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IMMUNOLOGIC TREATMENT OF CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.
62/279,579, filed on January 15, 2016. The entire contents of the foregoing are

incorporated herein by reference.

TECHNICAL FIELD
This invention relates to methods, compositions, and devices for the
immunologic treatment of cancer. More specifically, the present invention relates to
the intratumoral administration of immunologic cancer agents and treatments to

provide an optimal cancer immune response.

BACKGROUND

Cancer is the second most common cause of death in the US, claiming
580,000 Americans per year, more than 1,500 people each day. The National
Institutes of Health (NIH) estimated the overall annual costs of cancer care at more
than $227 billion (in 2007); including $89 billion for direct medical costs. Much of
the overall healthcare costs of treating cancer are derived from management of the
deleterious side effects of radiation and conventional chemotherapy. Immunologic
cancer treatment is poised to completely change the landscape of oncologic
therapeutics. Checkpoint inhibitors, such as CTLA-4 and PD-1, are already making a
major impact in the treatment of metastatic melanoma and non-small cell lung cancer.
These drugs are now being used in combination in an attempt to improve their
efficacy. The delivery of these drugs is most commonly performed intravenously
which can have serious and sometimes fatal systemic toxicities as a result of non-
specific distribution of these cytocidal agents in the body, which kill both cancer cells
and normal cells and can negatively impact the treatment regimen and patient
outcome.

Ablation is a surgical technique used to destroy cells, organs, or abnormal
growths (such as cancers). Cryoablation has been known to illicit an immune
response in patients through the presentation of a unique array of tumor associated
antigens to a patient’s antigen presenting cells and dendritic cells. This
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“cryoimmunologic effect”, however, has been known to be variable and in some

instances even detrimental. This disclosure provides for a novel method that reduces
the toxicities associated with traditional systemic cancer treatments and provides for
stimulation of the immune system to the cancer, leading to a tumor targeted immune

response.

SUMMARY

The present disclosure is based, at least in part, on the development of new
compositions and methods to illicit a cancer immune response through a combination
of tumor-directed immunologic cancer treatments and ablation techniques. Intra-
tumoral administration of these treatments and procedures may have significant
advantages over traditional systemic delivery of anti-cancer drugs. The compositions
and methods disclosed herein can allow for smaller than traditional doses to be
administered to the subject (e.g., in embodiments wherein the compositions are
administered directly into the tumor), a stimulation of the immune system against the
tumor antigens, and improved results by placing the drugs in direct proximity to the
tumor antigens and the immune inflammatory process.

In one aspect, the present disclosure provides pharmaceutical compositions
comprising, consisting essentially of, or consisting of, a combination of at least two
immune checkpoint inhibitors and at least one cytokine; each being present in the
composition in therapeutically effective amounts, and a pharmaceutically acceptable
carrier. The at least two checkpoint inhibitors can comprise inhibitors such as
inhibitors of CD137, CD134, PD-1, KIR, LAG-3, PD-L1, CTLA-4, B7.1, B7H3,
CCRY, 0X-40, and/or CD40. In some embodiments, the composition comprises two
checkpoint inhibitors and the two checkpoint inhibitors are a CTLA-4 inhibitor and a
PD-1 inhibitor. For example, the CTLA-4 inhibitor can be ipilimumab,
tremelimumab or a combination thereof, and the PD-1 inhibitor can be selected from
the group consisting of pembrolizumab, nivolumab, pidilizumab, MK-3475, MED
14736 and a combination thereof. In some embodiments, the CTLA-4 inhibitor is
ipilimumab and the PD-1 inhibitor is pembrolizumab. In some embodiments, the at
least two immune checkpoint inhibitors, and the at least one cytokine are formulated

for intra-tumoral administration. A combination of two checkpoint inhibitors and a

PCT/US2017/013486



10

15

20

25

30

WO 2017/123981 PCT/US2017/013486

cytokine produces fewer adverse side effects and/or immune-related adverse events
than a combination of the two checkpoint inhibitors (without the cytokine).

The at least one cytokine can be selected from the group consisting of GM-
CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, and/or a combination thereof. In
some embodiments, the cytokine can be a recombinant granulocyte macrophage
colony-stimulating factor (GM-CSF)(e.g., sargramostim). In some embodiments, the
compositions can include a first cytokine and a second cytokine. In some instances,
the first and the second cytokine are the same and in others they are different.

In some instances, the composition comprises, consists essentially of, or
consists of the CTLA-4 inhibitor at a concentration of about 0.5 to 10 mg/ml, the PD-
1 inhibitor at a concentration of about 0.5 to 20 mg/ml, and the cytokine at a
concentration of approximately 10 to 500 pug/ml. In some instances, the composition
comprises the CTLA-4 inhibitor at a concentration of about 1 to 2 mg/ml, the PD-1
inhibitor at a concentration of about 1 to 10 mg/ml and the cytokine at a concentration
of about 250 ug/ml. For example, the composition can comprise the CTLA-4
inhibitor at a concentration of about 3.3 mg/ml, the PD-1 inhibitor at a concentration
of about 6.6 mg/ml, and the cytokine at a concentration of approximately 16.6 ug/ml.
In some instances, the composition is of a volume of at least or approximately 15 ml.
In some instances, the composition is of a volume of less than approximately 15 ml.
In some instances, the composition comprises about 10 to 300 mg of the CTLA-4
inhibitor, about 10 to 200 mg of the PD-1 inhibitor and about 250 to 500 ug of the
cytokine based on a 100 kg subject. For example, the composition can comprise
about 50 mg of the CTLA-4 inhibitor, about 100 mg of the PD-1 inhibitor and about
250 pg of the cytokine.

In some instances, the pharmaceutical composition comprises, consists
essentially of, or consists of a combination of at least two immune checkpoint
inhibitors, and at least one cytokine; each being present in the composition in
therapeutically effective amounts, a pharmaceutically acceptable carrier; and a
therapeutically effective amount of a nucleic acid drug. The nucleic acid drug can be,
e.g. DNA, DNA plasmid, nDNA, mtDNA, gDNA, RNA, siRNA, miRNA, mRNA,
piRNA, antisense RNA, snRNA, snoRNA, vRNA, etc. For example, the nucleic acid

drug can be a DNA plasmid. In some instances, the DNA plasmid can comprise,
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consist essentially of, or consist of a nucleotide sequence encoding a gene selected
from the group consisting of GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNaq.,
and/or a combination thereof. The nucleic acid drug can have clinical usefulness, for
example, in enhancing the therapeutic effects of the cells or providing a patient with a
therapeutic agent. In another instance, the nucleic acid drug may function as a marker
or resistance gene. The nucleotide sequence can encode a gene that can be secreted
from the cells or cannot be secreted from the cells. The nucleic acid drug can encode
a gene and a promoter sequence to increase expression of the gene.

In yet another aspect, the specification provides methods of treating tumor in a
patient. For example, the method can comprise, consist essentially of, or consist of
administering to the patient intratumorally a composition comprising a combination of
at least two immune checkpoint inhibitors and at least one cytokine, each being
present in the composition in therapeutically effective amounts, and a
pharmaceutically acceptable carrier, in an amount sufficient to treat the tumor. For
example, the administered composition may be the compositions described herein. In
some instances, the method comprises, consists essentially of, or consists of
administering to the patient intratumorally a composition comprising a combination of
a CTLA-4 inhibitor, a PD-1 inhibitor, and at least one cytokine, in an amount
sufficient to treat the tumor. In some instances, the cytokine is GM-CSF. In some
instances, the method further comprises administering a therapeutically effective
amount of a nucleic acid drug to the tumor or to the lesion. Administering the
combination of two checkpoint inhibitors and a cytokine produces fewer side effects
and/or immune-related adverse events than administering the combination of two
checkpoint inhibitors (e.g., without a cytokine). The intratumoral administration of
the combinations described herein produces fewer side effects and/or immune-related
adverse events, when compared to conventional IV administration.

In some instances, administering comprises administering the composition to
the patient’s tumor using an injection device comprising multiple tines. In some
instances, administering comprises administering the composition to the patient’s
tumor using an injection device comprising a single tine. The composition can be
administered in a single dose or can be administered in more than one dose. The

compositions can be administered using a probe described herein. The composition
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can comprise the concentrations described herein. In some embodiments, the
composition comprises the CTLA-4 inhibitor at a concentration of approximately 0.5
to 10 mg/ml, the PD-1 inhibitor at a concentration of approximately 0.5 to 20 mg/ml,
and the cytokine at a concentration of approximately 10 to 500 pg/ml. In some
embodiments, the composition is of a volume of less than approximately 15 ml. In
some embodiments, the composition is of a volume of approximately 15 ml. In some
embodiments, the at least two immune checkpoint inhibitors, and the at least one
cytokine are formulated for intra-tumoral administration.

In some embodiments of the methods described herein, the intratumoral
administration of a composition produces fewer adverse side effects and/or immune-
related adverse events, when compared to the conventional IV administration of the
composition. Adverse side effects and immune-related adverse events of
conventional IV administration include gastrointestinal, respiratory, neurologic,
endocrine, dermatologic, fatigue, renal, and hepatic effects. In some cases of the
methods described herein, the administration of a composition comprising at least two
immune checkpoint inhibitors and at least one cytokine produces fewer adverse side
effects and/or immune-related adverse events in vivo, when compared to the
administration of a composition comprising at least two immune checkpoint inhibitors
and no cytokine. In some cases, a composition comprising at least two immune
checkpoint inhibitors and at least one cytokine produces fewer adverse side effects
and/or immune-related adverse events in vivo, when compared to a composition
comprising at least two checkpoint inhibitors without the at least one cytokine. In
some instances, the method comprises, consists essentially of, or consists of ablating
at least a portion of the tumor thereby creating a zone of lesion. The ablating can be
performed, e.g., prior to, concurrently with and/or after administration of the
compositions as described herein. The ablating can be performed, e.g., using one or
more combinations of ablation methods known in the art, including, for example,
cryoablation, thermal ablation, IRE, radiofrequency electrical membrane breakdown
(RF-EMB), RF-EMB type ablation, ultrasonic ablation, high-intensity focused
ultrasound ablation, ablation using photodynamic therapy, ablation using non-thermal
shock waves, cavitation, other mechanical physical cell disruption, or any

combination thereof.
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In some instances, the methods described herein further comprise ablating at
least a portion of the tumor, thereby creating a zone of lesion. In some instances, a
first portion or all of a tumor is ablated using a first ablation method and a second
portion or all of the tumor is ablated using a second ablation method. The first and
the second ablation methods can be different. The first and the second portions of the
tumor can be the same or different portions of the tumor. In some instances, the
ablating is performed prior to administration of the composition. In some cases,
ablating is performed concurrently with administration of the composition or
performed after administration of the composition. In some cases, ablating is
performed concurrently to and after administration of the composition. In some cases
ablating is performed using cryoablation, thermal ablation, IRE, RF-EMB, RF-EMB
type ablation, ultrasonic ablation, high-intensity focused ultrasound ablation, ablation
using photodynamic therapy, ablation using non-thermal shock waves, cavitation,
other mechanical physical cell disruption, or any combination thereof. In some
embodiments, ablating of at least a portion is performed using both RF-EMB and
cryoablation.

In some instances, the ablating is, at least in part, performed using
cryoablation, e.g., using a cryoprobe. The cryoablation can be performed using more
than one cryoprobe. The cryoablation can also be performed using any of the probes
described herein. In some instances, the ablating is performed using both
cyroablation and RF-EMB.

In some instances, the cryoablation step can comprise, consist essentially of,
or consist of at least 1 freeze-thaw cycle. For example, the cryoablation can comprise
between 1 and 4 freeze-thaw cycles. The freeze portion of the freeze-thaw cycle can
be, e.g., at least or about 30 seconds long. The freeze portion of the freeze-thaw cycle
can be, e.g., about 30 seconds to 15 minutes long. The freeze portion of the freeze-
thaw cycle can be performed, e.g., at a temperature between about -30 °C and -196
°C. The thaw portion of the freeze-thaw cycle can be an active thaw process, i.e.,
with the addition of heat, and/or a passive thaw process, i.e., without the addition of
heat.

In some instances, the methods further comprise, consist essentially of, or

consist of administering a series of electrical pulses, thereby reversibly
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electroporating the cells adjacent to the zone of lesion. In some instances, the
administration of the electrical pulses is performed concurrently with the ablation. In
some instances, the administration of electrical pulses is performed before the
ablation. In some instances, the administration of electrical pulses is performed after
the ablation. The electrical pulses can be administered via the cryoprobe. In some
instances, the series of electrical pulses comprise approximately 1 to 1000 pulses
and/or comprise a frequency between 100 and 500 kHz. In some instances, the series
of electrical pulses comprise approximately 1 to 4000 pulses and/or comprise a
frequency between 100 and 500 kHz. In some instances, the series of electrical pulses
comprise approximately 1 to 4000 pulses. In some cases, the series of electrical
pulses comprises a frequency between 100 and 500 kHz. The electrical pulses can be,
e.g., bipolar and/or have instant charge reversal.

In some instances, the methods further comprise, consist essentially of, or
consist of administering a therapeutically effective amount of a nucleic acid drug to
the tumor. In some instances, the methods further comprise, consist essentially of, or
consist of administering a therapeutically effective amount of a nucleic acid drug to
the lesion. The administration of the nucleic acid drug can be performed, e.g., before
the administration of electric pulses and/or concurrently with the administration of
electric pulses. In some instances, the nucleic acid drug is a therapeutic nucleic acid
disclosed herein. In some instances, the nucleic acid drug is a DNA plasmid. For
example, the DNA plasmid can comprise a nucleotide sequence encoding a gene
selected from the group consisting of GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy,
IFNa, and/or a combination thereof.

Ablating of at least a portion may be performed using RF-EMB, e.g., using a
probe. The probe can be any of the probes disclosed herein. In some instances, the
probe administers a series of electrical pulses, thereby creating a zone of lesion
immediately adjacent or in relation to the probe and reversibly electroporating the
cells adjacent or in relation to the zone of lesion.

In some instances, the series of electrical pulses comprise approximately 1 to
1000 pulses. In some instances, the series of electrical pulses comprises

approximately 1 to 4000 pulses. In some instances, the electrical pulses comprise a
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frequency between 100 and 500 kHz. The electrical pulses can be bipolar. The
electrical pulses can also have an instant charge reversal.

In some instances, the methods further comprise administering a
therapeutically effective amount of a nucleic acid drug to the tumor. The nucleic acid
drug can be any of the therapeutic nucleic acids described herein. In some instances,
the nucleic acid drug is a DNA plasmid. For example, the DNA plasmid can
comprise a nucleotide sequence encoding a gene selected from the group consisting of
GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, and/or a combination thereof.

In some instances of the methods described herein, the portion of the tumor
comprises cancer cells, and wherein the ablating is performed under conditions that
disrupt cellular membranes of the cells and expose the intracellular components and
membrane antigens of the cells.

In some instances, the RF-EMB ablation method creates a unique tissue
necrosis characterized by the destruction of cell membrane. Upon destruction of the
cellular membrane, the intracellular components and constituent parts of the cell
membrane disperse into the extracellular space whereby immunologic identification
and response is enhanced. Imaging of a lesion created by RF-EMB ablation on liver
tissue shows a unique form of cellular damage with disruption of the cellular
membrane and loss of internal organelles such as mitochondria. This is different than
other types of ablation methods, such as, for example, IRE, in which the cell
membrane remains intact, the cells dies an apoptotic death, and the cell does not
expose cellular antigens. In some cases, the degree of cell membrane destruction
decreases as distance from the point of ablation increases.

As used herein, the term “RF-EMB type ablation” refers to any ablation
technique or combination of techniques which, when performed, yields essentially the
same results as RF-EMB ablation. As described herein, RF-EMB ablation and RF-
EMB type ablation form lesions having any one or more of the following
characteristics: destroyed cellular membranes, non-denatured cellular proteins, non-
denatured membrane antigens, enhanced antigen presentation, being capable of co-
stimulating the immune system, and the immediate surroundings of the lesion being

able to conduct immunologic capable cells and signaling molecules.
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In some instances, the portion of the tumor that is ablated comprises cancer
cells, and the ablating is performed under conditions that disrupt cellular membranes
of the cells and expose the intracellular components and membrane antigens of the
cells, e.g., to the body’s immune system. The ablation can be performed, e.g., such
that intracellular components and membrane antigens of the cells are not denatured by
the ablation and/or such that the immediate surroundings of the ablated portion of the
tumor are capable of conducting immunologic capable cells and signaling molecules
into and out of the ablated tissue. In some instances, the ablation is performed such
that the antigens stimulate the immune system. For example, the ablation can be
performed, e.g., such that the amount of exposed intracellular components and
membrane antigens of the cells is sufficient to stimulate the immune system and/or
such that the amount of exposed intracellular components and membrane antigens of
the cells do not create immune tolerance.

In some instances, the methods disclosed herein further comprise
administering a therapeutically effective amount of a nucleic acid drug to the tumor.
The nucleic acid drug can be a therapeutic nucleic acid described herein. In some
instances, the nucleic acid drug is a DNA plasmid. In some instances, the DNA
plasmid comprises a nucleotide sequence encoding a gene selected from the group
consisting of GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, and any
combination thereof. In some instances, the methods disclosed herein further
comprise reversibly electroporating cells immediately surrounding the ablated portion
of the tumor.

In yet another aspect, the present disclosure provides methods of treating a
tumor in a patient wherein the method comprises, consists essentially of, or consists
of ablating at least a portion of the tumor and administering a therapeutically effective
amount of a nucleic acid drug to the tumor. The ablating can be performed, e.g. using
RF-EMB, e.g., using a probe. The RF-EMB can comprise administering a series of
electrical pulses, thereby creating the zone of lesion immediately adjacent to the probe
and reversibly electroporating the cells adjacent to the zone of lesion.

In some instances, the series of electrical pulses comprise approximately 1 to
1000 pulses. In some instances, the series of electrical pulses comprise approximately

1 to 4000 pulses. In some instances, the electrical pulses comprise a frequency
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between 100 and 500 kHz. In some instances, the electrical pulses are bipolar and/or
have instant charge reversal.

In some instances, the nucleic acid drug is a DNA plasmid. The DNA plasmid
can comprise nucleotide sequence encoding a gene selected from the group consisting
of GM-CSF, 1L-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.

In some instances, the ablation is performed, e.g., using cryoablation, e.g.,
using a probe. In some instances, the method further comprises administering a series
of electrical pulses, thereby creating a zone of lesion immediately adjacent to the
probe and reversibly electroporating the cells adjacent to the zone of lesion. In some
instances, the series of electrical pulses comprise approximately 1 to 1000 pulses
and/or comprise a frequency between 100 and 500 kHz. In some instances, the series
of electrical pulses comprise approximately 1 to 4000 pulses and/or comprise a
frequency between 100 and 500 kHz. In some instances, the electrical pulses are
bipolar and/or have instant charge reversal. In some instances, the nucleic acid is a
DNA and in some instances the DN A plasmid comprises a nucleotide sequence
encoding a gene selected from the group consisting of GM-CSF, IL-12, IL-6, 1L-4,
IL-12, TNF, IFNy, IFNq, or any combination thereof,

In some instances, the disclosure provides for methods wherein administering
the composition comprises administering the composition using an ablation probe that
comprises an injection device. In some examples, the ablation probe can further
comprise a pump for controlling the speed at which the composition is administered.

In some instances, the disclosure provides for methods wherein the at least one
cytokine is a first cytokine, and further comprising administering a therapeutically
effect amount of a second cytokine. In some examples, the second cytokine can be
the same or different as the first cytokine. The second cytokine can be injected into
the tumor. For example, the second cytokine can be injected into the tumor after
ablating the tumor. The second cytokine can be administered intravenously,
intramuscularly, subcutaneously, and/or a combination thereof.

In some instances, the disclosure provides for methods that further comprise a
step of testing the location of the probe prior to administering the composition. The
testing of the location of the probe can comprise intratumorally administering a test

injection via the probe and measuring the intratumoral pressure during administration
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of the test injection. In some instances the methods comprise re-locating the probe
when increased or decreased intratumoral pressure is detected during the test injection
as compared to pressure of the surrounding tumor tissue. For example, increased
pressure can be indicative that the probe is within scar tissue and decreased pressure
can be indicative that the probe is within a vessel.

In another aspect, the present disclosure provides methods of treating a
metastatic cancer in a patient wherein the method comprises, consists essentially of,
or consists of administering to the patient intratumorally a composition comprising a
combination of at least two immune checkpoint inhibitors, and at least one cytokine,
in an amount sufficient to treat the tumor; and ablating at least a portion of the tumor
thereby creating a zone of lesion; wherein the ablating is performed under conditions
that disrupt cellular membranes of the cells and expose the intracellular components
and membrane antigens of the cells such that the antigens stimulate the immune
system. In some instances, the ablation is performed such that intracellular
components and membrane antigens of the cells are not denatured by the ablation. In
some instances, the ablation is performed such that immediate surroundings of the
ablated portion of the tumor are capable of conducting immunologic capable cells and
signaling molecules into and out of the ablated tissue.

In some instances, the method can further comprise administering a
therapeutically effective amount of a nucleic acid drug to the tumor; and
administering a series of electrical pulses, thereby electroporating the cells adjacent to
the zone of lesion. The nucleic acid drug can be a DNA plasmid. For example, the
DNA plasmid can comprise, consist essentially of, or consist of a nucleotide sequence
encoding a gene selected from the group consisting of GM-CSF, 1L-12, IL-6, 1L-4,
IL-12, TNF, IFNy, IFNaq, or any combination thereof,

During treatment a skilled practitioner can use a system, e.g., a computer
system, computational unit, software and/or algorithm; to plan, target, position,
deliver, monitor, adjust, image, and/or test a treatment protocol. A skilled practitioner
would understand that RF-EMB involves a number of parameters and variables
including, for example, strength of the electric field, frequency, polarity, shape
duration, number and spacing, etc.. In some embodiments a skilled practitioner could

use an algorithm to control and design the ablation. Any algorithm known in the art
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can be used in the methods described herein. Examples of computer systems,
computational units, software and/or algorithms for use in ablation techniques are
known in the art. Ablation techniques and systems are known in the art including for
example at least in U.S. Patent Application US20150150618, PCT Application
PCT/US14/68774, PCT Application PCT/US2016/015944, PCT Application
PCT/US16/16955, PCT Application PCT/US16/16501, PCT Application
PCT/US16/16300, and PCT Application PCT/US2016/016352, which are
incorporated herein in their entirety.

In another aspect, a probe is provided. In another aspect, a cryoprobe tool is
provided. The probe includes, a tool body, a first end which is insertable into a tumor,
a second end connectable to a source of gas and to a source of electricity, a cooling
head attached to the first end, and at least one electrode attached to the first end,
wherein the at least one electrode is configured to ablate a first portion of the tumor
and the cooling head is configured to freeze a second portion of the tumor when the
first end of the tool is inserted in the tumor. In further aspects, at least one electrode
is a wire connected to the source of electricity and to the first end of the probe. At
least one electrode is extendable from the tool body. At least one electrode is the
body of the probe. The probe also includes at least one needle extendable from the
first end of the tool and fluidly connected to a fluid reservoir attached to the second
end of the tool. The at least one needle is configured to deliver fluid from the fluid
reservoir to the portion of the tumor. The fluid reservoir is plasmids. The at least one
needle terminates in multiple tines. The cooling head is extendable from the tool
body. The at least one electrode is extendable from the tool body. The probe has
thermal insulation covering the body of the tool. The probe has electrical insulation
covering the body of the tool. The first portion of the tumor overlaps the second
portion of the tumor.

In other aspects, a probe has a central tool body, a first end connected to the
central tool body, the first end being insertable into a tumor and having a cooling
head, a second end connected to the tool body, the second end connectable to a source
of gas, and a sheath configured to enclose a portion of the central tool body. The
removable sheath has an electrically insulated body, connectors configured to attach

to an electrical source, and electrical contacts configured to connect with an
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electrically conductive portion of the central tool body, wherein the removable sheath
is configured to ablate a first portion of the tumor by transmitting electrical impulses
from the electrical source along the central tool body and to the first end, and wherein
the cooling head is configured to freeze a second portion of the tumor when the first
end of the tool is inserted in the tumor.

In further aspects, the sheath is removable from the central tool body. The
probe is attachable to an indifferent electrode.

Further embodiments include a system for the administration of cryotherapy in
combination with electric pulses, the system including a tool including a tool body, a
first end which is insertable into a tumor and a second end, a cooling head attached to
the first end, and at least one electrode attached to the first end, wherein the at least
one electrode is configured to ablate a first portion of the tumor and the cooling head
is configured to freeze a second portion of the tumor when the first end of the tool is
inserted in the tumor, a cryomachine for supplying the gas to the tool via the second
end of the tool, and an electric pulse generator for supplying electric pulses to the tool
via the second end of the tool.

In still further aspects, the system has a second tool that has a second tool
body, a first end of the second tool which is insertable into a tumor, a second end of
the second tool connectable to the cryomachine and electric pulse generator, a cooling
head attached to the first end of the second tool and a second electrode attached to the
first end of the second tool. In the system the second electrode and the at least one
electrode are configured to ablate the first portion of the tumor which extends
between the second electrode and the at least one electrode, and the cooling head of
the second tool is configured to freeze a third portion of the tumor when the first end
of the tool and the first end of the second tool are inserted in the tumor. The system
can have a second tool, the second tool having a tool body, a first end which is
insertable into a tumor, a second end connectable to a source of electricity, a second
electrode attached to the first end, wherein the first portion of the tumor extends
between the at least one electrode and the second electrode. The system can have an
indifferent electrode electrically connected to the source of electricity.

As used herein, the term “nucleic acid drug” or “therapeutic nucleic acid”

refers to a nucleotide, nucleoside, oligonucleotide or polynucleotide that is used to
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achieve a desired therapeutic effect. Exemplary nucleic acid drugs include, e.g.,
DNA, nDNA, mtDNA, gDNA, RNA, siRNA, miRNA, mRNA, piRNA, antisense
RNA, snRNA, snoRNA, vRNA, etc. For example, the nucleic acid drug can be a
DNA plasmid.

The term “subject” is used throughout the specification to describe an animal,
human or non-human, to whom treatment according to the methods of the present
invention is provided. Veterinary applications are clearly anticipated by the present
invention. The term includes but is not limited to birds, reptiles, amphibians, and
mammals, e.g., humans, other primates, pigs, rodents such as mice and rats, rabbits,
guinea pigs, hamsters, cows, horses, cats, dogs, sheep and goats. Preferred subjects
are humans, farm animals, and domestic pets such as cats and dogs. The term
“treat(ment),” is used herein to denote delaying the onset of, inhibiting, alleviating the
effects of, or prolonging the life of a patient suffering from, a condition, e.g., cancer.

An “effective amount™ is an amount sufficient to effect beneficial or desired
results. For example, a therapeutically effective amount is one that achieves the
desired therapeutic effect. Effective amounts of compositions described herein for
use in the present invention include, for example, amounts that enhance the immune
response against tumors and/or tumor cells, improve the outcome for a patient
suffering from or at risk for cancer, and improve the outcome of other cancer
treatments. An effective amount can be administered in one or more administrations,
applications or dosages. A therapeutically effective amount of a pharmaceutical
composition (i.e., an effective dosage) depends on the pharmaceutical composition
selected. A therapeutically effective amount of a pharmaceutical composition
depends on the method of administration selected. In some cases, intra-tumoral
administration of a composition reduces the therapeutically effective amount of a
composition, when compared to intraveneous administration (e.g., conventional IV
administration). The skilled artisan will appreciate that certain factors may influence
the dosage and timing required to effectively treat a subject, including but not limited
to the severity of the disease or disorder, previous treatments, the general health
and/or age of the subject, and other diseases present. Moreover, treatment of a subject
with a therapeutically effective amount of the pharmaceutical compositions described

herein can include a single treatment or a series of treatments.
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The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Unless otherwise defined, all
technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs.
Methods and materials are described herein for use in the present invention; other,
suitable methods and materials known in the art can also be used. The materials,
methods, and examples are illustrative only and not intended to be limiting. All
publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control.

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

the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

FIGs. 1A-B are images of CT scans of Patient A’s pelvic region before and
after treatment with a CTLA-4 inhibitor, a PD-1 inhibitor, and a cytokine in addition
to an RF-EMB type ablation. Arrows point to locations of the initial tumor structures
before treatment (FIG. 1A) and after treatment (FIG. 1B). FIG. 1Ais a CT scan of
Patient A’s pelvic region before treatment. FIG. 1B is a CT scan of Patient A’s pelvic
region after treatment.

FIG. 2 is a graph illustrating the decline in prostrate-specific antigen (PSA)
blood levels after the treatment described in Example 1.

FIGs. 3A-B are images of CT scans of Patient B’s pelvic region before and
after treatment with a CTLA-4 inhibitor, a PD-1 inhibitor, and a cytokine in addition
to ablation. Arrows point to location of the initial tumor structure before treatment
(FIG. 3A) and after treatment (FIG. 3B). FIG. 3Ais a CT scan of Patient B’s pelvic
region before treatment. FIG. 3B is a CT scan of Patient B’s pelvic region after
treatment.

FIG. 4 is a graph illustrating the decline in PSA blood levels in Patient B after
treatment.

FIG. 5 is a device having two cryoprobe electrodes and the ability to deliver

electrical pulses and create reversible electroporation.
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FIG. 6 is an embodiment of a device having one cryoprobe electrode and one
non-cryoprobe electrode.

FIG. 7 is an embodiment of a device having one cryoprobe and two retractable
electrode needles.

FIG. 8Ais an embodiment of a device having one cryoprobe and two
retractable electrode needles configured to inject plasmids.

FIG. 8B is an embodiment of a device having one cryoprobe and retractable
electrode needles configured to inject plasmids.

FIG. 9 is an embodiment of a device having one cryoprobe and two electrodes
on the single cryoprobe.

FIG. 10 is an embodiment of a device having one cryoprobe electrode and one
indifferent electrode.

FIG. 11 is an embodiment of a device having a cryoprobe treatment portion

detachable from an electric therapy delivery portion.

Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure is based, at least in part, on new compositions for
cancer treatment that include at least two immune checkpoint inhibitors and at least
one cytokine, each being present in the combination in therapeutically effective
amounts and in a pharmaceutically acceptable carrier. This combination can in some
instances further comprise a nucleic acid drug. The present disclosure is also based,
at least in part, on the development of a new method for the treatment of cancer that
comprises administering to a patient intra-tumorally a composition as disclosed
herein. Further described are devices configured for performing certain methods
described herein.

The compositions, methods, and devices described herein are particularly
useful for treating cancer in subjects. The term “cancer” refers to cells having the
capacity for autonomous growth. Examples of such cells include cells having an
abnormal state or condition characterized by rapidly proliferating cell growth. The

term is meant to include cancerous growths, e.g., tumors; metastatic tissues, and
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malignantly transformed cells, tissues, or organs, irrespective of histopathologic type
or stage of invasiveness. Also included are malignancies of the various organ
systems, such as respiratory, cardiovascular, renal, reproductive, hematological,
neurological, hepatic, gastrointestinal, and endocrine systems; as well as
adenocarcinomas which include malignancies such as most colon cancers, renal-cell
carcinoma, prostate cancer and/or testicular tumors, non-small cell carcinoma of the
lung, cancer of the small intestine, and cancer of the esophagus.

The compositions, methods, and devices described herein can be used to treat
naturally arising cancer in a subject. Cancer that is “naturally arising” includes any
cancer that is not experimentally induced by implantation of cancer cells into a
subject, and includes, for example, spontaneously arising cancer, cancer caused by
exposure of a patient to a carcinogen(s), cancer resulting from insertion of a
transgenic oncogene or knockout of a tumor suppressor gene, and cancer caused by
infections, e.g., viral infections.

Treatment of carcinomas, adenocarcinomas, and sarcomas is within the
present invention. The term “carcinoma” is art recognized and refers to malignancies
of epithelial or endocrine tissues. The term also includes carcinosarcomas, which
include malignant tumors composed of carcinomatous and sarcomatous tissues. An
“adenocarcinoma” refers to a carcinoma derived from glandular tissue or in which the
tumor cells form recognizable glandular structures. The term "sarcoma" is art
recognized and refers to malignant tumors of mesenchymal derivation.

Cancers that may be treated using the methods, compositions, and devices of
the present invention include, for example, cancers, e.g., tumors, of the stomach,
colon, rectum, mouth/pharynx, esophagus, larynx, liver, pancreas, lung, breast, cervix
uteri, corpus uteri, ovary, prostate, testis, bladder, skin, bone, kidney, brain/central
nervous system, head, neck and throat; sarcomas, choriocarcinomas, and lymphomas,
among others.

Metastatic tumors can be treated using methods described herein. For
example, performing a treatment method described herein on a tumor located at one
site in the subject’s body (e.g., a primary tumor), can stimulate the subject’s immune
defenses against the tumor and cause an immune attack on tumors of the same or even

different type of at another site(s) in the subject’s body (e.g., a metastatic tumor). A
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metastatic tumor can arise from a multitude of primary tumor types, including but not
limited to those of prostate, colon, lung, breast, bone, and liver origin. Metastases
develop, e.g., when tumor cells shed from a primary tumor adhere to vascular
endothelium, penetrate into surrounding tissues, and grow to form independent tumors
at sites separate from a primary tumor.

Skilled practitioners will appreciate that the compositions, methods and
devices described herein can also be used to treat non-cancerous growths, e.g., non-
cancerous tumors. Exemplary non-cancerous growths include, e.g., benign tumors,
adenomas, adenomyoeptheliomas, ductal or lobular hyperplasia, fibroadenomas,
fibromas, fibrosis and simple cysts, adenosis tumor, hematomas, hamartomas,
intraductal papillomas, papillomas, granular cell tumors, hemangiomas, lipomas,
meningiomas, myomas, nevi, osteochondromas, phyllodes tumors, neuromas (e.g.,
acoustic neuromas, neurofibromas, and pyogenic granulomas), or warts (e.g., plantar
warts, genital warts, flat warts, periungual warts, and filiform warts).

Skilled practitioners will appreciate that a subject can be diagnosed by a
physician (or veterinarian, as appropriate for the subject being diagnosed) as suffering
from or at risk for a condition described herein, e.g., cancer, by any method known in
the art, e.g., by assessing a patient’s medical history, performing diagnostic tests,
and/or by employing imaging techniques.

As described herein, one exemplary method of treating a tumor in a patient
comprises the steps of: (i) optionally, prior to performance of the method, identifying
the location of the tumor within the patient; (ii) intratumorally administering a
pharmaceutical composition described herein to the tumor (e.g., a pharmaceutical
composition comprising at least two immune checkpoint inhibitors and at least one
cytokine); (iii) optionally ablating at least a portion of the tumor; (iv) optionally
administering a therapeutically effective amount of a nucleic acid drug to the tumor;
and (v) optionally administering a series of electric pulses to the tumor such that the
area around the lesion is reversibly electroporated. Identifying a location of the tumor
can be performed by techniques known in the art (e.g., X-ray radiography, magnetic
resonance imaging, medical ultrasonography or ultrasound, endoscopy, elastography,
tactile imaging, thermography, medical photograph, nuclear medicine imaging

techniques including positron emission tomography and single-photon emission
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computed tomography, photoacoustic imaging, thermography, tomography including
computer-assisted tomography, echocardiography and functional near-infrared
spectroscopy, etc.). The optional step of ablating the tumor (iii) can occur before,
concurrently, or after administering a pharmaceutical composition (ii), and the
ablation can create an area of lesion exposing intracellular components and membrane
antigens of the tumor. Ablation can be performed using a technique described herein
on a portion or all of the tumor. Optionally administering a therapeutically effective
amount of a nucleic acid drug to the tumor (iv) can occur before, concurrently or after
the of steps (ii) and (iii). Optionally administering a series of electric pulses to the
tumor (v) can occur concurrently or after the administration of the nucleic acid drug
(iv); or before, concurrently and/or after steps (ii) and (iii).

Accordingly, provided herein are pharmaceutical compositions comprising the
mixture of checkpoint inhibitors and cytokine(s). Check point inhibitors work to
activate the immune system to attack tumors, inhibiting the immune response proteins
responsible for down regulating the immune system. The check point inhibitors can
be, e.g., inhibitors of CD137, CD134, PD-1, KIR, LAG-3, PD-L1, CTLA-4, B7.1,
B7H3, CCRY, OX-40, and/or CD40. The pharmaceutical compositions can comprise
any combination of check point inhibitors. For example, particularly useful in is a
combination of a PD-1 inhibitor and a CTLA-4 inhibitor. A skilled practitioner would
appreciate that many other combination are also useful. A non-limiting list of
combinations include a CD137 inhibitor and a CD134 inhibitor; a PD-1 inhibitor and
a KIR inhibitor; a LAD-3 inhibitor and a PD-L1 inhibitor; a CTLA-4 inhibitor and a
CD40 inhibitor; a CD134 inhibitor and a PD-1 inhibitor; a KIR inhibitor and a LAG-3
inhibitor; a PD-L1 inhibitor and a CTLA-4 inhibitor; a CD40 inhibitor and a CD137
inhibitor; a CTLA-4 inhibitor and a PD-L1 inhibitor; a PD-1 inhibitor and a CD40
inhibitor, or any combination of two or more checkpoint inhibitors known in the art.
The pharmaceutical compositions can also comprise at least cytokine. The at least
one cytokine can comprise GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNaq.,
and/or a combination thereof. The compositions can include a first cytokine and a
second cytokine. A skilled practitioner would appreciate that in some instances the

first and the second cytokine can be different.
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Traditionally, checkpoint inhibitors are administered intravenously, which can
result in serious and sometimes fatal systemic toxicities as a result of non-specific
distribution of these cytocidal agents in the body. The non-specific distribution of
these agents kills both cancer cells and normal cells and can negatively impact the
treatment regimen and patient outcome. The present intra-tumoral methods can
reduce systemic toxicity and produce fewer side effects by sequestering the drugs in
the tumor microenvironment and sparing normal cells and tissues from the toxicity of
the drugs (Intratumoral Immunization: A New Paradigm for Cancer Therapy. Clin
Cancer Res. 2014 April 1; 20(7): 1747-1756. doi:10.1158/1078-0432.CCR-13-2116).
The present intra-tumoral methods can reduce systemic toxicity and product fewer
side effects by also lowering the amount of the administered compositions necessary
to be therapeutically effective. Moreover, by combining techniques that target both
the cancer cells and the immune system, the pharmaceutical composition can be more
effective at not only inhibiting the cancer but also triggering an effective antitumor
immune response. This antitumor immune response may then target metastatic sites
and eliminate cancer throughout the subject.

The compositions can further include one or more therapeutic and/or biologic
agents known in the art to be effective in treating cancer, i.e., an anti-cancer agent, or
known in the art to be effective in stimulating the immune system, i.e.,
immunostimulant or immunomodulator. Such pharmaceutical compositions can be
used to treat cancer as described above.

In some instances, the pharmaceutical composition further comprises a
therapeutically effective amount of a nucleic acid drug. The nucleic acid drug can be,
e.g. DNA, nDNA, mtDNA, gDNA, RNA, siRNA, miRNA, mRNA, piRNA, antisense
RNA, snRNA, snoRNA, vRNA, etc. For example, the nucleic acid drug can be a
DNA plasmid. Such a DNA plasmid can comprise, consist essentially of, or consist
of a nucleotide sequence encoding a gene selected from the group consisting of GM-
CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, and/or a combination thereof. The
nucleic acid drug can have clinical usefulness, for example, enhancing the therapeutic
effects of the cells or providing a patient with a therapeutic agent. In other instances,
the nucleic acid drug may function as a marker or resistance gene. The nucleotide

sequence can encode a gene that can be secreted from the cells or cannot be secreted
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from the cells. The nucleic acid drug can encode a gene and a promoter sequence to
increase expression of the gene.

One of skill in the art would appreciate that the presently described
compositions can be adapted according to the individual aspects of the cancer and/or
the subject, e.g., size of the tumor, location of the tumor, subject, clinical evidence of
drug response, etc.

A pharmaceutical composition provided herein can include a delivery agent or
pharmaceutically acceptable carrier. As used herein the term “pharmaceutically
acceptable carrier” includes solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like, compatible
with pharmaceutical administration. Supplementary active compounds can also be
incorporated into pharmaceutical formulations that contain an antibody or antigen-
binding fragment thereof as described herein.

Methods of formulating suitable pharmaceutical compositions are known in
the art, see, e.g., Remington: The Science and Practice of Pharmacy, 21st ed., 2005;
and the books in the series Drugs and the Pharmaceutical Sciences: a Series of
Textbooks and Monographs (Dekker, NY). For example, solutions or suspensions
used for parenteral, intradermal, or subcutaneous application can include the
following components: a sterile diluent such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerin, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple
dose vials made of glass or plastic.

The pharmaceutical compositions described herein (e.g., the checkpoint
inhibitors, cytokines, nucleic acid drugs, and/or a combination thereof) may be intra-
tumorally delivered via an injection device, wherein the injection device may be part
of a probe. The probes as described herein can be configured for the various ablation

methods. Further, the probe can also be configured to combine the methods described
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herein, e.g., a cryoprobe can be configured to administer an electric pulse, a cryogen
and/or a composition of drugs.

Pharmaceutical compositions suitable for injection can include sterile aqueous
solutions (where water soluble), dispersions, and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physiological saline,
bacteriostatic water, Cremophor EL™ (BASF, Parsippany, NJ), or phosphate buffered
saline (PBS). In all cases, the composition must be sterile and should be fluid to the
extent that easy syringability exists. It should be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyetheylene glycol, and the like), and suitable mixtures
thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants.

Prevention of the action of microorganisms can be achieved by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include
isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, and
sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by including in the composition an agent that
delays absorption, for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination
of ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the active compound into a
sterile vehicle, which contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying, which yield a powder of the active ingredient plus

any additional desired ingredient from a previously sterile-filtered solution thereof.
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In some embodiments, the therapeutic compounds can be prepared with
carriers that will protect the therapeutic compounds against rapid elimination from the
body, such as a controlled release formulation, including implants and
microencapsulated delivery systems.

The pharmaceutical compositions can be included in a container, pack,
cartridge, or dispenser together with instructions for administration.

The therapeutic and/or biologic agents can be administered in an effective
amount, at dosages and for periods of time necessary to achieve the desired result. An
effective amount can be administered in one or more administrations, applications or
dosages. A therapeutically effective amount of a pharmaceutical composition (i.e., an
effective dosage) depends on the pharmaceutical composition selected. The
compositions can be administered from one or more times per day to one or more
times per week; including once every other day. The skilled artisan will appreciate
that certain factors may influence the dosage and timing required to effectively treat a
subject, including but not limited to the severity of the disease or disorder, previous
treatments, the general health and/or age of the subject, and other diseases present.
Moreover, treatment of a subject with a therapeutically effective amount of the
pharmaceutical compositions described herein can include a single treatment or a
series of treatments.

In some embodiments of the methods described herein, the compositions
described herein can be administered in one or more administrations. These one or
more administrations can be of the same or different methods of administration,
including, for example, intravenously, intramuscularly, subcutaneously, intra-
tumorally or any combination thereof. In some cases, for example, a first composition
is administered intra-tumorally and a second composition is administered
subcutaneously. In some cases, first and the second compositions are administered
simultaneously, in sequence, or in a series of treatments. In some cases, first and the
second compositions are the same, different, or the same in part. In some cases, the
methods described herein include two or more administrations. In some cases a first
administration is an intra-tumoral administration of at least two checkpoint inhibitors
(e.g., a PD-1 inhibitor and a CTLA-4 inhibitor) and at least one cytokine (e.g., GM-
CSF).
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Dosage regimens can be adjusted to provide the optimum therapeutic
response. For example, several divided doses can be administered daily or the dose
can be proportionally reduced as indicated by the exigencies of the therapeutic
situation. Those skilled in the art will be aware of dosages and dosing regimens
suitable for administration of the new monoclonal antibodies disclosed herein or
antigen-binding fragments thereof to a subject. See e.g., Physicians’” Desk Reference,
63rd edition, Thomson Reuters, November 30, 2008. For example, Dosage, toxicity
and therapeutic efficacy of the therapeutic compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for
determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the
dose therapeutically effective in 50% of the population). The dose ratio between toxic
and therapeutic effects is the therapeutic index and it can be expressed as the ratio
LD50/ED50. Compounds which exhibit high therapeutic indices are preferred.

While compounds that exhibit toxic side effects may be used, care should be taken to
design a delivery system that targets such compounds to the site of affected tissue in
order to minimize potential damage to uninfected cells and, thereby, reduce side
effects.

The data obtained from cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the ED50 with
little or no toxicity. The dosage may vary within this range depending upon the
dosage form employed and the route of administration utilized. For any compound
used in the method of the invention, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose may be formulated in animal
models to achieve a circulating plasma concentration range that includes the 1C50
(i.e., the concentration of the test compound which achieves a half-maximal inhibition
of symptoms) as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma may be measured, for
example, by high performance liquid chromatography.

Methods of treating cancer disclosed herein optionally employ ablation of at
least a portion of a tumor. One of the unique aspects of ablation, versus surgical

removal, is that the tumor is left in situ for the body’s defense and healing
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mechanisms to remove it. This creates an opportunity to hamess the body’s immune
defense mechanisms to recognize the dead tumor and essentially auto-immunize the
patient to their own cancer. Moreover, by stimulating the immune system to the
cancer cell antigens, the methods disclosed herein can (i) treat primary tumors; (ii)
activate the immune response to cancer cell antigens; and (ii1) induce immune system
targeting of metastatic lesions.

As described herein, the method of ablation influences at least two factors that
are known to influence the immunologic response to an ablated tumor. One is the
effect of the ablation process on the protein structure and therefore the antigenicity of
the tumor proteins. The second factor is the mechanism of cell death related to the
ablation modality. Necrosis, under certain conditions, ruptures the cell and spills a
wide range of intracellular contents into the extracellular environment that causes co-
stimulation of dendritic cells, leading to T Cell proliferation and activation.
Apoptosis, which leaves the cells intact, confines the cellular contents and prevents
co-stimulation. This lack of intracellular exposure and co-stimulation mutes the
immunologic effect by preventing T cell activation and proliferation.

There are many processes of ablation known in the art, including cryoablation,
thermal ablation, IRE, RF-EMB, RF-EMB type ablation, ultrasonic ablation, high-
intensity focused ultrasound ablation, ablation using photodynamic therapy, ablation
using non-thermal shock waves, cavitation, other mechanical physical cell disruption,
or any combination thereof. These different types of ablation methods can have
different outcomes on the protein structures and mechanism of cell death. For
example, heat ablation destroys structures due to denaturing proteins and it also
destroys the underlying collagen matrix of the tissue. This disruption of the proteins
and tissue makes a robust immunologic response unlikely. Cold, e.g. cryoablation,
can denature proteins and can disrupt both protein and tissue structure. Irreversible
electroporation (IRE) and non-thermal ablation modalities, e.g., RF-EMB, etc., are
structure sparing and can therefore be used to treat cancers in the pancreas, central
liver, and other areas such as the head and neck. IRE is a technique where an
electrical field is applied to cells in order to increase the permeability of the cell
membrane. The high voltage of IRE destroys the target cells while leaving

neighboring cells unaffected. IRE, however, causes apoptotic cell death, and as
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described above, this is not optimal for an immunologic reaction. Radiofrequency
electrical membrane breakdown RF-EMB) is another non-thermal modality that
produces necrosis by complete breakdown of the cell membrane electrically (see,
Onik PCT/US2014/068774, which is incorporated herein in its entirety). Under
certain conditions, RF-EMB can also be used to deliver DNA plasmids. Reversible
electroporation (RE) can also be used to deliver DNA plasmids. RE is similar to IRE,
however the electricity applied to the target cells is below the electric field threshold
of the target cells. Therefore, the cells can recover when the electric field is removed
and rebuild their cellular membranes and continue with cellular functions. RE can be
used as a tool for gene therapy as the reversible element allows for entry of nucleic
acids (e.g. DNA plasmids) into a viable cell.

An ablation method described herein can be used alone or in combination with
other ablation methods. Two or more ablation methods can be used in combination.
The methods may be applied sequentially or concurrently. In some cases, a
combination of ablation methods has a synergistic effect on the tissue. A non-limiting
list of combinations includes, for example, heat ablation and RF-EMB, cryoablation
and RF-EMB, IRE and RF-EMB, RE and RF-EMB, IRE and cryoablation, heat
ablation and cryoablation, heat ablation and IRE, RE and IRE, heat ablation with RE,
and any combination in which two or more methods are used. The two or more
ablation methods can be used concurrently or sequentially.

In some cases, methods described herein create an RF-EMB type lesion using
a combination of RF-EMB and cryoablation techniques. This combination of ablation
methods can produce a synergistic effect on the tissue. The synergistic effect can be
the creation of an RF-EMB type lesion with less required energy input than with other
means. The result, for instance in liver tissue includes: in areas adjacent to aseptic
non-inflammatory coagulative necrosis, there is alteration of liver architecture,
including dilation of bile duct canaliculi, as well as unique diffuse alteration of
cytoplasmic organelles, including distortion of mitochondrial cristae and
vacuolization of endoplasmic reticulum.

One of skill in the art would appreciate that the administration of compositions
or treatments, as disclosed in the methods herein, can be adapted according to the

individual aspects of the cancer, e.g., size of the tumor, location of the tumor, the
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subject. One of skill in the art would appreciate the variables of each of the various
methods of ablation are known and described in the art (including, for example,
Percutaneous Prostate Cryoablation. Edited by Gary Onik, Boris Rubinsky, Graham
Watson, and Richard Ablin. Quality Medical Publishing, St Louis, MO. 1995 which is
incorporated herein in its entirety).

As examples of the variability and variety of ablation parameters, as described
herein, the process of cryoablation includes variables that can be adjusted, e.g. the
number of freeze-thaw cycles, the speed of the freeze, the thaw portion of the cycle,
etc, to influence the outcome of the ablation, e.g., the size of the lesion, damage to
surrounding tissue, and the immune response to the lesion. Similarly, the process of
RF-EMB, includes variables such as strength of the electric field, frequency, polarity,
shape duration, number and spacing, etc., which can similarly influence the outcome
of the ablation. The proximity of a tumor cell to the electric pulse will determine the
strength and outcome of the RF-EMB on any particular cell. For example, as the
electric field strength diminishes from the point of administration (e.g., the probe), the
cells furthest from the point of administration are treated with a lower strength electric
field and as such may not be ablated but rather reversibly electroporated.

Additionally the use of reversible electroporation (RE) for the delivery of gene
therapy can be modified to determine the range, reversibility and delivery of the
electroporation around the lesion. One of skill in the art would appreciate the
variables of electroporation are known and described in the art (Kee Stephen T, Gehl
Julie, Lee Edward W. Clinical aspects of electroporation. New York: Springer; 2011.
ISBN 978-1-4419-8362-6 # 256 pages, which is incorporated herein in its entirety).
These variables include but are not limited to varying the strength of the electric
pulse, timing of electric pulse, number of pulses, the polarity of the pulse, etc,. As
described herein, the ablating of the tumor can occur at the same time, before or after
the administration of the pharmaceutical mixture. The nucleic acid drug can be
administered before, after or during the process of ablation. The nucleic acid drug can
be administered before, after or during the administration of the pharmaceutical
mixture. The nucleic acid drug can also be administered before or during the process

of electroporation.
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The methods can be used alone or in combination with other methods for
treating cancer in patients. Accordingly, in some instances, the methods described
herein can further include treating the patient using surgery (e.g., to remove a portion
of the tumor), chemotherapy, immunotherapy, gene therapy, and/or radiation therapy.
Compositions and methods described herein can be administered to a patient at any
point, e.g., before, during, and/or after the surgery, chemotherapy, immunotherapy,
gene therapy, and/or radiation therapy.

Also provided are kits that include one or more of the pharmaceutical
compositions described herein. Kits generally include the following major elements:
packaging, reagents comprising binding compositions as described above, optionally
a control, and instructions. Packaging can be a box-like structure for holding a vial
(or number of vials) containing said binding compositions, a vial (or number of vials)
containing a control, and/or instructions for use in a method described herein. In
some cases the packaging contains a cartridge that can be controlled by a digital
device following systematic instructions. Individuals skilled in the art can readily
modify the packaging to suit individual needs.

In some embodiments, a kit provided herein can include at least one (e.g., one,
two, three, four, five, or more) composition containing at least one (e.g., one, two,
three, four, five, or more) of the compositions described herein, and at least one (e.g.,
one, two, three, four, five, or more) other composition in a separate vial containing a
therapeutic or biologic agent known in the art to be effective in treating cancer.

Compositions and kits as provided herein can be used in accordance with any
of the methods (e.g., treatment methods) described above. For example, compositions
and kits can be used to treat cancer. Those skilled in the art will be aware of other
suitable uses for compositions and kits provided herein, and will be able to employ

the compositions and kits for such uses.

DEVICES

In some embodiments, an injection device is a cryoprobe that can emit electric
pulses and also deliver plasmids.

Referring to FIG. 5, an injection device 100 is part of a system 101 that is

capable of administering both extreme cold as well as electric pulses to tissues and/or
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tumors. The injection device 100 has two electrode cryoprobes, including a
positively-charged cryoprobe 110 and a negatively-charged cryoprobe 130. Each
cryoprobe 110, 130 is a generally cylindrical probe that is inserted into a target tissue
102 at a first end 111, 131 and grasped by a user at a second end 112, 132. Each
cryoprobe 110, 130 can be individually manipulated by a user. Alternatively, both
cryoprobes 110, 130 can be contained within a larger housing (not shown for clarity)
that permits the user to insert both cryoprobes 110, 130 into the target tissue 102
simultaneously at a known distance from each other. In some embodiments, the two
cryoprobes 110, 130 contained within a housing can be arranged such that the
distance separating the two cryoprobe electrodes 110, 130 can be increased or
decreased by the user.

Each cryoprobe 110, 130 has a central gas supply cannula 114, 134 running
from the first ends 111, 131 to the second ends 112, 132 of the cryoprobes 110, 130.
Each central gas supply cannula 114, 134 is attached at the second end 112, 132 of
each probe to a cryomachine 190. The cryomachine 190 serves as a source of cooled
gas that is pumped via gas supply lines 192 to enter the central gas supply cannulas
114, 134 at the second ends 112, 132 of the cryoprobes and be delivered to cooling
heads 116, 136 at the first ends 111, 131 of the cryoprobes and thereby to the tissue
102. The cooling heads 116, 136 are configured to pierce and be inserted into the
tissue 102 as is known in the art, and can be flat or pointed in shape. The cooling
heads 116, 136 are generally made of metal or other material that has a high
conductance so as to allow the cold gas entering the cooling heads 116, 136 via the
central gas supply cannulas 114, 134 to thermally interact with the tissue 102.

Gas return channels 118, 138 concentrically surround the central gas supply
cannulas 114, 134 and are fluidly connected to the cannulas such that cooled gas
enters the cooling heads 116, 136 and then flows back through the gas return channels
118, 138 to return to the cryomachine 190 via gas return lines 194. Layers of thermal
insulation 120, 140 protect the user grasping the cryoprobes 110, 130 from the cold
gas running through the gas return channels 118, 138. Layers of electrical insulation
122, 142 and the layers of thermal insulation 120, 140 concentrically surround the
outer surfaces of the gas return channels 118, 138 . The layers of electrical insulation

122, 142 protect the user and electrically isolate the body of each cryoprobe 110, 130
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from electrical pulses generated by an electrical pulse generator 180. The order of
layers of electrical insulation 122, 142, thermal insulation 120, 140 and the outer
surfaces of the gas return channels 118, 138 may be placed in differing orders.

The electrical pulse generator 180 is connected by wires 182 to the second
ends 112, 132 of the cryoprobes 110, 130 such that electrical pulses are transmitted to
the cooling heads 116, 136 and in turn administered to the tissue 102. The cooling
heads 116, 136 therefore serve the dual function of administering cold as well as the
electrical impulses to the target tissue 102. The electrical pulses can be transmitted
along the length of the cryoprobes 110, 130 via wires layered between the layers of
electrical insulation 122, 142 and the layers of thermal insulation 120, 140. In some
embodiments, at least a portion of the gas return channels 118, 138 are electrically
conductive and also serve the function of transmitting the electrical pulses to the
tissue 102 via the cooling heads 116, 136.

The electrical pulse generator 180 is arranged to generate a positive charge via
the positively-charged cryoprobe 110 and a negative charge via the negatively-
charged cryoprobe 130. The injection device 100 is therefore capable of delivering
electrical pulses as well as cold temperatures to the target tissue 102. For simplicity,
the positively-charged cryoprobe 110 and the negatively-charged cryoprobe 130 can
be identical in structure.

The two cryoprobes 110, 130 are inserted into the target tissue 102 at a desired
distance of separation from each other (e.g., 2 mm, 5 mm, 10 mm), thereby creating a
cryolesion zone 104 that surrounds and extends between the tips of the cryoprobes
110, 130. This arrangement of the two cryoprobes 110, 130 also creates an RE
(Reversible Electroporation) zone 106 in relation to the cryolesion zone 104,

The configuration of the cryolesion zone 104 can be varied by the user. In
some instances, the cooling heads 116, 136 are retractable into the bodies of the
cryoprobes 110, 130, e.g., the length of the cooling heads 116, 136 extending from the
end of the thermal insulation layers 120, 140 can be reduced by retracting the cooling
heads 116, 136 such that more or all of their surface area is covered by the thermal
insulation layers 120, 140. Similarly, the length of the cooling heads 116, 136
extending from the end of the thermal insulation layers 120, 140 can be increased by

extending the cooling heads 116, 136 such that less of their surface area is covered by
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the thermal insulation layers 120, 140. The insulation layers 120, 140 and 122, 144
are repositionable during use of the injection device 100. The user can also modify
the temperature of the gas exiting the cryomachine 190 and entering the tissue 102.
The configuration of the RE zone 106 can be varied by the user by modulating the
electrical pulses exiting the electrical pulse generator 180. The variables can be
altered such that the cryolesion zone 104 is smaller than, the same size as, or larger
than the RE zone 106.

Referring to FIG. 6, an additional embodiment of an injection device 200 that
is capable of delivering both cold and electrical pulses to a target tissue 202 is shown.
Many of the elements of the electrode cryoprobe 200 are identical to those shown in
FIG. 5. A positively-charged cryoprobe 210 has a first end 211 and a second end 212,
and a central gas supply cannula 214 running from the first end 211 to the second end
212. The central gas supply cannula 214 is attached at the second end 212 to a
cryomachine 290 that is a source of cooled gas that is pumped via a gas supply line
292 to enter the central gas supply cannula 214 and be delivered to a cooling head 216
at the first end 211 of the cryoprobe and thus to the tissue 202. The cooling head 216
is configured to pierce and be inserted into the tissue 202 as is known in the art, and
can be flat or pointed in shape, and is generally made of metal or other material that
has a high conductance.

A gas return channel 218 concentrically surrounds the central gas supply
cannula 214 and is fluidly connected to the cannula 214 such that cooled gas enters
the cooling head 216 and then flows back through the gas return channel 218 to return
to the cryomachine 290 via a gas return line 294. A layer of thermal insulation 220
protects the user grasping the cryoprobe 210 from the cold gas running through the
gas return channel 218. A layer of electrical insulation 222 concentrically layers the
outer surface of the gas return channel 218 which also concentrically surrounded by
the layer of thermal insulation 220.

An electrical pulse generator 280 is connected by wires 282 to the second end
212 of the cryoprobe 210 and also to the second end 232 of an electric probe 230.
The electric probe 230 is similar to cryoprobe 210, having a first end 231 that is
insertable into the tissue 202 and a second end 232 that connects to the electrical pulse

generator 280. However the electric probe 230 is not connected to the cryomachine
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290 and does not have the structure (e.g., a central gas supply cannula, a gas return
channel, gas supply and return lines) to administer cryotherapy to the tissue 202. The
electric probe 230 has a tissue insertion head 236 that does not cool the tissue 202 but
does administer the electric therapy. The electric pulse generator 280 transmits
electrical pulses to the cooling head 216 and tissue insertion head 236 and in turn to
the tissue 202. The cooling head 216 therefore serves the dual function of
administering cold as well as the electrical impulses to the target tissue 202 while the
tissue insertion head 236 administers the electrical impulses only. The electrical
pulses can be transmitted along the length of the cryoprobe 210 and electric probe 230
via wires attached to layers of electrical insulation 222, 242, In some embodiments,
at least a portion of the bodies of the cryoprobe 210 and electric probe 230 are
electrically conductive and also serve the function of transmitting the electrical pulses
to the tissue 202. The electrical pulse generator 280 is arranged to generate a positive
charge via the positively-charged cryoprobe 210 and a negative charge via the
negatively-charged electric probe 230.

The cryoprobe 210 and electric probe 230 are inserted into the target tissue
202 at a desired distance of separation from each other (e.g., 2 mm, 5 mm, 10 mm),
thereby creating an RE zone 206 that surrounds and extends between the cryoprobe
210 and electric probe 230. As only cryoprobe 210 administers cold to the tissue 202,
a created cryolesion zone 204 is smaller than the cryolesion zone 104 created with
two cryoprobes and surrounds the first end 211 of the cryoprobe 210.

The configuration of the cryolesion zone 204 can be varied by the user as for
cryoprobe injection device 200 by arranging the cooling head 216 to be retractable
into the body of the cryoprobes 210. The user can also modify the temperature of the
gas exiting the cryomachine and entering the tissue 202. The size of the RE zone 206
can be varied by modulating the electrical pulses exiting the electrical pulse generator
180.

Shown in FIG. 7 is an embodiment of an injection device 300 that has a single
cryoprobe 310. The elements of the injection device are similar to the previous
embodiments, however the injection device 300 has a single cryoprobe 310. The
cryoprobe 310 is capable of delivering both cold and electrical pulses to a target tissue

302 and has a first end 311, a second end 312, a central gas supply cannula 314
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running between them and attached to a cryomachine 390 (not shown) that is a source
of cooled gas pumped via a gas supply line 392 to the cryoprobe 310 and delivered to
a cooling head 316 and removed by a gas return channel 318 concentrically
surrounding and fluidly connected to the central gas supply cannula 314. Alayer of
thermal insulation 320 and a layer of electrical insulation 322 are also present.

One or two electrical pulse generators 380 (as shown in FIG. 7) are connected
by wires 382 to the second end 312 of the cryoprobe 310. The wires 382 attach to a
pair of wires 350, 352 that terminate in electrodes 356, 358 that exit the body of the
cryoprobe and enter the tissue 302 alongside the cooling head 316. The wires 350,
352 are embedded in the electrical insulation layer 322, e.g., by piercing the electrical
insulation layer 322 or by insertion into channels that run the length of the electrical
insulation layer 322. The wires 350, 352 and electrodes 356, 358 can attach to each
other, respectively, or in some embodiments the positive wire 350 and positive
electrode 356 are the same continuous wire and the negative wire 352 and negative
electrode 358 are the same continuous wire.

The electrodes 356, 358 are shaped such that when extended into the tissue
302 the electrodes curve away from the body of the cryoprobe 310. When retracted,
the electrodes 356, 358 are held in a linear shape to better align with the body of the
cryoprobe. The electrodes 356, 358 can be formed of e.g., nickel titanium (also
known as nitinol). The curvature of the electrodes 356, 358 allows the user to extend
the resulting RE zone 306 beyond the cryolesion zone 304. The user can extend the
electrodes 356, 358 and transmit electric pulses before, during, or after the
cryotherapy treatment.

FIG. 8A shows an injection device 400 similar to that of FIG. 7 (with
reference labels referring to the same elements as in FIG. 7 but raised by 100).
However injection device 400 is capable of injecting plasmids into tissue 402 as well
as administering electrotherapy and cryotherapy. The cryoprobe 410 has needles 460,
462 that extend approximately parallel with electrodes 456, 458 and are inserted into
tissue 402. At the second end 412 of the cryoprobe, the needles 460, 462 are fluidly
connected to tubes 472 which receives fluid from a fluid reservoir 470. For example,
the fluid reservoir 470 can be a syringe. Fluid, e.g., plasmids, inside the fluid

reservoir 470 can therefore be administered to the tissue 402. The needles 460, 462
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are fully or partially retractable into the body of the cryoprobe 410 as are the
electrodes 456, 458. The needles 460, 462 and electrodes 456, 458 can be retracted
simultaneously or independently of each other. The needles 460, 462 are also
repositionable within the tissue 402. In some embodiments, shown in FIG. 8B, the
needles 460, 462 can have multiple tines 466. Multiple tines 466 can allow the user
greater control over the spread and distribution of the injected materials or
medications in a more quickly and precisely controllable pattern and at a specific
distance from the central probe.

FIG. 9 shows a cryoprobe 500 with two layers of electrical insulation 522,
524. Wires or electrical conduits 550, 552 are sandwiched between the two layers of
electrical insulation 522, 524 and carry positive charge from the electric pulse
generator 580. The body of the cryoprobe 500 terminates in the cooling head 516 and
acts as an electrical conduit for the negative charge generated by the electrical pulse
generator 580. Each of the two layers of electrical insulation 522, 524 is
independently positionable and retractable.

Shown in FIG. 10 is an embodiment of an injection device 600 that has a
single cryoprobe 610. The elements of the injection device are similar to the previous
embodiments, however the injection device 600 has a single cryoprobe 610 that works
with an indifferent electrode 696, which is a remote electrode placed either upon a
single limb or connected with the central terminal and paired with an exploring
electrode of cryorobe 610. The cryoprobe 610 is capable of delivering both cold and
electrical pulses to a target tissue 602 and has a first end 611, a second end 612, and a
central gas supply cannula 614 running between them and attached to a cryomachine
690 (not shown) that is a source of cooled gas pumped via a gas supply line 692 to the
cryoprobe 610 and delivered to a cooling head 616 and removed by a gas return
channel 618 concentrically surrounding and fluidly connected to the central gas
supply cannula 614. A layer of thermal insulation 620 and a layer of electrical
insulation 622 are also present. One or two electrical pulse generators 680 (as shown
in FIG. 10) are connected by wires 682 to the second end 612 of the cryoprobe 610,
and also to the indifferent electrode 696.

Referring to FIG. 11, an additional embodiment of an injection device 700 is

described. The elements of the injection device 700 are similar to the previous
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embodiments. The injection device 700 has a single probe 710 that can be configured
to work with an indifferent electrode 796. In some embodiments the injection device
700 includes a cryoprobe which is capable of delivering both cold and electrical
pulses to a target tissue 702, and has a first end 711 and a second end 712.

Probe 710 is made of two different portions, a central portion 770 and
concentric portion 772. The central portion has central gas supply cannula 714
running between the first and second ends of the probe 710 and is attached to a source
of cooled gas pumped via a gas supply line 692 to the central portion 770 and
delivered to a cooling head 716, and removed by a gas return channel 718
concentrically surrounding and fluidly connected to the central gas supply cannula
714. Alayer of thermal insulation 720 surrounds the gas channels.

The concentric portion 772 surrounds the central portion 770, and is
surrounded by a layer of electrical insulation 722. One or two electrical pulse
generators 780 (two are shown in FIG. 11) are connected by wires 782 to the second
end 712 of the probe 710, specifically at concentric portion 772, and also to the
indifferent electrode 796. The concentric portion 772 is attachable to and removable
from the central portion 770. Concentric portion 772 has the form of a sheath that
surrounds the internal central portion 772 and the concentric portion 772 can be slid
onto and off of the central portion 770 by repositioning the concentric portion 772
relative to the axial length of the central portion 770.

Electrical contacts 774 are included on the concentric portion 772, (e.g., on its
inner surface). The electrical contacts 774 bring the wires 782 attached to the
electrical pulse generator(s) 780 and indifferent electrode 796 into electric contact
with an electrically conducting part of the central portion 770. If the central portion
770 is made of metal, or other conducting material, the electric impulses are thereby
transmitted along the body of the central portion to the cooling head 716 to administer
the electric therapy to the tissue 702. Alternatively, the central portion 770 can have
wires configured to transmit current from the pulse generator(s) along the length of
the central portion 770.

The embodiment shown in FIG. 11 is particularly advantageous. The
concentric portion 772 can be manufactured separately from the central portion 770.

For example, central portion 770 can be a complete cryoprobe that is traditionally
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used in such therapies. Attaching the concentric portion 772 to the outside of the
central portion 770 increases the functionality of the probe, allowing the previously
single-use cryoprobe to additionally provide electric RF-EMB treatment capability.

The embodiment of FIG. 11 allows a user to perform combined electric RF-
EMB treatment and cryotherapy in a highly precise manner, and with increased
flexibility. The probe 710 can be inserted into the tumor or target tissue 702 as
desired. Only the concentric portion 722, the central portion 772, or both the portions
can be positioned as desired. In one embodiment, the user inserts the probe 710 with
bother inner and outer portions, and performs the desired therapeutic protocol. The
user then can remove the central portion 770 from the tissue 702 by sliding it out of
the concentric portion 772 while the concentric portion 772 remains in place. The
user then can replace the removed central portion with a different central portion (e.g.,
a needle for delivering plasmids as described above, a tool that has neither cryo nor
electricity-delivering capability such as a measurement tool, an acidity sensing or
bioactive device, a tissue collection tool, a biopsy tool, or a hypothermia probe). The
concentric portion 772 remaining in place allows the user to insert the new central
portion with high accuracy, precisely returning to the previous location of the first end
of the central portion 772 before it was removed from the tissue 702,

In some embodiments, the concentric portion 772 of the probe 710 can be used
in conjunction with tools other than a probe inserted within the concentric portion
772. Once in place, the concentric portion 772 acts as a guidance device so that a
different tool is inserted into the precise same location with the benefit of the next tool
being placed in the same location as the prior tool. The replacement inner tool can be
any tool that fits within concentric portion 772 (such a measurement tool). The
replacement tool can be energized through the electric contacts 774 on the concentric
portion 772,

In some embodiment, tools that replace the inner portion to work with
concentric portion 772 can be tools that have corresponding electrical contacts on the
body of the tool to mate with the electric contacts 774 on the centric probe portion
772. Such inner tools can be previously existing tools that are modified to have such
electrical contacts, or tools designed to include such contacts. Additionally, each tool

function can be used to cause a desired effect in the tissue 702, and depending on the
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characteristic of the replacement inner tool and the parameters used each tool can
cause an effect in only a part of the tissue 702.

In some embodiments, probe 710 has a locking mechanism or alignment
mechanism between the concentric portion 772 and the central portion 770 (e.g., a
lever, spring, clip, or luer-type lock). Once the central portion 770 is inserted into the
concentric portion 772, the locking mechanism keeps the inner and outer portions
aligned and stationary relative to each other. In some embodiments, the probe 710
will only function once the locking mechanism between the inner and outer portions
are engaged. For example, the user would have to twist the central portion 770 into
engagement with a ridge on the concentric mechanism, and completing the movement
would bring electrical contacts on the central portion into contact with the electrical
contacts 774 of the concentric portion.

A number of embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, although two
cryoprobes are shown in FIGS. 5 and 6, additional pairs of cryoprobes can be used as
well. Additionally, although a single pair of wires is shown in FIG. 7, additional pairs
of wires can be employed. In some embodiments the needles or tines 466 are
configured to measure local pressure within the target tissue. Accordingly, other

embodiments are within the scope of the following claims.

EXAMPLES
The invention is further described in the following examples, which do not

limit the scope of the invention described in the claims.

Example 1: Treatment of prostate cancer in Patient A using combination
of medications and ablation

A 72 year old male was diagnosed with prostate cancer (15 years ago). A
radical prostatectomy was performed followed by secondary radiation therapy.
Recurrent masses were visible in the pelvis (FIG. 1A) and nodal metastases closed off
both ureters which lead to kidney failure and the necessity for a tube in the bladder for

normal functionality.
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Patient was subsequently treated with hormonal therapy using the basic and
advanced 2" line cancer medicines. This treatment was unsuccessful and the cancer
was categorized as Castrate resistant prostate cancer CRPC. Two further available
chemotherapies (Taxotere and Carbezetaxal) were administered and unsuccessful,
leading to Patient A being scheduled for Hospice care.

A composition comprising a CTLA-4 inhibitor, a PD-1 inhibitor, and a
cytokine was intra-tumorally administered to Patient A. Additionally the tumor was
ablated to create an RF-EMB type lesion. Before this drug and ablation treatment,
Patient A had a prostate-specific antigen (PSA) of approximately 28 (FIG. 2). 9
months after treatment, the PSA remains 0 with complete radiographic resolution of
their disease (FIG. 1B).

Biopsies of the area showed no cancer but inflammatory cell infiltrates in the

area of previous tumors are indicative of an immunologic response.

Example 2: Treatment of prostate cancer in Patient B using combination
of medications and ablation

A 65 year old male was diagnosed with prostate cancer. Masses were visible
in the pelvis (FIG. 3A) of Patient B, and they had PSA levels of 130 and a Gleason
score of 8. Metastases were identified in the lymph nodes.

Patient B was intra-tumorally administered the composition comprising a
CTLA-4 inhibitor, a PD-1 inhibitor, and a cytokine; and the tumor was ablated to
create an RF-EMB type lesion. After two rounds of this treatment Patient B has a
PSA level of 1.8 and visible decrease in pelvic masses (FIG. 3B). 8 weeks after the
second treatment, Patient B is reported to have normal urinary and sexual function in

addition to lymph nodes back to a normal size (FIG. 4).

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in
conjunction with the detailed description thereof, the foregoing description is intended

to illustrate and not limit the scope of the invention, which is defined by the scope of
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the appended claims. Other aspects, advantages, and modifications are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition, comprising a combination of at least two
immune checkpoint inhibitors and at least one cytokine; each being present in the
composition in therapeutically effective amounts, and a pharmaceutically acceptable

carrier.

2. The pharmaceutical composition of claim 1, wherein the at least two
checkpoint inhibitors comprise at least two different inhibitors selected from the group
consisting of an inhibitor of CD137, CD134, PD-1, KIR, LAG-3, PD-L1, CTLA-4, B7.1,
B7H3, CCRY, 0X-40, and CD40.

3. The pharmaceutical composition of claim 2, wherein the at least two

checkpoint inhibitors are a CTLA-4 inhibitor and a PD-1 inhibitor.

4. The pharmaceutical composition of claim 3, wherein the CTLA-4 inhibitor

is ipilimumab or tremelimumab.

5. The pharmaceutical composition of claim 3, wherein the PD-1 inhibitor is
selected from the group consisting of pembrolizumab, nivolumab, pidilizumab, MK-

3475, and MED 14736.

6. The pharmaceutical composition of claim 3, wherein the CTLA-4 inhibitor

is ipilimumab and the PD-1 inhibitor is pembrolizumab.
7. The pharmaceutical composition of claim 1 wherein the at least one

cytokine is selected from the group consisting of GM-CSF, IL-12, IL-6, IL-4, 1L.-12,
TNF, IFNy, and IFNa.
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8. The pharmaceutical composition of claim 7, wherein the at least one

cytokine is GM-CSF.

0. The pharmaceutical composition of claim 3, comprising the CTLA-4
inhibitor at a concentration of approximately 0.5 to 10 mg/ml, the PD-1 inhibitor at a
concentration of approximately 0.5 to 20 mg/ml, and the cytokine at a concentration of

approximately 10 to 500 pug/ml.

10.  The pharmaceutical composition of claim 1, further comprising a

therapeutically effective amount of a nucleic acid drug.

11.  The pharmaceutical composition of claim 10, wherein the nucleic acid
drug is a DNA plasmid.
12.  The pharmaceutical composition of claim 11, wherein the DNA plasmid

comprises a nucleotide sequence encoding a gene selected from the group consisting of

GM-CSF, IL-12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, and any combination thereof.

13.  The pharmaceutical composition of claim 1, wherein the composition is of

a volume of less than approximately 15 ml.

14.  The pharmaceutical composition of claim 1, wherein the at least two
immune checkpoint inhibitors, and the at least one cytokine are formulated for intra-

tumoral administration.

15. A method of treating a tumor in a patient, comprising administering to the
patient intratumorally a composition comprising a combination of at least two immune
checkpoint inhibitors and at least one cytokine, each being present in the composition in
therapeutically effective amounts, and a pharmaceutically acceptable carrier, in an

amount sufficient to treat the tumor.
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16.  The method of claim 15, wherein the at least two checkpoint inhibitors are

a CTLA-4 inhibitor and a PD-1 inhibitor.

17. The method of claim 16, wherein the cytokine is GM-CSF.

18. The method of claim 15, further comprising administering a

therapeutically effective amount of a nucleic acid drug to the tumor.

19. The method of claim 16, wherein administering comprises administering
the composition to the patient’s tumor using an injection device comprising multiple

tines.

20. The method of claim 16, wherein administering comprises administering

the composition to the patient’s tumor using an injection device comprising a single tine.

21. The method of claim 16, wherein the composition is injected in a single
dose.

22. The method of claim 16, wherein the composition is injected in more than
one dose.

23. The method of claim 16, wherein the mixture comprises the CTLA-4
inhibitor at a concentration of approximately 0.5 to 10 mg/ml, the PD-1 inhibitor at a
concentration of approximately 0.5 to 20 mg/ml, and the cytokine at a concentration of

approximately 10 to 500 pug/ml.

24, The method of claim 16, wherein the composition is of a volume of

approximately 15 ml.
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25. The method of claim 16, wherein the composition is of a volume of less

than approximately 15 ml.

26. The method of claim 15, further comprising ablating at least a portion of

the tumor, thereby creating a zone of lesion.

27. The method of claim 26, wherein ablating is performed prior to

administration of the composition.

28. The method of claim 26, wherein ablating is performed concurrently with

administration of the composition.

29. The method of claim 26, wherein ablating is performed after

administration of the composition.

30. The method of claim 26, wherein ablating is performed concurrently to

and after administration of the composition.

31.  The method of claim 26, wherein ablating is performed using
cryoablation, thermal ablation, IRE, RF-EMB, RF-EMB type ablation, ultrasonic
ablation, high-intensity focused ultrasound ablation, ablation using photodynamic
therapy, ablation using non-thermal shock waves, cavitation, other mechanical physical

cell disruption, or any combination thereof.

32. The method of claim 31, wherein ablating of at least a portion is

performed using both RF-EMB and cryoablation.

33. The method of claim 31, wherein ablating of at least a portion is

performed using cryoablation.
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34. The method of claim 33, wherein the cryoablation is performed using at

least one cryoprobe.

35. The method of claim 33, wherein the cryoablation comprises at least 1

freeze-thaw cycle.

36. The method of claim 33, wherein the cryoablation comprises between 1

and 4 freeze-thaw cycles.

37. The method of claim 35, wherein the freeze portion of the freeze-thaw

cycle is at least 30 seconds long.

38. The method of claim 35, wherein the freeze portion of the freeze-thaw

cycle is approximately 30 seconds to 15 minutes long.

39. The method of claim 35, wherein the freeze portion of the freeze-thaw

cycle is performed at a temperature between approximately -30 °C and -196 °C.

40. The method of claim 35, wherein the thaw portion of the freeze-thaw

cycle is an active thaw process.

41. The method of claim 35, wherein the thaw portion of the freeze-thaw

cycle is a passive thaw process.

42. The method of claim 32, further comprising administering a series of
electrical pulses to the lesion, thereby reversibly electroporating the cells adjacent to the

zone of lesion.

43, The method of claim 42, wherein the administration of electrical pulses is

performed concurrently with the ablation.
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44.  The method of claim 42, wherein the administration of electrical pulses is

performed before the ablation.

45. The method of claim 42, wherein the administration of electrical pulses is

performed after the ablation.

46. The method of claim 42, wherein the electrical pulses are administered via
the cryoprobe.
47. The method of claim 42, wherein the series of electrical pulses comprise

approximately 1 to 1000 pulses.

48. The method of claim 42, wherein the series of electrical pulses comprises

approximately 1 to 4000 pulses.

49. The method of claim 42, wherein the electrical pulses comprise a

frequency between 100 and 500 kHz.

50. The method of claim 42, wherein the electrical pulses are bipolar.

51. The method of claim 42, wherein the electrical pulses have instant charge
reversal.

52. The method of claim 42, further comprising administering a

therapeutically effective amount of a nucleic acid drug to the tumor.

53. The method of claim 42, further comprising administering a

therapeutically effective amount of a nucleic acid drug to the lesion.
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54. The method of claim 52, wherein the administration of the nucleic acid

drug is performed before the administration of electric pulses.

55. The method of claim 52, wherein the administration of the nucleic acid

drug is performed concurrently with the administration of electric pulses

56. The method of claim 52, wherein the nucleic acid drug is a DNA plasmid.

57. The method of claim 56, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.

58. The method of claim 31, wherein ablating of at least a portion is

performed using RF-EMB.

59. The method of claim 58, wherein the RF-EMB is performed using a probe.

60. The method of claim 59, wherein the probe administers a series of
electrical pulses, thereby creating a zone of lesion immediately adjacent or in relation to
the probe and reversibly electroporating the cells adjacent or in relation to the zone of

lesion.

61. The method of claim 60, wherein the series of electrical pulses comprise

approximately 1 to 1000 pulses.

62. The method of claim 61, wherein the series of electrical pulses comprise

approximately 1 to 4000 pulses.

63. The method of claim 60, wherein the electrical pulses comprise a

frequency between 100 and 500 kHz.
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64. The method of claim 60, wherein the electrical pulses are bipolar.

65. The method of claim 60, wherein the electrical pulses have instant charge
reversal.

66. The method of claim 60, further comprising administering a

therapeutically effective amount of a nucleic acid drug to the tumor.

67. The method of claim 66, wherein the nucleic acid drug is a DNA plasmid.

68. The method of claim 67, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.

69. The method of claim 26, wherein the portion of the tumor comprises
cancer cells, and wherein the ablating is performed under conditions that disrupt cellular
membranes of the cells and expose the intracellular components and membrane antigens

of the cells.

70. The method of claim 69, wherein the ablation is performed such that
intracellular components and membrane antigens of the cells are not denatured by the

ablation.
71. The method of claim 69, wherein the ablation is performed such that the

tissue surrounding the ablated portion of the tumor is capable of conducting immunologic

capable cells and signaling molecules into and out of the ablated tissue.
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72. The method of claim 70, wherein the ablation is performed such that the
amount of exposed intracellular components and membrane antigens of the cells is

sufficient to stimulate the immune system.

73. The method of claim 70, wherein the ablation is performed such that the
amount of exposed intracellular components and membrane antigens of the cells do not

create immune tolerance.

74. The method of claim 26, further comprising administering a

therapeutically effective amount of a nucleic acid drug to the tumor.

75. The method of claim 74, wherein the nucleic acid drug is a DNA plasmid.

76.  The method of claim 74, further comprising reversibly electroporating

cells immediately surrounding the ablated portion of the tumor.

77. The method of claim 75, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, [FNo, and any combination thereof.
78. A method of treating a tumor in a patient, comprising ablating at least a
portion of the tumor and administering a therapeutically effective amount of a nucleic

acid drug to the tumor.

79. The method of claim 78, wherein ablating is performed using RF-EMB

and cryoablation.

80. The method of claim 78, wherein ablating is performed using RF-EMB.

81. The method of claim 79, wherein the RF-EMB is performed using a probe.
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82. The method of claim 81, wherein the RF-EMB comprises administering a
series of electrical pulses, thereby creating the zone of lesion immediately adjacent to the

probe and reversibly electroporating the cells adjacent to the zone of lesion.

83. The method of claim 82, wherein the series of electrical pulses comprise

approximately 1 to 1000 pulses.

84. The method of claim 82, wherein the electrical pulses comprise a

frequency between 100 and 500 kHz.

85. The method of claim 82, wherein the electrical pulses are bipolar.
86. The method of claim 82, wherein the electrical pulses have instant charge
reversal.

87. The method of claim 80, wherein the nucleic acid drug is a DNA plasmid.
88. The method of claim 87, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.

89.  The method of claim 78, wherein ablating is performed using

cryoablation.

90. The method of claim 89, wherein the cryoablation is performed using a

probe.
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91.  The method of claim 90, further comprising administering a series of
electrical pulses, thereby creating a zone of lesion immediately adjacent to the probe and

reversibly electroporating the cells adjacent to the zone of lesion.

92. The method of claim 91, wherein the series of electrical pulses comprise

approximately 1 to 1000 pulses.

93. The method of claim 91, wherein the electrical pulses comprise a

frequency between 100 and 500 kHz.

94, The method of claim 91, wherein the electrical pulses are bipolar.
95. The method of claim 91, wherein the electrical pulses have instant charge
reversal.

96. The method of claim 89, wherein the nucleic acid drug is a DNA plasmid.

97. The method of claim 96, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.
98. The method of any one of claims 1 through 77, wherein administering the
composition comprises administering the composition using an ablation probe that

comprises an injection device.

99. The method of claim 98, wherein the ablation probe further comprises a

pump for controlling the speed at which the composition is administered.
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100.  The method of any one of claims 1 through 77, wherein the at least one
cytokine is a first cytokine, and further comprising administering a therapeutically

effective amount of a second cytokine.

101.  The method of claim 100, wherein the second cytokine can be the same or

different as the first cytokine.

102.  The method of claim 100, wherein the second cytokine is injected into the

tumor.

103.  The method of claim 102, wherein the second cytokine is injected into the

tumor after ablating the tumor.

104.  The method of claim 101, wherein the second cytokine is administered

intravenously, intramuscularly, subcutaneously, or any combination thereof.

105. The method of any one of claims 1 to 77, further comprising a step of

testing the location of the probe prior to administering the composition.

106. The method of claim 105, wherein testing the location of the probe
comprises intratumorally administering a test injection via the probe and measuring the

intratumoral pressure during administration of the test injection.

107.  The method of claim 106, further comprising re-locating the probe when
increased or decreased intratumoral pressure is measured during administration of the test
injection as compared to surrounding tumor tissue or administering the composition when

intratumoral pressure is consistent with the pressure of the surrounding tumor tissue.

108. A method of treating a metastatic cancer comprising:
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administering to the patient intratumorally a composition comprising a
combination of at least two immune checkpoint inhibitors and at least one cytokine, in an
amount sufficient to treat the tumor; and

ablating at least a portion of the tumor thereby creating a zone of lesion;

wherein the ablating is performed under conditions that disrupt cellular
membranes of the cells and expose the intracellular components and membrane antigens

of the cells such that the antigens stimulate the immune system.

109.  The method of claim 108, wherein the ablation is performed such that
intracellular components and membrane antigens of the cells are not denatured by the

ablation.

110. The method of claim 108, wherein the ablation is performed such that
immediate surroundings of the ablated portion of the tumor are capable of conducting

immunologic capable cells and signaling molecules into and out of the ablated tissue.

111.  The method of claim 108, further comprising administering a
therapeutically effective amount of a nucleic acid drug to the tumor; and administering a
series of electrical pulses, thereby reversibly electroporating the cells adjacent to the zone

of lesion.

112, The method of claim 111, wherein the nucleic acid drug is a DNA

plasmid.

113.  The method of claim 112, wherein the DNA plasmid comprises a
nucleotide sequence encoding a gene selected from the group consisting of GM-CSF, IL-

12, IL-6, IL-4, IL-12, TNF, IFNy, IFNa, or any combination thereof.

114. A probe, comprising:
a tool body;
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a first end which is insertable into a tumor;

a second end connectable to a source of gas and to a source of electricity;

a cooling head attached to the first end; and

at least one electrode attached to the first end, wherein the at least one electrode is
configured to ablate a first portion of the tumor and the cooling head is configured to
freeze a second portion of the tumor when the first end of the tool is inserted in the

tumor.

115.  The probe of claim 114, wherein the at least one electrode is a wire

connected to the source of electricity and to the first end of the probe.

116.  The probe of claim 114, wherein the at least one electrode is extendable

from the tool body.

117.  The probe of claim 114, wherein the at least one electrode is the body of
the probe.

118.  The probe of claim 114, further comprising at least one needle extendable
from the first end of the tool and fluidly connected to a fluid reservoir attached to the

second end of the tool.

119.  The probe of claim 118, wherein the at least one needle is configured to

deliver fluid from the fluid reservoir to the portion of the tumor.

120.  The probe of claim 119, wherein the fluid reservoir comprises plasmids.

121.  The probe of claim 119, wherein the at least one needle terminates in

multiple tines.
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122.  The probe of claim 114, wherein the cooling head is extendable from the
tool body.

123.  The probe of claim 114, wherein the at least one electrode is extendable

from the tool body.

124.  The probe of claim 114, comprising thermal insulation covering the body

of the tool.

125.  The probe of claim 114, comprising electrical insulation covering the body

of the tool.

126.  The probe of claim 114, wherein the first portion of the tumor overlaps the

second portion of the tumor.

127. A probe, comprising:
a central tool body;
a first end connected to the central tool body, the first end being insertable into a
tumor and having a cooling head;
a second end connected to the tool body, the second end connectable to a source
of gas; and
a sheath configured to enclose a portion of the central tool body, the removable
sheath comprising:
an electrically insulated body,
connectors configured to attach to an electrical source, and
electrical contacts configured to connect with an electrically conductive
portion of the central tool body,
wherein the removable sheath is configured to ablate a first portion of the
tumor by transmitting electrical impulses from the electrical source along the central tool

body and to the first end,
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and wherein the cooling head is configured to freeze a second portion of the

tumor when the first end of the tool is inserted in the tumor.

128.  The probe of claim 127, wherein the sheath is removable from the central

tool body.

129.  The probe of claim 127, wherein the probe is attachable to an indifferent

electrode.

130. A system for the administration of cryotherapy in combination with
electric pulses, the system comprising:
a tool comprising:
a tool body,
a first end which is insertable into a tumor and a second end,
a cooling head attached to the first end, and
at least one electrode attached to the first end, wherein the at least one
electrode is configured to ablate a first portion of the tumor and the cooling head is
configured to freeze a second portion of the tumor when the first end of the tool is
inserted in the tumor;
a cryomachine for supplying the gas to the tool via the second end of the tool; and
an electric pulse generator for supplying electric pulses to the tool via the second

end of the tool.

131.  The system of claim 130, comprising a second tool, the second tool
comprising:

a second tool body;

a first end of the second tool which is insertable into a tumor;

a second end of the second tool connectable to the cryomachine and electric pulse
generator;

a cooling head attached to the first end of the second tool; and

55



10

15

WO 2017/123981 PCT/US2017/013486

a second electrode attached to the first end of the second tool.

132, The system of claim 131, wherein the second electrode and the at least one
electrode are configured to ablate the first portion of the tumor which extends between
the second electrode and the at least one electrode, and the cooling head of the second
cool is configured to freeze a third portion of the tumor when the first end of the tool and

the first end of the second tool are inserted in the tumor.

133, The system of claim 130, comprising a second tool, the second tool
comprising:

a tool body;

a first end which is insertable into a tumor;

a second end connectable to a source of electricity; and

a second electrode attached to the first end, wherein the first portion of the tumor

extends between the at least one electrode and the second electrode.

134.  The system of claim 130, comprising an indifferent electrode electrically

connected to the source of electricity.
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-"**-Continued from Box No. lll: Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, Claims 1-77, 98-126 and 130-134 are directed toward a pharmaceutical composition, comprising a combination of at least two
immune checkpoint inhibitors and at least one cytokine; methods of treating a tumor in a patient using said composition; and a probe and
system comprising said probe for use in said methods.

Group 1l, Claims 78-97 are directed toward a method of treating a tumor in a patient, comprising ablating at least a portion of the tumor
and administering a therapeutically effective amount of a nucleic acid drug to the tumor.

Group IlI, Claims 127-129 are directed toward a probe, comprising: a central tool body and a sheath configured to enclose a portion of
the central tool body.

.

The inventions listed as Groups I-li do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include a cytokine, not present in either of Groups Il or 1ll; the special technical features of Group Il include a nucleic acid drug, not
present in either of Groups | or Ill; the special technical features of Group Il include a sheath, not present in either of Groups | or Ii.

Groups I-ll share the technical features including; treating a tumor; and ablation. Groups | and Il share the technical features including: a
method of treating a tumor in a patient, comprising ablating at least a portion of the tumor and administering a therapeutically effective
amount of a drug thereto. Groups | and Iil share the technical features including: a probe, comprising a tool body; a first end, insertable
into a tumor, and having a cooling head; a second end connectable to a source of gas; a source of electricity; an electrode or electrically
conductive portion configured to ablate a portion of a tumor; wherein the cooling head is configured to freeze a second portion of the.
tumor when the first end is inserted into the tumor. ,

However, these shared technical features are previously disclosed by US 2011/0160514 A1 to Long et al. (hereinafter 'Long').

o T i
Long discloses treating a tumor (treating a tumor; paragraph [0055]); ablation (ablation; paragraph [0055]); a method of treating a tumor
in a patient (a method of treating a tumor in a patient; paragraphs [0055), [0057}), comprising ablating at least a portion of the tumor
(comprising ablating at least a portion of the tumor; paragraph [0055]) and administering a therapeutically effective amount of a drug -
thereto (administering a therapeutically effective amount of a drug thereto; paragraph [0116)); a probe (a probe; paragraph [0128]),
comprising a tool body (comprising a catheter (a tool body); paragraph [0128]); a first end, insertable into a tumor (comprising a
cryo-probe positionable in or proximal to a tumor (a first end, insertable into a tumor; paragraphs [0128), [0129]), and having a cooling ,
head (a distal end of the cryo-probe (a cooling head) paragraphs [0128], [0129]) a second end connectable to a squrce of gas (a-. .
proximal end connectable to a source of cryogenic fluid (a second end connectable to a source of gas); paragraph [0128)); a source of
electricity (a source of electricity; paragraph [0128]); an electrode or electrically conductive portion configured to ablate a portion of a-
tumor (an electrode or electrically conductive portion configured to ablate a portion of a tumor; paragraphs [0128), [0130]); wherein the
cooling head is configured to freeze a second portion of the tumor when the first end is inserted into the tumor (wherein the cryo-probe
distal end (cooling head) is configured to freeze a second portion of the tumor when the first end is inserted into the tumor; paragraphs
[0128]-[0130]). ke
Since none of the special technical features of the Groups I-1Il inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the Long reference, unity of invention is lacking.
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