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(57) ABSTRACT 

A single treatment catheter is provided for delivery of 
brachytherapy radiation in combination with intratumoral 
injection into tumor tissue with a single skin and tumor 
insertion site. The catheter also enables precise delivery of 
anti-cancer agents, such as immunotherapy or other medical 
substances, to specific locations within the tumor with 
radiographic confirmation of the injection delivery area and 
location. 
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MULTI-PURPOSE CATHETER FOR 
BRACHYTHERAPYANDINTRATUMORAL 

INJECTION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the benefit of U.S. provi­
sional application 62/817,160, filed Mar. 12, 2019, and 
hereby incorporated by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to a delivery catheter, 
and in particular, to a multipurpose delivery catheter that can 
be used to deliver both brachytherapy and intra/peri-tumor 
injection of a liquid solution at a targeted tumor site, 
including but not limited to injection of immunotherapy(s), 
chemotherapy(s), cellular therapies, viral therapies, or 
pathology or radiology markers ( e.g. tattoo ink or contrast 
agents). 
[0004] One of the hallmarks oftumorigenesis is the ability 
of cancer cells to suppress or circumvent the host immune 
system. The mechanisms by which cancer cells evade both 
innate and adaptive immunity are complex and result, at 
least in part, from the selective effects of immuno-editing. 
[0005] Tumor vaccines are a class of treatments that seek 
to activate a patient's immune system to specifically recog­
nize and attack cancer cells. Vaccine approaches include 
dendritic cell vaccines, viral vaccines, nucleic acid vaccines, 
whole tumor cell vaccines, and protein/peptide vaccines. 
[0006] As immunotherapies such as tumor vaccines con­
tinue to emerge as a standard component of treatment for a 
variety of cancers, the need for testing immunotherapies in 
combination with other standard cancer therapies grows. 
Immunotherapies may be preferred as a method of treatment 
for the following reasons: (1) Some chemotherapies or other 
cancer treatments can be safe if locally delivered by not safe 
or poorly tolerated if given systemically ( e.g. IL2, oncolytic 
viruses, various cytotoxic chemotherapies). (2) Some treat­
ments can be effective once in a tumor but are not effectively 
conveyed to the tumor by systemic ( oral or IV) routes and 
delivering these to the tumor directly can potentially over­
come this limitation ( e.g. certain chemotherapies, cell thera­
pies like CAR-T cells). (3) Brachytherapy delivers radiation 
dose from a radioactive seed, but the position of these seeds 
is poorly defined in the tissue. For some applications it may 
be important to locate these dwell positions in tissue after 
brachytherapy (e.g. at time of surgery). Delivering local 
injection of ink or a contrast agent could enable this and 
other pathology or radiology-based applications/studies in 
patents getting brachytherapy. 

SUMMARY OF THE INVENTION 

[0007] The present inventors have recognized that com­
binations of immunotherapies have resulted in increased risk 
of systemic toxicities. One approach to limit this systemic 
toxicity, while capitalizing on the potential for synergistic 
immunotherapy combinations, is to deliver immunothera­
pies directly into a tumor via intratumoral injection. Because 
the adaptive immune system is already designed to generate 
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systemic responses, these therapies may be particularly well 
suited to local delivery in a single tumor where high local 
concentrations can be achieved at doses that are relatively 
low compared with those needed to achieve efficacy with 
systemic delivery. 
[0008] The present inventors have also recognized that 
systemically toxic chemotherapies or molecularly targeted 
therapies may not be safe to deliver to the whole body but 
may be safely delivered directly to a tumor where they may 
enhance response to brachytherapy. One potential approach 
to improving the response to cancer immunotherapies is to 
combine such immunotherapies with radiotherapy. The 
mechanisms by which radiation may interact with the tumor 
immune microenvironment at a targeted site include (1) 
temporary local eradication of radiation-sensitive immune 
lineages including suppressor and effector lymphocytes, (2) 
local release of inflammatory cytokines and damage-asso­
ciated molecular patterns resulting in local effects on 
endothelial cell expression of adhesion receptors, immune 
cell trafficking, and immune cell activation, (3) immuno­
genic tumor cell death and release of tumor-specific anti­
gens, and ( 4) induction of phenotypic changes in the expres­
sion of immune susceptibility markers on tumor cells 
surviving radiation. Because of these effects, radiation may 
enhance dendritic cell maturation, antigen cross-presenta­
tion, and diversification of antitumor T cell responses. 
Therefore, radiation may elicit an "in situ tumor vaccina­
tion" effect, converting a patient's own tumor into a nidus 
for presentation of tumor-specific antigens in a way that will 
stimulate and diversify the antitumor immune response. 
[0009] The present inventors have also recognized that 
current approaches to radiotherapy, such as utilizing external 
beam radiation therapy (EBRT), requires radiation to pass 
through considerable volumes of normal tissue to reach 
targeted tumor volumes and may cause off-target effects to 
radio sensitive lymphoid immune cells ( e.g., naive T cells) 
in normal tissue that receive low-dose radiation, leading to 
long-term lymphopenia in some cases. Because brachy­
therapy radiation requires the insertion of a radiation source 
into the tumor tissue, sparing normal tissue and pertinent 
lymphoid organs from off-target radiation exposure, this 
mode of radiation may be particularly amenable for com­
bined modality approaches that require injection of immune 
modulating agents directly into tumor tissue. 
[0010] The present invention provides a single treatment 
catheter for delivery of both brachytherapy radiation in 
combination with intratumoral injection into tumor tissue 
with a single catheter insertion. The catheter also enables 
precise delivery of anti-cancer agents, such as immuno­
therapy or other medical substances, to specific sites within 
the tumor with radiographic and potentially pathologic con­
firmation of the injection delivery area and location. 
[0011] Specifically, then, in one embodiment, the inven­
tion provides a catheter assembly having an outer tube 
having a wall surrounding a central lumen extending along 
an axis and including one or more exit ports distributed 
along its length extending through the wall and having an 
open proximal end. An inner tube is sized to be received 
within the outer tube along the axis having a wall surround­
ing a central lumen extending along the axis and slidably 
receivable within the central lumen of the outer tube along 
the axis and having a closed distal end and having one or 
more exit ports extending through the wall and communi­
cating with the exit ports of the outer tube to allow fluid flow 
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from the central lumen of the inner tube through the exit 
ports of the outer tube at a range of relative positions along 
the axis. An inner plunger is slidably receivable within the 
central lumen of the inner tube along the axis, the plunger 
interfacing with the inner tube to promote fluid flow out of 
the exit ports of the inner tube and outer tube by translating 
the plunger along the axis. 
[0012] It is thus a feature ofat least one embodiment of the 
invention to localize the delivery of immunotherapy drugs 
into a tumor by exit holes aligning with the exit holes of the 
outer tube and an inner tube having a plunger to expel the 
fluid from the inner tube. 
[0013] The exit ports of the outer tube and inner tube may 
be distributed about a circumference of the tubes. 
[0014] It is thus a feature ofat least one embodiment of the 
invention to provide a catheter providing radial delivery of 
immunotherapy drugs within or around a tumor site to 
provide improved dispersion of drugs in a three-dimensional 
area of the surrounding tumor. 
[0015] The outer tube and inner tube may fit to restrict 
fluid flow axially between the outer tube and the inner tube. 
The outer tube and inner tube may provide a liquid tight seal 
against fluid flow axially between the outer tube and the 
inner tube. 
[0016] It is thus a feature ofat least one embodiment of the 
invention to provide a catheter that directs fluid flow out­
ward through the radial exit ports while preventing backflow 
of fluids through the catheter resulting in fluid waste. 
[0017] The exit ports may be circular. The spacing 
between the exit ports about the axis may be less than a 
diameter of each port. The exit ports may be separated by a 
distance that is less than 5 mm apart about the axis. 
[0018] It is thus a feature ofat least one embodiment of the 
invention to provide a catheter that encourages overlap or 
alignment of the respective exit ports of the outer tube and 
the inner tube to promote fluid flow outward through the exit 
ports against the resistance of the surrounding tissue. 
[0019] The exit ports may be separated by a distance that 
is less than 10 mm along the axis. 
[0020] It is thus a feature ofat least one embodiment of the 
invention to provide a catheter that promotes the outflow of 
fluid circumferentially at longitudinal positions with 
approximately equal radial fluid distribution and focus deliv­
ery at multiple targeted tumor sites and tissue depths. 
[0021] The outer tube and inner tube may be substantially 
cylindrical. The cylindrical tubes may be circular or oval in 
cross section. 
[0022] It is thus a feature ofat least one embodiment of the 
invention to facilitate insertion of the outer and inner tube of 
the catheter into the body and body cavities while minimiz­
ing disturbance to the surrounding tissues. 
[0023] The outer tube and inner tube may be flexible. The 
outer tube and inner tube may be constructed of a polytet­
rafluoroethylene fluoropolymer. 
[0024] It is thus a feature ofat least one embodiment of the 
invention to allow the outer tube of the catheter to be flexibly 
maneuvered through the body to its desired position and the 
inner tube of the catheter to be easily inserted through the 
outer tube without resistance. 
[0025] The outer tube may have a closed distal end 
converging to a tapered point. 
[0026] It is thus a feature ofat least one embodiment of the 
invention to facilitate penetration of the outer tube of the 
catheter through body tissue to the tumor site. 
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[0027] The assembly may further include at least one 
radiopaque marker indicating a position of the closed distal 
end of the inner tube and at least one radiopaque marker 
indicating a position of the distal end of the inner plunger 
with respect to the inner tube. 
[0028] It is thus a feature of at least one embodiment of the 
invention to utilize image guidance already used for place­
ment of the outer catheter to also visualize precise alignment 
of the fluid delivery location of the catheter. 
[0029] The assembly may further include a brachytherapy 
insertion catheter fitting within the outer tube. The lumen of 
the brachytherapy insertion catheter may be sized to receive 
radiotherapy seeds guided therealong. 
[0030] It is thus a feature of at least one embodiment of the 
invention to provide co-location of radiotherapy and immu­
notherapy drugs using a single outer tube catheter. 
[0031] In an alternative embodiment, the present invention 
provides a method of performing cancer therapies including 
the steps of: inserting into a targeted tumor site an outer tube 
having a wall surrounding a central lumen extending along 
an axis and including one or more exit ports distributed 
along its length extending through the wall and having an 
open proximal end; inserting an inner tube within the outer 
tube along the axis having a wall surrounding a central 
lumen extending along the axis and slidably receivable 
within the central lumen of the outer tube along the axis and 
having a closed distal end and having one or more exit ports 
communicating with the exit ports of the outer tube to allow 
fluid flow from the central lumen of the inner tube through 
the exit ports of the outer tube at a range of relative positions 
along the axis; inserting an inner plunger within the central 
lumen of the inner tube along the axis to receive a fluid, the 
plunger interfacing with the inner tube to promote fluid flow 
into and out of the exit ports of the inner tube; and pressing 
on the inner plunger to inject an immunotherapy or other 
solution out of the exit ports of the inner tube and through 
the exit ports of the outer tube. 
[0032] The method may further include the steps of adjust­
ing a position of the closed distal end of the inner tube with 
respect to the outer tube. 
[0033] It is thus a feature of at least one embodiment of the 
invention to perform more precise intratumoral injections by 
setting an exact delivery location along the catheter. 
[0034] The method may further include the steps of insert­
ing a brachytherapy insertion catheter fitting within the outer 
tube and guiding a radioactive seed through a lumen of the 
brachytherapy insertion catheter. The outer tube may remain 
in substantially the same position in the body during the 
steps. 
[0035] It is thus a feature of at least one embodiment of the 
invention to combine multiple cancer therapies using a 
single catheter placement in the patient and utilizing the 
heterogeneity of radiation dose from brachytherapy to pro­
vide a synergistic response. 
[0036] These particular objects and advantages may apply 
to only some embodiments falling within the claims and thus 
do not define the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a schematic of a catheter assembly 
constructed according to the present invention showing a 
needle outer tube and two inner tubes being inserted into a 
tumor site for delivery of brachytherapy and intratumoral 
injection respectively; 
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[0038] FIG. 2 is a cross-sectional view of a brachytherapy 
insertion catheter of the catheter assembly of FIG. 1 insert­
able into the needle outer tube, and an intratumoral injection 
catheter of the catheter assembly of FIG. 1 insertable into the 
needle outer tube and further holding a plunger to provide 
precise delivery of an immunotherapy or other medical 
substance through exit ports of the intratumoral injection 
catheter and the needle outer tube; 
[0039] FIG. 3 is a perspective view of one embodiment of 
the needle outer tube of the catheter assembly; 
[0040] FIG. 4 is a schematic of the catheter assembly 
being inserted into a tumor site where a smaller and deeper 
tumor is treated followed by a larger and shallower tumor by 
precise positioning of the needle outer tube, the intratumoral 
injection catheter, and the plunger with respect to the tumor 
site; 
[0041] FIG. 5 is a partial cross-sectional exploded view of 
a catheter assembly an alternative embodiment of the pres­
ent invention showing an intratumoral injection catheter 
having a plunger being pulled outwardly along the inner 
tube to fill the intratumoral injection catheter with medical 
fluid through its inlet/outlet ports; and 
[0042] FIG. 6 is a cross-sectional view of the intratumoral 
injection catheter of FIG. 5 installed within an alternative 
embodiment of the needle outer tube showing the inlet/outlet 
ports of the inner tube being aligned with the exit ports of the 
outer tube, and the plunger of the intratumoral injection 
catheter being pushed inwardly along the inner tube to expel 
the fluid from the intratumoral injection catheter through the 
ports of the inner tube and the outer tube. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0043] Referring now to FIGS. 1 and 2, a single treatment 
catheter assembly 10 of the present invention may provide 
a needle or cannula outer catheter defined by an outer tube 
12 having an inner lumen 14 and penetrating through skin, 
for example, through an orifice or incision in the skin, and 
extending through normal tissue to a tumor site 16. The 
tumor site 16 may contain a tumor or multiple tumors, each 
tumor generally extending 1 to 15 cm in length and width 
within the body. The outer tube 12 may include a distal end 
18 inserted into or proximate the tumor site 16 and extending 
outward to an open proximal end 20 positioned outside of 
the patient's body. 
[0044] The placement of the outer tube 12 within the body 
may be assisted by a stiffening wire or stylet inserted 
through the inner lumen 14 of the outer tube 12 and 
providing rigidity to the outer tube 12 as the outer tube 12 
is introduced into the body. The sty let may be pulled through 
and removed once the outer tube 12 is positioned in place. 
The sty let may be made of metal, for example, stainless steel 
or relatively stiff plastic or other stiffening material as 
known in the art. 
[0045] As is generally understood, the placement of the 
outer tube 12 within the body may be assisted by a guiding 
member such as a guidewire and image guidance known in 
the art. Image guidance may come in the form of an 
aligmnent indicator such as radiopaque markers 22 at the 
distal end, external depth markings at the proximal end, and 
the like, located on the guiding member and/or outer tube 12 
that can be utilized by the medical professional in locating 
the position of the distal end of the guiding member and/or 
outer tube 12 within the body relative to the tumor site 16. 
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In one embodiment, the radiopaque markers 22 may be 
bands of material such as iridium, platinum, or other suitable 
material, wrapped around the outer tube 12 and located by 
the medical professional using an image guidance system 
such as fluoroscopy, MRI, CT scan, x-ray, ultrasound, and 
the like to determine the position of the distal end 18 of the 
catheter assembly 10 within the body relative to the tumor 
site 16. For example, a radiopaque marker 22 may be located 
at the distal end 18 of the outer tube 12 or multiple 
radiopaque markers 22 may be spaced along a length of the 
outer tube 12 at known increments to provide visualization 
and confirmation of the position of the distal end 18 of the 
outer tube 12 within the body with respect to the tumor site 
16. 

[0046] The outer tube 12 may then sequentially receive an 
inner brachytherapy insertion catheter 23 for delivery of a 
radiation source followed by an inner intratumoral injection 
catheter 25 for delivery of an immunotherapy or other 
medical substance 27 without the need to move or remove 
the outer tube 12 from its initial placement within the body, 
as will be further discussed in detail below. 

[0047] Referring now also to FIG. 3, the outer tube 12 may 
be an elongated circular cylindrical tube extending between 
the distal end 18 and the proximal end 20 along an axis 26 
and having a length of at least 10 centimeters and at least 26 
centimeters and approximately 26 centimeters to 1 meter 
long. The outer tube 12 may also be oval in cross section. 

[0048] The outer tube 12 may include an outer tube wall 
24 surrounding an inner lumen 14 having a generally 
constant inner and outer diameter, the outer diameter of the 
outer tube 12 generally ranging from 1.5 mm to 2.5 mm, for 
example, between 5 French and 7 French. The thickness of 
the outer tube wall 24 may be approximately 0.1 mm to 0.5 
mm. The outer tube wall 24 of the outer tube 12 may be 
constructed of a thermoplastic having temperature resis­
tance, is chemically inert, has a low coefficient of friction, 
and good biocompatibility. The material may be a fluoropo­
lymer such as polytetrafluoroethylene (PTFE). The flexible 
material of the outer tube 12 allows the outer tube 12 to be 
easily inserted through tissue to a desired location. 

[0049] The distal end 18 of the outer tube wall 24 extend­
ing into the tumor site 16 may converge to a pointed tip 28 
tapering inwardly as the outer tube wall 24 moves toward the 
distal end 18 and may be blunted by a plane perpendicular 
to the axis 26 at its tip. The tip 28 may be closed along axis 
26. In some embodiments, the tip 28 may be open along axis 
26, for example, to allow the catheter assembly 10 to be fed 
over a guidewire during placement. 

[0050] A delivery portion 30 of the outer tube 12 expected 
to be inserted through or proximate to the tumor site 16, for 
example, extending at least 15 cm and at least 30 cm from 
the distal end 18 toward the proximal end 20, may include 
one or more exit ports 32 extending through the outer tube 
wall 24, and spaced in equal separation about a circumfer­
ence of the outer tube 12, and spaced in generally equal 
separation along a length of the outer tube 12 along axis 26. 

[0051] The exit ports 32 may be elongated slots taking a 
generally rectangular, circular, or oblong shape although 
other shapes are also contemplated. The exit ports 32 may be 
less than 5 mm wide and less than 3 mm wide and approxi­
mately 0.5 mm to 5 mm wide extending about axis 26, and 
less than 20 mm long and less than 10 mm long and 
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approximately 5 mm to 10 mm long extending along axis 26. 
The length of the exit ports 32 may be about 1 to 5 times its 
width. 
[0052] The exit ports 32 may be separated by a distance 
that is less than 5 mm apart and less than 3 mm apart and 
approximately 0.5 mm to 5 mm apart about axis 26, and less 
than 20 mm apart and less than 5 mm apart and less than 3 
mm apart and approximately 0.5 mm to 5 mm apart along 
axis 26. The longitudinal spacing between exit ports 32 
along axis 26 is less than a length of the exit ports 32. In one 
embodiment, the exit ports 32 may include at least one and 
between one and eight exit ports 32 spaced equally about the 
axis 26 to form a ring of exit ports 32, and at least ten rings 
of exit ports 32 spaced along axis 26 for a total of at least 
twenty or at least fifty or at least one hundred exit ports 32 
within the delivery portion 30 of the outer tube 12. The 
number and arrangement of the exit ports 32 may vary while 
still allowing a fluid to be expelled therethrough the exit 
ports 32 as further described below. 
[0053] Referring again to FIGS. 1 and 2, after the delivery 
portion 30 of the outer tube 12 is positioned close to or 
within the tumor site 16, and assisted by image guidance 
such as radiopaque markers 22 positioned at the distal end 
18 or along a length of the outer tube 12 at predetermined 
increments, the inner brachytherapy insertion catheter 23 
may be installed through the inner lumen 14 of the outer tube 
12 to introduce a radioactive source or seed 40 fed into the 
catheter assembly 10. The radioactive seed 40 may be for 
example a 192Ir source transported through the catheter 
assembly 10 to the target location. 
[0054] The inner brachytherapy insertion catheter 23 may 
be an elongated circular cylindrical tube extending between 
a distal end 42 and a proximal end 44 and having a typical 
length of 26 centimeters and at least 10 centimeters and at 
least 25 centimeters and approximately 25 centimeters to 1 
meter long. The inner brachytherapy insertion catheter 23 
may also be oval in cross section. 
[0055] The inner brachytherapy insertion catheter 23 may 
include an outer wall 46 surrounding an inner lumen 48 
having a generally constant inner and outer diameter. The 
diameter of the inner brachytherapy insertion catheter 23 
may generally range from 1.5 mm to 2.5 mm for example 
between 5 French and 7 French and is able to be inserted 
within the lumen of the outer tube 12. The thickness of the 
inner brachytherapy insertion catheter 23 may be approxi­
mately 0.1 mm to 0.5 mm. The outer wall 46 of the inner 
brachytherapy insertion catheter 23 may be constructed of a 
thermoplastic having temperature resistance, is chemically 
inert, has a low coefficient of friction, and good biocompat­
ibility. The material may be a fluoropolymer such as poly­
tetrafluoroethylene (PTFE). The inner brachytherapy inser­
tion catheter 23 may be a flexible material to allow the outer 
wall 46 to be easily inserted into the outer tube 12. The inner 
brachytherapy insertion catheter 23 and outer tube 12 may 
be radiation resistant and able to withstand a maximum 
exposure of 1.7xl04 rads for twenty to thirty minutes. 
[0056] The distal end 42 of the outer wall 46 may be 
closed by an end wall 50 extending perpendicular to the axis 
26 preventing further extension of the radioactive seed 40 
past the distal end 42 of the inner brachytherapy insertion 
catheter 23. The distal end 42 of the outer wall 46 may also 
converge to a pointed tip. 
[0057] The inner brachytherapy insertion catheter 23 may 
be inserted through the inner lumen 14 of the outer tube 12 
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until the distal end 42 abuts the distal end 18 or is proximate 
the distal end 18 of the outer tube 12 (for example, stopped 
by the inwardly tapering wall of the blunt tip 28), or the 
distal end 42 may be predeterminately spaced from the distal 
end 18 of the outer tube 12 depending on the location of the 
tumor with respect to the distal end 18 of the outer tube 12. 
The position of the inner brachytherapy insertion catheter 23 
within the outer tube 12 may be assisted by image guidance 
such as radiopaque markers 22 positioned at the distal end 
42 of the inner brachytherapy insertion catheter 23 and along 
a length of the inner brachytherapy insertion catheter 23. 
[0058] The proximal end 44 is connected to a computer­
controlled brachytherapy remote afterloader 52 sending a 
wire 54 carrying the radioactive seed 40 via brachytherapy 
transfer tube 55 to the inner brachytherapy insertion catheter 
23. The wire 54 travels from the open proximal end 44 to 
distal end 42 of the inner brachytherapy insertion catheter 23 
along its inner lumen 48 until the radioactive seed 40 is 
positioned in the inner brachytherapy insertion catheter 23 at 
a desired location with respect to the tumor site 16 typically 
within the tumor or immediately adjacent to the tumor. The 
computer-controlled brachytherapy remote afterloader 52 
may be of the types manufactured by Varian, Best, Oncentra, 
Accuray, and Elekta. The inner brachytherapy insertion 
catheter 23 may be of the type manufactured by Varian, Best, 
Oncentra, Accuray, and Elekta. 
[0059] Radiation may be provided at lower and higher 
dose rates depending on the activity of the radioactive seed 
40 and the time it remains in the body as known in the art. 
In one embodiment, high-dose rate brachytherapy delivers a 
desired dose of radiation by keeping the radioactive seed 40 
at designated positions along the inner brachytherapy inser­
tion catheter 23 for varying amounts of time. For example, 
as illustrated by FIG. 2, the radioactive seed 40 may be 
positioned at a first depth location within the tumor site 16 
for a first designated amount of time and then moved to a 
second depth location within the tumor site 16 for a second 
designated amount of time. The amount of time the radio­
active seed 40 spends in any one position is generally for a 
few seconds to 20 minutes with the overall treatment time at 
the tumor site 16 being generally about 20 seconds to 20 
minutes. The radioactive seed 40 is then withdrawn from the 
tumor site 16 by being withdrawn from the inner brachy­
therapy insertion catheter 23, through the brachytherapy 
transfer tube 55 and back into the remote afterloader 52, so 
that the radioactive seed 40 does not remain in the body after 
treatment is complete. 
[0060] After the radiation therapy is complete, the inner 
brachytherapy insertion catheter 23 is removed from the 
outer tube 12 and replaced by an inner intratumoral injection 
catheter 25 inserted into the inner lumen 14 of the outer tube 
12 in a similar manner to further introduce an immuno­
therapy or other medical substance 27 through the catheter 
assembly 10. The immunotherapy or other medical sub­
stance 27 may be a tumor vaccine such as dendritic cell 
vaccines, viral vaccines, nucleic acid vaccines, whole tumor 
cell vaccines, protein/peptide vaccines, immune adjuvant, 
oncolytic virus, therapeutic antibody, small molecule drug, 
or chemotherapy known in the art. 
[0061] The inner intratumoral injection catheter 25 may 
include an elongated circular cylindrical inner tube 60 
extending between a distal end 62 and a proximal end 64 and 
having a length of at least 10 centimeters and at least 26 
centimeters and approximately 26 centimeters to 1 meter 
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long, and supporting therein an inner plunger 66 receiving 
the immunotherapy or other medical substance 27. The 
cylindrical inner tube 60 may also be oval in cross section. 
[0062] The inner tube 60 may include an inner tube wall 
61 surrounding an inner lumen 68 having a generally 
constant inner and outer diameter, the outer diameter closely 
matching the inner diameter of the outer tube 12 to restrict 
fluid flow axially between the outer tube 12 and the inner 
tube 60. In this respect, the outer diameter of the inner tube 
60 of the inner intratumoral injection catheter 25 may 
generally range from 1.5 mm to 2.5 mm for example 
between 5 French and 7 French and able to be inserted 
within the lumen of the outer tube 12. The thickness of the 
inner tube wall 61 may be approximately 0.1 mm to 0.5 mm. 
The inner tube wall 61 may be constructed of a thermoplas­
tic having high temperature resistance, is chemically inert, 
has a low coefficient of friction, and good biocompatibility. 
The material may be a fluoropolymer such as polytetrafluo­
roethylene (PTFE). The inner tube wall 61 may be a flexible 
material to allow the inner tube 60 to be easily inserted into 
and through the outer tube 12. 
[0063] The distal end 62 of the inner tube 60 may be 
closed by an end wall 65 extending perpendicular to the axis 
26 preventing fluid flow past the distal end 62 of the inner 
tube 60. The distal end 62 of the inner tube 60 may include 
a radiopaque marker 22 allowing the medical professional to 
position the distal end 62 of the inner tube 60 of the inner 
intratumoral injection catheter 25 within the outer tube 12 to 
a desired location. 
[0064] A delivery portion 73 of the inner tube 60, gener­
ally corresponding to the delivery portion 30 of the outer 
tube 12, expected to be inserted through or proximate to the 
tumor site 16, for example, extending at least 15 cm and at 
least 30 cm from the distal end 62 toward the proximal end 
64, may include one or more exit ports 7 4 extending through 
the inner tube wall 61 similar to the exit ports 32 of the outer 
tube 12. The exit ports 74 may be spaced in equal separation 
around a circumference of the inner tube 60, and spaced in 
generally equal separation along a length of the inner tube 60 
along the axis 26. 
[0065] The exit ports 74 may be elongated slots taking a 
generally rectangular, circular, or oblong shape although 
other shapes are contemplated. The exit ports 74 may be less 
than 5 mm wide and less than 3 mm wide and approximately 
0.5 mm to 5 mm wide extending about axis 26, and less than 
20 mm long and less than 10 mm long and approximately 5 
mm to 10 mm long extending along axis 26. The length of 
the exit ports 32 may be about 1 to 5 times its width. 
[0066] The exit ports 74 may be separated by a distance 
that is less than 5 mm apart and less than 3 mm apart and 
approximately 0.5 mm to 5 mm apart about a circumference 
of the inner tube 60, and less than 20 mm apart and less than 
5 mm apart and less than 3 mm apart and approximately 0.5 
mm to 5 mm apart along axis 26. The longitudinal spacing 
between exit ports 74 along axis 26 is less than a length of 
the exit ports 74. In one embodiment, the exit ports 74 may 
include at least one and between one and eight exit ports 74 
spaced equally about the axis 26 to form a ring of exit ports 
74, and at least ten rings of exit ports 74 spaced along axis 
26 for a total of at least twenty or at least fifty or at least one 
hundred exit ports 74 within the distal delivery portion 73 of 
the inner tube 60. The number and arrangement of the exit 
ports 74 may vary while still allowing a fluid to be expelled 
therethrough the exit ports 74 as further described below. 
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[0067] The inner tube 60 supports plunger 66 inserted 
within the inner lumen 68 of the inner tube 60 and providing 
an elongated circular cylindrical tube extending between a 
distal end 76 and a proximal end 78 and having a length of 
at least 10 centimeters and at least 26 centimeters and 
approximately 26 centimeters to 1 meter long. The plunger 
66 may also be oval in cross section. 
[0068] The plunger 66 may include an outer wall 79 
surrounding an inner lumen 80 having a generally constant 
inner and outer diameter, the outer diameter closely match­
ing the inner diameter of the inner tube 60 to promote fluid 
flow out of the exit ports of the inner tube 60 primarily 
between the distal end of the inner tube 60 and the distal end 
of the plunger 66. In this respect the outer diameter of the 
outer wall 79 of the plunger 66 may generally range from 1.5 
mm to 2.5 mm for example between 5 French and 6 French 
and able to be inserted within the inner lumen 68 of the inner 
tube 60. The thickness of the outer wall 79 may be approxi­
mately 0.1 mm to 0.5 mm. The outer wall 79 of the plunger 
66 may be constructed of a thermoplastic having high 
temperature resistance, is chemically inert, has a low coef­
ficient of friction, and good biocompatibility. The material 
may be a fluoropolymer such as polytetrafluoroethylene 
(PTFE). The outer wall 79 may be a flexible material to 
allow the plunger 66 to be easily inserted into the inner tube 
60. 
[0069] The distal end 76 of the plunger 66 may be open 
along axis 26 to allow an immunotherapy or other medical 
substance 27 to be injected through the inner lumen 80 of the 
plunger 66 and flow out through the distal end 76 of the 
plunger 66 into the inner tube 60. The distal end 76 of the 
plunger 66 may include a radiopaque marker 22 allowing the 
medical professional to position the distal end 76 of the 
plunger 66 within the inner tube 60 to a desired location. 
[0070] Referring to FIG. 4, the inner tube 60 may be 
inserted through the inner lumen 14 of the outer tube 12 until 
the distal end 62 of the inner tube 60 is positioned at the 
desired location representing an outer bound 81 of a fluid 
delivery area 72 of the catheter assembly 10. The position of 
the inner tube 60 may be assisted by image guidance such as 
the radiopaque marker 22 positioned at the distal end 62 of 
the inner tube 60. 
[0071] The plunger 66 may then be inserted through the 
inner lumen 68 of the inner tube 60 until the distal end 76 
of the plunger 66 is positioned at the desired location 
representing an inner bound 82 of the fluid delivery area 72 
of the catheter assembly 10. The positioning of the plunger 
66 may be assisted by image guidance such as the 
radiopaque marker 22 positioned at the distal end 76 of the 
plunger 66. 
[0072] The immunotherapy or other medical substance 27 
may be injected through the inner intratumoral injection 
catheter 25 by a pump or a syringe 84, for example, a Luer 
lock syringe. The syringe 84 may be connected to the open 
proximal end 78 of the plunger 66 and the immunotherapy 
or other medical substance 27 may be injected through the 
inner lumen 80 of the plunger 66. A volume of immuno­
therapy or other medical substance 27 injected into the 
plunger 66 may be less than 1 mL and may be up to 15 mL 
and may be up to 100 mL. 
[0073] The exit ports 74 of the inner tube 60 may com­
municate with the exit ports 32 of the outer tube 12 to allow 
immunotherapy or other medical substance 27 to flow from 
the inner lumen 68 of the inner tube 60 out through the outer 
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tube 12. In one embodiment, the respective exit ports 32, 74 
may at least partially overlap facilitating fluid flow through 
the exit ports 32, 74 against the resistance of the surrounding 
tissue. In this respect the spacing between the exit ports 32, 
74 along the axis 26 may be less than a length of the exit 
ports 32, 74 along the axis 26 encouraging the overlap of the 
exit ports 32, 74. In another embodiment, a narrow spacing 
between the inner tube 60 and the outer tube 12 facilitates 
fluid flow through the exit ports 32, 74 even when the exit 
ports 32, 74 are not overlapping. 
[007 4] The outer tube 12 and the inner tube 60 may fit with 
respect to teach other to restrict backflow of the immuno­
therapy or other medical substance 27 axially between the 
outer tube 12 and the inner tube 60. The outer tube 12 an 
inner tube 60 may also provide a liquid tight seal against the 
flow of immunotherapy or other medical substance 27 
axially between the outer tube 12 and the inner tube 60. 
[0075] The fluid delivery area 72 extending between the 
distal end 62 of the inner tube 60 and the distal end 76 of the 
plunger 66 defines the area of radial delivery of immuno­
therapy or other medical substance 27 from the catheter 
assembly 10 to the surrounding tumor site 16. In this respect, 
the fluid delivery area 72 may be precisely controlled or 
adjusted to deliver the immunotherapy or other medical 
substance 27 to a smaller or larger radial area as desired. For 
example, the fluid delivery area 72 may be between 1 cm and 
15 cm along a length of the outer tube 12. The fluid delivery 
area 72 may also be precisely controlled or adjusted to 
deliver the immunotherapy or other medical substance 27 at 
controlled depths along the length of the catheter assembly 
10, for example, delivering radiotherapy to deeper, distal 
locations along the catheter assembly 10 or shallower, 
proximal locations along the catheter assembly 10 depend­
ing on where a tumor or tumors are located. 
[0076] In an exemplary embodiment, shown in FIG. 4, the 
catheter assembly 10 may initially deliver immunotherapy 
or other medical substance 27 to a smaller tumor using a 
smaller fluid delivery area 72 at a more distal location along 
the catheter assembly 10 and subsequently deliver immu­
notherapy or other medical substance 27 to a larger tumor 
using a larger fluid delivery area 72 at a more proximal 
location along the catheter assembly 10. In another exem­
plary embodiment, as illustrated in FIG. 2, the catheter 
assembly 10 may deliver immunotherapy or other medical 
substance 27 to multiple locations or zones within a single 
tumor by precise placement of the fluid delivery area 72 
along a length of the catheter assembly 10 correlating with 
a first and second position with respect to the tumor. 
[0077] After delivery of the immunotherapy or other 
medical substance 27 through the catheter assembly 10 is 
complete, the catheter assembly 10 may be withdrawn from 
the body completing the brachytherapy and intratumoral 
injection combined treatment. 
[0078] Referring to FIG. 5, in an alternative embodiment 
of the present invention, the inner intratumoral injection 
catheter 25 may be an elongated circular cylindrical inner 
tube 60 extending along an axis 26 between a distal end 62 
terminating within the outer tube 12, and a proximal end 64 
receiving an inner plunger 66. The inner tube 60 may have 
an outer diameter that is less than 3.5 mm and less than 3 
mm and between 3 and 3.5 mm. The inner tube 60 may 
include an inner tube wall 61 surrounding an inner lumen 68 
having a generally constant inner and outer diameter. The 
inner tube 60 diameter may be reduced in some embodi-
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ments, for example, less than 3 mm or less than 2.5 mm or 
less than 2 mm, to minimize the waste of any liquid 
remaining in the inner tube 60 after plunger application and 
to accurately enable injection of small liquid volumes into 
the tumor site 16. 
[0079] The distal end 62 of the inner tube 60 receives an 
end cap 90, snugly fitting over an end of the inner tube wall 
61 of the inner tube 60 and closing the distal end 62 of the 
inner tube 60 by an end wall 92 from fluid flowing distally 
outward from the inner tube 60 along the axis 26. 
[0080] The end cap 90 further includes one or more 
inlet/exit ports 94 extending laterally, perpendicular to the 
axis 26, through an outer wall of the end cap 90 to allow 
fluid flow from the inner lumen 68 of the inner tube 60 
outward into the end cap 90 and through the inlet/exit ports 
94. The inlet/exit ports 94 of the end cap 90 may be circular 
holes, although other shapes such as elongated slots are 
contemplated. The inlet/exit ports 94 may be less than 3 mm 
in diameter and less than 2 mm in diameter and approxi­
mately 0.5 to 1.5 mm and about 1 mm in diameter. 
[0081] The inlet/exit ports 94 may be spaced in equal 
separation about a circumference of the inner tube 60. In one 
embodiment, four inlet/exit ports 94 may be spaced evenly 
at 90-degree intervals about a circumference of the inner 
tube 60. The inlet/exit ports 94 may be separated by a 
distance that is approximately 1 mm to 2 mm about the 
circumference of the inner tube 60. The distance between 
inlet/exit ports 94 may be less than a diameter of the 
inlet/exit ports 94. It is contemplated that any number of 
inlet/exit ports 94 may be arranged about the circumference 
of the outer tube 12 such as one, two, or three inlet/exit ports 
94. The inlet/exit ports 94 may be designed to enable a 
removal of air from the inner tube 60 prior to injection and 
to further minimize leakage along the longitudinal axis 26 of 
the catheter between the outer tube 12 and the inner tube 60. 
The controlled delivery and minimized amount of injected 
materials from the inlet/exit ports 94 also reduces the 
amount of excess liquid injected into the tumor site 16 thus 
minimizing the excess liquid material leaking out of the 
tumor site 16. 
[0082] The inner plunger 66 received within the inner tube 
60 may include a plunger shaft 100 having a proximal end 
102 extending away from the proximal end 64 of the inner 
tube 60 and a distal end 104 extending within the inner tube 
60. The distal end 104 of the plunger shaft 100 may be 
connected to a plunger piston 106, for example, being an 
elastomeric material such as rubber or a polymer, and fitting 
snugly within the volume of the inner tube 60. 
[0083] The proximal end 102 of the plunger shaft 100 may 
provide for a thumb button 108 for manual operation by a 
medical professional who may press on the thumb button 
108 with a thumb while having index and middle fingers 
respectively stabilized by outwardly extending grip flanges 
110, 112 respectively extending outwardly from the proxi­
mal end 64 of the inner tube 60 at opposed ends of a 
diameter of the inner tube 60. In this way the medical 
professional through manual pressure by the thumb on an 
end of the inner plunger 66, may manually operate the inner 
plunger 66 to move the plunger piston through the inner tube 
60. 
[0084] As shown in FIG. 5, in a medical fluid loading step, 
the medical professional pulls the inner plunger 66 out from 
the inner tube 60 along direction 116 to move the plunger 
piston 106 away from the distal end 62 of the inner tube 60 
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causing the inner tube 60 to fill with the immunotherapy or 
other medical substance 27 through the inlet/exit ports 94. 
Conversely, the medical professional pushes on the thumb 
button 108 of the inner plunger 66 in an opposite direction 
118 (FIG. 6) to move the plunger piston 106 towards the 
distal end 62 of the inner tube 60 causing the discharge of 
the immunotherapy or other medical substance 27 from the 
inner tube 60 through the inlet/exit ports 94. 
[0085] Referring now to FIG. 6, in the alternative embodi­
ment of the present invention, the outer tube 12 may be an 
elongated circular cylindrical tube extending between a 
distal end 18 and a proximal end 20 along the axis 26. The 
outer tube 12 may have an outer diameter of less than 4 mm 
and less than 3.6 mm and between 3 and 4 mm. The outer 
tube 12 may include an outer tube wall 24 surrounding an 
inner lumen 14 having a generally constant inner and outer 
diameter. 
[0086] The inner intratumoral injection catheter 25 may 
have an outer diameter closely matching the inner diameter 
of the outer tube 12 to be inserted into the outer tube 12 
while restricting fluid flow axially between the outer tube 12 
and the inner tube 60 as previously described above with 
respect to FIGS. 1 and 2. 
[0087] The distal end 18 of the outer tube wall 24 extend­
ing into the tumor site 16 may receive a hard, rigid, pointed 
needle 111 extending distally along the axis 26 from within 
the outer tube wall 24 and having a stud 115 received by the 
inner lumen 14 of the outer tube wall 24 opening axially at 
the distal end 18. The stud 115 may be generally cylindrical 
and have the same outer diameter as the inner diameter of 
the outer tube 12 to fit tightly therein the outer tube wall 24. 
The stud 115 may extend at least 20 mm and at least 25 mm 
and approximately 25 mm to 40 mm in length within the 
inner lumen 14 in order to provide additional stiffness to the 
flexible outer tube 12. The needle 111 tapers to a sharp point 
113 generally aligned with the axis 26 and able to penetrate 
or puncture a patient's skin. The needle 111 may be made out 
of a metal such as stainless steel providing a stiffening distal 
end 18 to the otherwise flexible outer tube wall 24. 
[0088] A section of the outer tube 12 proximal to the 
needle 111 is used to deliver immunotherapy or other 
medical substance 27 circumferentially at multiple depths of 
the tumor site 16 along axis 26 and includes one or more exit 
ports 114 extending through the outer tube wall 24, and 
spaced in generally equal separation about a circumference 
of the outer tube 12 to form rings of holes along the outer 
tube 12, and spaced in generally equal separation along a 
length of the outer tube 12 along axis 26. 
[0089] In one embodiment, four exit ports 114 may be 
spaced equally at 90-degree intervals about a circumference 
of the outer tube 12. The exit ports 114 may be separated by 
a distance of approximately 1 mm to 2 mm about the 
circumference of the outer tube 12. The distance between 
exit ports 114 may be less than a diameter of the exit ports 
114. It contemplated that any number of exit ports 114 may 
be arranged about the circumference of the outer tube 12 
such as one, two or three exit ports 114. 
[0090] The exit ports 114 may be separated by a distance 
along axis 26 that is less than 15 mm apart and less than 10 
mm apart and approximately 5 mm to 10 mm apart and 
about 9 mm apart. The exit ports 114 may be spaced apart 
a distance that is less than an average length of a tumor. In 
one embodiment, the exit ports 114 are spaced apart along 
the axis 26 at at least four longitudinal locations and between 
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four and ten longitudinal locations for a total of at least eight 
or at least sixteen exit ports 114 distributed within the outer 
tube 12. 
[0091] The exit ports 114 may be circular holes, although 
other shapes such as elongated slots or other shaped holes 
are contemplated. The exit ports 114 may be less than 3 mm 
in diameter and less than 2 mm in diameter and approxi­
mately 0.5 to 1.5 mm and about 1 mm in diameter. 
[0092] In operation, the outer tube 12 may be positioned 
such that one or more of the exit ports 114 along axis 26 are 
aligned with respect to the desired tumor site 16. The 
alignment of the exit ports 114 of the outer tube 12 with the 
tumor site 16 may be facilitated by alignment indicators 
such as radiopaque markers at the distal end 18 of the outer 
tube 12 as previously described above. 
[0093] An inner brachytherapy insertion catheter 23 may 
be inserted into the inner lumen 14 of the outer tube 12 until 
the radioactive seed 40 is positioned at a desired location 
with respect to the tumor site 16. The inner brachytherapy 
insertion catheter 23 may be a standard brachytherapy 
needle, for example, a Brachystar needle manufactured by 
Bard, consisting of a hollow outer tube 12 and removable 
inner stylet. After the outer tube 12 is installed at the proper 
location within the patient, the seed 40 may be deposited by 
removing the sty let from the outer tube 12. Then the seed 40 
is inserted through the outer tube 12. The inner brachy­
therapy insertion catheter 23 may then be withdrawn from 
the outer tube 12 once the radiation therapy is complete. 
[0094] The inner intratumoral injection catheter 25 may be 
preloaded with immunotherapy or other medical substance 
27 by pulling the inner plunger 66 out from the inner tube 
60 along direction 116 to draw in the liquid, as previously 
described above with respect to FIG. 5. 
[0095] The inner tube 60 is then inserted into the inner 
lumen 14 of the outer tube 12 until the inlet/exit ports 94 of 
the end cap 90 of the inner tube 60 are aligned with a first 
axial position 120 along the axis 26 corresponding with a 
ring of exit ports 114 closest to the distal end 18 of the outer 
tube 12. The first axial position 120 may correspond with a 
desired depth for immunotherapy or other medical substance 
27 delivery. A second axial position 122, third axial position 
124, and fourth axial position 126 along axis 26 may 
correspond with the other longitudinal positions of the rings 
of exit ports 114 as one moves from the distal end 18 of the 
outer tube 12 towards the proximal end 20 of the outer tube 
12, and representing other possible depths for immuno­
therapy or other medical substance 27 delivery. It is under­
stood that the inlet/exit ports 94 of the end cap 90 of the 
inner tube 60 may be slidably aligned at any of the axial 
positions 120, 122, 124, 126 while the exit ports 114 and the 
outer tube 12 remain stationary within the patient's body. 
The alignment of the inlet/exit ports 94 and the exit ports 114 
may be facilitated by alignment indicators such as 
radiopaque markers indicating a longitudinal position of the 
exit ports 114 of the outer tube 12 and a longitudinal position 
of the inlet/exit ports 94 of the inner tube 60 along axis 26. 
[0096] The inner tube 60 may be torqued or rotated about 
the axis 26 so that the inlet/exit ports 94 are also circum­
ferentially aligned with the exit ports 114 of the outer tube 
12 such that the respective holes of the inlet/exit ports 94 and 
the exit ports 114 overlap or are substantially aligned or 
concentric with each other. Again, the alignment of the 
inlet/exit ports 94 and the exit ports 114 may be facilitated 
by alignment indicators such as radiopaque markers indi-
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eating a circumferential position of the exit ports 114 of the 
outer tube 12 and a circumferential position of the inlet/exit 
ports 94 of the inner tube 60 about axis 26. It is understood 
that in some situations, there may be a gap between the inner 
tube 60 and the outer tube 12 to allow the immunotherapy 
or other medical substance 27 to be expelled through the 
inlet/exit ports 94 and exit ports 114 even if the inlet/exit 
ports 94 and the exit ports 114 are not overlapping, aligned 
or concentric with each other. 

[0097] The medical professional may push on the thumb 
button 108 of the inner plunger 66 in the direction 118 to 
move the plunger piston 106 towards the distal end 62 of the 
inner tube 60 causing the discharge of the immunotherapy or 
other medical substance 27 from the inner tube 60 outward 
through the inlet/exit ports 94 of the end cap 90 and further 
exiting the exit ports 114 of the outer tube 12 to deliver 
immunotherapy or other medical substance 27 to the tumor 
site 16 as similarly described above with respect to the first 
embodiment of the invention. 

[0098] After delivery of the immunotherapy or other 
medical substance 27 through the catheter assembly 10 is 
complete, the catheter assembly 10 may be withdrawn from 
the body completing the brachytherapy and intratumoral 
injection combined treatment. 

[0099] Brachytherapy has been used for treatments of 
cancers of the prostate, breast, gynecologic organs, pituitary, 
brain, external auditory canal, upper gum, tongue, ethmoid 
sinus, stomal recurrences of laryngeal tumors, and for sar­
comas and tumors at other sites of the head and neck, spine, 
liver, colorectum, and extremity, among other potential 
applications. It is understood that during brachytherapy 
anywhere between one and 100 separate catheter assemblies 
10 may be implanted into or placed alongside the tumor site 
16 simultaneously. In an alternative embodiment of the 
present invention the catheter assembly 10 may be a multi­
lumen balloon catheter allowing for multiple outer tubes 12 
and multiple inner brachytherapy insertion catheters 23 to be 
inserted therein and expanded into a balloon shape in order 
to deliver the radiotherapy to a three dimensional tumor site 
or surgical cavity 16, for example, where a tumor has been 
removed. 

[0100] It is also understood that the catheter assembly 10 
of the present invention may be used in connection with 
other drug delivery therapies to a tumor site such as che­
motherapy. 

[0101] In one embodiment of the present invention, the 
catheter assembly 10 may be used in connection with the 
delivery of 1) cytotoxic chemotherapies or 2) molecular 
targeted agents. The delivery of 1) cytotoxic chemotherapies 
or 2) molecular targeted agents may radiosensitize or oth­
erwise enhance local tumor control together with brachy­
therapy. 

[0102] In one embodiment of the present invention, the 
catheter assembly 10 may be used in connection with the 
delivery of oncolytic virus therapies that may activate anti­
tumor immunity in combination with brachytherapy but 
cannot be given with safety and efficacy by other routes. 

[0103] In one embodiment of the present invention, the 
catheter assembly 10 may be used in connection with the 
delivery of cell therapies (e.g. CAR-T cells, CAR-NK cells) 
that may have greater antitumor effect in combo with 
brachytherapy but which do not adequately reach the tumor 
site unless given intratumorally. 
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[0104] In one embodiment of the present invention, the 
catheter assembly 10 may be used in connection with the 
delivery of marking agents (e.g., tattoo ink) or contrast 
agents for radiological imaging when either might be needed 
in combination with brachytherapy 
[0105] Certain terminology is used herein for purposes of 
reference only, and thus is not intended to be limiting. For 
example, terms such as "upper", "lower", "above", and 
"below" refer to directions in the drawings to which refer­
ence is made. Terms such as "front", "back", "rear", "bot­
tom" and "side", describe the orientation of portions of the 
component within a consistent but arbitrary frame of refer­
ence which is made clear by reference to the text and the 
associated drawings describing the component under dis­
cussion. Such terminology may include the words specifi­
cally mentioned above, derivatives thereof, and words of 
similar import. Similarly, the terms "first", "second" and 
other such numerical terms referring to structures do not 
imply a sequence or order unless clearly indicated by the 
context. 
[0106] When introducing elements or features of the pres­
ent disclosure and the exemplary embodiments, the articles 
"a", "an", "the" and "said" are intended to mean that there 
are one or more of such elements or features. The terms 
"comprising", "including" and "having" are intended to be 
inclusive and mean that there may be additional elements or 
features other than those specifically noted. It is further to be 
understood that the method steps, processes, and operations 
described herein are not to be construed as necessarily 
requiring their performance in the particular order discussed 
or illustrated, unless specifically identified as an order of 
performance. It is also to be understood that additional or 
alternative steps may be employed. 
[0107] It is specifically intended that the present invention 
not be limited to the embodiments and illustrations con­
tained herein and the claims should be understood to include 
modified forms of those embodiments including portions of 
the embodiments and combinations of elements of different 
embodiments as come within the scope of the following 
claims. All of the publications described herein, including 
patents and non-patent publications are hereby incorporated 
herein by reference in their entireties. 

What we claim is: 
1. A catheter assembly comprising: 
an outer tube having a wall surrounding a central lumen 

extending along an axis and including at least one exit 
port positioned along its length extending through the 
wall and having an open proximal end; 

an inner tube having a wall surrounding a central lumen 
extending along the axis and slidably receivable within 
the central lumen of the outer tube along the axis at the 
proximal end of the outer tube and having a closed 
distal end and having at least one exit port extending 
through the wall and communicating with the at least 
one exit port of the outer tube to allow fluid flow from 
the central lumen of the inner tube through the at least 
one exit port of the inner tube and outer tube at a range 
of relative positions along the axis; and 

an inner plunger slidably receivable within the central 
lumen of the inner tube along the axis at the proximal 
end of the outer tube, the plunger interfacing with the 
inner tube to promote fluid flow into and out of the at 
least one exit port of the inner tube by translating the 
plunger along the axis. 
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2. The assembly of claim 1 wherein the at least one exit 
port of the outer tube are multiple exit ports distributed 
evenly along a length of the outer tube. 

3. The assembly of claim 2 wherein the at least one exit 
ports are separated by a distance that is less than 10 mm 
apart along the length of the outer tube. 

4. The assembly of claim 2 wherein the at least one exit 
port of the outer tube are multiple exit ports distributed about 
a circumference of the outer tube. 

5. The assembly of claim 4 wherein the at least one exit 
port of the inner tube are multiple exit ports distributed about 
a circumference of the inner tube. 

6. The assembly of claim 5 wherein the exit ports are 
separated by a distance that is less than 5 mm apart about a 
circumference of the outer tube and inner tube, respectively. 

7. The assembly of claim 1 wherein the at least one exit 
ports of the inner tube and outer tube are circular. 

8. The assembly of claim 1 wherein the outer tube and 
inner tube fit to restrict fluid flow axially between the outer 
tube and the inner tube. 

9. The assembly of claim 8 wherein the outer tube and 
inner tube provide a liquid tight seal against fluid flow 
axially between the outer tube and the inner tube. 

10. The assembly of claim 1 where the outer tube and 
inner tube are substantially cylindrical. 

11. The assembly of claim 1 wherein the outer tube and 
inner tube are flexible. 

12. The assembly of claim 11 wherein the outer tube and 
inner tube are constructed of a polytetrafluoroethylene fluo­
ropolymer. 

13. The assembly of claim 1 wherein the outer tube has a 
closed distal end converging to a tapered point. 

14. The assembly of claim 1 further comprising at least 
one radiopaque marker indicating a position of the closed 
distal end of the inner tube and at least one radiopaque 
marker indicating a position of the closed distal end of the 
inner plunger with respect to the inner tube. 

15. The assembly of claim 1 further including a brachy­
therapy insertion catheter slidably fitting within the outer 
tube. 

16. The assembly of claim 15 wherein the lumen of the 
brachytherapy insertion catheter is sized to receive radio­
therapy seeds guided therealong. 
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17. A method of performing cancer therapies comprising 
the steps of: 

inserting into a targeted tumor site an outer tube having a 
wall surrounding a central lumen extending along an 
axis and including at least one exit ports distributed 
along its length extending through the wall and having 
an open proximal end; 

inserting an inner tube within the outer tube along the axis 
having a wall surrounding a central lumen extending 
along the axis and slidably receivable within the central 
lumen of the outer tube along the axis and having a 
closed distal end and having at least one exit ports 
distributed along its length extending through the wall 
and communicating with the at least one exit ports of 
the outer tube to allow fluid flow from the central lumen 
of the inner tube through the at least one exit ports of 
the outer tube at a range of relative positions along the 
axis; inserting an inner plunger within the central 
lumen of the inner tube along the axis, the plunger 
interfacing with the inner tube to draw fluid into the at 
least one exit ports of the inner tube before the inner 
tube is within the outer tube and to expel fluid out of the 
at least one exit ports of the inner tube when the inner 
tube is within the outer tube 

pressing on the inner plunger to expel a medical solution 
out of the at least one exit ports of the inner tube and 
through the at least one exit ports of the outer tube. 

18. The method of claim 17 further comprising the steps 
of 

adjusting a position of the closed distal end of the outer 
tube with respect to the targeted tumor site; and 

adjusting a position of the distal end of the inner tube with 
respect to the outer tube to align the at least one exit 
ports of the inner tube and the outer tube. 

19. The method of claim 18 further comprising the steps 
of 

inserting a brachytherapy insertion catheter fitting within 
the outer tube and 

guiding a radioactive seed through a lumen of the brachy­
therapy insertion catheter. 

20. The method of claim 19 wherein the outer tube 
remains in substantially a same position in the targeted 
tumor site during the steps. 

* * * * * 


