer.

[0275] Aspect 84.  The apparatus of aspect 83, wherein the dielectric layer is a
ceramic.
[0276] Aspect 85, The apparatus of aspect 83, wherein the dielectric layeris a

polymer film.

[0277] Aspect 86.  The apparatus of any one of aspects 67-85, wherein the layer of
anisotropic material has a first thermal conductivity in a direction that is perpendicular to a
plane of the layer, and wherein thermal conductivity of the layer in directions that are parallel
to the plane of the layer is more than two times higher, or more than 10 times higher than the

first thermal conductivity.

[0278] Aspect 87.  The apparatus of any one of aspects 67-86, wherein the layer of
anisotropic material has a first resistance in a direction that is perpendicular to a plane of the
layer, and wherein resistance of the layer in directions that are parallel to the plane of the

layer is less than half, or less than 10% of the first resistance.

[0279] Aspect 88.  The apparatus of any one of aspects 67-87, wherein the layer of
anisotropic material is or comprises a layer of pyrolytic graphite, graphitized polymer film, or

graphite foil made from compressed high purity exfoliated mineral graphite.

[0280] Aspect 89: The apparatus of any one of aspects 67-88, wherein the layer of

anisotropic material is or comprises a synthetic graphite.
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[0281] Aspect 90.  The apparatus of any one of aspects 67-89, further comprising
an upper adhesive layer comprising conductive adhesive composite wherein the upper

adhesive layer is disposed on an outwardly facing side of the layer of anisotropic material.

[0282] Aspect 91.  The apparatus of any one of aspects 67-90, wherein the outer
adhesive layer of the skin contact structure is disposed on the skin-facing surface of the layer

of anisotropic material.

[0283] Aspect 92. A method comprising:
positioning at least first and second electrode assemblies on a body of a subject, cach
of the first and second electrode assemblies comprising:
at least one electrode element having a skin-facing surface;
a layer of anisotropic material having a skin-facing surface and an opposing
outwardly facing surface; and
a skin contact structure having:
an outer adhesive layer comprising conductive adhesive composite;
an inner adhesive layer comprising conductive adhesive composite; and
a substrate positioned between the inner and outer adhesive layers,
wherein the at least one electrode element is in electrical contact with the outwardly
facing surface of the layer of anisotropic material,
wherein the outer adhesive layer of the skin contact structure is disposed on a skin-
facing side of the layer of anisotropic material, and
wherein the inner adhesive layer of the skin contact structure contacts skin of the
subject; and
applying an alternating voltage between the first electrode assembly and the second
electrode assembly, thereby generating an electric field.
[0284] Aspect 93.  An apparatus comprising:
at least one electrode element having a skin-facing surface and a skin-facing side;
a skin contact layer comprising a conductive adhesive composite,
wherein the at least one electrode element electrically coupled to the skin contact

layer on the skin-facing side of the at least one electrode element.

[0285] Aspect 94.  The apparatus of aspect 93, wherein the skin contact layer does

not comprise hydrogel.
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[0286] Aspect 95.  The apparatus of any one aspects 93-94, wherein the skin

contact layer does not comprise a latex rubber polymer.

[0287] Aspect 96.  The apparatus of aspects 93-95, wherein the conductive

adhesive composite has a thickness ranging from about 30 um to about 2000 um.

[0288] Aspect 97.  The apparatus of any aspects 93-96, further comprising a

release liner that covers the skin contact layer.

[0289] Aspect 98.  The apparatus of any one of aspects 93-97, wherein the
conductive adhesive composite comprises:
a dielectric material; and

conductive particles dispersed within the dielectric material.

[0290] Aspect 99.  The apparatus of aspect 98, wherein the conductive particles

comprise a plurality of groups of conductive particles.

[0291] Aspect 100.  The apparatus of aspect 98 or aspect 99, wherein at least a
portion of the conductive particles define a conductive pathway through a thickness of the

conductive adhesive composite.

[0292] Aspect 101.  The apparatus of any one of aspects 98-100, wherein the

diclectric material is a polymeric adhesive.

[0293] Aspect 102, The apparatus of aspect 101, wherein the polymeric adhesive is

an acrylic adhesive.

[0294] Aspect 103.  The apparatus of any one of aspects 93-102, wherein the at
least one electrode element comprises a dielectric layer having a skin-facing surface and an
outwardly facing surface, and a layer of metal disposed on the outwardly facing surface of the

dielectric layer.

[0295] Aspect 104.  The apparatus of aspect 103 wherein the dielectric layer is a
ceramic.
[0296] Aspect 105.  The apparatus of aspect 103, wherein the dielectric layer is a

polymer film.
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[0297] Aspect 106.  The apparatus of any one of aspects 98-104, wherein the
conductive particles comprise carbon.
[0298] Aspect 107.  The apparatus of aspect 106, wherein the conductive particles

comprise graphite powder, carbon flakes, carbon granules, carbon fibers, carbon nanotubes,

carbon nanowires, carbon black powder, or combinations thereof.

[0299] Aspect 108.  The apparatus of any one of aspects 98-107, wherein the

conductive adhesive composite further comprises a polar material.

[0300] Aspect 109. The apparatus of any one of aspects 93-108, wherein the

apparatus does not comprise an anisotropic layer.

[0301] Aspect 110.  The apparatus of any one of aspects 93-109, wherein the skin

contact layer is disposed on the skin-facing surface of the at least one electrode element.

[0302] Aspect 111.  An apparatus comprising:
at least one clectrode element having a skin-facing surface and a skin-facing side;
a skin contact structure having:
an outer adhesive layer comprising conductive adhesive composite;
an inner adhesive layer comprising conductive adhesive composite; and
a substrate positioned between the inner and outer adhesive layers,
wherein the skin contact structure is electrically coupled to the at least one electrode
clement on the skin-facing side of the at least one electrode element,
wherein the inner adhesive layer of the skin contact structure is configured to contact

skin of a subject.

[0303] Aspect 112, The apparatus of aspect 111, wherein the inner and outer

adhesive layers of the skin contact structure do not comprise hydrogel.

[0304] Aspect 113.  The apparatus of any one of aspects 111 or 112, wherein the

inner adhesive layer has a thickness of at least 40 pm.

[0305] Aspect 114, The apparatus of any one of aspects 111-113, wherein the outer

adhesive layer has a thickness of at least 40 um.



WO 2023/031792 PCT/1B2022/058124
59

[0306] Aspect 115.  The apparatus of any one of aspects 111-114, wherein the
thickness of the inner adhesive layer ranges from about 40 pm to about 75 pm and the

thickness of the outer adhesive layer ranges from about 40 pm to about 75 um.

[0307] Aspect 116.  The apparatus of any one of aspects 111-115, wherein the

substrate of the skin contact structure has a continuous, uninterrupted structure.

[0308] Aspect 117.  The apparatus of aspect 116, wherein the substrate of the skin

contact structure is electrically conductive.

[0309] Aspect 118.  The apparatus of any one of aspects 111-117, wherein the
substrate of the skin contact structure has an at least partially open structure that is configured
to permit flow of adhesive between the inner and outer adhesive layers of the skin contact

structure.

[0310] Aspect 119, The apparatus of aspect 118, wherein the substrate of the skin

contact structure comprises a mesh.

[0311] Aspect 120.  The apparatus of aspect 118, wherein the substrate of the skin

contact structure comprises a scrim.

[0312] Aspect 121.  The apparatus of any one of aspects 111-120, wherein the
conductive adhesive composite of the inner and outer adhesive layers of the skin contact
structure comprises:

a dielectric material; and

conductive particles dispersed within the dielectric material.

[0313] Aspect 122: The apparatus of aspect 121, wherein the conductive particles
comprise graphite powder, carbon flakes, carbon granules, carbon fibers, carbon nanotubes,

carbon nanowires, carbon black powder, or combinations thereof.

[0314] Aspect 123, The apparatus of aspect 121 or aspect 122, wherein the

conductive particles comprise a plurality of groups of conductive particles.

[0315] Aspect 124.  The apparatus of any one of aspects 121-123, wherein the

dielectric material is a polymeric adhesive.
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[0316] Aspect 125.  The apparatus of aspect 125, wherein the polymeric adhesive is
an acrylic adhesive.
[0317] Aspect 126.  The apparatus of any one of aspects 111-125, wherein the at

least one electrode element comprises a dielectric layer having a skin-facing surface and an
outwardly facing surface, and a layer of metal disposed on the outwardly facing surface of the

diclectric layer.

[0318] Aspect 127.  The apparatus of aspect 127, wherein the dielectric layer is a
ceramic.
[0319] Aspect 128.  The apparatus of aspect 127, wherein the dielectric layer is a

polymer film.

[0320] Aspect 129.  The apparatus of any one of aspects 111-128, wherein the

apparatus does not comprise a layer of anisotropic material.

[0321] Aspect 130, The apparatus of any one of aspects 111-129, wherein the outer
adhesive layer of the skin contact layer is disposed on the skin-facing surface of the at least

one electrode element.

[0322] Aspect 131. A method comprising:
positioning at least first and second electrode assemblies on a body of a subject, each
of the first and second electrode assemblies comprising;:
at least one clectrode clement having a skin-facing side;
a skin contact structure having:
an outer adhesive layer comprising conductive adhesive composite;
an inner adhesive layer comprising conductive adhesive composite; and
a substrate positioned between the inner and outer adhesive layers,
wherein the skin contact structure is electrically coupled to the at least one
electrode element on the skin-facing side of the at least one electrode element,
wherein the inner adhesive layer of the skin contact structure is configured to
contact skin of a subject,
wherein each of the first and second electrode assemblies do not comprise a

layer of anisotropic material; and
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applying an alternating voltage between the first electrode assembly and the second

clectrode assembly, thereby generating an electric field.

[0323] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations, and changes to the described
embodiments are possible without departing from the sphere and scope of the present
invention, as defined in the appended claims. Accordingly, it is intended that the present
invention not be limited to the described embodiments, but that it has the full scope defined

by the language of the following claims, and equivalents thereof.
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What is claimed is:
L. An apparatus comprising:
at least one electrode element having a skin-facing surface;

a layer of anisotropic material having a skin-facing surface and an opposing

outwardly facing surface; and
a skin contact layer comprising a conductive adhesive composite,

wherein the at least one electrode element is in electrical contact with the outwardly

facing surface of the layer of anisotropic material, and

wherein the skin contact layer is disposed on a skin-facing side of the layer of

anisotropic material.

2. The apparatus of claim 1, wherein the conductive adhesive composite comprises:
a diclectric material; and
conductive particles dispersed within the dielectric material.

3. The apparatus of claim 2, wherein the conductive particles comprise graphite powder,
carbon flakes, carbon granules, carbon fibers, carbon nanotubes, carbon nanowires, or carbon

black powder.

4. The apparatus of claim 1, wherein the layer of anisotropic material is a synthetic

graphite.

5. The apparatus of claim 1, wherein the layer of anisotropic material is a sheet of
pyrolytic graphite, graphitized polymer film, or graphite foil made from compressed high

purity exfoliated mineral graphite.

6. The apparatus of claim 1, wherein the skin contact layer is disposed on the skin-facing

surface of the layer of anisotropic material.
7. An apparatus comprising:
at least one electrode element having a skin-facing surface;

a layer of anisotropic material having a skin-facing surface and an opposing

outwardly facing surface; and

a skin contact structure having:



WO 2023/031792 PCT/1B2022/058124
63

an outer adhesive layer comprising conductive adhesive composite;
an inner adhesive layer comprising conductive adhesive composite; and
a substrate positioned between the inner and outer adhesive layers,

wherein the at least one electrode element is in electrical contact with the outwardly

facing surface of the layer of anisotropic material,

wherein the outer adhesive layer of the skin contact structure is disposed on a skin-

facing side of the layer of anisotropic material, and

wherein the inner adhesive layer of the skin contact structure is configured to contact

skin of a subject.

8. The apparatus of claim 7, wherein the substrate of the skin contact structure has a
continuous, uninterrupted structure, and wherein the substrate of the skin contact structure is

electrically conductive.

9. The apparatus of claim 7, wherein the substrate of the skin contact structure has an at
least partially open structure that is configured to permit flow of adhesive between the inner

and outer adhesive layers of the skin contact structure.

10.  The apparatus of claim 9, wherein the substrate of the skin contact structure comprises

amesh or a scrim.

11.  The apparatus of claim 7, wherein the conductive adhesive composite of the inner and

outer adhesive layers of the skin contact structure comprises:
a dielectric material; and
conductive particles dispersed within the dielectric material.

12. The apparatus of claim 11, wherein the conductive particles comprise graphite
powder, carbon flakes, carbon granules, carbon fibers, carbon nanotubes, carbon nanowires,

or carbon black powder.
13. The apparatus of claim 7, wherein the layer of anisotropic material is or comprises a
synthetic graphite.

14. The apparatus of claim 7, wherein the layer of anisotropic material is or comprises a
layer of pyrolytic graphite, graphitized polymer film, or graphite foil made from compressed
high purity exfoliated mineral graphite.
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15.  The apparatus of claim 7, wherein the outer adhesive layer of the skin contact

structure is disposed on the skin-facing surface of the layer of anisotropic material.



