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COMBINED CRYOTHERAPY AND BRACHYTHERAPY DEVICE AND

METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. provisional patent application

no. 61/159,497, filed March 12, 2009.

BACKGROUND

1. Technical Field

[0002] Embodiments of the present invention relate generally to cryotherapy and

brachytherapy and, more particularly, to combined cryotherapy and

brachytherapy methods and devices.

2. Description of Related Art

[0003] Several approaches to cancer treatment are known. The most common

and effective approaches include: surgery, chemotherapy, radiation therapy, and

cryotherapy. These approaches may be administered individually, in various

combinations, and/or in succession. Often, a combination of cancer treatment

approaches yields the most effective results.

[0004] Each cancer treatment option has positive aspects and drawbacks. For

example, radiation therapy, which uses high-energy rays or particles to destroy

cancer cells, can damage nearby healthy tissue along with the cancer cells

because it is difficult to administer accurately. Chemotherapy, which uses drugs

to kill cancer cells, is also difficult to administer accurately and locally because

chemotherapy drugs are toxic to both normal and cancerous cells.

[0005] Radiation therapy is a primary cancer treatment. It can be administered

externally or internally. Externally, radiation may be administered via external

beam therapy (EBT), in which high-energy x-ray beams are directed at the tumor

from outside the body. Internally, radiation may be administered via

brachytherapy, in which one or more pellets or "seeds" of radioactive material are

placed in, or adjacent to, a tumor.



[0006] A key feature of brachytherapy is that the irradiation is localized around

the radiation source. Exposure to radiation of healthy tissues further away from

the sources is therefore reduced. The result is the ability to use a higher total

dose of radiation to treat a smaller area and in a shorter time than is possible with

external radiation treatment.

[0007] Cryotherapy can be a particularly advantageous cancer treatment

because it does not use radiation and is direct treatment that kills only the

targeted tissue. Additionally, cryotherapy requires a small incision and causes

less trauma. With cryotherapy, one or more thin needles are inserted into the

tumor and the needles are cooled using extremely cold liquids or using high-

pressure gas. The needles are cooled so as to form ice balls at the tips. These

icefalls freeze and kill the tumor. Thus, the problems of irradiation are avoided.

[0008] Two common cancers that may be treated via brachytherapy and

cryotherapy are prostate and breast cancer.

[0009] Conventional breast cancer treatment, for example, can include a surgical

approach and an additional approach. First, a tumor is removed by surgery (a

lumpectomy) followed by external radiation therapy. In recent years, there has

been a trend to replace external radiation therapy with internal radiation therapy,

like brachytherapy.

[0010] Brachytherapy, in the treatment of breast cancer, is performed by

positioning a balloon in the void of the removed tumor, and then placing one or

more radiation sources (seeds) in the balloon. Typically, the balloon is positioned

once during surgery. Thereafter, the seed may be replaced or removed, as

required. Accurate positioning of the source in the same place is important.

[001 1] Cryotherapy and other emerging tumor ablation techniques are

investigated as replacement to the surgical component (lumpectomy) in treatment

of breast cancer. One challenge is that when the tumor is ablated rather than

surgically removed, there is no room (void) for a brachytherapy balloon. Presently

there is no brachytherapy solution for breast tumors that does not feature such a

balloon.

[0012] Among the advantages of using a removable radioactive source in a

balloon, rather than permanently implanting a radioactive source, is that higher

radiation doses may be used.



BRIEF SUMMARY

[0013] The background art does not provide a breast brachytherapy solution that

does not feature a balloon. Furthermore, it does not provide a removable

brachytherapy solution that can be used following cryotherapy treatment.

[0014] Embodiments of the present invention provide either a device or a method

for combination cryotherapy and brachytherapy, which does not require a

brachytherapy balloon.

[0015] Various non-limiting embodiments according to the present invention of a

combined cryotherapy and brachytherapy device are described herein.

[0016] One aspect of the present invention provides a combined brachytherapy

and ablation method, including: inserting an ablation device into tissue of a

subject; ablating tissue within an ablation zone of the device; detaching and

removing a first part of the device while leaving a second part of the device in the

tissue, the first part contacting the ablation zone; and inserting a brachytherapy

rod into the second part of the device when the second part is detached from the

first part, the brachytherapy rod connected to base at one end and retaining a

radioactive seed at an opposing end, the brachytherapy rod configured and

dimensioned so that when it is inserted into the device up to the base, the

radioactive seed is in the ablation zone. The seed dimensions may vary from

sub-millimeters up to a few centimeters long.

[0017] Another aspect of the present invention provides a combined cryotherapy

and brachytherapy method, including: inserting an ablation device into a tumor;

ablating a zone that engulfs the tumor; detaching a part of the ablation device

from the rest of the ablation device; fixing the detached part at a specified

location in contact with the ablation zone; and placing at least one radioactive

seed in a specified location in the detached part and in the ablation zone.

[0018] Still another aspect of the present invention provides a combined

cryotherapy and brachytherapy method, including: ablating tissue in an ablation

zone of a cryoprobe inserted into a tumor; separating at least a portion of the

cryprobe from a handle; fixing a location of the at least a portion of the cryoprobe

in the ablation zone; and positioning at least one radioactive element in the at

least a portion of the cryprobe, after the ablating.



[0019] Yet another aspect of the present invention provides a device, including: a

handle; a cryoprobe that is selectively detachable from the handle and has an

ablation zone when activated; a brachytherapy rod adapted and configured to be

removably insertable into at least a portion of the cryoprobe when it is detached

from the handle, the rod having at least one radioactive seed at an end. When

the brachytherapy rod is inserted into the cryoprobe, the at least one radioactive

seed is disposed at a specified position in the ablation zone.

[0020] A further aspect of the present invention provides a tumor treatment

method, including; encompassing a tumor in an ablation zone of an ablation

device; ablating tissue in the ablation zone; and inserting a radiation source into

the ablation zone via the ablation device.

[0021] These, additional, and/or other aspects and/or advantages of the present

invention are set forth in the detailed description which follows; possibly inferable

from the detailed description; and/or learnable by practice of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments of the present invention are herein described, by way of

examples only, with reference to the accompanying drawings. With specific

reference now to the drawings in detail, it is stressed that the particulars shown

are by way of example and for purposes of illustrative discussion of embodiments

of the present invention only, and are presented in the cause of providing what is

believed to be the most useful and readily understood description of the

principles and conceptual aspects of the invention. In this regard, no attempt is

made to show structural details of the invention in more detail than is necessary

for a fundamental understanding of the invention, the description taken with the

drawings making apparent to those skilled in the art how the several forms of the

invention may be embodied in practice.

[0023] In the drawings:

FIG. 1 shows an exemplary device consistent with an embodiment of the

present invention usable in cryotherapy;

FIGS. 2A-2D show exemplary brachytherapy rods usable with the device

of FIG. 1;



FIG. 3 shows an exemplary use of the device of FIG. 1 with the

brachytherapy rod 209 of FIG. 2A in the treatment of a tumor;

FIG. 4 shows an exemplary use of the device of FIG. 1 with the

brachytherapy rod 209' of FIG. 2B in the treatment of a tumor;

FIG. 5 illustrates a combined cryotherapy and brachytherapy method

consistent with an embodiment of the present invention; and

FIG. 6 illustrates the use of an optional outer shaft 604 to accomplish the

placing operation of the method of FIG. 5 .

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to embodiments of the present

invention, examples of which are illustrated in the accompanying drawings,

wherein like reference numerals refer to the like elements throughout. The

embodiments are described below to explain the present invention by referring to

the figures.

[0025] Before explaining any exemplary embodiments of the invention in detail, it

is to be understood that the invention is not limited in its application to the details

of construction and the arrangement of the components set forth in the following

description or illustrated in the drawings. Rather, the invention is capable of other

embodiments and/or of being practiced or carried out in various ways. Also, it is

to be understood that the phraseology and terminology employed herein is for the

purpose of description and should not be regarded as limiting.

[0026] Referring now to FIG. 1, there is illustrated a cryotherapy and

brachytherapy device 100 consistent with an embodiment of the present

invention. The device 100 includes a handle 101 to which a cryoprobe 104 is

attached. The cryoprobe 104 has an associated ablation zone 105 of a specified

shape. The ablation zone 105 has a center 106. At the end of the cryoprobe 104

distal from the handle 101 is a tip 107. As illustrated in FIG. 1, the cryprobe 104

is insertable into a tumor 103.

[0027] As is known, an associated ablation zone of a cryoprobe is a function of

the configuration of the cryoprobe and how it is used. Using differently



configured cryoprobes yields differently shaped ablation zones. Thus, desired

ablation zone (one that engulfs a tumor) is achievable by selecting an appropriate

cryoprobe and how it is used.

[0028] The part or parts of the ablation device that come(s) in contact with the

patient are preferably constructed of a biocompatible material that can reside

within the body for several days. This is in contrast to conventional ablation

devices that are only in a body for a few minutes.

[0029] In order to accurately position a radiation source in an ablation zone, the

device 100 includes a mechanism that ensures correct position of the radiation

source(s) when the user located them in the cryoprobe 104.

[0030] Referring to FIG. 2A, one non-limiting example of the positioning

mechanism is a rod 209 that includes a base 208 at one end and a seed-

retaining portion 206 at/near an opposing end 2 11. The rod 209 is dimensioned

so that it will fit within the selected cryoprobe 104 and so that, when it is fully

inserted into the cryoprobe 104, the opposing end 2 11 is at a specified location in

the length of the cryoprobe 104 that will be in the ablation zone 105. This

positions the radiation source (seed) 210 at a specified distance from base 208.

Then, when the rod 209 is inserted into the cryoprobe 104, the radioactive part of

the rod 209 is located in the ablation zone 105. In this configuration, the rod 209

and the cryoprobe 104 have substantially the same length.

[0031] It is preferable to position the seed in the center 106 of the ablation zone

105.

[0032] Optionally, as illustrated in FIG. 2D, the seed retaining portion 206 may be

configured to retain a single elongated seed 206'.

[0033] Optionally, the base 208 of the rod 209 may be dimensioned so as to

prevent the rod from entering too deeply into the cryoprobe 104.

[0034] It is to be understood that the seed-retaining portion 206 need not be

located at the opposing end 2 11. Indeed, as FIG. 2B illustrates, the seed-

retaining portion 206 of the rod 209' may retain the radioactive seed 210 at a

specified distance between the center of the rod 209' and the tip 107. In the

configuration of FIG. 2B, the rod 209' is preferably configured so that the seed

210 is positioned in the ablation zone 105 when the rod 209' is fully inserted into



the cryoprobe 104. In this configuration, the rod 209' is be shorter than the

cryoprobe 104.

[0035] Alternatively, the seed-retaining portion 206 may be configured to retain

multiple seeds 210, as FIG. 2C illustrates.

[0036] Optionally, as illustrated in FIG. 2C, the rod 209" may have a protrusion

209a near the proximal end (near base 208), and radiation sources 210 are

placed at fixed locations with respect to this protrusion. The rod 209' may be

inserted into the cryoprobe 104 until the protrusion 209a reaches the cryoprobe

104.

[0037] In operation, a user of the device 100 ablates the tissue in the ablation

zone 105, which engulfs the tumor 103, and positions a radiation source 210 in

the ablation zone 105. Several approaches to position the radiation source 210

are available.

[0038] One example is illustrated in FIG. 3 , which illustrates use of rod 209 of

FIG. 2A in the device 100. Referring to FIG. 3 , because the radiation source

(seed) 210 is retained near the opposing end 2 11 and the rod 209 is shorter than

the cryoprobe 104, when the rod 209 is fully inserted into the cryoprobe 104, the

seed 210 is positioned in/near the center 106 of the ablation zone 105, which is

at a known distance from the base 208 of the cryoprobe 104 and from the tip of

the probe 107.

[0039] Another example is illustrated in FIG 4 , which illustrates use of rod 209' of

FIG. 2B in the device 100. Referring to FIG. 4 , because the radiation source

(seed) 210 is retained between the center of the rod 209' and opposing end 2 11

and the rod is substantially equal in length to the cryoprobe 104, when the rod

209' is fully inserted into the cryoprobe 104, the seed 210 is positioned in/near

the center 106 of the ablation zone 105, which is at a known distance from the

base 208 of the cryoprobe 104 and from the tip of the probe 107.

[0040] After an ablation process is completed, the cryoprobe 104 is detached

from the handle 101 , and the radiation source 210 is delivered through the

detached cryoprobe 104. Alternatively, as FIG. 6 illustrates, only an outer shaft

604 of the cryoprobe 104 may detach from the inner part of the cryoprobe 104

and the handle 101 . In this alternative configuration, the radiation source is

delivered through the external shaft 604



[0041] In other embodiments, the ablation device may use another ablation

technology. Non-limiting examples of ablation technologies include RF,

microwave, and laser.

[0042] Preferably, when multiple seeds are used during a multi-day treatment,

the ablation device is securely attached to the tissue. This may be done by

special retractable needles that extend from the ablation device into the tissue, or

by a special cover 3 11 that attaches the external part of the ablation device to the

skin 102. Optionally, a cover 3 11 may be applied to cover the base 208 in a

multi-day treatment.

[0043] Referring now to FIG. 5 , there is illustrated a combined cryotherapy and

brachytherapy method 500 consistent with an embodiment of the present

invention. The method 500 includes the following operations: inserting an

ablation device into a tumor (operation 510); ablating a zone that engulfs the

tumor (the ablated zone) (operation 520); detaching part of the ablation device

(e.g., a cryoprobe) from the rest of the ablation device (operation 530); fixing the

detachable part in place (operation 540); placing at least one radioactive seed in

the detachable part substantially in the center of the ablated zone (operation

550); and removing the detached detachable part (operation 560). It is to be

understood that these various operations may be executed in the illustrated

order. Rather, they may be executed in an order that differs from that illustrated

in FIG. 5 .

[0044] In operation 510, it is particularly advantageous to insert the ablation

device into the tumor under imaging guidance. Non-limiting examples of systems

that may provide such guidance include ultrasound, MRI, CT, and X-ray.

[0045] In operation 540, it is preferable to fix the detachable part substantially in

the center of the ablated zone. As FIG. 6 illustrates, the detachable part may

comprise only an outer shaft 604 of the cryoprobe 104.

[0046] In operation 550, one or more seeds may be positioned in the detachable

part. When more than one seed is placed, the various seeds may share the

same intensity and profile.

[0047] The method 500, or portions thereof, may be repeated as necessary

and/or desired to achieve a desired result.

[0048] The method 500 may be performed with the device 100 of FIG. 1.



[0049] Advantageously and optionally, when the method 500 is performed via the

device 100 of FIG. 1, the cryoprobe 104 may be a disposable cryoprobe, and the

cryoprobe may contain an inner tube that is used for in-flow of cryogenic liquid or

gas. The entire disposable cryoprobe may be detached from the handle 101 , and

the radiation source(s) 210 may be inserted into the cryoprobe through the inner

tube. Additionally, the cryoprobe 104 may also include an outer shaft 604

(illustrated in FIG. 6 and, when the cryoprobe 104 is detached from the handle

101 , the outer shaft 604 detaches from the inner tube. When the outer shaft 604

is present, the radiation source(s) 210 may be inserted into the cryoprobe 104

through the outer shaft 604.

[0050] By way of non-limiting example, the radiation source(s) 210 may be

placed at specified locations with respect to the distal end of the rod 209, 209', or

209". As a result, when the rod is fully inserted into the cryoprobe 104, it reaches

the tip 107 and stops. The location(s) of the radiation source(s) may be

determined by the distance between the inner part of the tip 107 of the cryoprobe

104 and the center 106 of the ablation zone 5 . Alternatively, the rod 209' may be

inserted until protrusion 209a contacts cryoprobe 104.

[0051] As the foregoing illustrates, embodiments of the present invention provide

a device that features a removable cryogenic device that is insertable to an area

of tissue to be treated, such as for example in the breast, for treatment of a

tumor. The device may feature a removable core that includes a shaft for

receiving a cryogen and a tip for being cooled by the cryogen and for being

inserted to the tissue to be treated. After cryogenic treatment, the removable core

is removed from the device and a radiation source is inserted through the device

to the tissue to be treated. In place of a balloon as is known in the art, the

cryoprobe portion of the device, the tip of which cryogenically freezes the tissue,

receives the radiation source. The core may optionally surround at least a

proximal part of the cryoprobe portion and/or may optionally be removably

connected to the cryoprobe portion, for example.

[0052] 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. Although methods and materials similar or

equivalent to those described herein can be used in the practice or testing of the

present invention, suitable methods and materials are described below. In case



of conflict, the patent specification, including definitions, will control. In addition,

the materials, methods, and examples are illustrative only and not intended to be

limiting.

[0053] The various described embodiments and/or examples may be combined.

[0054] Although at least one selected embodiment of the present invention has

been shown and described, it is to be understood the present invention is not

limited to the described embodiment(s). Instead, it is to be appreciated that

changes may be made to this/these embodiment(s) without departing from the

principles and spirit of the invention, the scope of which is defined by the claims

and the equivalents thereof.



CLAIMS

What is claimed is:

1. A combined brachytherapy and ablation method, comprising:

inserting an ablation device into tissue of a subject;

ablating tissue within an ablation zone of the device;

detaching and removing a first part of the device while leaving a second

part of the device in the tissue, the first part contacting the ablation zone; and

inserting a brachytherapy rod into the second part of the device when the

second part is detached from the first part, the brachytherapy rod connected to

base at one end and retaining at least one radioactive seed at an opposing end,

the brachytherapy rod configured and dimensioned so that when it is inserted into

the device up to the base, the at least one radioactive seed is in the ablation

zone.

2 . A combined cryotherapy and brachytherapy method, comprising:

inserting an ablation device into a tumor;

ablating a zone that engulfs the tumor;

detaching a part of the ablation device from the rest of the ablation device;

fixing the detached part at a specified location in contact with the ablation

zone; and

placing at least one radioactive seed in a specified location in the

detached part and in the ablation zone.

3 . A combined cryotherapy and brachytherapy method, comprising:



ablating tissue in an ablation zone of a cryoprobe inserted into a tumor;

separating at least a portion of the cryprobe from a handle;

fixing a location of the at least a portion of the cryoprobe in the ablation

zone; and

positioning at least one radioactive element in the at least a portion of the

cryprobe, after the ablating.

4 . The method of claim 3 , wherein the positioning comprises providing a rod

that is adapted and configured to be removably insertable into the cryoprobe, and

the at least one radioactive element is disposed at an end of the rod.

5 . The method of claim 3 , wherein, in the positioning, the at least one

radioactive element is a single seed that is positioned at a substantial center of

the ablation zone.

6 . The method of claim 3 , wherein, in the positioning, the at least one

radioactive source is a single radioactive element that extends along a portion of

a length of the cryoprobe and that is positioned through at least a substantial

center of the ablation zone.

7 . The method of claim 3 , wherein the cryoprobe includes an inner tube

usable for an inflow of cryogenic liquid or gas and wherein, in the positioning, the

at least one radiation element is inserted into the cryoprobe through the inner

tube.



8 . The method of claim 3 , wherein the cryoprobe includes an outer shaft and,

wherein, in the positioning, the at least one radiation element is inserted into the

cryoprobe through the outer shaft.

9 . The method of claim 8 , wherein the at least one radioactive source is a

plurality that is located at specified locations with respect to a distal end of a rod.

10. A device, comprising:

a handle;

a cryoprobe that is selectively detachable from the handle and has an

ablation zone when activated;

a brachytherapy rod adapted and configured to be removably insertable

into at least a portion of the cryoprobe when it is detached from the handle, the

rod having at least one radioactive seed at an end;

wherein, when the brachytherapy rod is inserted into the cryoprobe, the at

least one radioactive seed is disposed at a specified position in the ablation zone.

11. The device of claim 10 , wherein the rod includes a base opposite the end

and the base is configured and dimensioned so as to limit travel of the rod into

the cryoprobe.

12. The device of claim 10, wherein the rod has a protrusion near a base

opposite the end that limits travel of the cryoprobe into the cryoprobe.



13 . The device of claim 10 , wherein the cryoprobe includes an inner tube

usable for an inflow of cryogenic liquid or gas, and wherein the brachytherapy rod

is inserted into the cryoprobe through the inner tube.

14. The device of claim 10, wherein the cryoprobe includes an outer shaft,

wherein only the outer shaft remains in the subject after the cryoprobe has been

activated, and wherein the brachytherapy rod is inserted into the cryoprobe

through the outer shaft.

15. A tumor treatment method, comprising;

encompassing a tumor in an ablation zone of an ablation device;

ablating tissue in the ablation zone; and

inserting a radiation source into the ablation zone via the ablation device.

16. The method of claim 15, wherein the ablation device includes a cryoprobe

and wherein, in the ablating, the tumor is ablated by cryotherapy.

17 . The method of claim 16 , further comprising:

detaching a handle from the cryoprobe; and

leaving the cryoprobe in the ablation zone, before the inserting.

18. The method of claim 17, further comprising:

removing the radiation source from the ablation zone, via the cryoprobe;

and

inserting another radiation source into the ablation zone, via the

cryoprobe, after the removing.



19 . The method of claim 16 , further comprising:

detaching an outer shaft of the cryoprobe; and

leaving the outer shaft in the ablation zone, before the inserting.

20. The method of claim 19, wherein, in the inserting, a brachytherapy rod that

retains the radiation source is inserted into the detached outer shaft.

2 1. The method of claim 16, wherein, in the inserting, a brachytherapy rod that

retains the radiation source is inserted into the cryoprobe.

22. The method of claim 15, wherein, in the inserting, a brachytherapy rod that

retains the radiation source is inserted into the ablation device.

23. The method of claim 15 , further comprising:

removing the radiation source from the ablation zone, via the ablation

device; and

inserting another radiation source into the ablation zone, via the ablation

device, after the removing.
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