VALIDATION MEASUREMENTS OF DOSE DELIVERED FROM A NOVEL ELECTRONIC BRACHYTHERAPY X-RAY SOURCE
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ABSTRACT

pose: To measure the dose delivered by an electronic brachytherapy source during simulated treatment in a water phantom utilizing
ion chamber dosimetry and radiochromic film.
+ Waterials and Mothods: The Xoft Axxent™ Electronic Brachythorapy Syst a novel miniature x-ray source operating at 40, 45 or
¥y o delive High Doso Rato levels of radatin for alectroni brachytharapy treatmant of breast cancor, The sourc is nsared into a
Ealioan aplicatis which is surgioally placad wiin e brasst. During ireautant, the Souroe s retracied under computer control iraugh
aseres o stops to optimize conformity of the doso 10 the oncologists prascriptin, typicaly 3.4 Gray per fraction a 1cm from the bailogn

+ Results: In this study,the clinical application was simulated using a water phantom. A PTW Wodel 34013 Soft Xay Chamber provided
readings of the dose deliverot
made in a plane parallel to the source axis to
measurements include m for the energies and doses of interest. Image analysis
tools were developed allowing quantitative comparisons of the dose delivered to the dose predicted from a BrachyVision treatment
planning system.

+ Gonclusion: Tho measuramants prosentad evauate tho fidlty ofthe delvered dose to tho prescrption of 3.4 Gy por fracton, at 1 cm

in a plane paraliel

e Xett Inc. FinancialDisclosure: All authors are employees of Xof, . OftLabel

system is currently under 510(k) review by the FI

losure: The Xoft Axxent™

INTRODUCTION

+ Accelerated partial breast irradiation (APBI) using brachytherapy can significantly shorten the treatment time
required by radiotherapy but is labor intensive, requires a skilled operator, and can be uncomfortable for patients.
Many radiation treatment centers cannot afford to maintain active isotopes or to build the shielded treatment room
for high dose rate (HDR) brachytherapy.

Xoft has developed _an
electronic  (non-isotopic)
HOR brachytherapy _device

formal
e

inner surface of a body

cavitymichYe [anercizad

tumor bed.

* The mm-l application of the.

Xoft  Axxent~  Electronic
Brachytherapy System is to
the conservative treatment of
breast cancer utilizing
balloon-based partial breast
irradiation.

+ See poster by JW Rieke,
ABS 2005 Annual Meeting,
for Treatment Results with
the Axxent system in a
Goat Mammary Model.

 See oral presentation by MJ
Rivard, ABS 2005 Annual
Meeting, for TG-43 dosimetry
parameters with the Axxent™
System.

DEVICE DESCRIPTION

+ The Xoft Axxent~ Electronic Brachytherapy System, consists of the X-ray Source, the Balloon Applicator and the

Controller.

+ The X-ray Source comprises an X-ray source in a multi-lumen catheter that allows cooling fluid to circulate over the
tube. The X-ray tube is ~2.25mm in diameter x 15mm long and is attached to a high voltage cable and encapsulated
‘within an electrical ground.

» The Disposable Balloon Applicator |
The balloon applicator, a sterile,

unctions as its guide.

= hvcen CloyztenlContraf provides pomed ol CoaviSouioslasiwel st s L m ooy Souepasiioned

the balloon is

it contains one of five balloon sizes/shapes: three spherical and two ellipsoidal.
iisposable, single use device, is designed for the water-cooled x-ray source and

+ Disposable accessories for placement of the applicator s well as an optional radiation shield and system controller
accessories are available.

‘The Xoft Axxent System is for investigational use only. FDA clearance pending.

26% American Brachytherapy Society Annual Meeting, June 2005, San Francisco, CA

METHODS

+ Objective: To measure the absolute dose delivered and dose
distribution from the Xoft Axxent™ electronic brachytherapy
source during simulated treatment in a water phantom using ion
chamber and radiochromic film dosimetry to validate the
treatment plans run in a Nubian milk goat animal model.

Four treatment plans were generated by BrachyVision software
(Varian, v6.5) for 3-4 cm spherical (inflated to 34 mm) and 5 x 7 cm
ellipsoidal (inflated to 48 and 50 mm) balloons and operating
potentials of 40 and 50 kV,. Each treatment plan involves stepping
the source within the balloon applicator to deliver an optimally
conformal dose to the prescription point. In all cases the

.

.

.

prescription dose was 34 Gy

at 1 cm from the balloon surface

allowing variations of up to 0.17 Gy (5%), delivered in 10 fractions.
Dose magnitude and distribution in a water phantom were
measured for a single fraction for each plan.

GAFChromic Type EBT radiochromic film was used to determine

the dose spatial distribution.
with the PTW dosimeter readings.

Film was exposed simultaneously
Five inch square sections of

film were prepared with holes cut out in the shape of the

appropriate balloon applicator.
of

Film samples were located 5 mm

ff the central axis of the source, in a plane parallel to the source
and applicator shaft. See Figures 2 and 3.

Absolute dose measurements were made with a calibrated PTW.
34013 dosimeter and PTW UniDos electrometer and read into a
computer. The dosimeter was located at the prescription depth in
the transverse plane (at 90 degrees) of the balloon. Instantaneous
dose rate readings were integrated by the computer program over
the treatment time period to obtain the total dose. See Figure 4.

Figure 3. Schematic
view  of  fim
calibration fixture.

above a water tank.

precise posur
time control (gray).

Flyum 2. Schematic

through the applicator shaft.
The PTW dosimeter holder
i left with

ixture.
in alarge water bath.

RESULTS

Dosimetry-Based Measurements

+ Dosimeter measurements were med at least once for each
reament plan, The-dose R sveraged_ over runs with
difterant_sou i column,
“MeasurodlPrescrption” dose rafo, epresents our best esimate of the
dose delery accuracy for each trastment plan.

Table 1. Dosimetry Data

Xray Balloon Prescription Measured Measured /
Energy  Size/Shape Dose Dose Prescription
40kVp 34 mm spherical 406y 418Gy  1.045%
40KVp 50 x70 mm elliptical 4.0 Gy 416Gy  1.04%.05
50kVp 34 mm spherical 346y 304Gy 089"

50kVp 50 x70 mm elliptical 3.4 Gy 345Gy 1.015+.12

+ Agreement of measured dose with target dose in individual
measurements was within 11% or less, with an RMS difference of 8%.
The most significank souross of uncarainty included position of the
source anc balloon appllcitor, dosimeter-balloon_surface
Gntonce and cllbration facors (& iose rate constant A) for the
ey soreess L Eoqtialamaliad ) o) balloon at the towest energy (40

v, ity ince is approximately 12% per mm at the
presnnpllon point: i Iarger Salloons at 50 KV, t is 8% per mm at the
prescription point. Therefore small inaccuracies in positioning the

balloon applicator and dosimeter in the fixture will manifest as non-
trivial sources of inaccuracy. We estimate our placement accuracy to

be approximately 1 mm.

The treatment planning system (TPS) sets nominal dwell times based

on the nominal TG-43 parameters, and the controller adjusts these

times based on the source strength as measured in a well chamber just
prior to use. Dose rate constants were measured at 40 and 50 kV, with

sevoral sources,  Scater In the readings was 6% (1 sigma of 4

measurements) at 40 kV, and 15% (3 measurer

the limited statistics, a 5 to 10% uncertai

Voltage settings, which directly iraneiated into a § t 10% uncertainty in

the dose measurements reported hert

Taking uncertainty In physical positioning in the fixture and that in A

into account, the agreement between planned dose and measured dose

iis quite acceptable.

.
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Figure 4. Display of instantaneous dose rate data (red) and integral
of dose rate, hence, total dose (blue) for one treatment plan.

+ The PTW dosimeter current was read into a computer during the
treatment as shown in Figure 4. The red data series is the
instantaneous dose fats (s2at at Fight) in Gy per reading, which wers
0.50 seconds apart. Time in seconds is plotted on the horizontal axis.
As the source is stepped from distal to proximal ends of the applicator,
the dose rate rises and falls at the dosimeter position as shown by the
discrete steps in the data. The instantaneous rate is integrated over
time to give the total dose (blue). The total dose in the figure is 3.75 Gy,
where the prescription dose was 3.4 Gy, and the dose from the
treatment plan for that point was 3.52 Gy.

RESULTS

Matching of Shape of Isodose Contours to Data
« Our goal is to compare the film data with the predictions of the plan, using the
isodose contours from the treatment planning system. Along each contour, the
values should be constant if the exposed image is in perfect agreement with the

age of 40 kV, 34 mm balloon is shown in Figure 5, where the

each contour the values should be constant if the exposed image is in perfect
agreement with the dose plan.
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Figure 5. Calibrated film image for 40 KV 34 Figure 6. Product of calibrated film image with

legend at upper right. The distal end of the values on the film at the positions of the
source is toward the bottom of the image. contours.

+ Figure 6 shows the mask-extracted film data, using the same LUT as Figure 5. If
one traces around any of the contours with one's eye, the color should remain
constant. Qualitatively this appears to be the case, but such a visual evaluation is
unsatisfactory. However it is possible to evaluate the results more quantitatively.

orfsac e Selpolfl ol theliegal EroN o)t e yall TTscorsd aral yarip
about the center is calculated. Contiguous points are ta gether in an array,
earreapon bfi-Teechloffial I oaslconoors i arrays are then plotted 2

data series, as a function of angle (Figure 7).

+ The "unwmpped isodose contour values are shown in Figure 7. In the ideal case
the data series would be perfectly flat lines, with values corresponding to the
isodose contour values from the treatment plan. The higher values correspond to

the innermost contours. The results, while naturally not perfectly flat, do evidence
behavior that is nicely evocative of the ideal.

|
Figure 7. Values of the pixels along contour lines, “unwrapped”, and plotted as.
a function of angle. Zero degrees is at the distal end of the balloon. The ideal

50 s a serios of perfoctl flat lines with values corresponding to the isodoso
contour values (40 kVp 34 mm spherical balloon with tube 1424).

e s tonticetheninneciissine flpisns weealconsietent i hedeia forsnel
first treatment plan. The standard deviation percentages
flatness) for those treatment plans were all under 10% except one,
10.1%, indicating good conformance of the measured data to the shape ofine 198
isodose contours.

RESULTS

Comparison of Measured vs Target Values

+ A quantitative comparison with the BrachyVision plan dose is shown in

Table 2. Columns average
moasured Gy, the difforence in porcent, the standard deviation sigma of
the data points in each series, and the sigma in percent.

« In Table 2, the ahsolu(e dose values near the prescription point are
within 6% of tary rease further away to a maximum of 22%.
Considering the uncertaintes inherent in the nonlinear fim calibration

d the fitting process, this is very consistent behavior.

Table 2. Comparison of average measured and treatment plan target
values along the "unwrapped” isodose contours. (Tube 1424, 40 kV,
34 mm spherical treatment plan)

Target (Gy) Average (Gy) Difference (%) Sigma (Gy) Sigma (%)

120 144 20% 012 83%
200 224 12% 022 9.8%
320 336 5% 030 89%
4.00 398 A% 030 7.5%
480 453 5% 028 62%
6.00 527 2% 027 51%
8.00 620 2% 030 48%

ual lines in
Figure 7 reates directly o this matric. The standard deviation cotumns
of Table 2 quantify the flatness in units of Gray and percent. These data
are under 10% in all cases, indicating good conformance of the
measured data to the shape of the isodose contours.

SUMMARY

+ Radiation treatments with the Xoft Axxent™ system
were run water phantom following the same
treatment plans used in the animal trials of January
2005. Both ion chamber and film dosimetry were used
to il the itati and itati

characteristics of the dose delivered per fraction.

Dosimetry indicated that the absolute dose delivered at

the prescription depth in the balloon transverse plane

was accurate to + 11%.

For validation of the spatial distribution, film

measurements were made 5 mm from the plane of the

'source over a 5" square area. The film data was image-

masked with isodose contour lines from the

BrachyVision treatment plans, then dose values were

extracted along the isodose contours and plotted as a

function of angle. These values were then analyzed for

average value and flatness.

# The flatness of the data series, as measured by the
standard deviation of all points on the contour Ime were

all good (o an average of well under 10%.

very good of the spatial distri

delivered dose to the plan dose.
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