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MULTE-SEGMENTED INFLATABLE BRACHYTHERAPY DEVICES, SYSTEMS AND
METHODS OF USING THE SAME

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of ULS. Provisional Application No. 61/453,405, filed

on March 16, 2011, which is incorporated herein by reference o its entirety.
TECHNICAL FIELD

{8681} The present application relates to mulii-segmented inflatable brachytherapy devices and
melades systems and methods that incorporate multi-segmented inflatable brachytherapy

devices.
BACKGROUND

{8002} Brachytherapy procedures for the treatment of cancer use radioactive sources placed in or
close to tumors. There has been a rebirth of this treatment technique with the advent of high
dose-rate computer controlled brachytherapy. This technigue can deliver very high doses in a
shott period of time. The source is driven to the tumor through a catheter or through a series of
catheters, The radiation from the source can damage tissue, but has a very sharp fall off as you

move away from the source.
4
SUMMARY

18803 Provided are nulti-segmented mmflatable brachytherapy devices. Also provided are
systems and methods that incorporate multi-segmented inflatable brachytherapy devices. For
example, provided are sleeves comprising multiple mflatable segments for positioning on a
brachytherapy applicator. The multi-segmented inflatable sleeves are optionally used to move

tissue away from a radiation source during brachytherapy treatment.

{8684} An example sleeve for positioning on a brachytherapy applicator includes a first
miflatable segment and a second inflatable segment, both of which have priraary lumens. The
first and second segments are selectively mflatable by delivery of fluid into each lumen.
Optionally, the sleeve has a central passage configured for positioning over the brachytherapy

applicator.

180651 The brachytherapy apphcator optionally comprises a distal ring. The sleeve optionally
has a proximal cnd and a distal end. The distal end is optionally configured for positioning
proximal to the distal ring of the brachytherapy applicator. The sleeve optionally has at least one

conduit. The conduit is optionally configured for dehivering thud into the primary lumen of the
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first segment. Furthermore, one or more conduit is optionally configured for delivering fluid into

the primary fumen of the sccond segment.

{8606] The first inflatable segroent may further comprise a second lumen located at least
partially within the primary lumen of the first segment. The first inflatable segment may
optionally have at least one conduit in ffuid communication with the second humen. The second

lumen is optionally configured to accept fhud delivered through the at least one conduit.

{88071 The second inflatable segment may further comprise a second lumen located at least
partially within the primary Tumen of the second segment. The sccond inflatable scgment may
optionally have at least one conduit 1 fluid communication with the second lumen. The second

humen is optionally configured to accept fluid delivered through the at least one conduit.

{6008} Each miflatable segment optionally comprises two or more lumens. The fhud accepted
mto one or more lumen s optionally a contrast agent. At least one conduit for removal of fluid
from the primary or second lumen of the first segment is optionally provided. The vohume of
fuid administered into the second humen of the first segment optionally corresponds to the
volume of fluid removed from the primary lumen of the second segment. The volume of fluid
administered into the second humen of the second segment optionally corresponds to the volume

of fhuid removed from the primary lumen of the second segment.

{8809} The fivst segment 1s optionally configured to assume an inflated shape from {fluid
dehivered into the primary lumen of the first segment. For example, the inflated shape is
substantially maintained vpon administration of fiuid to the second lumen of the first segment
and removal of the corresponding fluid volume from the primary humen of the first segment.

{8618} The second segment is opticnally configured to assume an inflated shape from fluid
dehivered into the primary Twroen of the second segraent. For example, the inflated shape is
substantially maintaimed upon administration of fhud to the second humen of the second segment

and removal of the corresponding {hid vohmme from the primary lumen of the second segment.

{6611} Optionally, a securing member for securmg the sleeve to the brachytherapy applicator is
provided. The slecve optionally comprises at least one additional inflatable segment having a
primary fumen. For example, the at least one additional inflatable segment is sclectively
miflatable by delivery of fluid into the lumeun. The at least one additional inflatable segment
optionally comprises a sccond Jumen disposed at least partially within the first humen of the
additional segment. Optionally, cach inflatable segment is configured to assume an inflated

shape from {luid delivered into the primary lumen of cach respective segment.
2
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{88121 An example system for providing brachytherapy treatment includes a brachytherapy
applicator for insertion into a cavity of a subject. The system further includes a sleeve for
positioning about the brachytherapy applicator. The sleeve includes a {irst inflatable segment
having a primary lumen and 4 second inflatable segroent having a primary lumen. The first and
second segments are selectively inflatable by selective delivery of fhuid into each primary fumen.
The system further inchudes a fluid delivery apparatus for delivering fluid into each prumary
lumen. The fhud delivery system delivers the fluid with sufficient foree to cause mflation of each
segment and movement of subjoct tissue when the apphicalor and sleeve are positioned within a
cavity. For example, the cavity is optionally selected from the group consisting of vagina, anus,

rectum, esophagus, gastro-intestinal track, and a vessel.

[8013] An example method for treating a cancerous, precancerous, or proliferative condition
inchides positioning a brachytherapy applicator into a cavity of a subject, The method further
mcludes positioning a sleeve about the applicator. The sleeve has a first fnflatable scgment with
a primary humen, as well as a second mflatable segment with a primary lumen. The first and
second segments are selectively inflatable by delivery of fluid into cach humen. After
positioning the slecve about the brachytherapy applicator and positicning the applicator into the
cavity of a subject, at least one inflatable scgment 1s nflated by admmistering fhud o the
primary lumen of each inflatable segment to move tissue of the subject away from the

brachytherapy applicator, For example, the {luid administered is water,

{8814} Optionally, an image is taken of the subject to visualize a treatment feld of the subject.
Each inflatable segment optionally includes a second fumen. For example, the second lumen is
optionally located at least partially within the primary lumen of each respective inflatable
segment. A contrast agent sohution is optionally administered to each second tumen while
allowing a volume of water corresponding to the volume of administered contrast agent sohution

to be removed from cach primary lumen.

{B0E5] Radiation may optionally be applied (o a subject. During the application of radiation, the
mflatable segments may optionally reduce radiation delhivered to the tissue of the subject moved
away from the brachytherapy applicator. Optionally, the cavity is selected from the group

consisting of vagina, anus, rectur, esophagus, gastro-mntestinal track, and a vessel. For example,

the cavity is a vagina and the sleeve is optionally posttioned proximate o the cervix.

[8816] An example method for reducing radiation exposure of tissue in a subject tochudes

milating an inflatable device with a contrast agent. By inflating the inflatable device, the size of

S
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the device expands and causes movement of tissue. The method further inchides applying
radiation to the subject, wherein exposure of the moved tissue is reduced.
{86171 These and other features and advantages of the present invention will become more
readily apparent to those skilled in the art upon consideration of the following detailed
description and accompanying drawings, which describe both the preferred and alternative
embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
{8018} FIG. 1A is a schematic itusiration of an example mulii-segroented inflatable sleeve for
use int brachytherapy treatment.
{6018} FIG. 18 is a schematic illustration of an example applicator for use in brachytherapy
treatment.
18628} FIG. 1C is a schematic iHhustration of the cross-section across ling C-C of FIG. 1A,
{8021} FIG. 2A 1is a schematic iltustration of an example multi-segmented inflatable sleeve
positioned on an exarapic applicator for use in brachytherapy treatment.
[8022] FIG. 28 is a schematic illusiration of an example mudii-segmented inflatable sleeve
positioned on an example apphicator and having a plurality of inflated segments for use in
brachytherapy treatment.
16623} FIG. 2C is a schematic illustration of the cross-section across line C-C of FIG. 2B.
16024} FIG. 3A 15 a cross-sectional schematic illustration of a segment of an exarople muli-
segmented mflatable slecve wherein the segment comprises two lumens.
16025} FIG. 3B is a cross-sectional schomatic illustration of a segment of an example multi-
segmented intlatable sleeve wherein the segment comprises two lumens.
18626 FIG. 4 1is a schematic cross-sectional tHustration of an applicator positioned in the vagina
and uterus of a subject for gynecological brachytherapy treatment.
{88271 FIG. S are magnetic resonance images of vaginal balloons in treatment position compared
with use of conventional radiopagque gauze for same patient. The off-center rectum displacement
from the ovoid tip is larger when vaginal balloon packing (VBP) is used (left panel} corapared
with that when radiopague gauze is used {right panel). The vaginal balloons were filled with

saline solution in this case.

4
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281 FIG. 6A is a measurement an onte Carle simulation setup for dose reduction
(028] FIG. 6A d Monte Carl lat tup for d d

comparison.
{8023} FIG. 68 is a Monte Carlo simulation setup for dosimetric evaluation,

{8038] FIG. 7A 18 a2 Monte Carlo calculated dose ratio graph. Dose ratios of contrast/water were
determined along the central axis after use of semi-sphere balloon of 3.0 om in radius. The dose
ratios al the first point after the balloon edge are greater than unity, indicating higher doses than
those if the balloon is filled with water instead. The ratios drop to flat values around 1ram from

the balloon edge.

{80311 FIG. 7B is a Monle Carlo calculated dose ratio graph. Dose ratios of water or contrast to
air were determined along the central axis after use of a semi-sphere balloon of 3.0 cm in radius.
The water/air dose ratios close to the balioon edge are an example of the build-down eifect,
which is troduced by the density difference. The other contrast to water or to air dose ratios
are results of the enhanced build-down effect due to additional photoelecirons generated inside

the contrast-filled balloon.

{8032} FIG. A is a graph showing data from Monte Carlo calculated dose reduction vs. balloon

size and balloon filling in reference to an air balloon.

{8833 FIG. 8B is a graph showing data from Monte Carlo calculated dose reduction vs. balloon
size and balioon filling in reference to a water balloon.

BETAILED DESCRIPTION
18034} The present invention now will be described more fully hereinafier with reference to
specific cmbodiments of the invention. Indeed, the invention can be embodied in many different
forms and should not be construed as limuted to the embodiments set forth berein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal requirements.

o~ P 25

{8035} As used in the specification, and in the appended claims, the singular forms “a,” “an,
“the,” tnchude plural referents unless the context clearly dictates otherwise.

18836} The term “comprising” and variations thercof as used herein are used synonymousty with
the term “including” and variations thereof and are open, non-hmiting terms.

{88371 The present application relates to multi-segmented inflatable brachytherapy devices
mchuding systems and methods that incorporate multi-segmented mnflatable brachytherapy

devices. For example, provided are sleeves for positioning on a brachytherapy apphcator, also
2 f C LR N

N
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referred to herein as an apphcator. Optionally, the brachytherapy apphcator is configured for

insertion within a cavity of a subject.

{8038} Brachytherapy procedures for the treatment of cancer use radioactive sources placed i or
close to tumors. There has been a rebirth of this treatment techmique with the advent of high
dose-rate computer controlled brachytherapy. This technique can deliver very high doses in a
shott period of time. The source is driven to the tumor through a catheter or through a series of
catheters. The radiation from this source has a very sharp fall off as you move away from the
source. Owing to the proximity of the radiation source, brachytherapy offers the advantage of
delivering a more Jocalized dosc fo the target tissuc region. In order to mintmize side effects of
the radiation, the catheters are attached to an interstitial applicator and the treatment is repeated

up to 10 times in separate sessions.

18039 Brachytherapy can be used fo supplement surgical resection by targeting the residual
tomor margin after resection, with the goal of reducing its size or stabilizing it. Radiation
therapy can be administered through one of several methods, or a combination of methods,
including external-beam radiation, stercotactic radiosurgery, and permanent ot lemporary

brachytherapy.

{8048} Brachytherapy can be performed by implanting radiation sources divectly into the tissue
te be treated. Interstitial brachytherapy is traditionally carried ouf using radioactive seeds such
as 1% seeds. These seeds, however, produce inhomogeneous dose distributions. In order to
achieve a mintmum prescribed dosage throughout a target region of tissue, a large number of
seeds are used, resulting in very high doses being delivered to tissue in proximity to the seed,

which can cause radionecrosis in healthy tissue.

{8841} In general, the amount of radiation desired by the physician is a certain minimum amount
that is delivered to a region up to about two centimeters away from the margin of the excised
tamor. 1t is desirable to keep the radiation that 18 delivered to the tssue m the target treatment
region within a narrow absorbed dose range {0 prevent over-exposure to fissue at or near the
radiation source, while still delivering the minimum prescribed dosc at the maximum prescribed

distance from the radiation source.

18042} The devices, systems and metheds described herein can move tissugs away from close
proximity to a radiation source. This allows the irradiated tissue to be fn a region of shallow dose

gradient and results in a reduced risk of hot-spots and radionecrosia.
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{88431 The devices, systems and methods described in this application relate to multi-segmented
nflatable devices whose segments can be nflated with either sohution or air. This can allow the
physician performing the brachytherapy procedure to move the sources closer to the fumor and
further away from the eritical normal stractures. In addition, the segroented inflatable devices
allow for accurate repositioning of the applicator without the need for re-imaging the patient (CT

or MRI or both) and re-planning the brachytherapy treatment.

[8844] The segmented inflatable device design is used to differentially move normal anatomy
further away from brachytherapy applicators to reduce tissue toxicity while at the same {ime

3 ) Y
providing a method for repositioning the applicators without the need for re-imaging the patient
and re-planning the brachytherapy treatments for paticnts treated with multifraction

brachytherapy.

{6045 Figures 1-2 show an example multi-segmented inflatable device. The device comprises a
sleeve 102, The slecve 102 comprises a first inflatable segment 106 having a primary tumen 108
and a second inflatable segment 110 having a primary lumen 112. The sleeve 102 can optionally
define a ceniral passage 114 configured for positioning over the applicator 104, For example,
the apphicator 104 can comprise a shafll portion over which the sleeve 102 can be placed. The
sleeve 102 can also be sccured or attached to the applicator 104, {or example, with the use of a

clip or other securing device,

[8046] The frst 106 and second 110 segments, and other segments of the sleeve, are selectively
nflatable by delivery of fhiid into cach lomen (108 and 112). Since they are selectively
mflatable, the segments can optionally be independently inflated and defiated relative to cach
other. As used herein, a fluid means a flowable composition. Example fluids include hiquads,
gases and combinations thereof. For example, a hiquid fluid may be water or a contrast agent
solution. An cxample gas is air. For example, with a vaginal applicator, the volume of Equids,

gases, ot a combination thereof, in the inflatable segment is optionally between 25¢c and Sfce.

{88471 Optionally the sleeve 102 comprises more than two inflatable segments. For example,
the sleeve can comprise at least one additional inflatable segment 132 having a primary lumen,
As with the first two mflatable segments, each additional in{latable segment is selectively
inflatable by delivery of fluid into the lomen. Segments of the sleeve can be selectively inflated
to move subject tissue away from a radiation source. It can be determined where a radiation

source will be positioned relative fo patient fissue and a segment can then be inflated that moves
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tissue away from the radiation source thereby reducing or chiminated the amount of radiation
delivered by the radiation source to the moved tissue

[8048] Optionally, a tube 134 communicates with the inflatable segment 106 such that Hguds,

gases, or a combination thereof are deliverable to inflatable segment 106 through the tobe. For
iple, tube C

mject or insert Hgaids,

pa 2

(6 through the 3
exammple, tube 134 comprises a proximal end and distal end, whercin the distal end is optionally
attached to inflatable segment 106, The proximal end 136 of tube

134 can optionally be used 1o
gases, or a combination thereo{ into tube

b
i

e 134, A siop cock 138 may
optionally be used to hinder, provent, or allow gases, liquids, or a conbination thercof to flow
through tube 134,

{80491 A tube and stop cock may optionally be attached to each inflatable segment. For
example, Figure 1A shows an example tube 140 with proximal end 142 and stop cock 144
attached to nflatable segment 110, A syringe may be attached to the proximal end of the tube

i liguids, gases,

ximal en e tube
wherein liguids, gases, or a combination thereof may be delivered into the tube. Optionally, the
stop cock may be engaged to inht

d to inhibit or allow the flow of liguids, gases, or a combination thercof
across the stop cock. For example, once a medical professional has achieve

the destred volume
of liquids, gases, or a combination thercol n a respective inflatable segment, the stop cock can

be engaged to the closed position to prevent any liquids, gases, or a combination thereof from
escaping from inflatable segment. This maintains th

segment at a

t a desired level of inflation.
Optionally, at the conclusion of a medical procedure, the stop cock can be disengaged to allow
the hquids, gases, or a combination thereof to exit the inflatable se

gment and flow past the stop
cock and out of the tube, resulting in deflation of a given segment

{8058] There are many different commereial embodiments of applicators used by medical
professionals and the medical community for brachytherapy procedures for the treatment of
cancer, The described sleeve can be used with any of these applicators. Current apphicator

embodiments include, for example, a ring applicator, a vaginal cylinder, a tandem and ovoid
applicator, and an endorectal applicator. Optionally, the deseribed sleeves can be provided in
various sizes and/or shapes to fit over a variety of applicators. For example, the sleeve may be

optionally designed to inflate in a shape or o a size that is directly related 1o the mov
specific human s

© he movement of
specific human tssue, organs, or other critical normal systems. Optionally, the shape and size of

e ~ 11 i
AN 2 3 3 »
the slecve varies depending on the location in the human body of a specific procedare and which
3y 1€ 2 -~ A

organ{s}, tissue, or other critical normal systemns may need to be repositioned or moved, to aliow
the medical professional to move sources closer to a turgor
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{88511 When fluid is delivered into the primary lumen of a segment, the segment inflates to
assume an expanded inflated shape. The inflated shape moves tissue away from the
brachytherapy applicator 104 and, during treatment of the subject, away from sources of

radiation used for treatment of the subject.

{8052} Methods of treating a cancerous, precancerous or proliferative condition using the sleeve
102 melude positioning a brachytherapy applicator 104 into a cavity of a subject, wherein the
sleeve of 1s positioned about the applicator. One or more of the segments (e.g. 106 and 110} are
nflated within the cavity by administering fluid into the primary lumen of cach inflatable
segment. Inflating one or more segments {¢.g. 106 and 110} causes movement of tissue away
from the brachytherapy applicator 104, In this way, radiation exposure to the moved tissue is

reduced or eliminated.

{6053} In addifion to a shaft portion, the apphicator optionally comprises a distal ring 116, The
sleeve 104 has a proximal 118 and distal end 120 and, during treatment procedures, the distal

end 120 is configured for positioning proximate to the distal ring 116 of the applicator 104.

{6034} When treating gynecological cancer, the applicator 104 can be advanced in the subject’s
vagina until the ring 116 s positioned just distal to the cervix. Example positioning is shown in
Figure 4. The sleeve 102 is optionally positioned on the applicator 104 just distal to the ring
116. From this sleeve position, distal to the ring and distal, but proximatc fo the cervix, the
milated segments can move at risk tissue away from a radiation source during brachytherapy

treatment procedures.

{8035} As shown in Figure 3, each inflatable segment (e.g. 106, 110 and 132} of the siceve can
optionally comprise one or more humen (e.g. 124} in addition to that segment’s primary lumen.
For exaraple, the first inflatable segment 106 can comprise a second fumen 124 located at least
partially within the priroary lumen 108 of the first segment 106, The sccond inflatable segment
110 can also comprise a second himen located at least partially within the primary Tumen of the
second segment. Any additional inflatable segment can comprise a second fumen located at teast
partially within the primary furnen of that additional segment. Each segiment can also comprise

more than two lumens.

{8056} Each lumen of an inflatable segment is configured to receive fluid so that it can be
miflated. In this regard, the sleeve 102 optionally coraprises at least one conduit in fhuid

commurnication with the primary and sccond jumen of each segment. For example, in regard to
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the segment 106, a conduit 122 is in conumunication with the primary humen 108, and a condait

126 1s in communication with the second humen 124.

{80571 As shown in Figure 3B, the conduits are optionally used not only to receive fluid into a

given himen, but also to act as an exit port for fluid leaving a lumen. Optionally, each fumen is

in fluid communication with a delivery conduit and a removal conduit.

[8858] One or more himens of a given segment are optionally located wholly or partially within
another fumen of that segment. When two or more turnens are superimposed i this manner, the
segment can fivst be inflated by administering fhuid to an outside lumen (c.g. the primary turoen

108) that houses an additional himen (e.g. the second himen 124).

[8039] The volume of fluid delivered o the cutside fumen can inflate the segment causing
movement of tissue. Fluid can then be added to the interior lumen causing it to inflate. As the
mierior lumen fills with fluid 1t enlarges to fill a portion or all of the mner-luminal space of the
puter lumen. Thus, when fluid i1s added to the inmer lomen, a corresponding volame of fluid can

be removed or allowed to flow out of the outer tumen.

18068 While fluid is added (o the inner lumen the inflated shape of the segment can be
ubstantially maintained. For exarople, the shape can be substantially maintained upon
adroinistration of fluid to the second fumen 124 of the first segment 106 and removal of the

2 rad
£
)

corresponding fluid volume from the primary humen 108 of the first segment 106.

18061} Further provided are systems for providing brachytherapy treatment. An example system
comprises a brachytherapy applicator 104 {or insertion into a cavity of a subject. The cavity is
optionally sclected from the group consisting of a vagina, anus, rectam, esophagus, gastro-
intestinal track, and a vessel. The sleeves described herein can be positioned on the applicator

prior to insertion of the applicator and sleeve into the cavity.

{88621 The system further comprises a sleeve 102 for positioning and securing about the
brachytherapy applicator 104, Example sleeves are described above and may optionally
comprise a first inflatable 106 segment baving privoary fumen 108 and a second m{latable

segment 110 having a primary himen 112.

{8863} The first 106 and second 110 segments are sclectively inflatable by selective delivery of
fluid into each primary lomen (108 and 112). The system further comprise a fluid delivery
apparatus for delivering fluid inlo each primary lumen, wherein the fluid delivery apparatus

delivers the fluid with sufficient force to cause inflation of each segment and movement of

10
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subject tissue when said applcator and sleeve are positioned within the cavity. The sufficient
force includes providing a large enough pressure, for exampie, by forceabie delivery of fluid into
at least one segment, 1o inflate the segment to cause movement of subject tissue away from the

radiation source.

{8064} The sleeves and systems can be used in methods of treating a subject using
brachytherapy. For example, an applicator 104 and sleeve 102 can be positioned in a cavity of a

subject. The cavity is optionally selected from the group consisting of vagina, anus, rectum,

esophagus, gastro-intestinal track, and a vessel.
16065] While the sleeve 102 is in the subject’s cavity, fluid is adrainistered to the primary fumen
of at least one or a plurality of segments. For example, water can be administered mto a primary
himen to inflate a segment. After inflation of the segment by administering fluid to the primary
lumen, an image is taken of the subject to visualize a treatment ficld of the subject. For example,

a cornputed tormographic image or a magnetic resonance image can be taken to plan for

brachytherapy treatroent radiation exposure profiles.

18066} Optionally, a contrast agent solution can then be administered to one or more second
lumen positioned within & primary lumen or to ancther inner himen, while allowing a volume of
water corresponding to the volome of administered contrast agent solution to be removed from
cach primary lumen or outer lumen. Once contrast agent has been used to inflate a segment by
filling the second or foner fumen, radiation s applied to the subject wherein the inflatable
segments reduce radiation dehivered to the tissue of the subject moved away from the

brachytherapy apphlicator.

{80671 An example method includes moving tissue or a selected portion of tissue by filling the
corresponding mflatable segment or segments with Hguids, gases, or a combination thereof.
After selection of a cavity, the corresponding inflatable segment or segment can be optionally

miflated or filled to move away surrounding tissue or selection of tissue.

[8868] Alsc provided 1s a method of reducing radiation exposure of tissue in a subject that
comprises inflating an inflatable device with a contrast agent wherein the inflating expands the
size of the device and causes movement of the tissue. The method further comprises applying
radiation to the subject, wherein exposure of the moved tissue is reduced (e.g. eliminated).
18869} For example, the provided methods and systems of the present jovention can optionally
be used to treat endometnial, cervical, anal, or rectal cancerous, precancerous, or proliferative
conditions. Especially in cases in which several treatments are necessary to treat the cancerous,
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precancerous, or proliferative condition, the systems and methods optionally aliow for the
medical professional to simulate a prior treatment by refilling the applicable inflatable
segment(s) with the same volume of hiquids, gases, or a combination thereof, as used in the

previous treatment or medical procedure.
{8078} Examples

{88711 High dose rate (HDR) brachytherapy is an effective treatment modalily to treat cancer of
the uterine cervixk. Reducing doses to the rectum and bladder potentially reduces late
complications. Conventionally, various approaches inchuding gauze packing, rectal refraction,
posterior vaginal speculum blade, and/or an inflatable catheter bulb have been recommmended to
displace organs at risk {OARs) and increase the therapeutic ratio. Vaginal balloon packing

{VBP) is described to displace OARs during HDR treatment of the uterine cervix,

{8872 Figure 5 shows an examople of the ase of VBP in an HDR treatment asing a tandem-and-
ovoid applicator compared with conventional gauze packing. The advantages of using a VBP
approach inchude larger QAR displaceraent and better reproducibibity. Herein, i is shown that
VBP reduces the radiation dose to the bladder and rectum by increasing the distance from the

source coupled with additional shielding when filled with contrast agents.

{8073} The vaginal balloon (Radialyne, Houston, TX) is approximatcly a semi-sphere in shape
when filled with material, air, water, or contrast agent. The contrast agents studied include the
Optiray series {Mallinckrodt, Hazelwood, MO} of varicus concentrations and Magnevist and
Eovist (Bayer Healthcare Pharmaceuticals, Wayne, NJ). lodine s the effective element 1o
Optiray produets, whereas gadolinium is the effective elernent in Magnevist and Eovist.

{8674} The K-shell electron binding energy 1s 33 keV for iodine and 50 keV for gadolinium.
Both elements have high attenuation coefficients due to photoelectric effect for kV x-rays or g-
rays of kiloelectron volt energy level. The enhanced photon absorption in the solution 1s due to

the large number of the photoelectric events because of the presence of iodine or gadoliniam.

{80731 The active radiopague mgredient in Optiray320 15 678 mg/mL of ioversol (CiaHp BN 0g;
molecolar weight, 807.2 g}, The quantity of iodine tn Optiray320 sohution is 320 mg/ml. The
density of Optiray in human body temperature (37C) is 1.371 g/ml. The iodine concentration in
Optiray is 23.3% by weight. Optiray350 was also used, which has 350 mg/ml. of iedine (24.9%
by weight), the highest concentration in the Optiray series, and Optiray 160, which has 160
mg/mb of iodine (13.5% by weight), the lowest concentration in the series. The densities of

these two agents are 1.4035 and 1.188 g/mb, respectively, at body temperature.
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18076} Optiray products of other indine concentrations are also simulated with Monte Carlo

{Table 1).

Contrast | Deosity i 3d C O H N Na

Agent {g/mb)
Optirav160 1 1188 | 0.1347 0 0.0776 | 0.6846 | 0.0875 | 0.0152 0
Optiray240 | 1.281 0.1874 0 0.1074 | 0.6054 | 0.0787 | 0.0210 0
Optitay300 1 1352 1 0.2219 0 01269 | 0.5535 | 00728 | 0.0248 0
Optiray320 | 1.37] {32335 { 0.1334 | 0.5362 | 0.0708 | 0.0260 {
Optiray350 | 1405 | 0.2492 { 01423 | 05126 | 0.0681 | 0.0278 {
Magnevist | 1,195 { (0.0657 | 01411 | 06736 § 0.0901 | 0.0294 8

Eovist 1.088 0 (.0361 | 0.0634 | 0.7812 | £.0990 | 0.0097 | 0.0106

186771 The Magnevist solution contains 469 mg/mL of gadopentetate dimeglumine
{CosHsa GANs Oy, molecular weight, 938 g). The concentration of the effective element,
gadolinium, 15 6.6% by weight in Magnevist. The density at normal body temperature is 1.195
g/mk. The effective component in Eovist is gadoxetate disodivm (GdCxHNa0 Nay;
solecular weight, 725.7 g). The concentration of gadoxetate disodiom in Hovistis 181 .4
mg/rol.. The corresponding gadolinium concentration in Bovist is 3.6% by weight. At normal
body temperature, the density of the solution is 1.088 g/ml. The contrast agents studied are
histed in Table 1. Complete chemical composition data of the agents (Table 1) were used in the

cross-sectional data generation for the MC simulations in this description.

{8878} The HDR 1r-192 delivery system used was a Nucletron microSelectron HDR unit
(Nueletron, Veenendaal, The Netherlands). The vaginal packing balloon was filled with 50 mL
of air, saline solution, and Optiray320 (contrast) for cach measurement. The diode detector used
in the measuremenis was a Scanditromx EDP 23G p-type detector (Scanditromix Medical AR,
Uppsala, Sweden). It has buildup of §.5mmm (or 0.2 g/lem?2) of epoxy. H was placed on the
balloon with a 3-mm bolus between the detector and the balloon. The Ir-192 source was
clectronically placed at the other end of the balloon {(Fig. 6A). For each balloon-filling roaterial,
three consecutive roeasureroents of a 60-second irradiation were performed. The ratios of
contrast (o saline solution and contrast to air were determined by use of mean readings of cach
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material. A computed tomography (CT) scan was performed for cach type of material in the
balloon to ensure that the diameter difference was within 1 mom for all three types of

measurements.,

{8073} An EGSnrc-based MO simlation program, DOSXYZnre, was used. The cross-sectional
data of the contrast agents were gencrated by use of PEGS in EGSure based on the chemical
composition. The saline solution in the measurement setup was approximated with water in
simulations. The Ir- 192 radiation source was approximated with a point source. All the
siraulations used the energy spectrum of the Ir-192 source. Two different setups were simulated

(Fig. 6).

{8088} The first one was to compare with measyrements; thus the balloon was surrounded by air
{A}. Inthe second setup, the balloon was surrounded by water instead (B). The semisphere
balloon is approxiroated by seven circular dises of uneven thicknesses and radii, and the circular
dises are also approximated by mulii-step polygons. The semicircular shape in simuolations is a
28-sided polygon from a side view. These approximations make simulations of such geometry

by use of DOSXY Znre possible.

{8081} The balloon in Fig. 6 was {ilied with air, water, Optiray of different iodine
concenirations, Magnevist, or Eovist, respectively, in the simulations. Each simulation took
about 30 hours of central processing unit (CPU) tiroe on a Linux platform of a 3-GHez CPU, with
the nurmnber of histories between 3.5 and 4 bilhion. With this setup, the standard deviation of the
calculated dose in a step size of 6.5 mm along the central axis of the balloon was lower than 2%
for all cases. With the setup shown in Fig. 6B, various radii of the semi-sphere balloons were

simulated for a further dosimetric study.

{8082} Calenlation-measurement comparison with the semi-gsphere balloon radios at 3.4 cm, the
measured mean ratio +/-1 S0 was 0.922 +/- 0.002 for Optiray320)/ salinc sohution and 0.808 +/-
$.001 for Optiray320/ atr, with a 3-mun bolus between the balloon and the diode dosimeter. The
MC-calculated ratios using a semi-sphere setup (Fig. 6A} were 0.895 +/- 0.010 for

Optiray320/water and 0.781 +/- $.01{} for Optiray320/air.

{80831 The dose reduction in MC caleulations was shghtly more significant than measurements
build-down effect. In addition to good agreement between the measurement and calculation, the
M simulations showed that the dose just outside the contrast-filled balloon is even higher than
that of a water-filled balloon. The dose drops off to be lower than that of a water-filled balloon
i a short range. Figure 7A shows an example of 3.0 om of balloon radivs. In this example the
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fall-off range is about | yom (third point from balloon edge). After this range, the dose ratio of
Optiray350/water is flat vs. depth at about 88.6%. The dose reduction is thus 11.4% compared
with the water-filled balloon. This phenomenon is explained by the coromenly referred to
“build-down” effect. When photon radiation fraverses across high—low density interface from
high density to low, the dose on the low density side close to the interface is usually higher than
that if the high density volume is replaced by the same low density moaterial, if the high density
volurne is not great. This s because in the high density volume, more electrons are set into
motion by the photons. Al the border, more electrons thus enter the low-density vohime,
troducing higher dose in a short range. This concept of build-down effect, which is caused by
density difference, is llustrated by the relative dose curve of water balloon vs. air halloon m Fig.

7B.

{8084} Besides the contribution of the higher density of the contrast agents inside the balloon,
this build-down effect is further enhanced by the photoelectric effect. A large number of
photoelectric events oceur inside the conirast-filled balloon because of the presence of the
contrast agent. The product of a photoelectric event is an electron cjected from the involved
iodine/gadohinium atom. When this event happens close fo the edge of the balioon, the electron
can travel across the edge before being absorbed. The photoclectrons that cross the boundary,
relatively large numbers, also contribute to the relatively high dose just outside the balloon. The
range of the photoelectrons is usually short, and it does not change with balloon size. Thus this

“‘dose boost”” region is short.

{8085} For a balloon radius range between 1.4 and 3.8 cm, dose ratios of contrast/water,
coutrast/air, and water/air are higher than unity at 0.25 rom owtside the balloon, but flat ratios

lower than unity are reached around 1 mm oudside the balloon (Fig

{8086} Figure 8 ilhusirates the relative dose reduction vs. halloon size for different contrast

materials. As expected, the larger contrast-filled balloon provides higher dose reduction because
of increased attenuation to the g-rays due to the photoeleciric effect. At the balloon size range of
1.4 to 3.8 om in radius, the dose reduction of an Optiray350-filled balloon is in the range of 5.5%
to 14.8% compared with that of the water-filled balloon and 10.7% 1o 25.8% compared with that

of the air-filled balloon.
{8087} For sl the contrast agenis used, the dose reduction along the central axis of the balloon is
approximately Hnear to the balloon size; thus the dose reduction of an arbitrary size can be

predicted by use of the corresponding fitled linear equation.

e
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{88881 Although gadohnium has a higher atomic nomber and Kshell electron binding energy and
thus higher photoelectric cross section for kiloelectron volt g-rays, due to the much lower
gadolinium concentration in Maguoevist and Eovist (7% and 4%, respectively, by weight)
compared with the iodine concentration in the Optiray series (13-25%), as well as lower density
{Table 1), the dose reduction of the two gadohiniurn-based agents is less than that of the Optiray
series, whereas the dose reduction values were close to cach other for Magnevist and Optiray 160
(Fig. 8).

{8089] Because these gadolintum-based agents are more expensive than Optiray, Opliray is also
a hetter option economically. The relative dose reduction is approximately linearly proportional
io the concentration of iodine 1o the contrast solution. Thus a Hnear equation can be used to
predict the relative dose reduction of an arbitrary concentration of a certain type of contrast

solution.

[8898] Dose reduction was achicved by using a contrast-filled VBP system in HDR
brachytherapy of the uterine corvix. This approach not only provides an increase the distance
from source but can also provide shielding when filled with contrast agents. The dose reduction
vatues presented in this example are based on contributions from replacing the balloon filling
with contrast material. The mverse square law applics in this respect no matter whether the
bafloon is filled with atr, water, or contrast material. In addition to the larger distance from the
radiation source, 4 larger balloon filled with contrast material further introduces greater
attenuation to the photons, thus further reducing radiation dose to OAR. When a contrast-filed
balloon is used in HDR treatment, the vaginal wall dose just outside the balloon is higher than
that of a water-filled balloon. Optionally, 1o ehiminate the increased dose to the vaginal wall the
balloon wall has about & 1 mm thickness to absorb the excess photoelectrons. However, doses in
the more radiosensitive organs, such as the bladder and rectum, which are further away from the
balloon, are reduced even if the balioon is thinner than 1 mm. The contrast lling in VBP does
not infroduce any artifact to magnetic resonance imaging (MR}, The dose reduction method is
thus a good fif to MRI-based planming. If treatment planning is CT-based, the artifact
mitroduced by the high concentration contrast optionally obscures the source localization markers
and relevant anatomy. To avoid this, saline solution may be used when the CT simulation is

taken, and contrast of the same volume replaces saline solution before treatroent.

18091} Many modifications and other embodiments of the invention set forth herein will come t

mind to one skilled o the art to which this invention pertains having the benefit of the teachings
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presented in the foregoing description. Therefore, it 1s to be understood that the invention is not
to be limited to the specific embodiments disclosed and that modifications and other
embodiments arc intended to be mchuded within the scope of the appended clairas. Although
specific terms are employed herem, they are used m a generic and descriptive sense ounly and not

for purposes of limitation.
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CLAIMS

What is claimed s

1. A sleeve for positioning on a brachytherapy applicator, comprising:
{a} a first inflatable segment having a privaary lumen;
{b} a second milatable segment having a primary lumen; and
(¢} wherein the first and second segments are selectively inflatable by delivery of

fluid into each lumen.
2. The sleeve of claim 1, wherein the slecve defines a central passage configured for

positioning over the brachytherapy apphicator.

3. The slecve of claim 2, wherein the brachytherapy applicator comprises a distal ring.
4. The sleeve of ¢laim 3, wherein the sleeve has a proximal and distal end and wherein the

distal end is configured for positioning proximal fo the distal ring of the brachytherapy

applicator.
5. The sleeve of claims 1-4, further comprising at feast one conduit configured for

debivering fluid into the primary lumen of the first segment.
6. The sleeve of claims 5, further comprising at least one conduit configured for delivermg

fhuid into the primary fumen of the second segment.

7. The sleeve of ¢laim 5, wherein the first inflatable segment further comprises:
{a} a second fumen located at least partially within the primary lumen of the frst

segment; and
{s) at feast one conduit in fluid communication with the second humen, wherein the

second lumen is configured to accept fluid delivered through the at least one conduit.

8. The sleeve of claim 6 or 7, wherein the second inflatable segment firther comprises:
{a) a second humen located at least partially within the primary lumen of the second

scgment; and

{b} at least one conduit in fluid commmunication with the second lumen, wherein the
second lumen s configured to accept fluid delivered through the at feast one condt.
9. The sleeve of claim 8, wherein each inflatable segment cormprises more than two humens.
10. The sleeve of claim 7, wherein the fluid accepied into one or more humen is a conirast
agent.
1. The slecve of claim 8, wherein the fluid accepted into one or more lumen of each

inflatable scgment is a contrast agent.
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2. The sleeve of claim 8, further comprising at teast one conduit for removal of fhuid from
the primary or second hurnen of the first segment and at least one conduit for removal of fluid
from the primary or second lumen of the second segment.

13, The sleeve of claim 12, wherein the volume of thad administered into the second tumen
of the first segment corresponds to the volume of fluid removed from the primary hunen of the
first segrment.

4. The sleeve of claim 12, wherein the volume of floid administered into the second tumen
of the second segment corresponds to the volume of fluid removed from the primary humen of
the second segment.

15. The sleeve of claim 13 or 14, wherein the first segrment is configured to assume an
mflated shape from fluid delivered into the primary humen of the first segment.

16. The slecve of claim 15, wherein the mflated shape is substantially maintained upon
administration of fluid to the second lumen of the first segment and removal of the
corresponding fluid volume from the primary lumen of the first segment.

17. The sleeve of claims 13 or 14, wherein the second segment is configured to assume an
nflated shape from fluid delivered mto the primary lumen of the second segment.

18, Thesleeve of claima 17, wherein the inflated shape is substantially maintained upon
administration of fluid o the sccond lumen of the second segment and removal of the
corresponding thad vohume from the primary laomen of the second segment.

19 The sleeve of claim 1, further comprising a securing member for securing the sleeve to
the brachytherapy apphicator.

20. The sleeve of clazm 1, further comprising at least one additional inflatable segment
having a primary humen, wherein the at least one additional inflatable segment is selectively
mflatable by delivery of fluid into the lumen.

21. The sleeve of claim 20, wherein the at least one additional inflatable segment further
comprises a second humen disposed at least partially within the first himen of the additional
SCEMETH.

22. The sleeve of claims 1, 20 or 21, wherein each inflatable segment i1s configured to assume

an inflated shape from fhad delivered into the primary tumen of each respective segment.

23, A system for providing brachytherapy treatment, comprising:
{(a} a brachvtherapy applicator for insertion inio a cavity of a subject;

(b} a sleeve for positioning about the brachytherapy applicator, said sleeve

comprising a first inflatable segment having a primeary lumen and a second inflatable segment
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having a primary himen, wherein the first and second segments are selectively inflatable by
selective delivery of fluid into cach primary lomen; and
(c} a fhuid delivery apparatus for delivering fluid 1oto each primary lumen, wherein
the fhuid delivery apparatus delivers the fluid with sufficient force 1o cause inflation of cach
segment and movement of subject tissue when said applicator and sleeve are positioned within
the cavity.
24, Thesleeve of clanm 23, wherein the cavity 1s selected from the group consisting of 2
vagina, anus, rectum, esophagus, gastro-intestinal track, and a vessel.
Z5. A method of treating a cancerous, precancerous or prohiferative condition, comprising;
(a} posifioning a brachytherapy applicator into a cavity of a subject, wherein the
sleeve of claim 1 18 positioned about the apphicator; and
(b} mflating at least one inflatable segment by administering fluid into the primary
lumen of each inflatable scgment to move fissue of the subject away from the brachytherapy
applicator,
26. The method of clamm 25, wherem the floid administered is water,
27. The method of claims 25 and 26, wherein an image is taken of the subject to visualize a
treatment field of the subject.
28.  The method of claim 27, wherein each inflatable segment further comprises a second
humen at least partially located within the primary lumen of reach respective inflatable segment.
29. The method of claim 28, further comprising adminisiering a contrast agent solution to
each sccond lumen while allowing a volume of water corresponding to the volume of
administered contrast agent solution fo be removed from each primary lumen.
30. The method of claim 29, further comprising applyiog radiation to the subject wherein the
mflatable segments reduce radiation delivered to the tissue of the subject moved away from the
brachytherapy applicator.
31. The method of claim 25, wherein the cavity is selected from the group consisting of
vagina, anus, rectum, csophagus, gastro-intestinal track, and a vessel.
32. The method of claim 29, wherein the cavity is the vagina and wherein the slecve is

posttioned proximate to the cervix.

33. A method of reducing radiation exposure of tissue in a sabject, comprising:
{(a} mflating an inflatable device with a contrast agent wherein the inflating expands

the size of the device and causes movement of the tissue; and
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(b} applying radiation to the subject, wherein exposure of the moved tissue is
reduced.

34. A method of treating a cancerous, precancerous ot proliferative condition m a subject,
comprising:

{a) positioning a brachytherapy apphcator into a cavity of the subject;

{b} positioning a sleeve about the applicator, wherein the sleeve has a first inflatable
segment having a primary lumen, a sccond inflatable segment having a primary lumen, such that
the first and second segments are selectively inflatable by delivery of fhid into each lomen; and

(<} inflating at least one inflatable segment by administering fhiid into the primary
lumen of cach inflatable segment to move tissue of the subject away from the brachytherapy
applicator.

35. The method of claim 34, wherein the fhud administered s water.
36. The method of claims 34 and 35, wherein an image is taken of the subject fo visualize a

e

treatment ficld of the subject,
37 The method of claim 36, wheremn each inflatable segment further comprises a second
fumen at least partially located within the primary lamen of reach respective inflatable segment.
38. The method of claim 37, further comprising adminisicring a contrast agent solution to
each second humen while allowing a volume of water corresponding to the volume of
administered contrast agent solution to be removed from cach primary lomen.

39. The method of claim 38, further comprising applying radiation to the subject wherein the
miflatable segments reduce radiation delivered to the tissue of the subject moved away from the
brachytherapy apphicator,

44, The method of claim 39, wherein the cavily is selected from the group consisting of
vagina, anus, rectuin, esophagus, gastro-intestinal track, and a vessel.

41, The method of claim 40, wherein the cavity is the vagina and wherem the sleeve 1s

positioned proximate to the cervix.
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