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SYSTEMS AND METHODS FOR TREATING PROSTATE CANCER

CROSS REFERENCES TO RELATED APPLICATIONS
[0001] This Application claims the benefit of US Provisional Patent Application No.
61/785,649, filed March 14, 2013, titled “SYSTEMS AND METHODS FOR TREATING
PROSTATE CANCER”, which is incorporated by reference in its entirety.

INCORPORATION BY REFERENCE
[0002] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD
[0003] The present invention relates to devices and related methods for treatment of prostate

tissue, and more specifically treatment of prostate cancer with heated condensable vapor.

BACKGROUND
[0004] The prostate early in life is the size and shape of a walnut and prior to the
enlargement resulting from BPH, weighs about 20 grams. Prostate enlargement appears to be a
normal process. With age, the prostate gradually increases in size to twice or more its normal
size. The fibromuscular tissue of the outer prostatic capsule restricts expansion after the gland
reaches a certain size. Because of such restriction on expansion, the intracapsular tissue will
compress against and constrict the prostatic urethra, thus causing resistance to urine flow.
[0005] FIG. 1 is a sectional schematic view the male urogenital anatomy, with the walnut-
siied prostate 100 located below the bladder 105 and bladder neck 106. The walls 108 of
bladder 105 can expand and contract to cause urine flow through the urethra 110, which extends
from the bladder 105, through the prostate 100 and penis 112. The portion of urethra 110 that is
surrounded by the prostate 100 can be referred to as the prostatic urethra 120. The prostate 100
also surrounds the ejaculatory duct 122 which have an open termination in the prostatic urethra
120. During sexual arousal, sperm is transported from the testes 124 by the ductus deferens 126
to the prostate 100 which provides fluids that combine with sperm to form semen during
ejaculation. On each side of the prostate, the ductus deferens 126 and seminal vesicles 128 join
to form a single tube called an ejaculatory duct 122. Thus, each ejaculatory duct 122 carries the
seminal vesicle secretions and sperm into the prostatic urethra 120. Also shown in F1G. 1 are

Cowper’s Gland 130, the Sigmoid Colon 132, the Rectum 134, and Epididymis 136.
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[0006] Referring to FIGS. 2A-2C, the prostate can be classified into three zones: the
peripheral zone, transition zone, and central zone. Peripheral zone (PZ) comprises about 70% of
the volume of a male’s prostate. This sub-capsular portion of the posterior aspect of the prostate
gland surrounds the distal urethra and 70 to 80% of cancers originate in the peripheral zone
tissue. The central zone (CZ) surrounds the ejaculatory ducts and contains about 20-25% of the
prostate volume. The central zone is often the site of inflammatory processes. The transition
zone (TZ) is the site in which benign prostatic hyperplasia develops, and contains about 5-10%
of the volume of glandular elements in a normal prostate, but can constitute up to 80% of such
volume in cases of BPH. The transition zone includes two lateral prostate lobes and the
periurethral gland region. As can be understood from FIGS. 2A-2C, there are natural barriers
around the transition zone, i.e., the prostatic urethra, the anterior fibromuscular stroma FS, and a
fibrous plane FP between the transition zone and peripheral zone. In FIGS. 2A-2C, the anterior
fibromuscular stroma FS or fibromuscular zone can be seen and is predominantly fibromuscular
tissue.

[0007] Approximately 70% to 80% of prostate cancers originate in the peripheral zone of the
prostate and may be confined to the peripheral zone. In recent years, there has been an increased
interest in focal therapy for prostate cancer, treating only regions of tissue in which cancer has
been found following biopsies. Prior art focal therapy treatments, such as with RF ablation

energy, may not confine the treatment to the peripheral zone tissue.

SUMMARY OF THE DISCLOSURE
[0008] In some embodiments, a method for treating a patient suffering from prostate cancer
is provided, comprising the insertion of a vapor delivery needle through into at least one location
in peripheral zone tissue, delivering condensable vapor through the needle into the peripheral
zone tissue, and ablating either a focal region of such peripheral zone tissue or the entire
peripheral zone which is surrounded by a pseudo-capsule of dense tissue.
[0009] A method for treating abnormal prostate tissue is provided, comprising introducing a
vapor delivery needle into peripheral zone tissue of a human prostate, and delivering
condensable vapor through the needle to ablate peripheral zone tissue without ablating non-
peripheral zone tissue.
[0010] In some embodiments, the introducing step includes introducing the needle into
peripheral zone tissue within first and second prostate lobes.
[0011] In other embodiments, the introducing step includes positioning the needle in a
plurality of locations in the peripheral zone tissue prior to delivering condensable vapor.

[0012] In some embodiments, the peripheral zone tissue includes malignant tissue.
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[0013] In one embodiment, the introducing step includes introducing the needle in at least
one of a perineal approach, trans-rectal approach or trans-urethral approach.

[0014] In some embodiments, the introducing step includes positioning the needle under
imaging guidance. In some embodiments, the imaging guidance is ultrasound or MRI.

[0015] In one embodiment, the condensable vapor includes water vapor.

[0016] In some embodiments, the delivering step includes vaporizing a flow of fluid having
a flow rate ranging from 1 cc/min to 60 cc/min to thereby provide the condensable vapor.
[0017] In one embodiment, the delivering step includes delivering condensable vapor
configured for focal ablation of abnormal tissue.

[0018] In some embodiments, the condensable vapor is delivered for between 2 seconds and
20 seconds each focal ablation site.

[0019] In some embodiments, the delivered condensable vapor is configured to deliver
between less than 150 calories for each focal ablation site.

[0020] In other embodiments, the delivering step includes delivering condensable vapor
configured for non-focal ablation of abnormal tissue.

[0021] In some embodiments, the delivering step includes delivering condensable vapor
configured for ablation of substantially all peripheral zone tissue in a lobe.

[0022] In alternative embodiments, the condensable vapor is delivered for between 10
seconds and 40 seconds each peripheral zone lobe.

[0023] In some embodiments, the delivered condensable vapor is configured to deliver
between 150 and 300 calories for each peripheral zone lobe.

[0024] In one embodiment, the delivery of vapor is configured with pressure and flow
parameters that result in the condensable vapor being reflected by barrier tissue surrounding the
peripheral zone tissue.

[0025] In other embodiments, the method further comprises insulating tissue outside of the
prostate from the needle during the delivering step. In one embodiment, the insulating step
comprises insulating the needle with an active cooling system. In another embodiment, the
insulating step comprises insulating the needle with a vacuum system. In an alternative
embodiment, the insulating step comprises insulating the needle with an insulating sheath.
[0026] A method for treating prostate cancer is provided, comprising introducing a needle
into peripheral zone lobe in a prostate, and delivering vapor through the needle at pressure and
flow parameters that result in the condensable vapor being reflected by barrier tissue
surrounding the peripheral zone lobe to thereby ablate the peripheral zone lobe without ablating

non-peripheral zone tissue.
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[0027] Another method for treating prostate cancer is provided, comprising delivering vapor
into peripheral zone lobe in a prostate;, wherein the vapor is configured to deliver between 300
and 1000 calories to the peripheral zone lobe to thereby ablate malignant tissue.

[0028] In some embodiments, the volume of vapor is adapted for ablation of the entire
peripheral zone lobe. ‘

[0029] An additional method for treating prostate cancer is provided, comprising positioning
a needle into peripheral zone lobe in a prostate, and delivering vapor into the peripheral zone
lobe, wherein the vapor is configured to deliver less than 150 calories to a site in the peripheral
zone lobe to thereby cause focal ablation of malignant tissue in the peripheral zone lobe.

[0030] In some embodiments, the volume of vapor is adapted for said focal ablation.

[0031] In some embodiments, the method further comprises re-positioning the needle in the
peripheral zone lobe and repeating the delivering step at a second site to cause a second focal
ablation of malignant tissue in the peripheral zone.

[0032] In one embodiment, the method further comprises measuring a temperature of the
prostate, and terminating delivery of the condensable vapor when the temperature of the prostate
reaches a pre-determined threshold. In another embodiment, the measuring step comprises
measuring a temperature of an outer capsule of the prostate. In some embodiments, the pre-
determined threshold comprises between 44-60 degrees C.

[0033] The method can further comprise withdrawing the needle from the prostate to seal a
prostate capsule and prevent seeding into non-prostate tissue. In some embodiments, the method
comprises releasing a flow of condensable vapor during the withdrawing step.

[0034] A prostate cancer therapy system is provided, comprising a vapor generator, and a
vapor delivery needle coupled to the vapor generator, the vapor delivery needle configured to be
inserted into a peripheral zone of a prostate to deliver vapor to the peripheral zone to treat
prostate cancer.

[0035] In some embodiments, the vapor generator comprises a controller configured to
delivery between 1 and 150 calories of vapor into the peripheral zone.

[0036] In other embodiments, the vapor generator comprises a controller configured to
delivery between 150 and 300 calories of vapor into the peripheral zone.

[0037] In some embodiments, the vapor generator comprises a controller configured to
delivery between 300 and 1,000 calories of vapor into the peripheral zone.

[0038] In another embodiment, the vapor generator is disposed within a handle of the vapor
delivery needle.

[0039] In another embodiment, the vapor delivery needle includes a plurality of vapor ports.
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[0040] In some embodiments, the vapor delivery needle further comprises a vacuum sleeve

configured to protect tissue outside of the prostate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041] In order to better understand the invention and to see how it may be carried out in
practice, some preferred embodiments are next described, by way of non-limiting examples
only, with reference to the accompanying drawings, in which like reference characters denote
corresponding features consistently throughout similar embodiments in the attached drawings.
[0042] FIG. 1 is a sectional schematic view the male urogenital anatomy.
[0043] FIGS. 2A-2C are views of a patient’s prostate showing zones of prostate tissue.
[0044] FIG. 3 shows one embodiment of a vapor delivery system.
[0045] FIG. 4 is one embodiment of a vapor generator.
[0046] FIG. 5 is another embodiment of a vapor delivery system.
[0047] FIGS. 6A-6B illustrate embodiments of an insulating layer for a vapor delivery
system.
[0048] FIG. 7 shows one embodiment of a vapor delivery system for treating prostate
cancer.
[0049] FIG. 8 is a sectional view of a patient's prostate showing a method delivering ablative
vapor to a patient's prostate to ablate peripheral zone tissue which is malignant.
10050] FIG. 9 shows a trans-urethral vapor delivery system.
[0051] FIG. 10 is a sectional view of a prostate being treated with vapor therapy trans-
urethrally.
[0052] FIG. 11 shows one embodiment of measuring a temperature of a prostate while
delivering vapor therapy to the prostate.
[0053] FIG. 12 is a flowchart illustrating one method of treating prostate tissue.
[0054] FIG. 13 is a figure showing two vapor delivery needles inserted into the prostate

simultaneously.

DETAILED DESCRIPTION OF THE INVENTION
[0055] This disclosure generally provides systems and methods for delivering a heated vapor
to tissue to ablate the tissue. In some embodiments, a vapor delivery system can be provided
which can be configured to deliver vapor to tissue to ablate and destroy cancerous tissue.
Systems and methods provided herein can be specifically tailored for providing vapor to prostate

tissue to ablate the prostate tissue, including cancerous tissues and cells located in the prostate.
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[0056] In some embodiments, a vapor delivery system can include a needle-like vapor

delivery device adapted and configured to access a prostate of a male patient. The needle can be
inserted into the prostate trans-perineally, trans-rectally, or trans-abdominally, for example.
Vapor can be generated in a vapor generator disposed inside the device, or coupled to the
s device, and can be delivered through the device into the prostate to ablate the tissue. In another

embodiment, the vapor delivery device can be configured to access the prostate trans-urethrally
to deliver vapor to the prostate. Specific methods and treatment parameters for prostate cancer
therapy with a vapor delivery device will also be discussed.
[0057] FIG. 3 illustrates one embodiment of a vapor delivery device 300 comprising a vapor

10 delivery needle 302. The vapor delivery needle 302 can comprise a rigid shaft made of a
material commonly used in medical devices, such as stainless steel, titanium, nitinol, polymer,
or the like. In some embodiments, the vapor delivery needle can be a 12-20 gauge needle. In
some embodiments, the vapor delivery needle can include a tissue piercing distal tip, as shown.
The vapor delivery device 300 can be connected to a vapor generator 304, which can be

15  configured to generate a heated condensable vapor and deliver the vapor to the vapor delivery
device. The vapor generator can introduce vapor into a vapor lumen 306 of the vapor delivery
device. The vapor lumen can extend along a length of the vapor delivery device, including
along a handle portion 308 and through the vapor delivery needle 302.
[0058] The vapor delivery needle 302 can include one or more vapor delivery ports 310 that

20 permit passage of vapor from the vapor lumen from the vapor delivery needle. In one
embodiment, and end of the vapor delivery needle can be a vapor delivery port (like the end of a
hose). The vapor delivery ports can have diameters ranging from 0.006 to 0.020”. In some
embodiments, the vapor delivery ports can be arranged along a distal portion of the vapor
delivery needle, at the end portion of the vapor lumen. The vapor delivery needle can have any

25  suitable diameter with a plurality of vapor ports extending over an axial length of 1 mm to 20
mm. In another embodiment, the vapor ports can extend over an axial length of 0.1mm to
60mm. In some embodiments, individual vapor ports can be spaced from 0.5mm to Smm apart.
In one embodiment, the vapor ports can be radially symmetric to direct the flow of vapor
uniformly about the distal portion of the needle into prostate tissue. In another embodiment, the

30 vapor ports can be radially asymmetric to direct the flow of vapor to one side of the needle, for
example to direct the vapor flow inwardly in the prostate tissue and away from the outer prostate
capsule. In such an embodiment, the handle and/or proximal needle shaft (not shown) can be
configured with markings that indicate the radial orientation of vapor ports. In some

embodiments, the vapor delivery ports can be of a uniform shape and size. However, in other

Lo
w

embodiments, the ports can include varying shapes and sizes. For example, in one embodiment,
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ports towards a proximal end of the vapor delivery needle can be larger than ports towards a
distal end of the vapor delivery needle.

[0059] The vapor delivery device can further include a controller that can be configured to
control the various parameters of vapor delivery. For example, the controller can be configured
to control the generation of vapor including a selected vapor quality, can be configured to
deliver vapor for a selected treatment interval, and a selected pressure. The controller can be
incorporated into the generator, for example, or can be a separate controller module apart from
the generator. The handle portion 308 of the device can include a button or control feature 309
that can be actuated to control operation of the device. For example, pushing the button can turn
on the device and begin the delivery of vapor.

[0060] The vapor generator provided can be used to generate and control delivery of a
condensable vapor through the vapor delivery device to ablate tissue. The vapor generator can
be configured to generate and deliver a vapor media that has a precisely controlled quality to
provide a precise amount of thermal energy delivery, for example measured in calories per
second. Descriptions of suitable vapor generators can be found in the following U.S. patent
applications: Serial Nos. 61/068,130; 61/191,459; 61/112,097; 61/112,099; 61/112,103;
12/389,808; 12/555,635, all of which are incorporated herein by reference.

[0061] FIG. 4 illustrates is a cutaway view of an inductive vapor generator 404 that can be
used with the vapor delivery systems described herein. The inductive vapor generator can
comprise a helically coiled tube or pipe 411 surrounded by a coil of electrical wire 412. The
helically coiled tube 411 can be seen through the cutaway section of FIG. 4. The coiled tube or
pipe 411 can be connected to a fluid source 414, which can introduce fluid into the coiled tube
or pipe. Electrical energy can be applied to the electrical wire to inductively heat the coiled tube
to generate a heated condensable vapor from the fluid inside the inductive vapor generator. The
fluid flow in the helical tube or pipe can be converted to vapor instantly with the application of
electrical energy to the electrical wire. The condensable vapor can then exit the vapor generator
as shown.

[0062] FIG. 5 shows another embodiment of a vapor delivery device 500. The vapor
delivery device is similar to the device shown in FIG. 3, and includes a vapor delivery needle
502, vapor lumen 506, handle portion 508, button 509, and vapor delivery ports 510. The vapor
delivery system of FIG. 5, however, includes the vapor generator 505 incorporated into the
device itself, such as into the handle as shown. The vapor generator 504 can receive fluid from
a fluid source 514, as shown, or alternatively, a pre-determined amount of fluid can be loaded

into the generator or the vapor delivery system prior to therapy.
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[0063] FIG. 6A shows a cutaway view of a vapor delivery device 600 including an
insulating layer 616 surrounding at least a portion of the vapor delivery needle 602. The
insulating layer 616 can comprise, for example, an insulating material with a low thermal
conductivity, or alternatively, can comprise a vacuum channel or vacuum sleeve, or an active
cooling system comprising a channel filled with a gas or other insulating medium such as a
fluid. In FIG. 6A, the insulating layer 616 can extend along a length L of the vapor delivery
needle. In some embodiments, the insulating layer 616 can be tapered so as to reduce in
thickness as the layer gets closer to the vapor delivery ports 610 of the vapor delivery needle.
The tapered layer can aid in reducing trauma to tissue when the needle is inserted into tissue.
The tapered layer may also form a seal with the tissue that prevents vapor from escaping from
the needle entrance hole. In some embodiments, the length of the insulating layer can be chosen
depending on the target tissue to be ablated. For example, if the vapor delivery device is
intended to deliver vapor trans-perineally to prostate tissue, the length L of the insulating layer
can be chosen so as to thermally protect and insulate the intervening tissues between the
perineum and the prostate of the patient.

[0064] FIG. 6B shows another embodiment of an insulating layer 616 for use with a vapor
delivery device 600. The insulating layer 616 of FIG. 6B can be a removable sheath that can
slide over the vapor delivery needle 602. In one embodiment, the insulating layer can comprise
a vacuum sheath in which a pair of concentric tubes are attached or connected together and a
vacuum is created between the tubes. The insulating layer can then be inserted over the vapor
delivery needle to protect tissue from being heated by coming into contact directly with the
vapor delivery needle.

[0065] FIG. 7 shows one method for treating prostate cancer with the vapor delivery devices
described herein. Injection of a heated condensable vapor, for approximately 1 to 20 seconds,
can be used for focal ablation of cancerous prostate tissue. Furthermore, injection of vapor
media at selected flow rates will not propagate beyond the pseudo-capsule or denser tissue
surrounding various regions of the prostate, such as the peripheral zone, thus allowing ablation
of a targeted region of the prostate without ablation of adjacent zone tissue. In particular, nerve
tissue residing on the outside of the prostate capsule will not be exposed to vapor, and will not
be ablated, thereby reducing or eliminating the incidence of incontinence or sexual dis-function.
[00066] In one embodiment, a vapor delivery device 700 including a vapor delivery needle
702 can be positioned in one or more locations the prostate, and can be configured to deliver
injections of vapor ranging from 1-20 seconds in each location. In one specific embodiment,
vapor can be delivered into the prostate for 9-12 seconds. In the embodiment illustrated in FIG.

7, the vapor delivery needle can be inserted trans-perineally into the prostate. In some
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embodiments, the vapor delivery needle can be inserted into a peripheral zone of the prostate to
deliver vapor to the peripheral zone. The needle can be placed in multiple paths in the
peripheral zone tissue.

[0067] FI1G. 7 illustrates schematically a vapor delivery device 700 with vapor delivery
needle 702 being introduced through the patient's perineum PN spaced apart from rectum R into
the patient's prostate P. The system 700 can be configured to deliver condensable vapor from
the needle to the prostate through vapor delivery ports 710. Also shown in FIG. 7 is an
insulating layer 716, as described above, which can be included around the needle to insulate
intervening tissues from heat emanating from the needle.

[0068] FIG. 8 is an enlarged schematic view showing the vapor delivery needle being
introduced into the prostate P. In this specific illustrative embodiment, the needle is being
inserted into the peripheral zone PZ. However, in other embodiments the needle can be inserted
into the other regions of the prostate, including the central zone CZ, the transition zone TZ, or
the fibromuscular stroma FS. As described above, the vapor delivery system can be connected
to a vapor generator 704 communicating with the vapor delivery needle. The needle 702 can
include an insulating layer or sheath 716 to prevent the needle shaft from heating tissue along
the path of the needle outside of the prostate, with the needle optionally being extendable from
the insulating layer. In some embodiments, the insulating layer can comprise an active cooling
or vacuum insulation layer.

[0069] In general, a method corresponding to treatment of prostate cancer comprises
introducing a needle into prostate tissue, and delivering vapor through the needle to ablate
prostate tissue. In one specific embodiment, the method can comprise inserting the needle into
peripheral zone tissue of the prostate, and delivering vapor through the needle to ablate
peripheral zone tissue of the prostate without ablating non-peripheral zone tissue of the prostate.
The method can include introducing the vapor delivery needle into both the first and second
prostate lobes. The method can also include positioning the needle in a plurality of locations in
the prostate tissue prior to delivering vapor into the prostate. In some embodiments, the method
can include introducing the needle under imaging guidance such as ultrasound guidance. Vapor
entering the prostate has a lower density than surrounding tissue, thereby showing up as a
brighter region in an ultrasound image. Real time ultrasound imaging, such as TRUS (Trans-
Rectal-Ultrasound), can be used to image vapor entering the prostate from a trans-perineum or
trans-urethral needle placement.

[0070] In one embodiment, a method of treating prostate cancer can comprise delivering
vapor from vapor delivery needle having a plurality of vapor delivery ports to ablate prostate

tissue and form a plurality of lesions in the prostate. Lesions in tissue can be determined by

- 9.



15

20

25

L2
i

WO 2014/153082 PCT/US2014/028985

treatment and dosing. Focal lesions can be lesions having a size of 1-10mm, and can be created
by delivering less than 150 calories of vapor into the tissue, or by delivering vapor from 2-20
seconds. Regional lesions can be lesions having a size greater than 10mm, and can be created
by delivering between 150-300 calories of vapor into the tissue, or by delivering vapor from 10-
40 seconds. Zonal lesions can be lesions that cover a majority (e.g., greater than 75%) of a
specified zone of prostate tissue (e.g., peripheral zone), and can be created by delivering
between 300-1000 calories of vapor into the tissue, or by delivering vapor from 20-60 seconds.
[0071] In one embodiment, the method includes the injection of condensable vapor, and
more particularly the vapor delivery step includes vaporizing a flow of fluid having a flow rate
ranging from 1 c¢/min to 60 cc/min to thereby provide the condensable vapor. The method can
include injecting vapor media for between 1-20 seconds for a focal ablation site. The delivered
vapor media can be configured to deliver less than 150 calories for a focal ablation site. The
method can include delivering vapor media configured for regional ablation of abnormal tissue,
wherein the vapor media is configured to deliver between 150 and 300 calories for each
peripheral zone lobe. The method can include delivering vapor media configured for zonal
ablation of abnormal tissue, wherein the vapor media is configured to deliver between 300 and
1000 calories for each peripheral zone lobe.

[0072] In another embodiment, the vapor media can be injected into peripheral zone tissue at
pressure and flow parameters that result in the vapor media being reflected by barrier tissue
surrounding the peripheral zone lobe to thereby ablate said lobe without ablating non-peripheral
zone tissue. A method for treating prostate cancer comprises delivering vapor media into
peripheral zone lobe in a prostate, wherein the vapor media is configured to deliver between 40
and 800 calories to the peripheral zone lobe to thereby ablate malignant tissue with the volume
of vapor media being adapted for ablation of the entire peripheral zone lobe. Another method
comprises delivering vapor media into peripheral zone lobe in a prostate wherein the vapor
media is configured to deliver less than 150 calories to a site in the peripheral zone lobe to
thereby cause focal ablation of malignant tissue.

[0073] FIG. 9 shows one embodiment of a vapor delivery device 900 configured to access
the prostate trans-urethrally. Vapor delivery device 900 can have an elongate shaft 902
configured for insertion into the urethra of a patient and a handle portion 904 for gripping with a
human hand. The vapor device 900 can include a vapor delivery needle 906 configured to
extend from a distal portion of the elongate shaft 902. The vapor delivery needle can extend
generally perpendicular to or transverse from the shaft, and can include one or more vapor
delivery ports configured to deliver a flow of vapor from the needle into prostate tissue. The

vapor delivery device 900 can be connected to a light source 940, a vapor source 250, a
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controller 255, an aspiration source 320, and a fluid source 300. In one method, the trans-
urethral vapor delivery device of FIG. 9 can be inserted into a urethra of a patient, a needle of
the vapor delivery device can be extended into the prostate, and vapor can be delivered from the
device into the prostate to treat prostate cancer. In one specific embodiment, the needle of the
vapor delivery device can be extended from the urethra, through the transition zone, and into the
peripheral zone. Vapor can be delivered from the device into the peripheral zone tissue to treat
prostate cancer.

[0074] FIG. 10 is a cutaway view of the device 900 of FIG. 9 with the vapor delivery needle
906 extended into the prostate from the urethra U. As shown, the needle is inserted into one of
the two lobes of the prostate, which are separated by imaginary mid-line ML. Although the
needle is shown inserted into the transition zone TZ of the prostate, it should be understood that
the needle can also be extended into the other regions of the prostate, including the peripheral
zone or the central zone. Upon delivering vapor from the needle into the prostate, the ablation
zone 425 can be seen in the Figure. The size and depth of the ablation zone can be controlled
depending on the duration of vapor delivery and the amount and quality of vapor delivered.
[0075] FIG. 11 shows a method similar to that shown in FIG. 7 above. However, in FIG. 11,
a temperature probe 718 is also inserted through the perineal tissue and advanced towards the
prostate. Instead of piercing the prostate with the temperature probe, as is done with the vapor
delivery needle, the temperature probe can be placed on an outside surface of the prostate, such
as along the outside of the peripheral zone of the prostate, or can be placed in tissues
surrounding the prostate. In one embodiment, saline can be injected into the tissues in which the
temperature probe is placed (either before or after insertion of the temperature probe) to act as a
heat sink. Vapor can be delivered into the prostate with vapor delivery needle 702, as described
above, and the temperature can be monitored with the temperature probe 718. Vapor delivery
can then be terminated when the monitored temperature reaches a desired level. In one
embodiment, vapor can be delivered into the prostate with the vapor delivery needle until an
exterior portion of the prostate reaches a temperature of 47-52 degrees C. Temperature probe
718 can comprise a singular or linear array of temperature sensors such as thermocouples, with
vapor therapy terminated when any sensor in the array exceeds a predefined limit. Temperature
probe 718 can comprise an array of ultrasound transducers which produce a three dimensional
ultrasound image of surrounding tissue. The ultrasound array image may provide a temperature
map of tissue in addition to guiding needle placement within tissue.

[0076] FIG. 12 illustrates a flow chart 1200 to describe the various methods described
above. At step 10 of flowchart 1200, a vapor delivery needle can be inserted into the prostate of

a patient. The needle can be inserted into the prostate trans-perineally (FIGS. 7 and 11), trans-
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urethrally (FIG. 10), trans-rectally, or trans-abdominally. Any of the vapor delivery devices
described herein can be used for this method step. In some embodiments, the vapor delivery
needle can be inserted into a peripheral zone of the prostate. In other embodiments, the needle
can be inserted into a transition zone, or alternatively, into a central zone of the prostate.

10077] Next, at step 12 of flowchart 1200, the method can optionally include insulating non-
prostate tissues from the vapor delivery needle with an insulating layer or sheath around a
portion of the vapor delivery needle. Embodiments of an insulating layer or sheath are found in
FIGS. 6A-6B above.

[0078] Next, at steps 14 and of flowchart 1200, vapor can be delivered from the vapor
delivery needle into the prostate, and delivery of vapor can be terminated when the desired
ablation of prostate tissue is achieved. In some embodiments, vapor can be delivered for a
period of between 1-60 seconds to ablate the prostate tissue. Alternatively, in another
embodiment the vapor can be delivered for a period of between 9-12 seconds. In some
embodiments, ablating the prostate tissue comprises ablating prostate cancer tissue. In one
embodiment, ablating prostate tissue can comprise ablating peripheral zone tissue without
ablating non-peripheral zone tissue. In one embodiment, the temperature of the prostate, or the
temperature of tissue just outside the prostate (e.g., the connective or fatty tissues, or the nerves
surrounding the prostate, or the prostate capsule) can be monitored (as described in FIG. 11) and
therapy can be terminated when the prostate reaches a desired temperature (e.g., 44-60 degrees
C). In one embodiment, the desired temperature of monitored outer boundary of the ablation is
approximately 48 degrees C.

[0079] Finally, at step 18 of flowchart 1200, the vapor delivery needle can be withdrawn
from the prostate after the therapy is completed. In some embodiments, the needle can remain
hot while being withdrawn so as to seal the prostate and intervening tissues as the needle is
withdrawn. In another embodiment, the needle can continue to release a flow of vapor as the
needle is withdrawn, to seal the prostate and intervening tissues. The “hot” needle, or
continuing to release vapor as the needle is withdrawn can kill cancer cells and prevent
“seeding” or spreading of cancer cells into non-cancerous tissue as the needle is withdrawn.
[0080] This disclosure describes a vapor delivery system for ablating tissues of the prostate
that has a number of unique advantages over other energy modalities.

[0081] First, systems described herein benefit from a reduced procedure time. In some
embodiments, vapor therapy of the prostate comprises one or more short (<12 sec) treatments of
vapor delivery. Other energy modalities, such as RF, microwave, ultrasound, laser, radiation
seeds, or surgical resection require much longer treatment times. The shorter procedure times

provided by vapor therapy allow for less chance of collateral damage, and less time for heat
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conduction to, and thermal damage of, adjacent tissues. Vapor therapy also provides for reduced
energy application, which enables the shorter treatment time described above. Vapor therapy
provides very little excess energy that can cause collateral damage.

[0082] Furthermore, vapor therapy provides thermal ablation of tissue with a limited
maximum temperature. Vapor temperature is nominally ~100 °C. Interstitial tissue pressure
may be around 1 psi (50 mm Hg), and vapor at 1 psi (gauge pressure) has a temperature less
than 102 °C. Vapor will condense only on tissues having temperature lower than steam
temperature. Therefore, in vapor therapy, tissue temperature is equal to or less than the
temperature of the vapor. The result of vapor therapy in tissue is that tissue remains moist with
no charring or scaring, such as is found in RF or other ablative technologies. Furthermore,
tissue treated with vapor therapy can be completely absorbed by the body over time. The other
thermal therapies mentioned (e.g., RF, ultrasound, laser, etc.) have no tissue temperature limit,
so tissue treated with these modalities can be desiccated, charred, or encapsulated with scar
formation. Heat can also be conducted with these modalities to adjacent tissue at higher
temperatures, causing increased collateral damage.

[0083] Vapor therapy is contained within the prostate capsule or desired prostate zone
capsule. Vapor does not pass through the capsule tissue that surrounds the lobe or each prostate
zone being treated. Additionally, tissue constricts around a vapor delivery needle, preventing
vapor escape. The capsule tissue has reduced thermal conductivity, thereby insulating
surrounding tissue from treated prostate tissue. Untreated tissue surrounding the prostate
capsule is perfused with blood. Perfusion efficiently removes heat, keeping the outside surface
of the capsule at a significantly lower temperature than treated tissue within the capsule,
preventing necrosis on or outside the capsule, and preventing nerve damage.

[0084] The prostate capsules are not a barrier to other ablation therapies. The electrical
properties of the capsule and surrounding tissue are similar to those of the prostate, allowing
ablation current to cross the prostate capsule in RF, microwave and other electromagnetic or
radiation therapies. The capsule does not contain ultrasound vibrational energy, and does not
confine cryo therapy. Mechanical therapies can readily cross the boundaries of the capsule.
|0085] Furthermore, vapor can fill a treatment volume, even when delivered from a small
source, such as a vapor delivery needle. Vapor can penetrate through the spaces around cells in
the prostate. Thermal diffusion through the tiny cell volume occurs in a few milliseconds, so
tissue through which steam has passed can be rapidly elevated to ablation temperature. Vapor
will not condense on tissue already at 100 °C. Intercellular spaces constrict when vapor
condenses. Vapor will therefore take the path of least resistance and lower temperature through

intercellular spaces that do not already contain condensed steam. Lesions are therefore
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spherical in vapor therapy. Vapor will continue to condense on any tissue that is below steam
temperature as it moves radially outward into tissue.

[0086] At the end of vapor therapy, heat can be conducted to surrounding tissue. If this
tissue is perfused, conducted heat may be carried away, keeping the tissue surrounding the
ablation zone below ablation temperature. The volume of a lesion from vapor therapy can be
therefore predicted by the energy content of the vapor (mass of fluid delivered as vapor times its
heat of vaporization) which is equal to the volume of the lesion times the prostate tissue specific
heat (Joules/cm® °C ) times the difference between vapor temperature (= 100 °C) and body
temperature (= 37 °C). For vapor delivered at a constant rate, the volume of the lesion is simply
proportional to the delivery time.

[0087] Although particular embodiments of the present invention have been described above
in detail, it will be understood that this description is merely for purposes of illustration and the
above description of the invention is not exhaustive. Specific features of the invention are
shown in some drawings and not in others, and this is for convenience only and any feature may
be combined with another in accordance with the invention. A number of variations and
alternatives will be apparent to one having ordinary skills in the art. Such alternatives and
variations are intended to be included within the scope of the claims. Particular features that are
presented in dependent claims can be combined and fall within the scope of the invention. The
invention also encompasses embodiments as if dependent claims were alternatively written in a

multiple dependent claim format with reference to other independent claims.
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CLAIMS
What is claimed is:
1. A method for treating abnormal prostate tissue, comprising:
introducing a vapor delivery needle into peripheral zone tissue of a human prostate; and
delivering condensable vapor through the needle to ablate peripheral zone tissue without

ablating non-peripheral zone tissue.

2. The method of claim 1 wherein the introducing step includes introducing the needle

into peripheral zone tissue within first and second prostate lobes.

3. The method of claim 1 wherein the introducing step includes positioning the needle in

a plurality of locations in the peripheral zone tissue prior to delivering condensable vapor.

4. The method of claim 1 wherein the peripheral zone tissue includes malignant tissue.

5. The method of claim 1 wherein the introducing step includes introducing the needle in

at least one of a perineal approach, trans-rectal approach or trans-urethral approach.

6. The method of claim 1 wherein the introducing step includes positioning the needle

under imaging guidance.

7. The method of claim 6 wherein the imaging guidance is ultrasound.

8. The method of claim 1 wherein the condensable vapor includes water vapor.

9. The method of claim 8 wherein the delivering step includes vaporizing a flow of fluid

having a flow rate ranging from 1 cc/min to 60 cc/min to thereby provide the condensable vapor.

10. The method of claim 1 wherein the delivering step includes delivering condensable

vapor configured for focal ablation of abnormal tissue.

I1. The method of claim 10 wherein the condensable vapor is delivered for between 2

seconds and 20 seconds each focal ablation site.
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12. The method of claim 10 wherein the delivered condensable vapor is configured to

deliver between less than 150 calories for each focal ablation site.

13. The method of claim 1 wherein the delivering step includes delivering condensable

vapor configured for non-focal ablation of abnormal tissue.

14. The method of claim 1 wherein the delivering step includes delivering condensable

vapor configured for ablation of substantially all peripheral zone tissue in a lobe.

15. The method of claim 14 wherein the condensable vapor is delivered for between 10

seconds and 40 seconds each peripheral zone lobe.

16. The method of claim 14 wherein the delivered condensable vapor is configured to

deliver between 150 and 300 calories for each peripheral zone lobe.

17. The method of claim 1 wherein the delivery of vapor is configured with pressure and
flow parameters that result in the condensable vapor being reflected by barrier tissue

surrounding the peripheral zone tissue.

18. The method of claim 1 further comprising insulating tissue outside of the prostate

from the needle during the delivering step.

19. The method of claim 18 wherein the insulating step comprises insulating the

needle with an active cooling system.

20. The method of claim 18 wherein the insulating step comprises insulating the

needle with a vacuum system.

21. The method of claim 18 wherein the insulating step comprises insulating the

needle with an insulating sheath.

- 16-



15

20

25

30

(%)
w

WO 2014/153082 PCT/US2014/028985

22. A method for treating prostate cancer, comprising:

introducing a needle into peripheral zone lobe in a prostate; and

delivering vapor through the needle at pressure and flow parameters that result in the
condensable vapor being reflected by barrier tissue surrounding the peripheral zone lobe to

thereby ablate the peripheral zone lobe without ablating non-peripheral zone tissue.

23. A method for treating prostate cancer, comprising:
delivering vapor into peripheral zone lobe in a prostate;
wherein the vapor is configured to deliver between 300 and 1000 calories to the

peripheral zone lobe to thereby ablate malignant tissue.

24. The method of claim 23 wherein the volume of vapor is adapted for ablation of the

entire peripheral zone lobe.

25. A method for treating prostate cancer, comprising:

positioning a needle into peripheral zone lobe in a prostate; and

delivering vapor into the peripheral zone lobe, wherein the vapor is configured to deliver

less than 150 calories to a site in the peripheral zone lobe to thereby cause focal ablation of

malignant tissue in the peripheral zone lobe.

26. The method of claim 25 wherein the volume of vapor is adapted for said focal

ablation.

27. The method of claim 25 further comprising re-positioning the needle in the peripheral

zone lobe and repeating the delivering step at a second site to cause a second focal ablation of

malignant tissue in the peripheral zone.

28. The method of claim 1 further comprising:
measuring a temperature of the prostate; and
terminating delivery of the condensable vapor when the temperature of the prostate

reaches a pre-determined threshold.

29. The method of claim 28 wherein the measuring step comprises measuring a

temperature of an outer capsule of the prostate.
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30. The method of claim 28 wherein the pre-determined threshold comprises between

44-60 degrees C.

31. The method of claim 1 further comprising withdrawing the needle from the prostate

to seal a prostate capsule and prevent seeding into non-prostate tissue.

32. The method of claim 31 further comprising releasing a flow of condensable vapor

during the withdrawing step.

33. A prostate cancer therapy system, comprising:

a vapor generator; and

a vapor delivery needle coupled to the vapor generator, the vapor delivery needle
configured to be inserted into a peripheral zone of a prostate to deliver vapor to the peripheral

zone to treat prostate cancer.

34. The system of claim 33 wherein the vapor generator comprises a controller

configured to delivery between 1 and 150 calories of vapor into the peripheral zone.

35. The system of claim 33 wherein the vapor generator comprises a controller

configured to delivery between 150 and 300 calories of vapor into the peripheral zone.

36. The system of claim 33 wherein the vapor generator comprises a controller

configured to delivery between 300 and 1,000 calories of vapor into the peripheral zone.

37. The system of claim 33 wherein the vapor generator is disposed within a handle of

the vapor delivery needle.

38. The system of claim 33 wherein the vapor delivery needle includes a plurality of

vapor ports.

39. The system of claim 33 wherein the vapor delivery needle further comprises a

vacuum sleeve configured to protect tissue outside of the prostate.
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