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(57) ABSTRACT 

Brachytherapy radioisotope carrier systems and methodol 
ogy for providing real-time customized brachytherapy treat 
ment to Subjects with tumors difficult to control using 
conventional radiation therapy techniques. The invention 
generally relates to devices, methods and kits for providing 
customized radionuclide treatments, to help cure, slow pro 
gression or regrowth, or ameliorate the symptoms associated 
with tumors. 
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DOSMETRICALLY CUSTOMIZABLE 
BRACHYTHERAPY CARRIERS AND 

METHODS THEREOF IN THE TREATMENT 
OF TUMIORS 

INCORPORATION BY REFERENCE TO ANY 
PRIORITY APPLICATIONS 

0001. Any and all applications for which a foreign or 
domestic priority claim is identified in the Application Data 
Sheet as filed with the present application are hereby incor 
porated by reference under 37 CFR 1.57. 
0002 This application is a continuation of U.S. applica 
tion Ser. No. 14/216,723, titled “DOSIMETRICALLY CUS 
TOMIZABLE BRACHYTHERAPY CARRIERS AND 
METHODS THEREOF IN THE TREATMENT OF 
TUMORS, filed on Mar. 17, 2014, which claims the benefit 
of priority under 35 U.S.C. S119(e) of U.S. Ser. No. 61/800, 
983, filed Mar. 15, 2013, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND 

0003 Field 
0004. The invention generally relates to using radiation 
therapy to treat tumors and more specifically to dosimetri 
cally customizable carriers kits and techniques for using the 
invention in the treatment of tumors. 
0005. Description of the Related Art 
0006 Tumors in living organisms are highly variable in 
size, location and their amount of infiltration into normal 
tissues, the variability of tumors in general make them very 
difficult to treat with a one-size fits all approach. Further 
more, the actual extent of tumors and/or void upon removal 
are typically not known precisely until presented in the 
operating room. Thus the options necessary to effectively 
treat a tumor or tumor bed need to be quite diverse. 
0007 Tumors are difficult to eradicate surgically as their 

infiltrative nature often precludes microscopically complete 
resection without undue morbidity or mortality. This local 
persistence of tumor cells may be controlled if sufficient 
radiation can be delivered safely prior to regrowth and 
replication of the residual tumor cells. Resective Surgery, 
followed by radiation therapy in high doses, provides the 
best chance for local control of a tumor. 
0008. However, the ability to deliver high doses of radia 
tion in the post-operative setting is frequently limited by 
intolerance of Surrounding healthy tissue. Radiation therapy 
is divided into external beam radiation therapy (EBRT) or 
teletherapy and internal radiation therapy or brachytherapy 
(BT). The therapeutic index is the relative amount of healthy 
tissue receiving high doses of radiation compared to the dose 
delivered to the tumor or tumor bed. Improving the thera 
peutic index may increase local control of tumors and/or 
decrease the morbidity of treatment. The inherently local 
ized nature of BT is recognized as a technique to improve the 
therapeutic index in tumor treatment with radiation. 
0009 Brachytherapy involves placing a radiation source 
either into or immediately adjacent to a tumor. It provides an 
effective treatment of tumors of many body sites. Brachy 
therapy, as a component of multimodality cancer care, 
provides cost-effective treatment. Brachytherapy may be 
intracavitary, as in gynecologic malignancies; intraluminal, 
as in but not limited to esophageal or lung cancers; external 
Surface, as in but not limited to cancers of the skin, or 
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interstitial, as in but not limited to the treatment of various 
central nervous system tumors as well as extracranial tumors 
of the head and neck, lung, Soft tissue, gynecologic sites, 
rectum, liver, prostate, and penis. 
0010. The currently available brachytherapy devices and 
techniques are lacking in the following areas: 1) the current 
carriers are unable to easily accommodate anatomically 
conformal and reproducible brachytherapy doses; 2) do not 
facilitate real-time dosimetric customization for sparing 
normal tissue, while delivering effective and safe doses of 
radiation to tumors; and 3) are not able to incorporate 
additional therapeutic agents, including chemotherapy, and 
viral, targeted, and DNA damage repair inhibitors. 
0011. The present invention addresses the deficiencies 
associated with current brachytherapy devices for treating 
highly variable tumors and tumor operative beds and com 
prises of novel brachytherapy radioisotope carrier systems 
and methodology for providing real-time customized 
brachytherapy treatment to patients with difficult to control 
tumors and tumor sites using conventional radiation therapy 
techniques. 

SUMMARY 

0012. The present invention generally relates to devices, 
methods and kits for providing a customized radionuclide 
treatment in a patient to help cure, slow progression or 
regrowth, or ameliorate symptoms associated with tumors. 
More specifically the embodiments described relate to a 
versatile dosimetrically customizable brachytherapy system 
for providing a targeted radiation dose to specific tissues on 
or within the human body using radionuclides in carriers. 
0013 An embodiment of the present invention comprises 
a radionuclide carrier system comprising of one or more 
individual implantable carriers configured to hold radioac 
tive seeds in a precise location relative to a treatment area in 
order to produce a dosimetrically customizable implant in 
real-time for an area to be treated and wherein the individual 
carriers are Small enough to fit in or on the area to be treated 
and the carriers are selected from one or more circular or 
gamma dot carriers and/or star or arm-based carriers. Addi 
tional carrier system embodiments may feature only one or 
more dot carriers or one or more star or arm-based carriers 
for delivering the radionuclide dose to the tissue of interest. 
0014 Embodiments of the invention comprise a radio 
nuclide carrier system that is implantable and/or permanent 
(such as when used in the brain), while other embodiments 
include carrier systems that are temporary and/or not-im 
planted (such as when used to treat skin lesions and/or 
tumors). 
0015. An additional embodiment of a radionuclide carrier 
system is the customization and use of a real-time dosimetry 
based on precise dimensions and properties of the carriers to 
optimize the therapeutic index for an affected area. With 
additional embodiments including precise dimensions and 
properties of the carriers by utilizing gelatin-based or col 
lagen-based biocompatible materials of differing thicknesses 
below and/or above a radiation source to act as a spacer to 
achieve a desired radiation dose delivery and a sparing of 
normal tissue. 

0016 Further embodiments of the radionuclide carrier 
system, relate to the asymmetrical placement of the radio 
nuclide (seed) in the carrier which gives it additional inher 
ent properties. 
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0017. In a normative location of the carrier the radionu 
clide source or seed is offset away from the tumor bed side 
more than it is from the “normal tissue side (for example, 
in a 4 mm thick carrier, the radionuclide seed is 3 mm off 
tumor and 1 mm off “normal tissue'). This may seem 
counterintuitive, but in practice the reasons are that, a) the 
normal side is usually a Void, and b) if tissues on the Void 
remain nearby, additional spacing material (sheets of colla 
gen, cellulose, etc.) can be interposed. Additionally, the 
present invention also includes carrier systems which can be 
rapidly adjusted in real-time wherein one wants a localized 
dose increase, such as 1) a localized nodule of tumor 
remains just under one or more carriers, 2) a critical struc 
ture exists near or under the implant, such that a localized 
area of relatively lessened dose is desired, 3) that an implant 
consisting of a few to several carriers uniformly spaced has 
an inherently less radioactive periphery and more intensely 
radioactive center due to the inverse square law (similar to 
a charcoal grill at the edges and at the center), or 4) the 
implant area is quite Small, and just a few carriers in the 
“normative' position would not deliver an adequate dose. In 
these cases, the embodied carrier system includes asymmet 
ric source placement of carriers wherein in each case one or 
more individual carriers are reversed from the normative 
position (flipped) to solve the problem of hyper-local dose 
control. This is a 180 degree flip. If the usual (normative) 
orientation is thicker side toward tumor, then flipped is 
RFNO (reversed from normative orientation). Following 
the earlier example of a 4 mm thick carrier, the seed would 
be 3 mm off tumor and 1 mm off “normal” when in the 
normative location and 1 mm off tumor and 3 mm off 
“normal” when in the reversed from normative orientation. 

0.018. Another additional embodiment achieves the real 
time proper dosimetry by including a layer of tantalum, 
tungsten, titanium, gold, silver, or alloys of these or other 
high Z materials as a foil, grid or strip, internal to or on a 
Surface of the carrier to facilitate sparing of normal tissue by 
diminishing the penetration of the radiation into adjacent 
normal tissues. 
0019. Additional embodiments include carriers manufac 
tured as prefabricated carriers of various shapes and sizes; 
and some carriers may be preloaded “hot” with the radio 
active seeds or “cold' in order to allow the radioactive seeds 
to be loaded with specifically desired seeds just prior to an 
implant procedure. 
0020. Further embodiments contemplate carriers which 
may be configured for the use of one or more low-energy 
radioactive seeds selected from Cs 131, Ir 192, I 125, Pd 103 
or other isotopes used intra-operatively following Surgical 
resection to form a permanent implant. 
0021. Yet further embodiments may include carriers with 
short range radioisotopes emitting beta or alpha particles. 
0022. Another embodiment of a carrier system comprises 
carrying additional therapeutic modalities including chemo 
therapeutic agents, viral treatments, targeted therapies, and/ 
or DNA damage repair inhibitors. The carriers may further 
include a semi-permeable or impermeable membrane or 
other barrier capable of effecting a segregation of this 
material toward or away from tumor or normal tissues as 
may be desired. 
0023. Additional contemplated features of the carriers 
may include differential color coding to mark seeds with 
higher radiation strengths, differential thicknesses; indicator 
lines to allow a user to trim or shape a carrier as needed 
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while maintaining the desired spacing for the calculated 
dosimetry; and visual and tactile indicators for a user to 
differentiate the tops from bottoms of carriers in the oper 
ating room/operative field and to maintain correct orienta 
tion and desired dosimetry. 
0024. A further additional embodiment for the carrier 
system comprises a atlas/program/spreadsheet/nomogram to 
guide a user in the planning of implants and to assist in 
ordering seeds/carriers based on preoperative shape, lesion 
size, location, histology and number of seeds needed. Such 
nomograms might include an atlas of pre-generated picto 
rial-type dosimetry maps of operative beds by size and shape 
as a guide to optimal real-time operative carrier placement 
and carrier orientation. 
0025. Another embodiment comprises a carrier system 
that is visible on CT and fluoroscopy, and/or is MRI com 
patible to allow the user to make accurate intra- and post 
operative assessments. Additionally, radiofrequency identi 
fication (RFID) or other remote sensing positioning 
technology may be further used for intra and post-operative 
aSSeSSmentS. 

0026. Yet further embodiments of the present invention 
include inserting the individual implantable radionuclide 
carriers into or onto a tumor, a void remaining following 
resection, or a tumor bed; to help cure, slow progression or 
regrowth, or ameliorate symptoms associated with the 
tumor. 

0027. Additional embodiments of the radionuclide carrier 
system is for intraoperative permanent brachytherapy in 
treatment of various tumors of the body, including but not 
limited to tumors of the central nervous system, head and 
neck, Soft tissues, bone, spine, lung, breast, skin, esophagus, 
stomach, liver, intestines, colon, rectum, prostate, pancreas, 
retroperitoneal space, kidney, bladder, pelvis, ovary, cervix, 
fallopian tubes, uterus and vagina. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The principles of the present invention will be 
apparent with reference to the following drawings, in which 
like reference numerals denote like components: 
0029 FIG. 1 consists of FIGS. IA-IF which each show an 
illustration of dot based carriers in different configurations. 
0030 FIG. 2 consists of FIGS. 2A-2M which each show 
an illustration of mixed dot based carrier configurations. 
0031 FIG. 3 consists of FIGS. 3A-3L which each show 
an illustration of dot based carriers in relation to a tumor bed. 

0032 FIG. 4 consists of FIG. 4A and FIG. 4B which are 
illustrations of dot based carriers attached to a three-dimen 
sional structure wherein FIG. 4B shows a dime inserted for 
scale purposes. 
0033 FIG. 5 consists of FIGS. 5A-5E which are illus 
trations of various arm based or star type carriers. 
0034 FIG. 6 is an illustration of a arm-based carrier 
system further including petal type arms. 
0035 FIG. 7 is an illustration of another embodied star or 
arm based carrier, consisting of FIG. 7A which shows the 
carrier in an open position, and FIG. 7B which shows the 
embodied carrier in a closed loading position when attached 
to an endoscope for loading. 
0036 FIG. 8 consists of FIGS. 8A-8D which show an 
illustration of two embodied arm based carriers both 
expanded FIG. 8B and FIG. 8D and contracted FIG. 8A and 
FIG. 8C. 
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0037 FIG.9 consists of FIGS. 9A and 9B which show an 
illustration of two more arm-based carriers in a contracted, 
FIG.9A, and expanded position, FIG.9B. 
0038 FIG. 10 is an illustration of another embodied 
carrier system wherein an arm-based carrier is combined 
with a plurality of dot based carriers, and fill space in a 
tumor bed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0039. The present invention is based on the real-time 
selection and use of rapidly identifiable and conformable 
radionuclide carriers for providing an optimal dosimetric 
coverage of a tumor or tumor bed. 

DEFINITIONS 

0040. For the purposes of the present invention Brachy 
therapy is defined as radiation treatment in which the Source 
of the radiation is placed close to the surface of the body or 
within a natural or man-made cavity or space within the 
body a short distance from the area being treated. 
0041. For the purposes of the present invention Tele 
therapy is defined as radiation treatment in which the Source 
of the radiation is at a distance from the body. 
0042. For the purposes of the present invention High 
Dose Rate is considered to be defined as the treatment with 
radiation doses above 12,000 cGy/hr. 
0043. For the purposes of the present invention Low 
Dose Rate is considered to be defined as the treatment with 
radiation in the dose range of 400-2000 cGy/hr. 
0044) For the purposes of the present invention High Z 
Materials are considered to be defined as any element with 
an atomic number greater than 20, or an alloy containing 
Such materials. 
0045. For the purposes of the present invention the term 
Hot is considered to be a material that is Radioactive and the 
term Cold is considered to mean a material is low in 
radioactivity; or not radioactive. 
0046 For the purposes of the present invention Dosim 
etry is defined as the process of measurement and quanti 
tative description of the radiation absorbed dose (rad) in a 
tissue or organ. 
0047 For the purposes of the present invention Real-time 

is defined as the moments or minutes during an operative 
procedure wherein the physician can fully visualize and 
specifically tailor a treatment approach to the exact anatomy 
and conditions found upon viewing a tumor or after Surgical 
resection of a tumor that facilitates an optimal dosimetry in 
a precise manner. 
0048 For the purposes of the present invention Carrier is 
defined as a bio-compatible device with specific dimensions, 
both externally and internally, which functions to contain or 
carry and position a radioactive source (and possibly addi 
tional elements as needed). The carrier envisioned, by prop 
erties of design and construction, positions and fixes the 
location of the radioactive source internal to the individual 
carrier and simultaneously facilitates the rapid and precise 
combination of multiple carriers to form, when needed, an 
integrated multi-carrier structure for the safe and effective 
treatment of tumors. 
0049. For the purposes of the present invention a Gam 
maDot or Dot carrier is defined as a type of radionuclide 
carrier that from the top looking down is round or almost 
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round and that when single or multiple dots are placed in use 
to treat tumors the dots may surround or be placed within a 
three-dimensional structure or natural or man-made cavity 
and thus take on the overall shape of that which they are 
attached to. 
0050 For the purposes of the present invention a Gam 
maStar or arm-based carrier is defined as a type of radio 
nuclide carrier that assumes a conformable 3-dimensional 
shape when arranged and placed into an operative cavity or 
similar space and conforms to the treatment environment 
while maintaining the geometry necessary for an effective 
implant. However, in some embodiments the GammaStar or 
arm-based carrier may be used in its initial planar state to 
cover a relatively flat tumor or tumor bed area. 
0051. For the purposes of the present invention the 
Inverse Square Law applies to any entity which radiates out 
from a point in space. The equation is: Intensity–I/distance 
from the source squared (I-I/d2). With respect to Radiation, 
the law says if you double your distance from a source of 
ionizing radiation you will reduce the dose at the new 
distance by 4. It follows that if you reduce your distance 
from the source by half, it will increase the exposure to 4x 
the original value. 
0.052 For the purposes of the present invention the term 
Interstitial is defined as pertaining to parts or interspaces of 
a tissue. 
0053 For the purposes of the present invention the term 
Operative Bed is defined as the void left after tissue removal 
and thus the area in need of treatment to help prevent the 
re-occurrence of tumors. 
0054 For the purposes of the present invention the term 
Tumor: is defined as an abnormal growth of tissue resulting 
from uncontrolled, progressive multiplication of cells; 
which can be benign or malignant. 
0055 For the purposes of the present invention the term 
Malignant is defined as tumors having the potential for or 
exhibiting the properties of anaplasia, invasiveness, and 
metastasis. 
0056. For the purposes of the present invention the term 
Cancer is defined as any malignant, cellular tumor. 
0057 For the purposes of the present invention the term 
Chemotherapy is defined as a cancer treatment method that 
uses chemical agents to inhibit or kill cancer cells. 

Application of Embodied Carriers in “Real-Time' 
0058. In some applications, such as orthopedics or plastic 
reconstruction, the preoperative assessments and intraopera 
tive findings can be very congruent. In contrast to these 
settings and despite medical advances, the precise location, 
exact extent and true configuration of a tumor remains 
largely unknown until an intra operative procedure. Current 
imaging technology is only capable of Suggesting tumor vs. 
other types of tissue changes, and external imaging is 
particularly less useful in certain body areas (such as adja 
cent to highly vascular structures, and at the base of skull) 
as well as in situations where prior Surgery or other treat 
ments have distorted local anatomy. This problem is well 
established, and many tumor staging systems require the 
intraoperative assessment of a tumor as an essential part of 
the precise evaluation. Adding to and compounding this 
precise lack of anatomic information is that the operative 
bed, i.e. the void left after tissue removal (and thus the area 
in need of treatment to help prevent the re-occurrence of 
tumors) is often quite different from the shape and size of the 
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anticipated cavity before the tumor was removed: in addition 
to the need for the removed tissue to be greater or smaller 
than that anticipated from preoperative studies, the nature of 
the tissues themselves, including elasticity, organ turgor 
pressure, and the tendency of any intra-corporeal space 
created to be rapidly reclaimed by previously displaced 
adjacent tissues makes a treatment that relies upon preplan 
ning of precise dose control very difficult to Successfully 
implement. Mortality and morbidity increase as operations 
lengthen, and the ability to rapidly and precisely adapt to the 
intraoperative findings is an essential component of any 
truly useful implant design. In this setting, real-time refers to 
moments to minutes, with the ability to make any Substan 
tive changes which are not just make do, but that result in 
optimal Solutions in a precise manner which further yield 
better patient outcomes. 
0059. Further embodiments of the radionuclide carrier 
system, relate to the specific asymmetrical placement of the 
radionuclide (seed) in the carrier which gives the carrier 
additional inherent properties. Wherein, for example, the 
normative location of the source is 1) offset away from the 
tumor bed side more than it is from the “normal tissue side 
(in a 4 mm thick carrier, it is 3 mm off tumor and 1 mm off 
“normal tissue). This may be counterintuitive, but in prac 
tice is often the best way to do it because a) the normal side 
is usually a Void, and b) if tissues are nearby, additional 
spacing material (sheets of collagen, cellulose, etc.) can be 
interposed. But in some other instances: once sometimes 
wants a localized dose increase, because either 1) a localized 
nodule of tumor remains just under one or more carriers, 2) 
a critical structure exists near or under the implant, such that 
a localized area of relatively lessened dose is desired, 3) that 
an implant consisting of a few to several carriers uniformly 
spaced has an inherently less radioactive periphery and more 
intensely radioactive center due to the inverse square law 
(similar to a charcoal grill at the edges and at the center), or 
3) the implant area is quite Small, and just a few carriers in 
the “normative' position would not deliver an adequate 
dose. In these cases, the embodied carrier system includes 
asymmetric source placement of carriers wherein in each 
case one or more individual carriers are reversed from the 
normative position (flipped) to solve the problem of hyper 
local dose control. If the usual (normative) orientation is 
thicker side toward tumor, then flipped is RFNO (reversed 
from normative orientation). 

Application of Embodied Carriers in Central Nervous 
System Tumors 

0060. Despite meticulous surgical technique, tumors of 
the brain or spine often recur at or near the site of resection. 
This is because it is rarely feasible to resect these tumors 
with pathologically negative margins, especially in the more 
eloquent regions or where lesions are adjacent to vascular 
structures or nerves. Radiation therapy, utilizing an increas 
ingly large variety of techniques, has been shown to be the 
single most effective adjuvant treatment to help prevent 
recurrence of central nervous system tumors. Interstitial 
brachytherapy combined with Surgical resection of central 
nervous system tumors has been in use for several decades. 
Various types of radioactive sources are inserted under direct 
visualization during the Surgery, as potentially more cost 
effective and less time-consuming therapy, without compro 
mising outcomes. 
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0061 Nevertheless, techniques for interstitial brachy 
therapy (BT) of central nervous system tumors have 
remained relatively crude. The brachytherapy device and 
methods embodied in the present invention improve the 
delivery of radiation by creating a carrier system to create 
combinations of carriers, dots and stars, each with radioac 
tive sources contained within. These carriers, known as Dot 
carriers or “GammaDots' and “Star” or “Arm' carriers or 
“GammaStars' can be positioned to fit into operative beds 
by customizing them to the shape and size of individual 
operative cavities. The dots and stars can be tailored to 
protect sensitive normal structures. Such as nerves or normal 
brain, while delivering desired high doses of radiation to the 
precise locations at highest risk of recurrence. The dots and 
stars may also be used as carriers for short-range radioiso 
topes emitting beta or alpha particles or for delivery of other 
therapeutic modalities, including chemotherapeutic agents, 
viral treatments, targeted therapies, and/or DNA damage 
repair inhibitors. They may also be designed to contain high 
Z materials and/or biocompatible spacers to afford signifi 
cant directionality to the radiation treatment. 

Application of Embodied Carriers Outside the Central 
Nervous System 
0062 Brachytherapy has been used to treat many tumors 
of extracranial sites such as head and neck, lung, soft tissue, 
gynecologic, rectum, prostate, penis, esophagus, pancreas 
and skin. Brachytherapy (BT) can be used alone or in 
combination with external beam radiotherapy and/or sur 
gery. Patient outcomes are critically dependent upon proper 
patient selection and implantation technique. In general, 
patients with tumors that are intimately associated with 
critical normal structures to be preserved such as nerves, 
vessels, cosmetically apparent areas or visceral organs can 
not be completely resected without undue morbidity or 
mortality. These tumors may be good candidates for BT 
performed in conjunction with Surgical resection. 
0063 Currently available techniques to produce the reli 
able source spacing needed for optimal geometry and Sub 
sequently radiation dosimetry, require catheters and shield 
ing that are relatively bulky and therefore poorly conforming 
to the treated area. Consequently, they require considerable 
capital investment and the presence of a team of experts for 
effective use; and when preformed intraoperatively must be 
undertaken in a specially shielded operating room to avoid 
irradiation of adjacent staff and patients. These shortcomings 
limit the availability of these therapies to very few centers 
and compromise outcomes by decreasing tumor control and 
increasing complications from therapy. The brachytherapy 
device and methods contemplated in the present invention 
facilitates achieving optimal radioactive source arrange 
ments for permanent low dose rate (LOR) BT in a user 
friendly, readily available and cost-effective manner, by 
using a carrier system of geometrically customizable dot 
and/or arm-based/star carriers to contain radioactive sources 
to be placed into tumors or tumor beds. 
0064. Furthermore, the embodiments of the present 
invention also enable users to preferentially spare sensitive 
normal tissue without compromising the ability to deliver 
high dose radiation customized to both tumor and patient 
anatomy. 
0065. Additional embodiments of the dot and/or star 
carriers may include the ability of the carriers to deliver 
other cytotoxic agents, such as chemotherapy drugs or very 
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short range radioactive sources such as Y-90 and alpha 
particles for placement directly into tumors, while maxi 
mally sparing normal tissue. 
0.066 Illustrative embodiments of the invention are 
described below. In the interest of brevity, not all features of 
an actual implementation are described in this specification. 
It will, of course, be appreciated that in the development of 
any such actual embodiment, numerous implementation 
specific decisions such as compliance with regulatory, sys 
tem-related, and business-related constraints, which will 
vary from one implementation to another, must be made to 
achieve the specific goals. Moreover, such a developmental 
effort might be complex and time-consuming but with the 
benefit of this disclosure, would be a routine undertaking for 
those skilled in the art of radiation therapy. 

Carrier Systems 
0067 Generally the carrier systems described herein and 
exemplified in FIGS. 1-10 involve the utilization of small 
individual or aggregated, implantable or Superficial carriers 
in the form of dot type carriers (as shown in FIGS. 1-4) and 
stars or arm-based carrier systems (as shown in FIGS. 5-9) 
designed to be bearers of therapeutic agents such as radio 
active seeds to produce dosimetrically customizable carriers 
in real time for each patient and lesion. 
0068 Additionally, a combination carrier system may 
include at least one star or arm based carrier in combination 
with one or more dot type carriers as shown in FIG. 10. 
0069. The carrier systems are designed to: create a carrier 
which allows for more precise and predictable dosimetry; an 
improved geometry with a better orientation of seeds to one 
another especially in the settings of real-time, intraoperative 
environments; is fully customizable to adjust to size/volume, 
location, and tumor type; and can provide differential dosing 
of tumor/tumor bed vs. normal tissues. 

0070 The carriers of differential thicknesses and set 
diameter are selected in real-time and the carriers may be 
marked, color coated or observable as having differential 
thicknesses of seed placement, so if user needed a seed 1 mm 
from operation bed they would choose a specific dot, if 
needed 2 mm choose a 2 mm specific dot if 3 mm could 
choose a 3 mm specific dot or flip a 4 mm thick dot wherein 
the seed is offset so that the seed is 1 mm or 3 mm from the 
operative bed depending on which side is towards the 
operative bed. 
0071. The carrier systems embodied are generally made 
of biocompatible materials known in the art and more 
specifically may be made of cellulose based or collagen 
based biocompatible materials. 
0072 The dot-based carriers may have different diam 
eters to allow for a variety of spacing and sizing opportu 
nities. 

0073. The general star or arm-based carrier designs 
include arms which are generally fixed by height, width and 
length, and set by need to maintain ideal implant geometry 
of seed spacing. The exact length and width depends upon 
the cavity size but the star carrier itself may be pre-made 
and/or pre-sized. The arm or star based carrier additionally 
may have seed location presets. When the star or arm-based 
carrier material is in an expanded position or draped position 
around a three-dimensional Support structure the arms and 
their seed placements offset to maintain seed spacing. The 
seed spacing contemplated may range from 5 mm to 15 mm, 
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with 7.5 mm to 12.5 mm preferred, 8 mm to 12 mm more 
preferred and 10 mm a most preferred seed spacing interval 
between seeds. 
0074 The present invention also may include the use of 
a small implantable individual carriers constructed for the 
localized delivery of radioactive materials such as gamma or 
beta irradiation or alpha particles along with chemotherapy 
agents or tumoricidal/targeted/immunotherapeutic or viral/ 
viral vector agent(s) on the side(s) of the carrier(s) adjacent 
to the tumor. 
0075. The present invention also may include the use of 
a small implantable individual carrier constructed for the 
localized delivery of radioactive materials such as gamma or 
beta irradiation or alpha particles along with radiation sen 
sitizing agents and/or radiation damage repair inhibitors on 
the side(s) of the carrier(s) adjacent to the tumor. 
0076. The present invention also may include the use of 
a small implantable individual carrier constructed for the 
localized delivery of radioactive materials such as gamma or 
beta irradiation or alpha particles along with radiation pro 
tection compounds on the side(s) of the carrier(s) antipodal 
to the radiation Source and/or tissue growth promotion/ 
healing factor compounds on the side(s) of the carrier(s) 
antipodal to the radiation Source. 
0077. The dot or star based carriers in the present inven 
tion include the adaptability of the carrier system to be 
isotope specific and manage the radionuclide strength and 
exposure to users and normal (non-targeted) tissues with a 
variety of measures including differential thicknesses as 
shown above, shielding materials, or spacing facilitators to 
place radiolabeled seeds in best place in regards to treatment 
of target and non-treatment of non-target. 
(0078. The carriers may be MRI compatible and/or visible 
on fluoroscopy, radiofrequency identification (RFID), and 
CT, to facilitate accurate intra- and post-operative assess 
ment. 

007.9 The small individual implantable dots and arm or 
star carriers are designed to be carriers for radioactive seeds 
used to produce a dosimetrically customizable implant in 
real time for each patient and tumor. 
0080. The present invention may use a variation of seeds 
in any carrier (dot or starfarm type carrier) in order to 
provide the best dosimetry for the patient, tumor and space. 
The carriers may include one or more of the same seeds or 
various combinations of well-known low energy radioactive 
seeds such as Cs 31, Ir 192, I 125, Pd 103 or others 
commonly known in the art. The seeds placed within the 
carriers are generally placed as a therapeutic agent in the 
form of permanent implants intra-operatively following Sur 
gical resection, but there may be instance where implants are 
interchanged removed or replaced. 
I0081. In other contemplated radionuclide carriers the 
carrier may include an “up' or “top” designation on the side 
opposite of the target Zone Surface. In instances wherein a 
dot-based carrier is used, a marking system associated with 
identifying whether the carrier is in the normative or non 
normative position may be present. This marking or iden 
tification system may be done with any indicator, color 
coding or textural indicators to alert the user as to what 
position the carrier is in. 
Application and Treatment with Customized Radionuclide 
Carrier Systems 
I0082. The specialized carriers of the present invention 
provide for certain precise dimensions to allow the carriers 
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to guide users (neuroSurgeons, cardiothoracic Surgeons, gen 
eral Surgeons, dermatologists, radiation oncologists, urologi 
cal Surgeons, veterinarians or other qualified providers) in 
maintaining precise and preplanned dosimetry needed to 
produce effective and safe outcomes. 
0083. The dosimetrically customizable implants of the 
present invention may be used as a means of treating, curing, 
ameliorating, or slowing the progression of various tumors 
of the body, including but not limited to; tumors of the 
central nervous system, head and neck, spine, Soft tissues, 
bone, liver, lung, breast, skin, esophagus, stomach, intes 
tines, colon, rectum, prostate, pancreas, retroperitoneal 
space, kidney, bladder, pelvis, ovary, cervix, fallopian tubes, 
uterus, and Vagina. 
0084. The embodied carrier systems may be used in 
methods to facilitate intracavitary, intraluminal, interstitial, 
and external surface brachytherapy used with and without 
Surgical resection of the tumors. 
0085. The embodied carrier systems may be used in 
methods specifically for treating extracranial, interstitial, 
intra-cavitary, Surface or visceral site irradiation treatment of 
various primary and metastatic tumors. 
I0086. The custom radionuclide carrier systems of the 
present invention may be used for implantation within the 
central nervous system and include a radiolabeled implant 
for interstitial implantation comprising a Substantially rigid 
implantable matrix design to be a carrier for radioactive 
seeds to produce a dosimetrically customizable implant in 
real-time for each patient and lesion. Additional carrier 
systems contemplated are used for Superficial or topical 
treatment of tumors and/or lesions most often in the skin. 

0087. The dosimetrically customizable carriers described 
herein may be used to treat, cure ameliorate or slow-down 
the progression and thus provide a defense against various 
brain tumors including but not limited to, meningioma, 
glioma, metastatic cancer and craniopharyngioma. 
0088. The types of tumors to be treated include primary, 
secondary and recurrent tumors involving the central ner 
Vous system. 
0089 A. atlas/program/spreadsheet/nomogram to guide 
planning implants and ordering of seeds and carriers based 
on preoperative lesion size, shape, location, histology and 
number may be provided to assist the user when using the 
present carrier systems. A similar program/spreadsheet is 
also contemplated when carriers are not implanted but are 
applied to a set body area such as the skin. 
0090 This invention would also be useful in veterinary 
oncology, either alone or in combination with Surgery. 
Fractionated radiation therapy is logistically more difficult 
and costly in animals, which require anesthesia prior to 
delivery of each fraction. Customizable BT, utilizing this 
invention, will enable delivery of effective and efficient 
treatment in properly selected tumors. 

Hot-Dot Carrier Embodiments 

0091. Some of the general features of the Hot-Dot type 
carrier are listed below: 

0092] 1) Round or almost round insures easy conformity 
to flat or curved surface. 

0093. 2) Implant can be constructed quickly using series 
of round carriers, of single or multiple sizes. 
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0094 3) Round or nearly round insures stable geometry: 
just apply with edges touching, so center to center distance 
(geometry) is predictable (always diameter dot a+ diameter 
dot b/2). 
0.095 4) When geometry is predictable, dosimetry (radia 
tion dose distribution in tissue) is able to be accurately 
calculated, either before Surgery or intraoperatively. 
0096 5) Cold dots of same size can be used as spacers to 
maintain geometry and avoid too many "hot dots' So less 
ening chance of uneven dose?hot spots/overdose. 
0097 6) Supplied as individual dots, strands of dots, or 
packs. 
0.098 7) Trim as needed between dots and trim individual 
dots to fit. 
0099 8) The location of internally placed seed(s) is/are 
marked on Surface so as to allow trimming without disrupt 
ing integrity of internal Source(s). 
0100 9) Biocompatible material, sized from about 5 mm 
to 20 mm (hot or cold) in diameter and thickness from about 
1 to 8 mm, and general 2-5 mm. 
0101 FIGS. I-4 show various exemplifications of carrier 
devices in dot form embodied in the present invention. 
0102 FIGS. 1-3 illustrate the multiple configurations 
possible with the dot-based system. Additionally, the round 
design where all of the edges touch allows and insures equal 
spacing. "Cold Dots' do not contain isotope are used to 
maintain geometry and/or dosimetry and/or structural integ 
rity. Too many "hot dots' can cause too much radiation dose 
in certain areas, so blanks can be interspersed to lessen the 
local dose and/or the overall dose as desired. 
0103) Additionally, the collection of dots could be pre 
loaded hot or in a pattern of hot and cold and excess hot dots 
could be just punched out as necessary to insure the correct 
dosimetry and/or placement is achieved. In FIG. 1 there are 
strands of “hot dots” which are shown as the dots with seed 
indicators. In FIG. 2 “Cold dots” are shown as blank dots 
without a seed indicator line and are used to create the 
spacing and dosimetry desired. 
0104. The embodied carriers are constructed using dif 
ferential thicknesses of biocompatible materials below and/ 
or above the radiation sources (as shown in FIG. 3) to 
achieve differential radiation dose delivery with relative 
sparing of normal tissue along with the use of a layer of 
tantalum, tungsten, titanium, gold, silver, or alloys of these 
or other high Z materials on the antipodal aspect (side away 
from the tumor) or internal to the carriers to provide sparing 
of normal tissue in portions of the body such as the brain and 
anywhere there is very limited physical space. 
0105. The present carriers may include the use of differ 
ential color codes to mark seeds with higher radiation 
strength or carrier thickness to tumor bed for improved 
radiation dose distribution for use with limited size and 
irregular shape targets. 
010.6 Additional carriers may also have an impermeable 
membrane, bio-compound, high Z material or other barrier, 
which acts to prevent or impede the migration of the 
compound(s) or agents from the side(s) of the carrier(s) 
adjacent to the resected tumor to the antipodal side(s) of the 
carrier(s) (adjacent to normal tissue) and Vice versa to create 
a differential therapeutic impact on the operative bed vs. 
adjacent tissues. 
0107 Additional carriers may use differential thickness 
of tissue equivalent material below and/or above the dots or 
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stars and/or a construction of differing high Z materials to 
achieve the desired radiation dose delivery or normal tissue 
sparing targeting. 
0108. Although single dots may be utilized in the dot 
based carrier systems, an advantage of the system is the 
ability to combine elements (dots) in real time to deliver a 
relatively uniform radiation dose to a user-defined area, 
without having to know or specify ahead of time the exact 
or near-exact dimensions of the intended treatment area. 
Prior systems have not been able to accomplish this degree 
of specificity in a permanent implant (no need to remove) or 
not without essentially direct contact of the radioactive 
Sources with the tissue, a situation that can be extremely 
injurious. The present embodiments use source(s) within a 
3-dimensional physical biocompatible carrier(s) of precise 
dimensions, along with non-source-containing carriers of 
comparable dimensions and construction. This allows the 
user to combine the elements quickly and easily in real time 
to produce the user-specified radiation dose distributions 
(dosimetry) desired. Because the location (depth top to 
bottom) of the source in a carrier is asymmetrical but the 
other dimensions are symmetric the carrier can be utilized in 
either a nominal or reversed (flipped) manner. Either posi 
tion interposes Sufficient material between the source and 
tissue to prevent direct Source-to-tissue contact, thereby 
lessening the chance of direct tissue injury by radiation 
overdose. The Inverse Square Law applies to any entity 
which radiates out from a point in space. The equation is: 
Intensity=I/distance from the source squared (I=I/d2). With 
respect to Radiation, the law says if you double your 
distance from a source of ionizing radiation you will reduce 
the dose at the new distance by 4. It follows that if you 
reduce your distance from the source by half, it will increase 
the exposure to 4x the original value. 
0109 The nominal position envisioned creates ~2x the 
distance to tumor bed than the reversed/flipped position, 
resulting in a 94 percent difference in the surface radiation 
dose between the two orientations. This inherent design 
feature not only allows for a more uniform dose at depth 
than direct/near direct contact by the source to the treatment 
area but also creates a significant ability to manipulate a 
localized dose increase (e.g. over a nodule of residual tumor 
see FIG. 3L) or at the edges of a multi-dot carrier implant 
where the radiation dose is low because of the inherent 
physics of radiation (inverse square law). In addition, the 
placement of otherwise dimensionally identical but non 
radioactive dots as spacers allows the user to take advantage 
of these same physics principals to lessen dose to critical 
structures within or near the operative bed, and/or increase 
the uniformity of the overall dose within the treatment area. 
These features, coupled with the stable geometry that round 
or functionally round carriers enforce when placed edge-to 
edge allow rapid and predictable radiation dose distributions 
to be calculated using standard formulas for almost any final 
configuration devised. 
0110. The dots may be supplied as sheets of sources in 
biocompatible material with concentric circles about each 
source and marked with 6 mm and 8 mm and 10 mm and 12 
mm and 14 mm or similar concentric rings (as FIG. 2F), and 
punch tool to be used to “cut” these from the sheet as needed 
in the desired size(s) and number. These can be “hot” or 
“cold, with the latter to function as spacers in multi-carrier 
implants. 
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0111. It is envisioned that the variety of sizes available in 
the above contemplation will facilitate by allowing the user 
to place sources in Smaller or within larger operative areas 
with greater flexibility. 
(O112 FIG. 1 consists of FIGS. 1A-1F which provides 
illustrations of contemplated dot based carriers in different 
configurations. FIG. 1A shows a dot based carrier 1 with a 
combination of eight hot dots 2 dispersed in two rows of four 
dot carriers. The seed indicator lines 5 in each dot carrier 2 
are for illustration purposes only, and are meant to show first 
that the dot carrier 2 is a hot carrier loaded with a radioactive 
seed, and that the seed is located near the seed indicator line 
5. FIG. 1B shows the same dot based carrier 1 shown in FIG. 
1A from a side view in which the depth of the seed within 
each dot carrier 2 is indicated with seed indicator lines 5. 

0113 FIG. 1C, demonstrates another grouping 101 of dot 
carriers 2, in this carrier grouping 101 there are six rows of 
hot dot based carriers 2, but the rows are not uniform in 
length. The seed indicator lines 5 represent that each dot 
based carrier 2 is loaded and hot. The carrier systems 101 
may be further trimmed by removing some of the dots 2 to 
fit within the tumor or tumor bed 15 (not shown). 
0114 FIG. 1D and FIG. 1E, demonstrates two more 
groupings 201 and 301 of hot dot carriers 2 organized in a 
symmetrical grouping 201 of seven hot dot carriers 2 as 
shown in FIG. 1D or four hot dot 2 carriers shown in the dot 
grouping 301 of FIG. 1E. Additionally, each dot 2 is 
indicated as hot based on the seed indicator lines 5 present. 
The dose relationship of all the hot dots demonstrated by the 
interconnected seed indicator line 6 represents a grouping of 
hot dots to produce a strong radionuclide dose. 
0115 FIG. 1F demonstrates another grouping 401 of hot 
dot carriers 2 this time in a staggered or asymmetrical 
grouping 401 of five dot based carriers, with seed indicator 
lines 5 representing the dots as hot. 
0116 FIG. 2 consists of FIGS. 2A-2M which each pro 
vides an illustration of a mixed dot based carrier configu 
ration. FIG. 2A is a single dot 3 based carrier but because it 
does not show a seed indicator line 5, it is a blank or cold 
dot 3 which are used for spacing and managing the dosim 
etry demands found in the operative field 15 (not shown). 
FIG. 2B is a hot single dot 2 based carrier with a seed 
indicator line 5. FIG. 2C shows a strip 501 of dot based 
carriers wherein some of the dots are hot 2 and some are cold 
3. The dots may be manufactured in strips 501 or in any 
combination of groupings and trimmed and pieced together 
at time of use. FIGS. 2D and 2E demonstrate two more 
groupings of hot and cold dots 601 and 701. 
0117 FIG. 2F illustrates a grouping of hot dots 802 
formed in a sheet 801 with illustrated concentric circles 803 
surrounding the seed indicator line 805 which may be 
customized at time of use by punching out the desired sized 
dots with a punch out tool and placing the different size dots 
in accordance with the dosimetric demands of the tumor or 
tumor bed. 

0118 FIG. 2G illustrates the grouping of dot based car 
riers showing three different doses associated with the dot 
based carriers, the blank dot 3 is once again representative 
of an unloaded cold dot 3, and the hot dot carrier 2 with the 
seed indicator line 5 and otherwise blank is representative of 
a hot dot 2 in a normative position. The third gray dot 4 
represents a hot dot such as hot dot 2 but wherein the dot 2 
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is flipped into a non-normative position 4 resulting in a 
higher radionuclide dose provided to the tumor or tumor 
bed. 

0119 FIG. 2H represents a top view of another hot dot 8 
which additionally includes top surface shielding 9 with a 
high Z material. FIG. 2I illustrates a side view of the dot 8 
of FIG. 2H and shows the relation of the surface shielding 
9 compared to the seed location 5. 
0120 FIGS. 2J and 2K demonstrate a hot dot carrier 10 
that comprises interior shielding 11 within the dot carrier 10 
with a high Z material. FIG.2J shows the top view and FIG. 
2K illustrates a side view of the dot 10 of FIG. 2J and shows 
the relation of the interior shielding 11 compared to the seed 
location 5. 

0121 FIGS. 2L and 2M demonstrate a hot dot carrier 12 
that further comprises an internal membrane or biologically 
active material 13 such as a DNA damage promoter or 
inhibitor, or a target agent within the dot carrier 12. FIG. 2L 
shows the top view and FIG. 2M illustrates a side view of 
the dot 12 of FIG. 2L and shows the relation of the internal 
membrane 13 compared to the seed location 5. 
0122 FIG. 3 consists of FIGS. 3A-3L which each pro 
vides an illustration of dot based carriers in relation to a 
tumor bed 15. FIG. 3A demonstrates a top view of a cold dot 
3, and FIG. 3B illustrates a side view of the cold dot 3 of 
FIG. 3A placed on a tumor bed 15. FIG. 3C demonstrates a 
top view of a hot dot 2, and FIG. 3D illustrates a side view 
of the hot dot 2 of FIG. 3D placed on a tumor bed 15 wherein 
the respective seed placement 15 is viewable. FIG. 3E 
demonstrates a top view of a hot dot 2 that has been flipped 
into the hotter non-normative position 4, and FIG. 3F 
illustrates a side view of the non-normative dot 4 of FIG.3E 
placed on a tumor bed 15 wherein the respective seed 
placement 5 is viewable. 
0123 FIG. 3G demonstrates an exemplary grouping of 
dot based carriers 801 placed in an operative or tumor bed 
15 which consists of normative 2 and non-normative 4 
placed hot dots and cold dots 3 used as dosimetric spacers. 
FIG. 3H demonstrates a side view of the third row from the 
top of the dot based carrier grouping 801 of FIG. 3G wherein 
each of the dots are cold 3 or hot 4 carriers in their normative 
position, whereas FIG. 3I demonstrates a side view of the 
fourth row from the top of the same carrier801 and displays 
the relative seed locations 5 when the dots on the ends are 
flipped into non-normative positions 4, as compared to the 
internal hot 2 and cold dots 3. 

0.124 FIG.3J demonstrates another application or group 
ing of dot based carriers in an operative field 15. In this case 
non-normative hotter dots 4 are found along the periphery of 
the bed 15 and a grouping of cold dots 3 is placed around a 
anatomy to be shielded 15 such as a vessel or nerve that is 
chosen in real-time to not be radiated. If this vessel or nerve 
15 shown were above the implant grouping, the cold dots 3 
could be replaced by shielded hot dots 9 and still deliver the 
intended dose to the underlying operative bed (not shown). 
0.125 FIG. 3K demonstrates another application or 
grouping of dot based carriers in an operative bed 15, but in 
this case the dots 2, 3, 4 are selected of various sizes and 
types to fill the field and maintain dosimetric spacing. 
0126 FIG. 3L demonstrates yet another application or 
grouping of dot based carriers, in this specific example a 
grouping of dot carriers are flipped in the non-normative 
position 4 and thus producing a localized "hotter area 
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placed over an area of particular concern 19 for tumor 
regrowth such as a nodule of tissues 19 unable to be 
Surgically resected. 
0127 FIG. 4 consists of FIG. 4A and FIG. 4B which are 
illustrations of hot dot 2 based carriers surrounding or 
draping a three-dimensional structure 21 and thus taking on 
the shape of the structure 21 they are attached to. FIG. 4B 
with the added dime 22 gives a general scale of the dots 2 
embodied in the present invention. 

Arm-Based or Star Style Carriers Embodiment 
I0128 FIGS. 4-12 show various exemplifications of car 
rier devices in star or arm based form embodied in the 
present invention. 
I0129. Some of the general features of the Gamma Star 
type carrier are listed below: 
0.130 1) Design insures easy conformity to spherical or 
elliptical cavities. 
0131 2) Design accommodates symmetrical or asym 
metrical cavities. 
I0132 3) Cavity may have either regular or irregular 
Surface. 
0.133 4) Cavity may be open ended or closed ended. 
I0134 5) Pre-loaded Stars (“hot”) or Stars loaded on site 
("cold') conceived. 
0.135 6) Designed such that implant can be completed 
quickly using preformed carriers of adjustable size thereby 
minimizing radiation exposure to users and staff. 
(0.136 7) “Size' refers to both a) arm number and b) arm 
length (see diagrams). 
I0137 8) Designed with 3-8 “arms”, at intervals of 120 
degrees (3 arm star shown in FIG. 5A), 90 degrees (4 arm 
star shown in FIG. 5B), 72 degrees (5 arm star shown in FIG. 
5C), 60 degrees (6 arm star shown in FIG. 5D), 51.5 degrees 
(7 arm star not shown), and 45 degrees (8 arm star shown in 
FIG. 5E) or similar to achieve desired function. 
0.138 9) Arm length can be symmetrically shortened 
(e.g., to fit a smaller cavity) and to alter the Source number 
(e.g., thereby altering dose). 
0.139 10) Arm length can be asymmetrically shortened 
(e.g. to fit an asymmetrical cavity) and to alter the Source 
number (e.g., thereby altering dose). 
0140 11) Arms can be selectively amputated (e.g., to 
adapt a 6 arm Star to form a 3 arm star) and to alter the 
Source number (e.g., thereby altering dose). 
0141 12) May be constructed of individual arms, of 
various lengths, either Supplied hot or cold. 
0142. 13) Can be inserted free hand, robotically, endo 
scopically, or over a balloon-tipped or other expandable 
catheter. 

0143. 14) May have an opening or other embodiment at 
intersection of arms to allow positioning over a catheter or 
other carrier/introducer. 

0144. 15) May have additional openings at intervals 
along the arms to act as an aid in positioning and alignment. 
0145 16) May have markings at intervals in standard 
measures of distance to allow translation of Surgical cavity 
or bed dimensions from direct observation, Sounding with 
probes, ultrasound, CT, MRI or similar to aid in selecting or 
trimming to the proper size prior to placement. These same 
openings may act as trim indicators for maintaining a set 
geometry and thus radiation dosimetry. 
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0146) 17) Radiation source may be sealed isotopic 
sources (I 125, Pd 103, Cs 131, Ir 192, or similar), or another 
compatible unsealed isotopes (Ra 223, Y 90, or similar). 
0147 18) Seeds or similar fixed sources would be 
arranged at set locations along the arms consistent with 
obtaining uniform dosimetric coverage. 
0148, 19) Temporary or permanent implantation of a 
biocompatible material wherein the arm length is from 20 
mm to 100 mm; arm width is from 2 mm to 10 mm; and arm 
thicknesses from about 1 mm to 5 mm. 

0149. 20) The arms may include a cold “tail to allow 
endoscopic or other placement and Subsequent manipulation 
or repositioning. 
0150 21) Arms may be open or gathered or attached to 
one another at distal ends to facilitate manipulation and 
placement. 
0151. One problem associated surgeons and oncologists 
often face when treating a subject include a subject with 
spherical and semispherical intracranial lesions which are 
common and thus so are similarly shaped postoperative 
cavities. Any useful carrier and coverage will need to adapt 
to this shape while being able to be implanted into the brain 
or other tissues, and still maintain “ideal or nearly ideal 
geometry. One solution embodied by the present invention 
includes the creation of carriers, that when loaded with seeds 
and placed in the cavity conform to the three-dimensional 
environment while maintaining geometry of implant. In 
addition to the three-dimensional nature of the carrier, the 
carrier may possess additional possible properties previ 
ously mentioned including spacing function, differential 
thickness, and the possibility of combining with high-Z 
materials for radiation protection. These carriers may also be 
designed so as to be compatible with placement of adjacent 
dots as needed for additional intraoperative flexibility. 
0152. Additionally the arm type carrier may be pre 
manufactured in specific dimensions and available in a 
variety of sizes and/or capable of being trimmed to make 
Smaller or combined to make bigger at time of use. The 
dimensions decided upon can be customized by the user 
based upon the tumor/cavity size and characteristics to 
achieve the necessary geometry. 
0153 FIG. 5A shows an embodied three arm carrier 7 
with spacing 24 of arms 23 about 120 degrees away from 
each other seed indicator lines 25 and cut lines 26 wherein 
it is safe for the operator to trim the carrier 7 without the risk 
of accidentally releasing or damaging the radioactive seed 
(not shown) The carrier 7 also includes a centering hole 27 
for assistance when placing the carrier into a tumor bed or 
operative field 15. 
0154 FIG. 5B shows an embodied four arm carrier 107 
with spacing 24 of arms 23 about 90 degrees away from each 
other and the included seed indicator 25, trim lines 26 and 
centering hole 27 described above. 
O155 FIG. 5C shows an embodied five arm carrier 207 
with spacing 24 of arms 23 about 72 degrees away from each 
other and the included seed indicator 25, trim lines 26 and 
centering hole 27 described above. 
0156 FIG. 5D shows an embodied six arm carrier 307 
with spacing 24 of arms 23 about 60 degrees away from each 
other and the included seed indicator 25, trim lines 26 and 
centering hole 27 described above. 
(O157 FIG. 5E shows an embodied eight arm carrier 407 
with the spacing 24 of the arms 23 about 45 degrees away 
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from each other and the included seed indicator 25, trim 
lines 26 and centering hole 27 described above. 
0158 FIG. 7A is a drawing of a six arm star carrier 607 
that additionally shows that the arms 23 could be trimmed 
along trim lines 26 to variable lengths, and the seed place 
ment 25 within the arms may be uniform or alternated 
depending on the desired dosimetry and geometry required 
for treatment. Additionally, the carrier 607 includes a cen 
tering hole for placing the carrier on an introducer 33 and a 
cold tail end 29 of the arms 23 which allows the user to 
manipulate the placement of the arms around the introducer 
33 or in the tumor bed 15. 
0159 FIG. 7B shows a cross section of the six arm star 
607 of FIG. 7A utilizing an endoscope 31 and draping over 
a unexpanded balloon catheter 33 or similar device to 
introduce the carrier 607 into the tumor bed 15. The arms 23 
drape around the catheter 33 radially within the introducer at 
set distances based on the seed loading placements 25 and 
the number of arms 23. 
(0160 FIG. 8A shows another arm based carrier 707 in the 
non-expanded state and FIG. 8B shows the carrier 707 in the 
expanded state. The carrier 707 further includes offset seed 
placements 25 wherein the arms 23 are around carrier 
balloons or expanders 34 and the seeds 25 may achieve a 
specific geometry in both the unexpanded and expanded 
positions additionally a centering nub 32 mates with the 
centering hole 27 of the carrier 707 and helps secure the 
carrier to the introducer 33, the arms 23 may be further 
manipulated and placed in proper position with the use of the 
cold tail 29. 
(0161 FIG. 8C shows another arm based carrier807 in the 
non-expanded state and FIG.8D shows the carrier807 in the 
expanded state. The carrier 807 further includes matching 
seed placements 25 wherein the arms 23 are around carrier 
balloons or expanders 34 and the seeds 25 may achieve a 
specific geometry in both the unexpanded and expanded 
positions additionally a centering nub 32 mates with the 
centering hole 27 of the carrier 807 and helps secure the 
carrier807 to the introducer 33, the arms 23 may be further 
manipulated and placed in proper position with the use of the 
cold tail 29. 
(0162 FIG. 9A and FIG. 9B shows comprise of two 
different arm based carriers 907 in FIG. 9A and carrier 1007 
in FIG.9B and demonstrate how an endoscope 33 or similar 
can be used to place a multi-arm carrier 907 or 1007 and the 
seeds 25 will maintain distances based on their placements 
on the individual arms 23. 
0163 The proportions are generally fixed by height, 
width and length, and set by need to maintain ideal implant 
geometry of seed spacing. The exact length and width 
depends upon the cavity size but the arm-based carrier itself 
may be pre-made and/or pre-sized. The star or arm-based 
carriers additionally may have seed location presets. 
0164. The carriers of the present invention may also 
provide for the use of a small implantable individual carrier 
constructed for the localized delivery of radioactive mate 
rials such as gamma or beta irradiation or alpha particles 
along with radiation sensitizing agents and/or radiation 
damage repair inhibitors on the side(s) of the carrier(s) 
adjacent to the tumor. 
0.165. The carriers of the present invention may also 
provide for the use of a small implantable individual carrier 
constructed for the localized delivery of radioactive mate 
rials such as gamma or beta irradiation or alpha particles 
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with or without other radiation protection compounds on the 
side(s) of the carrier(s) antipodal to the radiation Source 
and/or tissue growth promotion/healing factor compounds 
on the side(s) of the carrier(s) antipodal to the radiation 
SOUC. 

0166 The carriers may also have differential thicknesses 
of the carriers themselves, wherein the carriers may range 
from about 2 to 6 mm thick. The seed placement in carriers 
of differing thicknesses may cover a range of depths for both 
normative placement distances and non-normative place 
ment distances. For instance, a 5 mm thick carrier may have 
a normative distance at 3 mm and a non-normative distance 
of 2 mm. If one were to have a 4 mm thick carrier with a 3 
mm normative distance and 1 mm non-normative distance 
and another 4 mm thick carrier with a 2.5 mm normative 
distance and a non-normative distance, one can easily and 
rapidly have seed distances ranging from 1, 1.5 2, 2.5 and 3 
mm just by having three different carriers ready. It is also 
possible to expand this range further with thicker carriers. 
(0167 Stars: Problems to be solved: 1) Uniform surface 
dose distributions for cavities, where known dimension is a 
linear diameter; 2) maintaining position of sources in a 
uniform geometry and predictable manner once an “opti 
mal distribution determination is made; 3) placement 
within cavity/void with a minimum of additional tissue 
manipulation (esp. as it relates to Small areas); 4) potential 
for adaptability to non-uniform/partially asymmetric cavi 
ties/voids; 5) rapidity of process. 

TABLE 1. 

GammaStars: (all distance measurements in cm or cm2 

Surface i i 
Diameter Area Sources Arm Length Sources arm #Arms 

1.00 3.1 3 1.6 1 3 
1.25 4.9 4 1.9 1 4 
1.5 7.1 6 2.25 2 3 
1.75 9.6 9 2.75 3 3 
1.75 9.6 8 2.75 2 4 
2.0 12.6 15 3.1 3 5 
2.0 12.6 12 3.1 3 4 
2.25 15.9 15 3.5 3 5 
2.5 19.6 2O 3.9 4 5 
2.75 23.8 24 4.3 4 6 
3.0 28.3 24 4.7 4 6 
3.0 28.3 30 4.7 5 6 
3.25 33.2 30 S.1 5 6 
3.5 38.5 36 5.5 6 6 
3.5 38.5 35 5.5 5 7 
3.75 44.2 42 5.9 7 7 
3.75 44.2 40 5.9 5 8 
4.0 S.O.3 48 6.3 6 8 
4.0 S.O.3 49 6.3 7 7 
4.25 56.7 56 6.7 7 8 
4.5 63.6 64 7.0 8 8 
4.75 70.9 64 7.5 8 8 
S.O 78.5 72 7.8 9 8 

0168 Table 1, column 1: lists diameters of some com 
monly encountered Surgical cavities. 
0169 Table 1, column 2: relates diameter of sphere to 
surface area of sphere of this diameter (4piR2). 
0170 Table 1, column 3: relates surface area to the 
number of sources needed, assuming 1 source per cm2 of 
Surface area. 

0171 Table 1, column 4: relates possible star "arm' 
length for given cavity (circumference/2). 
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0172 Table 1, column 5: relates possible number of 
Sources per arm, at a spacing of ~1 per linear cm. 
0173 Table 1, column 6: relates possible number(s) of 
arms on a star that are needed to treat Surface area from 
column 2 at ~1 source/cm2 of Surface area with a uniform 
geometry. 

Star Selection Process: 

0.174 1) Determine cavity/void diameter (Sound, ultra 
sound, CT, MRI or visually) (Table 1, column 1) 
0.175. 2) From diameter, determine surface area in cm2 
(Table 1, column 2) 
0176 3) Using ~1 source per cm2 area, determine the 
number of sources needed (Table 1, column 3) 
0177 4) Star selection (how many arms) (Table 1, col 
umn 4) is made on the number of Sources needed overall, 
with the approximation of 1 source per cm along radial 
length of arm Table 1, column 5 and column 6) for a given 
diameter. As shown in Table 1, column 3 sometimes multiple 
combinations result and would be similarly efficacious. 

Star Insertion Process: 

(0178 A) Over Guide: 
0179 1) Choose star as above 2) slide star over guide 
with tip of guide in centering hole? depression at closed end 
of star (intersection of arms) 3) insert to desired position in 
cavity/void, trimming arm or arm excess as needed 4) 
withdraw guide 5) position, pack open, Suture, glue or 
otherwise secure star to side of cavity/void. 
0180 B) Over Expandable Catheter: 
0181. 1) Choose star as above 2) position Star over 
appropriate catheter with centering tip (FIG. 3 new) such 
that tip end of catheter extends to closed end of Star and cold 
tail is just beyond the expansion area of catheter 3) insert to 
desired position in cavity/void, trimming arm or arms as 
needed 4) expand catheter to desired characteristics 5) 
collapse catheter 6) withdraw catheter 7) position, pack 
open, Suture, glue or otherwise secure star to side of cavity/ 
Void. 
0182 C) Via Endoscope or Similar with Expanding Cath 
eter: 

0183) 1) Choose star as above 2) position Star over 
appropriate catheter with centering tip Such that tip end of 
catheter extends to closed end of Star and cold tail is just 
beyond the expansion area of catheter (FIG. 4 new) 3) insert 
to desired position in endoscope or introducer, trimming arm 
or arms as needed 4) insert endoscope or introducer to 
desired position in cavity/void 5) withdraw endoscope or 
further catheter with centering tip such that in either case the 
catheter introducer/star apparatus is in desired location and 
cold tail remains within endoscope 6) expand catheter to 
desired characteristics 7) collapse catheter 8) withdraw 
catheter position, pack open, Suture, glue or otherwise 
secure star to side of cavity/void 10) withdraw endoscope. It 
is recognized that variations in this technique are likely to 
a1S. 

Arm-Based Flower Petal Style Carrier Embodiment 
0.184 FIG. 6 shows an embodied arm based carrier 507, 
wherein the petal arms 28 are thicker and more like petal 
structures than the arms 23 of the carriers shown in FIG. 5. 
The broader petal arms 28 embodied in the Petal style carrier 
507 allow for greater spacing control between carrier arms 
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28 and structural support. Additionally, the petal style arms 
28 may be constructed to facilitate the localized delivery of 
radioactive materials such as gamma or beta irradiation or 
alpha particles along with chemotherapy agents or tumori 
cidal/targeted/immunotherapeutic, viral/viral vector agent 
(s), radiation sensitizing agents and/or radiation damage 
repair inhibitors; on the side(s) of the carrier(s) adjacent to 
the tumor and/or radiation protection compounds on the 
side(s) of the carrier(s) antipodal to the radiation Source 
and/or tissue growth promotion/healing factor compounds 
on the side(s) of the carrier(s) antipodal to the radiation 
SOUC. 

0185. The petal based carrier 507 of FIG. 6 can be 
customized along the various trim lines 26, or have arms 28 
removed based on the limitations of the operative field. The 
petal based carrier also includes seed indicator lines 25 and 
a centering hole 27 for assistance when placing. 

Combination of Dots and Arm-Based or Star Style Carriers 
Embodiment 

0186. As shown in FIG. 10 it is possible to combine an 
arm based carrier 907 and a plurality of different dot sized 
carriers 2 to create a carrier system for filling a tumor bed 
and maintaining a precise dosimetry. The combination car 
rier system may be placed with an introducer or catheter 33 
into a tumor bed or operative field 15. The arms 23 of the 
arm based carrier 907 have space between which is filled 
with hot dot carrier 2 of different sizes. 

0187. Although the invention has been described with 
reference to the above examples, it will be understood that 
modifications and variations are encompassed within the 
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spirit and scope of the invention. Accordingly, the invention 
is limited only by the following claims. 

1. A treatment system comprising: 
an introducer adapted to engage with a radioactive seed 

carrier to maintain position of the radioactive seed 
carrier with reference to the introducer while the radio 
active seed carrier is implanted into a cavity of a 
mammal, wherein the radioactive seed carrier is per 
manently implantable into the mammal and the intro 
ducer is removable from the radioactive seed carrier 
after implantation of the radioactive seed carrier into 
the mammal; 

the radioactive seed carrier comprising: 
an engagement interface configured to engage with the 

introducer, and 
one or more flexible elongate members each having: 

a proximal end; 
a distal end; and 
a carrier portion between the proximal end and the 

distal end, the carrier portion embedding a radio 
active seed; 

wherein the radioactive seed carrier is adapted to trans 
form between a first state and a second state in response 
to movement of the introducer engaged with the 
engagement interface of the radioactive seed carrier, 
wherein 
the first state is adapted to maintain the one or more 

elongate members in a substantially linear arrange 
ment; and 

the second state is attained by flexing each of the one 
or more elongate members to engage with one or 
more Surfaces of the cavity. 

k k k k k 


