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Abstract

A miniature electronic X-ray source was employed in this study to deliver intra-operative radiotherapy (IORT)
within breast lesions. A flexible magnetic material was used to reduce breast skin radiation damage. Total prescribed
dose was 20 Gy at balloon surface, with breast tumor bed wrapped around balloon applicator. A flexible magnetic
material, called ‘neodymium-iron boron” (NdFeB) + alloy-49 was applied to cover lesion’s surface to preserve the skin
and to reduce electron contamination raised from photon-induced low-energy electrons, with tissue less than 1 cm
between applicator surface and breast skin. The reduction of electron contamination using NdFeB + alloy-49 with an
applicator-skin distance of 20 mm, ranged from 7% to 10%, while with an applicator-skin distance of 10 mm for balloon
volumes from 30 to 50 cm3, it ranged from 4% to 6% only. NdFeB + alloy-49 magnetic material was efficient in repulsing
photon-induced low-energy electrons for skin preservation to compensate for deficiency of tissue over less than 1 cm
gap between the surface of applicator and the breast skin.
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Purpose

A 5-year ipsilateral breast tumor recurrence (IBTR) in
targeted intraoperative radiotherapy (TARGIT) arm was
3.3% in intra-operative radiotherapy (IORT) arm and 1.3%
in whole breast irradiation (WBI) arm (p = 0.042). Overall
recurrence risk was also higher in IORT arm, with haz-
ard ratio (HR) = 1.44 and p = 0.053 [1]. At our institution,
Axxent eBT system (Xoft) are used to treat early-stage
breast cancer. An isotope-free miniature X-ray source is
used to generate a 50 KV photon spectrum to deliver in-
tra-operative radiotherapy (IORT) [2-4]. Patient is placed
under general anesthesia to receive IORT immediately
after breast-conserving surgery. An appropriately sized
Axxent balloon applicator is implanted into the patient,
based on its” tumor cavity size and shape. A computed to-
mography image of the implanted balloon is used to de-
velop eBT brachytherapy treatment plans. A single-dose
of 20 Gy provided by Xoft X-ray radiation is delivered for
patient’s treatment using a generator at the balloon sur-

face [5]. Once IORT is delivered, the single-use disposable
applicator is removed, and surgery can be completed.
Volume needed for treatment is calculated based on
target area with a 10 mm thickness of the soft tissue sur-
rounding different balloon sizes. Interface of the balloon
with a wound bottom is appropriately sutured to avoid
displacement and bursting during electronic brachyther-
apy dose delivery. The skin must be retracted from the
applicator to minimize the dose delivered to the skin
surface. At the same time, unacceptable delivery occurs
if minimum distance from balloon surface to skin surface
is less than 7 mm in early-stage breast cancer IORT [6].
The sterilized applicator is inserted by a surgeon and
radiation oncologist in a correct position, with an en-
trance angle to direct electronic source through underly-
ing tissues to the target. Surgeons and radiation oncol-
ogists must ensure that at least 1 cm of all breast tissue
in the cavity covers the applicator, so that no part of the
skin is positioned less than 1 cm away from the appli-
cator. Because Asian female breasts tend to be thin and

Address for correspondence: Jia-Ming Wu, PhD, Department of Heavy Ion Center of Wuwei Cancer
Hospital; Gansu Wuwei Academy of Medical Sciences; Gansu Wuwei Tumor Hospital, Wuwei City,

Received: 09.02.2021
Accepted: 28.07.2021

Gansu Province, 733000, China, phone: 188-7358-8300, fax: 0735-2343382, = e-mail: jlaming.wu@chmsc.com Published: 20.10.2021

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http:/ / creativecommons.org/licenses/by-nc-sa/4.0/).



576

Li Wang, Jia-Ming Wu

small, the dissected skin surface usually cannot meet the
requirement of a 1 cm distance. The current study was
performed in a phantom to simulate a situation, in which
patient’s skin distance was less than 1 cm. A flexible mag-
netic material called ‘neodymium-iron boron” (NdFeB
+ alloy-49) [7] was used to reduce breast skin radiation
damage, especially when the gap between applicator sur-
face and patient’s skin was less than 1 cm.

Breast-conserving therapy cannot benefit women
living in developed countries and their remote areas be-
cause of travel distances between their homes and radio-
therapy centers. In addition, they cannot stay or travel
daily over such distances for the duration of one and half
months of post-operative radiotherapy. As a result, they
must choose mastectomy. These women could undergo
breast-conserving therapy in one session with this novel
approach.

Material and methods

A flexible water-cooling Xoft Axxent source (Xoft Inc.,
USA) catheter with a 25 mm length and 5.4 mm diameter
was positioned inside an applicator for early-stage breast
cancer treatment in this study. We adopted the AAPM
TGA43 report [8-11] for dose calculation and implemented
this approach to all dosimetry parameters in BrachyVi-
sion™ treatment planning system (TPS) for Xoft Axxent
source. A dose of 20 Gray (Gy) X-ray radiation was de-
livered from a generator to the balloon surface to a small
very high-dose region close to the applicator, which at-
tenuates quickly (%) from 20 Gy on the balloon surface
to about 5 Gy at 1 cm from the balloon surface [12]. Xoft
has three energy modes of 40, 45, and 50 KVp, and we
double-checked our own office standard only for a well
chamber calibration coefficient of 50 KVp; therefore,
50 KVp was used for this study only and in clinical practice.

This experimental design was motivated by small and
thin breast sizes of Asian female patients, in which the
skin surface usually cannot meet the 1 cm requirement
during surgery. Therefore, a magnetic material of NdFeB
+ alloy-49 was used to repel photon-induced low-energy
electrons for skin preservation to compensate for defi-
ciency of tissue thickness, resulting in a gap of less than
1 cm between the applicator surface and the breast skin.

IORT technique and procedure - assessing
balloon size

Since the patient’s skin dose is related to the balloon
size, and the entire breast tissue in the cavity opposes the
applicator at a distance of no less than 1 cm during IORT
treatment, once our experiment’s results proved to be
useful, the diameter of cavity had to be evaluated with
a tool after tumor removal. The Xoft balloon shaft has
a series of small ports on the distal and proximal sides of
the balloon to remove small pockets of seroma or blood,
which might accumulate around the balloon. Some fac-
tors may influence the study results theoretically when
conducted in clinical practice, such as seroma, blood, and
cavity distortion. To avoid a significant amount of blood
oozing from capillaries during radiotherapy, hemosta-

sis of the breast wound must be rechecked. A distortion
could potentially occur owing to cavity formed around
the applicator. At the same time, one must note that the
dose delivered to target tissues can be changed due to the
distortion caused by the cavity. The usual size of the ap-
plicator was 30, 40, or 50 cm®. A purse-string suture was
used to conform the tissue and skin over the balloon in
lumpectomy cavity during treatment. The dose to target
tissues depended on how well the purse-string stitch was
made. To avoid the skin being positioned less than 1 cm
from the applicator, the stitch had to be made not within
subcutaneous tissues, but deep into the whole cavity edg-
es through the breast tissue. A major requirement should
be followed when the balloon applicator is in place, so
that the entire breast tissue in the cavity opposes the ap-
plicator at a distance of no less than 1 cm between the skin
and the applicator [13].

Neodymium-iron boron (NdFeB) magnetic
deflector and alloy-49 magnetism saturation
material

For neodymium-iron boron (NdFeB), a permanent
magnet of alloy-49 deflector with dimensions of 15 cm
x 15 cm x 0.1 cm was used as a photon-induced electron
contamination deflector. The weight was approximately
78.5 g for each of magnetic deflectors, with a 100 pm thick
NdFeB alloy-49 coating on 1 mm thickness industrial
flexible rubber. The surface with coated magnetic materi-
al (NdFeB), always faces the patient when used.

A magnetic saturation material called ‘alloy-49” was
applied, with a permeability of 1.05 to shift the magne-
tism at a distance of approximately 1 mm. NdFeB per-
manent alloy-49 magnet is a magnet with robust per-
formance within contemporary magnets. Its main raw
materials include metal ruthenium, pure iron, and bo-
ron-iron alloy. Alloy-49 conforms to spec ASTM A753
alloy type 2, MIL-N-14411 composition interface 3. This
magnetic saturation material can shorten the magnetism
at the interface of magnetic material and the skin. A Da-
ley electronics Tesla meter (T-22A) was applied to mea-
sure strengths of magnetic field. The magnetic strength
of neodymium-iron boron magnets + alloy-49 was 0.03-T
each, which was approximately 100 of 3.0-T MRIL which
was 10° times greater than the Earth’s magnetic field.
Magnetic influence was evaluated, when NdFeB alloy-49
was near other common electronic devices, such as com-
puter monitors and kilovolt generators [14].

Dosimetry of Xoft

Calibrations were performed by comparing well-type
ionization chamber response to air kerma with a NIST pri-
mary X-ray standard, and dosimetry of Axxent low-ener-
gy X-rays was commissioned [15-17]. The dosimetry of
superficial therapy and the dosimetry at the surface of
a phantom were recommended [18].

Axxent system incorporates a commercially available
well chamber and electrometer (Models HDR 1000 Plus
and MAX-4000, respectively) supplied by Standard Im-
aging Inc. A custom insert, with higher attenuation than
Standard Imaging Inc. also provided a typical insert, spe-
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cifically for the Axxent system (Standard Imaging Inc.,
part number 70088).

Output calibration

The NIST (National Institute of Standards and Tech-
nology) and the University of Wisconsin ADCL (Accred-
ited Dosimetry Calibration Laboratory) protocols were
adopted for EB sources air-kerma calibration. Air-kerma
strength was measured at 50 cm from the source surface,
perpendicularly to the long axis. The detector positioning
accuracy and the energy dependence of any solid water
material were the main uncertainties in this study. TG-43
formalism was adopted to calculate absorbed dose to wa-
ter. The absorbed dose of a reference point 1cm from the
source was specified using TG-43 report.

A calibration curve with GAF chromic film

GAF chromic film presented tissue equivalence
(Zos = 6.98), with a faster polymerization (image-form-
ing) process (readout possible after 2-4 hours) of absorp-
tion peaks, which represented energy independent of the
radiation. Increased sensitivity (useful dose range of ap-
prox. 0.02-0.8 Gy) and enhanced homogeneity (< 2% for
exposed film) were suggested to be used for quality assur-
ance and dosimetry in modern radiotherapy techniques.

An international protocol was adopted for film pro-
cess and optical signal analysis of the low-energy radia-
tion distribution [19]. GAF chromic EBT2 film (ISP Tech-
nology Inc., Wayne, NJ, USA; Lot # F05090901, expiry
date April 2019) was used. Density irregularities, caused
by uneven thickness of active layer by irradiating the
films with a double irradiation technique were removed,
which effectively reduced non-uniformity of GAF chro-
mic film. A double exposure technique was adopted to
deliver an initial dose of 2 Gy to each film on a linear
accelerator before irradiation, and was applied to the
film to achieve 2% of variation in dose uniformity [20].
Films were fabricated as 50 mm x 50 mm squares for ad-
vanced exposure prior to the study as a double exposure
technique, and then were embedded into a solid water
phantom at a depth of 5 cm. Because of layer separation
extending up to 8 mm, a frame of 40 pixels (approx. 1 cm)
from film edges was excluded from data collection. An
11 cm % 11 cm field size at SAD (source-to-axis distance)
of 100 cm was conducted for radiation delivery with
a photon energy of 6 MV of Elekta linear accelerator.
A graded dose from 0.1 Gy to 0.2 Gy in a step size of 0.1 Gy
was applied for calibration curve measurements.

Phantom measurements of photon-induced
electrons repulsed by NdFeB + alloy-49 in a linear
accelerator

The magnetic deflection power was assessed with
Elekta Synergy 6-MV photon beam at 11 cm x 11 cm, by
placing the chambers or GAF chromic film in a solid wa-
ter phantom, as shown in Figure 1.

A PTW Markus parallel plate ionization chamber in
a solid water stack phantom with a thickness of 1.4 cm
was used to measure magnetic repulsion of the photon-

solid phantom
(paralle! plate chamber holder 1.4 cm)

Fig. 1. Experimental setup of photon-induced electron re-
pulsion phantom measurements using NdFeB + alloy-49
under 6-MV high-energy photon beam linear accelera-
tor. The NdFeB side was facing parallel plate ionization
chamber for exit dose electron contamination repulsion
measurement. Conversely, the rubber side of magnetic
material facing plate ionization chamber has no function
in reducing electron contamination

induced electron contamination in a high-energy medical
linear accelerator [21]. A PTW Unidose model 30010 elec-
trometer at 300 V of bias voltage was connected through
a triaxial cable to chambers. The influence of various
NdFeB layers + alloy-49 in various solid phantom sheets
was measured to obtain exit dose build-up curves on the
central axis for open field to estimate optimal electron
contamination repulsion. The magnetic electron deflector
was made with a thickness of 1 mm of NdFeB attached
by a 1 mm thick rubber. NdFeB side faced a parallel plate
ionization chamber for electron contamination repulsion
measurement, while facing the rubber side to the parallel
plate ionization chamber did not reduce electronic con-
tamination. A magnetic saturation material alloy-49 was
placed in front of NdFeB to shift the magnetism on the
interface of magnetic material and the skin, as shown in
Figure 1. Electron contamination repulsion rate was de-
fined by a ratio of reading with NdFeB side + alloy-49
facing parallel plate ionization chamber to that of a p-p
chamber reading without any magnetic material. All the
measurements were repeated 5 times to ensure that the
deviation of electrometer readings gathered from the ion
chamber was less than 0.5%. All the data were calculated
or measured for population standard deviation and sam-
ple standard deviation. The overall population standard
deviation was 0.048%, and the sample standard deviation
was 0.051%. The standard errors of mean and 95% confi-
dence interval were 0.016% and 0.031%, respectively.

GAF chromic film was placed at positions 1, 2, and 3
(as shown in Figure 1), or with more thickness in a solid
water phantom to compare the exit dose curves acquired
by a parallel plate chamber to examine electron contami-
nation repulsion ability.

Film processing

Epson Expression 10000XL scanner was used for the
film scanning in 48-bit RGB mode, and the data were
saved in a tagged image file format (TIFF). To obtain an
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H-D calibration curve, the optic density to dose conver-
sion was analyzed using VariSoft for imaging processing.
To reduce the variation in OD to within 2%, the films
were scanned in a landscape orientation [22]. To reduce
temperature-dependent effects, the experiments and film
processing were conducted at room temperature [23]. All
optical density conversions were performed within one
day after irradiation to avoid time effects during the mea-
surements. Forceps were used to manage GAF chromic
film to minimize scratching and fingerprints. OD, net op-
tical density was determined using the following equa-
tion:
OD = logy, (Ip/1),

where I was the background (i.e., the scanner signal for
an unexposed film), and I was the scanner signal for the
exposed film.

Red filter

The net optical density resulted in an H-D curve as
a function of radiation exposure or dose. To increase
the gradient of the H-D curve, a red filter was placed on
GAF films to increase the resolution of dose-OD response
curves [24] during film scanning. By subtracting the read-
ing for base signal from the measured optical density and
to obtain the net optical density, the quantity of radiation
dose was derived.

Photon-induced electrons repulsed by NdFeB
+ alloy-49 in Xoft

Three sets of different cavity volumes of 30, 40, and
50 cm? solid water phantoms were made to simulate the
balloons inside breast-conserving surgery cavities, and
to measure the repulsion of photon-induced electrons by
NdFeB + alloy-49 in Xoft (Figure 2).

The balloon was placed at three different orientations
of catheters to the surface angle for surface dose mea-

The experiniental set up of skin dose measurement by NdFed + Alloy 49 repulsion on Xoft balloon

4 set of Radio-chromatic film (RCF) were placed adjacent to the dan surface and
fix in place without movement with tapes in order to measure the skin dose.

Fig. 2. A sheet of GAF chromatic film was placed adjacent-
ly to the phantom surface and kept in place with trans-
parent tape on the breast phantom, with the catheter at
an angle of 45° oblique to the surface, to measure the skin
dose in a single-dose IORT. A set of radio-chromatic film
(RCF) were placed adjacent to the skin surface and fix in
place without movement with tapes in order to measure
the skin dose

surement. The constructed design of the balloon cavity
surface-to-phantom surface distance was 0.1 mm, and
a phantom skin-like bridge could be created by adding
the solid water phantom, 1 mm by 1 mm, to any desired
thickness. Skin dose measurement was performed with
a stationary dwell position located at the balloon isocen-
ter, providing the predicted dose of 5 Gy at 1 cm from
the balloon surface. The prescribed dose was assigned to
the skin surface if the distance between the balloon sur-
face and the skin surface was less than 10 mm. Measure-
ments were also performed when the minimum distance
from the balloon surface to the skin surface was less than
10 mm. Considering the patient load tolerance of magnetic
materials and the efficiency of repulsion of electronic con-
tamination, only three layers of NdFeB + alloy-49 sheets
were placed on the phantom surface to simulate clinical
situation. GAF chromic film was then embedded between
the NdFeB sheet bottom and the top of solid water phan-
tom layers for the skin dose measurement. The repulsion
rate of electron contamination was defined by the ratio of
dose converted by a GAF film on the phantom surface-air
interface to that of NdFeB side-facing GAF film.

Balloon insertion orientations to optimize skin
surface dose delivery

According to the operation procedure, the balloon
insertion orientations to optimize skin surface dose de-
livery were also evaluated. Small distance between the
balloon and the skin surface could result in a skin dose es-
calation. The symptom of telangiectasia is believed to be
associated with late skin toxicity if the distance from the
balloon to the skin is short. Anisotropy, with constriction
of isodose distribution at the proximal end of the catheter
is beneficial for preventing skin damage caused by elec-
tronic brachytherapy using balloon applicators. Such an-
isotropy can be considered an advantage in reducing skin
dose, when the distance between the cavity and the skin
is small. In this study, an optimization of the skin surface
dose was simulated with various balloon-insertion orien-
tations using home-made breast phantoms. Three differ-
ent catheters, perpendicular to the surface, oblique to the
surface at an angle of 45°, and parallel to the surface, were
placed on surface orientations for the geometry-driven
dose optimization analysis.

Film exposure orientation by Axxent Xoft

Radjiation doses of 2 Gy were applied to GAF film in
advance using an Elekta linear accelerator as previously
described for dose uniformity in calibration curve mea-
surements. 11 cm x 11 cm square films were then embed-
ded between the NdFeB sheet bottom and the top of poly-
styrene layers to simulate a clinical setup for skin dose
measurement. The catheter was placed at three different
surface orientations, including perpendicular to the sur-
face, oblique to the surface at 45°, and parallel to the sur-
face. Then, Nucletron Plato treatment planning system
(Nucletron, Columbia, MD, USA) was used for three-di-
mensional dose distributions. The dose was optimized to
target volume with different thicknesses of polystyrenes
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on the balloon surface by selecting multiple dwell posi-
tions at three different catheter-surface angles. A vol-
ume from the balloon surface to a 1.0 cm distance from
the phantom surface was defined as the target volume.
The results of film exposure with NdFeB were compared
with those of film exposure without magnetic materials
to evaluate the reduction in skin dose.

Results

Photon-induced electrons repulsion with NdFeB
+ alloy-49 using linear accelerator

The skin exit dose reductions achievable with the in-
troduction of magnetic deflector under a 6-MV high-en-
ergy photon beam, measured by GAF chromic film and
parallel plate ion chamber are presented in Figure 3 and
Figure 4, where a 2% within 2 mm of electrons repulsed at
exit dose in this measurement is also shown.

Film calibration curve

The calibration curve was sensitive and therefore
steeper when the film was scanned using a red color filter
(Figure 5). The dose of radiation was then derived from
a densitometer OD.

The results of chamber measurement were compared
with films since the film was considered as a standard
with higher resolution in relative dose measurements.

Skin surface dose according to balloon-insertion
orientations

Varied sizes and shapes of balloon applicators result-
ed in different radiation dose ratios between tissues at the
surface and the prescription dose. The reduction in dose
delivery when using NdFeB with an applicator-skin dis-
tance from 1 to 10 mm, ranged from -2.44% to -5.73%, and
-4.71% to -7.51% for balloon volume from 30 to 50 cm?, re-
spectively (Table 1B). It was obvious that the magnetic re-
pulsion was more effective when a large balloon was used
at any depth between the balloon and phantom surfaces.

The comparisons of skin doses were obtained in read-
ings with and without NdFeB + alloy-49 at the surface
point. A measured dose of 81% was the lowest surface
dose for the perpendicular orientation compared to the
predicted dose at a 1 cm distance from the balloon sur-
face. The parallel orientation had the highest surface dose
of 135%, while the oblique orientation showed interme-
diate results with a surface dose of 98%, compared to the
predicted dose of 1 cm from the balloon surface. Tables
1A and 1B show only the skin surface dose repulsion with
NdFeB + alloy-49 at 45° balloon-insertion orientations in
three different balloon sizes. To simulate a clinical situa-
tion, the measurement of skin dose at every thickness was
conducted. Thicknesses showed in Tables 1A and 1B are
the distances from the dose predicted point on the bal-
loon surface (for example, 10 mm thickness means that
the distance was 10 mm from the balloon surface). The
reduction using NdFeB at an applicator-skin distance of
10 mm (10 mm thickness in Table 1B), ranged from -5.73%
to -7.51% for balloon sizes of 30 cm? to 50 cm?, and only

10015 p I

99 | Open

With NdFeB + alloy-49

12345678 91011121314151617 18 19 20
Distance from SSD 100 cm (mm)

Fig. 3. Results of photon-induced electrons repulsed at

exit dose measured by GAF chromic film with NdFeB

+ alloy-49 using a linear accelerator at a 6-MV high-energy

photon beam
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Distance from SSD 101.4 cm (mm)

Fig. 4. Results of photon-induced electrons repulsed at exit
dose measured by parallel plate ion chamber with NdFeB
+ alloy-49 using a linear accelerator at a 6-MV high-energy
photon beam

2.6 4
Calibration film with red filter
g 2.4 qCalibration film without red filter \.+"
% .."...
& 22
. ,
0.01 1 2 24

Fig. 5. Calibration curve was steeper when scanned with
a red color filter, and radiation dose was then derived
from the measured optical density on the film

-1.77% to -3.55% at an applicator-skin distance of 0 mm
(0 mm thickness in Table 1B) for balloons with volumes
from 30 to 50 cm?®. The skin dose reduction was at a max-
imum when the distance was 10 mm from the 50 cm? bal-
loon surface.
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Table 1. Skin point dose repulsion from dose prescription of 5 Gy pointed 10 mm from the balloon surface
with NdFeB + alloy-49 on balloon proximal point with 45° balloon-insertion orientations in three different

balloon sizes

Thickness? (mm)

Without NdFeB

Balloon size with 3 sheets of NdFeB + alloy-49

30 cm3 40 cm3 50 cm3
10 37.00 +0.06% 34.68 +0.05% 33.20 +0.04% 32.92 +0.06%
9 39.10 +0.05% 36.80 +0.04% 35.37 +0.06% 35.08 +0.06%
8 42.10 £0.04% 39.80 +0.05% 38.42 +0.06% 38.10 +0.05%
7 45.10 +0.05% 42.80 +0.06% 41.47 +0.05% 41.13 +0.05%
6 50.50 +0.05% 47.70 £0.05% 46.01 +0.05% 45.63 +0.05%
5 57.10 +0.05% 54.60 +0.05% 53.30 +0.06% 52.86 +0.06%
4 64.10 +0.04% 61.50 +0.04% 60.24 +0.06% 59.74 +0.04%
3 70.20 +0.05% 67.40 +0.05% 66.06 +0.04% 65.52 +0.05%
2 80.10 +0.06% 77.10 £+0.05% 75.75 +0.04% 75.14 +0.06%
1 90.10 +0.05% 86.90 +0.06% 85.55 +0.05% 84.86 +0.04%
0 99.20 £0.06% 96.44 +0.05% 96.05 +0.04% 95.68 +0.05%

AThickness as the distance from the dose prescription point at 10 mm from the balloon surface (for example, 10 mm thickness indicates that the distance is 20 mm
from the balloon surface) with the balloon-phantom surface angle at 45° The overall population standard deviation is 0.048%; The sample standard deviation is
0.051%; The standard error of mean and 95% confidence interval are 0.016% and 0.031%, respectively

Table 2. Skin dose repulsion at less than the dose prescription at a 5 Gy point, with a certain distance from
the balloon surface using NdFeB + alloy-49 on the balloon proximal point, with 45° balloon-insertion orienta-

tions for balloons of three different sizes

Thickness? (mm) Without NdFeB

Balloon size with three sheets of NdFeB + alloy-49

30 cm3 (Gy)

40 cm? (Gy) 50 cm3 (Gy)

10 5 Gy P (4.05 Gy©) 3.85 +0.031¢ (-4.93%) 3.81£0.03 (-5.93%) 3.77 +0.033 (-6.91%)
9 5 Gy (4.11 Gy) 3.97 £0.029 (-3.41%) 3.89 +0.028 (-5.35%) 3.86 + 0.030 (—6.08%)
8 5 Gy (4.15 Gy) 4.02 +0.023 3.95+0.025 3.91+0.029
7 5 Gy (4.18 Gy) 4.06 +0.021 3.99 +0.020 3.97+0.024

Thickness: the distance of the dose prescription point at a certain distance (mm) from the balloon surface with a balloon-phantom surface angle at 45°; Ptreatment
plan prescription dose: the point of dose prescription is the thickness from the balloon surface; “actual measured dose; Skin dose repulsion with NdFeB + alloy-49

Table 2 describes skin dose repulsion at less than pre-
dicted 5 Gy point at a certain distance from the balloon
surface with NdFeB + alloy-45 on the balloon proximal
point, with 45° balloon-insertion orientations for three
different balloon sizes. The reduction using NdFeB + al-
loy-49 at an applicator-skin distance of less than 10 mm,
ranged from -4.93% to -6.91% for balloon volumes from
30 to 50 cm?, respectively.

Discussion

Scatter electron energy induced by a 50-kV photon
beam can be compared with an interaction of high-en-
ergy photon with orbital electron. If the incident photon
has very high energy that is much greater than the resting
energy of electron, the photon drops most of its energy
to Compton electron, therefore, the scattered photon has
much lower energy. Thus, maximum scattered electron
energy induced by 6-MV high-energy photon beam is
approximately 0.25 MeV. The average photon energy
of 50 KVp produced by Axxent eBT used in the current
study was about 17 KeV. According to Compton scatter-
ing equation, the maximum scatter electron energy from

a 50-KeV photon was 1.1 KeV when photon scattered at
an angle of 6 = 180°, and the maximum range in water
(soft tissue) of electron energy 1.1 KeV was 0.0055 mm. In
the present study, the electron induced by 50 KVp pho-
ton in Axxent eBT could be neglected or repulsed by neo-
dymium-iron boron (NdFeB) + alloy-49. We learned that
the skin dose was the sum of initial kinetic energies of all
the charged ionizing particles (electrons and positrons)
released by the uncharged particles (photons) in the basal
and dermal layers [25].

The deflection and removal of high-energy electrons
produced by a medical linear accelerator was attained
by a neodymiume-iron boron (NdFeB) + alloy-49 per-
manent magnetic deflector device, in which photon-in-
duced low-energy electrons are removed by magnetism.
Low-energy photon exits the skin surface and penetrates
through magnetic material without contributing any
backscatter dose to the skin. Therefore, removal of elec-
tron contamination from a 50-kV electronic brachythera-
py machine was achieved using NdFeB magnetic materi-
als + alloy-49 magnetic saturation materials in this study.

To maintain optimal tumor cavity coverage and to
minimize skin dose, the optimized Xoft Axxent balloon
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catheter and multiple dwell positions were used when
the cavity-to-skin distance was small.

A lead-rubber protection sheet of 0.25 mm Pb equiv-
alent is usually applied to cover the patient over the ap-
plicator in breast IORT treatments for radiation safety
considerations [26, 27]. NdFeB + alloy-49 magnetic ma-
terial can be used for EO sterilization only to avoid dam-
age of volatile toxicity compounds. NdFeB + alloy-49
and other parts of the devices were ethylene oxide-ster-
ilized before use. The skin above the breast of IORT le-
sion was wrapped with a sterilized plastic film before
applying magnetic material to the patient skin surface.
Using three stacked NdFeB + alloy-49 layers to repulse
photon-induced electrons, not only provides skin pres-
ervation but also protects the patient during radiation
treatment.

This system is contraindicated for implanting a bal-
loon applicator if the size of resected tumor cavity is not
consistent with inflated volume range, and general shape
of a specific balloon is selected. A patient is not considered
a candidate for radiation therapy with Axxent electronic
brachytherapy system, if a minimum distance from the
balloon surface to the skin surface is less than 7 mm. In
certain conditions, for example, in patients with extreme
or unusual anatomical features, such as extreme rib cur-
vature or very irregularly-shaped lumpectomy cavities,
the balloon applicator could become asymmetrically lo-
cated, affecting conformal delivery of the radiation dose
to the target tissue.

Conclusions

A magnetic material was used in a single-dose IORT
to reduce breast skin radiation damage when the gap be-
tween the applicator surface and the patient’s skin was ei-
ther more or less than 1 cm. The skin dose reduction using
NdFeB at a certain applicator-skin distance could range
from a minimum of -2.44% to a maximum of -7.51% for
balloon sizes of 30 cm? to 50 cm®. We noted that, in case of
Asian patients, female breast shapes and sizes tend to be
thin and small; therefore, the skin envelope usually could
not meet the 1 cm requirement. Due to cosmesis and skin
sparing required, we recommend that patients use mag-
netic material to repulse electrons for skin preservation
during conservative early-stage breast cancer intra-oper-
ative radiotherapy.
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