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DEVICE AND METHOD FOR IN-TISSUE POSITIONING OF A SUBSTANCE

FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to targeted delivery of a substance, and more
specifically to a medical device for multiple deliveries of radioactive sources used for
brachytherapy treatment of cancerous tissue.

Radiation is used for treating cancer and other diseases of the body. It has
been proven that radiation can be used for destroying fast multiplying cells
(cancerous), thus hopefully preventing the disease from spreading. While most
radiation treatments are delivered with teletherapy, in which the source of radiation is
distant from the target, brachytherapy is a form of radiation therapy in which
radioactive pellets or seeds are implanted into or near the target tissue to be treated.
The most notable example is the case of prostate cancer, where the entire organ is
actually irradiated. Complication rates with brachytherapy are minimal, and are more
likely to occur in patients who have undergone transurethral resection of the prostate.
Otherwise, patients who undergo transperineal implantation show excellent quality of
life.

To avoid adversely affecting any healthy region of the subject, one attempts to
maximize the dose administered to the target zone (to ensure killing the cancerous
cells) while minimizing the dose to other regions (to avoid undesirable damage). It is
well known that different types of radiation differ widely in their cell killing
efficiency. Gamma and beta rays have a relatively low efficiency. By contrast, alpha
particles as well as other heavy charged particles are capable of transferring larger
amount of energies, hence being extremely efficient. In certain conditions, the energy

transferred by a single heavy particle is sufficient to destroy a cell. Moreover, the non-

_ specific irradiation of normal tissue around the target cell is greatly reduced or absent

because heavy particles can deliver the radiation over the distance of a few cells
diameters.

On the other ﬁand, the fact that their range in human tissue is less ‘than 0.1
millimeter, limits the number of procedures in which heavy particles can be used.
More specifically, conventional radiotherapy by alpha patticles is fypically perfortﬂed

externally when the tumor is on the surface of the skin.



10

15

20

25

30

WO 2006/137051 PCT/1L2006/000668

2 .
Because the radioactive sources used in brachytherapy deposit all their

absorbed dose within a few millimeters of the source, the sources can be arranged so
the radiation dose delivered to adjacent normal tissues is minimized, and the dose
delivered to the cancerous tissue itself is maximized. Depositing the radioactive seeds
within the cancerous tissue is obtained by inserting a hollow needle or applicator into
the target tissue and positioning the radioactive seeds through this channel. The seeds
in use may vary in size and composition, but they are invariably rigid objects. Thus,
inserting a large number of seeds into a plurality of locations within a cancerous tissue
requires a multiplicity of penetration holes to reach that volume, thus causing damage
to healthy tissue with each penetration. The most one can do to reduce the number of
penetration holes, is to insert a number of seeds collinearly through a single hole.

The use of needles for placing radioactive sources within a cancerous tissue is
known, and has been described in the art. For example: US Patent 6648811 to
Sierocuk et. al. entitled "Brachytherapy cartridge including absorbable and
autoclaveable spacer" teaches a brachytherapy seed delivery system which includes a
seed cartridge comprising: a central channel, a plurality of brachytherapy seeds
disposed within the central channel and a plurality of absorbable, dimensionally stable
spacers disposed within the central channel. This invention is further directed to a
method of loading a brachytherapy seed delivery system including the steps of:
providing a seed cartridge including a central channel, seeds and spacers as described
above; connecting the brachytherapy seed cartridge to a brachytherapy needle
including a cannula; and forcing the seeds out of the brachytherapy seed cartridge into
the cannula. The present invention is further directed to an improved brachytherapy
method including ihserting the brachytherapy needle of the brachytherapy seed
delivery system recited above into a human organ; and forcing the seeds and the
spacer through the cannula of the brachytherapy needle and into the human organ.

Additionally, U.S. Patent No. 6514193 to Kaplan entitled "Method of
administrating therapeutically aétive substance", teaches a method for administering a
therapeutically active component including a non-radioactive drug to a target tissue in
a subject. The method includes the steps of: (a) providing a brachytherapy seed
baving a size and shape suitable for passing through the bore of a needle having an
interior diameter of less than about 2.7 millimeters (10 gauge); (b) providing a

brachytherapy implantation instrument comprising at least onme brachytherapy
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implantation needle having a bore having an interior diameter of less than about 2.7

millimeters (10 gauge), and being adapted to accept the brachytherapy seed into the
bore of the at least one brachytherapy implantation needle and deliver the accepted
implantation device into a target tissue; (¢) introducing the brachytherapy seed into the
bore of the at least one implantation needle of the brachytherapy implantation
instrument; (d) introducing at least a portion of the at least one brachytherapy
implantation needle into a target tissue in the subject; and (e) actuating the
brachytherapy implantation instrument such that the Brachytherapy seed is delivered
through the bore of the brachytherapy implantation needle into the target tissue.

Furthermore, US Patent 6752753 to Hoskins et. al. entitled "Brachytherapy
;nstmment and method" discloses a brachytherapy instrument and method for
delivering therapeutic substances such as radioactive seeds, to internal organs, such as
the prostate. The instrument includes a needle and a stylet which are capable of
reciprocating relative to one another, but which can be selectively fixed against such
movement. The needle is loaded with radioactive seeds, and the stylet advances the
seeds to the distal end of the needle.

The prior art described hereinabove do not address the problem of targeted
delivery of a plurality of doses to different pre-determined points that are not co-linear.
In order to perform such a procedure according to prior art methods and tools, - more
than one penetration hole must be made, thus damaging the healthy tissue.

There is thus a widely recognized need for, and it would be highly

advantageous to have, a device devoid of the above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a device for

targeted delivery of a substance into a tissue, comprising an elongated housing having
a lumen along a length of said elongated housing and a hollow tubular member

capable of substance delivery, said hollow tubular member being positionable within -

 said lumen, wherein said elongated housing and said hollow tubular member are

designed such that when a portion of said hollow tubular member is positioned past an

orifice of said lumen, said portion protrudes from said lumen at an angle with respect

to a longitudinal axis of said elongated housing.
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According to further features in preferred embodiments of the invention

described below, the medical device further comprising a mechanism adapted for
pushing the substance through the hollow tubular member.

According to still further features in the described preferred embodiments the
mechanism includes a plunger being insertable into the hollow tubular member.

According to still further features in the described preferred embodiments the
device is configured for allowing the hollow tubular member to change an azimuthal
position with respect to the tissue.

According to still further features in the described preferred embodiments, the
elongated housing comprises a substantially tapered tip being designed for allowing
introduction of said elongated housing into the tissue. |

According to still further features in the described preferred embodiments, the
tapered tip is pointed.

According to still further features in the described preferred embodiments, the
hollow tubular member is made of a super elastic material.

According to still further features in the described preferred embodiments, the
substance is a radioactive source.

According to still further features in the described preferred embodiments, the
hollow tubular member is configured as an angled hollow tubular member such that
the portion thereof protrudes from the lumen at an angle with respect to the
longitudinal axis of the elongated housing.

. According to still further features in the described preferred embodiments,
the orifice is configured for creating the angle between the longitudinal axis and the
portion. ‘ |

According to still further features in the described preferred embodiments the
hollow tubular member further comprises a substantially pointed tip, said tip being
designed for protruding through the tissue.

According to still further features in the described preferred embodiments, the

orifice is further designed for blocking body fluids from erﬁering into said lumen.

According to another aspect of the present invention there is provided a
method for targeted delivery of a substance into a tissue, the method comprising: (a)

positioning in the tissue a device comprising: (i) an elongated housing having a lumen

“along a length of the elongated housing; and (ii) a hollow tubular member capable of
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delivering the substance into the tissue; wherein the elongated housing and the hollow

tubular member are designed such that when a portion of the hollow tubular member is
positioned past an orifice of the lumen, the portion protrudés from the lumen at an
angle with respect to a longitudinal axis of the elongated housing; (b) advancing the
hollow tubular member within the elongated housing such that the portion thereof is
positioned past the orifice of the lumen and in proximity to a first region of the tissue;
and (c) delivering the substance to the first region of the tissue through the hollow
tubular member.

According to still further features in the described preferred embodiments, the
method further comprises changing an azymuthal position of the hollow tubular
member with respect to the tissue and delivering the substance to a second region of
the tissue through the hollow tubular member.

According to still further features in the described preferred embodiments,
changing the azymuthal position of the hollow tubular member with respect to the
tissue is effected by retracting the hollow tubular member, repositioning the elongated
housing in the tissue and advancing the hollow tubular member within the elongated
housing such that the portion of the hollow tubular member is positioned in proximity
to the second region of the tissue.

According to still further features in the described preferred embodiments,
repositioning the elongated housing in the tissue is effected by rotating the elongated
housing about the longitudinal axis.

According to still further features in the described preferred embodiments,
changing the azymuthal position of the hoilow tubular member with respect to the
tissue is effected by rotating the hollow tubular member about the longitudinal axis.

According to still further features in the described preferred embodiments, the
hollow tubular member is made of a super elastic material.

According to still further features in the described preferred embodiments step
(b) is effected via a plunger positioned within the hollow tubular member.

According to still further features in the described preferred embodixﬁents, the
substance is a radioactive isotope.

‘ The present invention successfully addresses the shoftcdinings of the presently
known configurations by providing a medical device for targeted delivery of a

plurality of doses to a few pre-determined points that are not co-linear, through a
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single penetration hole; thus minimizing damage caused to healthy tissue in the

proximity of the tissue to be treated.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example 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 the preferred 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.

In the drawings:

FIGs. 1A-1B illustrate a device used for targeted delivery of a substance to a

~ tissue, according to a preferred embodiment of the present invention;

FIGs. 2A-2E illustrate use of the present device in a method of targeted
delivery of a substance to a tissue; ‘

FIGs. 3A-3B illustrate the distal end of the elongated housing according to two
embodiments of the present invention; |

FIGs. 4A-4B illustrate a device used for targeted delivery of a substance to a
tissue, according to another embodiment of the present invention;

FIGs. 5A-5C illustfate the use of a guiding sleeve for advancing hollow tubular

member according to a preferred embodiment of the present invention;
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FIG. 6 illustrates a device for targeted positioning of a plurality of substances

within a tissue according to another embodiment of the present invention;

FIG. 7 illustrates a device for targeted positioning of a plurality of doses
within a tissue according to yet another embodiment of the present invention.

FIG. 8 illustrates a device used for targeted delivery of a substance to a tissue,

according to an additional embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a medical device for targeted delivery of a

substance into a tissue. Specifically, the device enables delivery of a substance to a
number of pre-determined sites within a targeted tissue through a single penetration
procedure, thus minimizing tissue damage which can result from tissue penetration.

Before explaining at least one embodiment 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. The invention is capable of other
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology ernployed herein is for the purpose
of description and should not be regarded as limiting.

Devices for delivery of substances to a tissue are well known in the art, For
exatﬁple, U.S. Patent Nos. 6,648,811 and 6,514,193 describe devices which can be
used to deliver radioactive sources to cancerous tissue for brachytherapy treatment. In
order to be effective and deliver a plurality of radioactive sources to a number of
locations which are not collinear, such devices require an operator to perform more
than one tissue penetration thus increasing the likelihood of tissue damage in cases
where multiple delivery locations are targeted.

The present invention describes a device designed for specifically addressing

this limitation of prior art devices.

Thus, according to one aspect of the present invention there is provided a
device for multiple targeted delivery of a substance to a ﬁssue. Examples of
substances that can be delivered by the present device include, but are not limited to,
imaging markers such as radioactive sources, contrast agents and the like,

medicaments used for treating specific tissue regions or tissue ablating substances
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used for region specific tissue ablation. Such substances can be delivered to any body

tissue in need of treatment or ablation.

Preferably, the substance deliverable by the present device is a flexible
radioactive source that is associated with a flexible wire; that is, either the flexible
wire is coated with the radioactive source or the radioactive source may be contained
within a hollow flexible wire. Examples of a radioactive source which can be used by
the present invention include, but are not limited to, is preferably a relatively short
lived radio-isotope, such as, but not limited to, Radium-223, Radium-224, Radon-219,
Radon-220 and the like, as described in WO 2004/096293 whose disclosure is
incorporated herein by reference.

The radioactive source is preferably a relatively short lived radio-isotope, such
as, but not limited to, Radium-223, Radium-224, Radon-219, Radon-220 and the like.
When Radium 223 is employed, the following decay chain is emitted therefrom:

Ra-223 decays, with a half-life period of 11.4 d, to Rn-219 by alpha emission;

Rn-219 decays, with a half-life period of 4 s, to Po-215 by alpha emission;

Po-215 decays, with a half-life period of 1.8 ms, to Pb-211 by alpha emission;

Pb-211 decays, with a half-life period of 36 m, to Bi-211 by beta emission;

Bi-211 decays, with a half-life period of 2.1 m, to TI-207 by alpha emission;
and

T1-207 decays, with a half-life period of 4.8 m, to stable Pb-207 by beta
emission.

As can be understood from the above decay chain, when Rn-219 is employed
as the radioactive source, the decay chain begins with the decay of Rn-219 to Po-215,
and continues to Pb-211, Bi-211, T1-207 and Pb-207.

When Radium 224 is employed, the following decay chain is emitted
therefrom:

Ra-224 decays, with a half-life period of 3.7 d, to Rn-220 by alpha emission; .

Rn-220 decays, with a half-life period of 56 s, to Po-216 by alpha emission;

Po-216 decays, with a half-life period of 0.15 s, to Pb-212 by alpha emission;

Pb-212 decays, with a half-life period of 10.6 h, to Bi-212 by beta emission;

Bi-212 decays, with a half-life of 1h, to T1-208 by -alpha emission (36 %

r branching ratio), or to Po-212 by beta emission (64 % branching ratio);

T1-208 decays, with a half-life of 3m, to stable Pb-208 by beta emission; and
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P0-212 decays, with a half-life of 0.3 ps, to stable Pb-208 by alpha emission.

As can be understood from the above decay chain, when Rn-220 is employed
as the radioactive source, the decay chain begins with the decay of Rn-220 to Po-216,
and continues to Pb-212, Bi-212, T1-208 (or Po-212) and Pb-208.

When such radioactive sources are positioned in proximity to and/or within the
tissue, a plurality of short-lived atoms are released into the surrounding environment
and dispersed therein by thermal diffusion and/or by convection via body fluids. The
short-lived atoms and their massive decay products (i.e., alpha particles and daughters
nuclei), either interact with the cells of the tumor or continue the decay chain by
producing smaller mass particles. As will be appreciated by one ordinarily skilled in
the art, the close proximity between the radioactive source and the tumor, and the large
number of particles which are produced in each chain, significantly increase the
probability of damaging the cells of interest, hence allowing for an efficient treatment
of the tumor.

The principles and operation of the present device may be better understood
with reference to the drawings and accompanying descriptions.

Reference is now made to Figures 1A-1B, illustrating a device for targeted
delivery of a substance to the tissue, which is referred to herein as device 10.

Device 10 includes an elongated housing 12 having a lumen 16 running along
a length thereof. Device 10 further includes a hollow tubular member 14 that is

positionable within lumen 16 and is designed capable of substance 20 delivery.

-Elongated housing 12 and/or hollow tubular member 14 are designed such that when a

portion 40 of hollow tubular member 14 is positioned past an orifice 42 (as seen in
Figure 2C) of lumen 16, portion 40 protrudes from lumen 16 at an angle 44 with
respect to a longitudinal axis 28 of elongated housing 12.

Elongated housing 12 is fabricated from a biocompatible and preferably rigid
material such as stainless steel or Titanium. Elongated housing 12 is preferably
cylindrically shaped (i.e., round cross section) and formed as a needle; however,
various cross-sectional shapes, e.g. a hexagon, an ellipse, a square and the like are also

envisaged. Elongated housing 12 is preferably selected of a cross sectional shape and

* dimensions which enable smooth translational and rotational motion within a tissue 24

following penetration thereof through hole 26. Elongated housing‘ 12 is fabricated

having a length of about 1 — 15 cm and a diameter of about 0.5 —3.0 mm. Moreover,
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elongated housing 12 is designed for penetrating easily into and through tissue 24 by

having either a tapered tip 32 or a pointed tip 34 disposed at distal end 36 of elongated
housing 12 (as shown in Figures 3A-3B). Tapered tip 32 (or pointed tip 34) is
designed for allowing non traumatic introduction of device 10 into tissue 24 thus
creating penetration hole 26. Preferably, tapered tip 32 (or pointed tip 34) is an
integral part of elongated housing; however, tapered tip 32 (or pointed tip 34) may |
also be attached to elongated housing 12 at its distal end 36.

Lumen 16 of elongated housing 12 has two or more openings, orifice 42 at or
close to distal end 36 of elongated housing 12, and orifice 54 at or close to proximal
end 37 of elongated housing 12. Lumen 16 preferably has a diameter of about 0.4 —
3.0 mm and is configured such that hollow tubular member 14 can be positioned and
moved within it. Lumen 16 preferably has a circular cross section, although other
cross sectional shapes such as a square or an ellipse are also contemplated herein.
Hollow tubular member 14 is configured for sliding and rotating within lumen 16 of
elongated housing 12. Additionally, hollow tubular member is fabricated for
protruding through tissue 24 and thus has a distal end 15 that is either tapered or
pointed (see Figures 2E and 4A-5C). Moreover, hollow tubular member 14 is about 1-
100 cm long and has an inner diameter of about 0.4 — 3.0 mm so as to enable
conduction of substance 20 (preferably radioactive material in the form of seeds) to a
tissue.

As is mentioned hereinabove, hollow tubular member 14 and/or elongated
housing 12 are designed such that a portion 40 of hollow tubular member 14 protrudes
at an angle 44 from longitudinal axis 28 of elongated housing 12 when advanced out
of lumeﬁ 16 through orifice 42.

To enable angular protrusion, hollow tubular member 14 can be fabricated
from a super-elastic material that is angled (has a bend or a kink) in its natural state

and forced straight when disposed within lumen 16. An example of a suitable material

is NITINOL. Alternatively, hollow tubular meinber 14 can also be made of a shape A

memory polymer that can be straight at room temperature and angled at body

temperature.

The ability of hollow tubular member 14 to angle when protruding from lumen
16 enables portion 40 to diverge from longitudinal axis 28 when free of lumen 16.

Such divergence of portion 40 from longitudinal axis 28 enables a distal end 15 of
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hollow tubular member 14 to reach any distance which is smaller than a maximal

distance 46 (designated by D in Figure 1B). Furthermore, a trajectory which diverges
from longitudinal axis 28 is formed as portion 40 is advanced. The trajectory is set by
distal end 15 on which forces are applied on by tissue 24, and the rest of portion 40
simply follows. Moreover, hollow tubular member 14 fabricated from a super-elastic
material, when retracted after positioning of the substance, returns to its pre-deployed
position and shape while moving along the trajectory but in the reverse direction. It is
noted that the divergence of portion 40 is made possible by either having hollow
tubular member being naturally straight; and when advanced forward it is deflected
while protruding tissue 24 (as described in conjunction with Figures 4A-4B); or by
havihg hollow tubular member 14 having a natural shape of an arc or a helix (or any
other shape suitable) which is confined by inner walls of lumen 16 to be straight, and
when advanced beyond orifice 42 returns to the natural shape, thus enabling distal end
15 of hollow tubular member 14 to follow the desired trajectory towards pre-
determined point 22. While protrusion of portion 40, tissue 24 may apply a resisting
force on distal end 15 and or on the sides of hollow tubular member 14. Having the
knowledge of all forces applied enables the calculation of the trajectory portion 40 will
follow, thus enabling the positiohing of substance 20 at pre-determined point 22.
According to one embodiment, portion 40 forms an arc (part of a circle of
given radius R), when it protrudes from lumen 16. Thus, deposition of a substance 20
(e.g. radioactive source) follows a circular path of radius R. Furthermore, the maximal

distance D, from longitudinal axis 28, Substance 20 can reach is given by D = 2R (as

‘can be seen in Figure 1B). The azimuthal direction of this path is determined by the

orientations of rigid elongated housing 12 around its own axis and of hollow tubular
member 14 around its own axis. The final placement of substance 20 in its pre-

determined point 22 may be effected in two ways which are further discussed herein

_ below in conjunction with Figure 2E.

Angling of hollow tubular member can also be effected by design of housing
12 and positioning of lumen 16 or by use of a guide.

According to another embodiment, hollow tubular member 14 is angled by
designing lumen 16 and orifice 42 of elongated housing 12 as illustrated in Figures
4A-4B. Orifice 42 is placed close to distal end 36, and lumen 16 runs straight along

the proximal part of elongated housing 12 and is bent towards orifice 42 as it
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approaches distal end 36. Advancing hollow tubular member 14 causes it to bend

according to the curved part of lumen 16 and thus angled when it is advanced past an
orifice 42. In such a configuration, when portion 40 is pushed into a tissue 24, it
retains an angled straight direction and thus continues to penetrate the tissue 24 along
a straight line forming an angle 44 with longitudinal axis 28.

Hollow tubular member 14 can also be angled by a guiding sleeve 50 which is
disposed within lumen 16 (see Figures 5A-5C). Guiding sleeve 50 is configured such
that hollow tubular member is deflected and thus angled when it is advanced past an
opening 52 of guiding sleeve 50. In such a configuration, when portion 40 is pushed
into a tissue 24, it retains an angled straight direction and thus continues to penetrate
the tissue 24 along a straight line forming an angle 44 with longitudinal axis 28. This
embodiment is further discussed below with respect to Figures SA-5C.

According to another embodiment, a distal part of hollow tubular member 14
has a natural helical shape when free (as can be seen in Figure 8). Inserting hollow
tubular member 14 into lumen 16 causes it to be held straight due to the forces applied
by lumen walls of elongated housing 12. When hollow tubular member 14 is
advanced forward such that portion 40 protrudes through orifice 42, it returns to its
natural shape of a helix.

It is essential for the proper application of the designs described above that the
super-elastic element (e.g. NITINOL), used for construction of hollow tubular member
14, return to its original shape after being subjected to the applied strain (either return
to an angled shape when free of lumen 16, or return to a linear state when disposed
within guiding sleeve 50). For this to be achieved there is a limit on the maximal
strain which may be applied Smax, typically of the order of 0.005 — 0.5 Thus the ratio
between twice a radius 60 (hereinafter designated as r) of hollow tubular member 14
and a curvature radius 62 (hereinafter designated as R) should not exceed 8pay (2//R <
Omax).  This limitation is of practical significance only for an embodiment using a
guiding sleeve 50 (see Figures 5A-5C), since it imposes a restriction on radius of
curvature 62 forced on hollow tubular rﬁember 14 by guiding sleeve 50, at a point of
deflection 64. Note, that maximal distance 46 from longitudinal axis 28 of elongated
housing 12 reached by a curved hollow tubular member 14 is twice the radius of

curvature 62, that is D=2R.
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In order to enable delivery of substance 20 from hollow tubular member 14 to

a tissue, device 10 is either attachable to, or further includes a delivery mechanism 18.

Mechanism 18 can be a simple syringe in which case hollow tubular member
14 can be adapted at a proximal end thereof for syringe attachment.

Preferably, mechanism 18 is a plunger 48 which is disposed within hollow
tubular member 14 and is designed for pushing substance 20 through and out of
hollow tubular member 14 to pre-determined point 22 in a tissue 24. Optionally,
plunger 48 is made of a super elastic material as NITINOL or a shape memory
material such that it conforms and follows the shape of hollow tubular member 14.
Plunger 48 is preferably about 1 - 100 cm long and about 0.1 - 3 mm thick so as to fit
within hollow tubular member 14.

Reference is now made to Figures 2A-2E, illustrating use of device 10 in a
method of targeted delivery of a substance to the tissue.

Figure 2A illustrates device 10 prior to insertion into tissue 24. At this state:
(1) hollow tubular member 14 is retracted and completely contained within elongated
housing 12, (ii) mechanism 18 is also at a retracted position, and (iii) substance 20 is at
or close to distal end 15 of hollow tubular member 14.

| Figure 2B illustrates device 10 inserted into tissue 24 through penetration hole
26. At this stage there is no change in the position of hollow tubular member 14 with
respect to elongated housing, and mechanism 18 is still in a retracted position, thus
substance 20 remains in its position within hollow tubular member 14. At this stage
the azimuthal position of hollow tubular member 14 is adjusted by either rotating
elongated 12 about longitudinal axis 28, or by rotating hollow tubular member 14
about longitudinal axis 28, or by rotating both elongated 4housing 12 and hollow
tubular member 14 about longitudinal axis 28. '

Figure 2C illustrates device 10 wherein hollow tubular member 14 is advanced
so that distal end 15 protrudes through orifice 42 and poftion 40 diverges from
longitudinal axis 28, thus creating angle 44 with longitudinal axis 28. Additibnally,
mechanism 18, which may be a plunger 48, is still retracted and therefore substance 20
is ~contained Within hoLlow tubular member 14 at or close to distal end 15.

Furthermore, distal end 15 is at proximity with pre-determined point 22.
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Figure 2D illustrates the final step of positioning substance 20 at pre-

determined point 22. At this state mechanism 18 has been activated to a deployed
state, thus pushing substance 20 out of hollow tubular member 14.

Figure 2F illustrates two manners of transferring substance 20 from distal end
15 of hollow tubular member 14 to pre-determined point 22 within the tissue. In.
Figure 2E(i) mechanism 18, in this case plunger 48, is advanced forward, thus pushing
substance 20 out of hollow tubular member 14. In Figure 2E(ii) mechanism 18, in this
case plunger 48, is held fixed while hollow tubular member 14 is retracted with
respect to plunger 48. Retraction of hollow tubular member 14 is effected until
substance 20 is ejected from tubular member 14 and thus placed at pre-determined
point 22. Note that for the method illustfated in Figure 2E(i), substance 20 is
preferably made of a solid material thus enabling it to more effectively penetrate tissue
24. The method illustrated in Figure 2E(ii) is applicable to any substance 20
regardless of rigidity.

It is appreciated that multiple dose-positioning may be performed in a few
manners. According to a preferred embodiment, a plurality of doses may be inserted
into hollow tubular member 14 as described hereinbelow in conjunction with Figures 6
and 7. According to another embodiment a plurality of doses may be positioned by
inserting elongated housing 12 and following the steps described hereinabove. When
completing the step of positioning substance 20 in pre-determined point 22, it is
possible to retract hollow tubular member 14 out while holding elongated housing 12
fixed in its place, and re-inserting either the same or a new hollow tubular member 14
with a new dose of substance 20.

Reference is now made to Figures 4A-4B illustrating a device for targeted
delivery of a substance to the tissue, according to another embodiment of the present
invention. Orifice 42 is positioned on a side wall close to distal end 36 of elongated
housing 12. Additionally, lumen 16 running along longitudinal axis 28 from the
proximal end of elongated housing 12 fs angled towards orifice 42. Once elongated
housing 12 has been positioned in place; hollow tubular member 14, which is initially
positioned in the straighf part of lumen 16, is advanced towards orifice 42. Advancing

hollow tubular member 14 through orifice 42, causes portion 40 to protrude in a

. straight line that creates an angle 44 with respect to longitudinal axis 28. Advancing
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hollow tubular member 14 enables the positioning of substance 20 at pre-determined

point 22 after activating mechanism 18.

Reference is now made to Figures 5A-5C illustrating the use of a guiding
sleeve for advancing hollow tubular member according to a preferred embodiment of
the present invention. Guiding sleeve 50 is fabricated to fit within lumen 16 and to
carry hollow tubular member 14 therewithin. By slightly retracting guiding sleeve 50
before and after the insertion of the hollow tubular member 14 into lumen 16,
elongated housing 12 is effectively blocked. In this state body fluids cannot penetrate
lumen 16 when its content is not there. When elongated housing 12 is inserted
through penetration hole 26, guiding sleeve 50 is in a retracted position, as can be seen
in Figure 5A, thus preventing hollow tubular member 14 to protrude through an
opening 52. Once elongated housing 12 has been positioned in place ready for
deploying hollow tubular member 14 for positioning substance 20, guiding sleeve 50
is advanced forward as can be seen in Figure 5B. Advancing guiding sleeve 50
enables the advancement of hollow tubular member 14 through opening 52 and
angling of portion 40, thus enabling the positioning of substance 20 at pre-determined
point 22 after activating mechanism 18.  Figure 5C further shows the combination of
using guiding sleeve 50 with hollow tubular member 14 having a circular or a helical
natural shape.

Reference is now made to Figure 6 illustrating a device for targeted positioning
of a plurality of substances within a tissue according to another embodiment of the
present invention.

Elongated housing 12 contains more than one hollow tubular members 14A
and 14B (the figure shows two, but more are possible too). Hollow tubular members
14A and 14B are arranged so that they can be advanced separately but it is possible to
advance them together. Furthermore, hollow tubular members 14A and 14B are
arranged so that they protrude in different directions. This configuration may be used
for co-delivering doses of the same substance, or doses of different substances. For
example: hollow tubular member 14A can be used for delivering radioactive seeds for
brachytherapy treatment at one set of pre-determined points while hollow fubular
member 14B can be used for placing a medication such as an anti inflammatory at a

different set of pre-determined points.
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Reference is now made to Figure 7 illustrating a device for targeted positioning

of a plurality of doses within a tissue according to yet another embodiment of the
present invention.

The drawing shows a plurality of doses of a substance (indicated by 20A, 20B,
20C, and 20D) arranged in a sequence and ready for positioning at a plurality of pre-
determined points 22A, 22B, 22C, and 22D. It is also possible to have each of
plurality of doses 20A-20D being different substances to be delivered for treatment as
prescribed. It is appreciated that when one dose (for example 20A) is positioned in its
pre-determined point (for example 22A), the next dose (for example 20B) is pushed
forward within hollow tubular member 14, being ready for positioning in the next pre-

determined point (for example 22B).

It is expected that during the life of this patent many relevant brachytherapy
substances will be developed and the scope of the term brachytherapy is intended to
include all such new technologies a priori.

As used herein the term “about” refers to + 10 %.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims.  All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated herein
by reference. In addition, citation or identification of any reference in this épplication ‘
shall not be construed as an admission that such reference is available as prior art to

the present invention.
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WHAT IS CLAIMED IS:

1. A device for targeted delivery of a substance into a tissue, comprising
an elongated housing having a lumen along a length of said elongated housing and a
hollow tubular member capable of substance delivery, said hollow tubular member
being positionable within said lumen, wherein said elongated housing and said hollow
tubular member are designed such that when a portion of said hollow tubular member
is positioned past an orifice of said lumen, said portion protrudes from said lumen at

an angle with respect to a longitudinal axis of said elongated housing.

2. The device according to claim 1, further comprising a mechanism

adapted for pushing the substance through said hollow tubular member.

3. The device of claim 2, wherein said mechanism includes a plunger

being insertable into said hollow tubular member.

4. The device according to claim 1, wherein said device is configured for
allowing said hollow tubular member to change an azimuthal position with respect to

said tissue.

5. The device according to claim 1, wherein said elongated housing
comprises a substantially tapered tip being designed for allowing introduction of said
elongated housing into the tissue.

6. The device according to claim 5, wherein said tapered tip is pointed.

. The device of claim 1, wherein said hollow tubular member is made of

a super elastic material.

8. The device of claim 1, wherein said substance is a radioactive source.
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9. The device of claim 1, wherein said hollow tubular member is

configured as an angled hollow tubular member such that said portion thereof
protrudes from said lumen at an angle with respect to the longitudinal axis of said

elongated housing.

10.  The device of claim 1, wherein said orifice is configured for creating

said angle between said longitudinal axis and said portion.

11. The device of claim 1, wherein said hollow tubular member further
comprises a substantially pointed tip, said tip being designed for protruding through

the tissue.

12.  The device of claim 1, wherein said orifice is further designed for

blocking body fluids from entering into said lumen.

13. A method for targeted delivery of a substance into a tissue, the method
comprising:

(a) positioning in the tissue a device comprising:

1) an elongated housing having a lumen along a length of said elongated
housing; and

(i1) a hollow tubular member capable of delivering the substance into the
tissue;
wherein said elongated housing and said hollow tubular member are designed such
that when a portion of said hollow tubular member is positioned past an orifice of said
lumen, said portion protrudes from said lumen at an angle with respect to a
longitudinal axis of said elongated housing;

(b)  advancing said hollow tubular member within said elongated housing
such that said portion thereof is positioned past said orifice of said lumen and in
proximity to a first region of said tissue; and |

- (c)  delivering the substance to said first region of the tissue through said

hollow tuBular member.
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14.  The method of claim 13, further comprising changing an azymuthal

position of said hollow tubular member with respect to said tissue and delivering the

substance to a second region of the tissue through said hollow tubular member.

15.  The method of claim 13, wherein said changing said azymuthal
position of said hollow tubular member with respect to said tissue is effected by
retracting said hollow tubular member, repositioning said elongated housing in the
tissue and advancing said hollow tubular member within said elongated housing such
that said portion of said hollow tubular member is positioned in proximity to said

second region of the tissue.

16.  The method of claim 15, wherein said repositioning said elongated
housing in the tissue is effected by rotating said elongated housing about said

longitudinal axis.

17.  The method of claim 14, wherein said changing said azymuthal
position of said hollow tubular member with respect to said tissue is effected by

rotating said hollow tubular member about said longitudinal axis.

18. The method of claim 13, wherein said hollow tubular member is made

of a super elastic material.

19.  The method of claim 13, wherein said step (b) is effected via a plunger

positioned within said hollow tubular member.

20.  The method of claim 13, wherein the substance is a radioactive

isotope.
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