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Benchmark of EGS5 for 1251 brachytherapy in

comparison to glass rod dosimeter and treatment : :
lanni ¢ a0 AAPM-TR43U1 f ” To develop a dose calculation method applicable to
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- geometry lacking the equilibrium radiation scatter conditions
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Methods (Exp.) Methods (Exp. Cal.)

Irradiation for 1 day Phantom centerline ¢ Grp supporting plate
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GRD supporting plate

Water phantom

(18cm diam. X 16cm) o B . Line along which
: y 1 i /" GRDs were set.

125] seed: 0.414 U, 12.1 MBq
(Oncra Inc. Oncoseed 6711)
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glass rod dosimeter - N _ _
(Asahi Techno Glass GD-302M) 1 GRD position (r: 1or2cmint., 6, ¢: 45 deg. int.)

Some GRDs close to phantom surface :

Calibration: . . . .
Backscatter margin less than 5 cm (insufficient)

6MV, 10cm into ToughWater, STD 100cm, 10.0MU (80mGy)




Methods (Exp. Correction)

Calibration at 6MV _ DGMV
to correct sensitivity ‘96 MV

difference among detectors \ R6 MV

Absorbed dose

to water by 125] 7_ 25| “Eomv
Normalization to TG43U1 at
reference point (1cm, 90deg) Energy response

To compare relative distribution correction

Reading of dosimeter

Methods (Exp. Correction)

Absorbed dose .
to water by 25| D125| =F- R125| “Eemv E

_ ('ue” /'0)125I,Water/GIass
(/’len /p)6MV \Water/Glass

(luen /p)x,Water

Ken/ p (cm2/g)

(;uen /p)x,Water/GIass =

Z(/uen /p)Ei,m Ii
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Methods (Exp. Correction)

Absorbed dose _
to water by 125] Dl25| =F- R125| "Esmv E

(ten I Py Water (-

(/uen /IO)GMV,GIass
f

86 MV Detector deviation etc.

Dewy = E@ - (14, /p)GMV,GIass 1

Reading: glass dose
Needed: water dose

J.H. Hubbell and S.M.Seltzer,
NISTIR 5632 (Ver 1.4); 2004
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EGS5
Geometry : phantom, GRD, seed,
Styroforam stand (,Pb, wall)
Seed: RM.Kennedy et al.
Med. Phys. 33 (2010) 1681-1688

0.07mm thick Ti




Methods (Cal.)

125] : NuDat2 (http://www.nndc.bnl.gov/nudat2/ )

Energy E, (keV) Intensity I; (%0)

3.77 14.9
27.202 40.1
27.472 74
30.944
30.995
31.704

35.4922

Methods (Cal. for TG43U1 parameters)

Water sphere
T

Source
/centerling |
, |

 Radial dose function g (r), 2D anisotropy function, F(r,6)
* EGS5

* Varied r and @following TG43U1
» Tally radius : 4 % of r

Methods (Cal. Correction)

Absorbed dose to water by 1]

\
/ 125
D:F‘OE'(ﬂen p) I,Water.N
/ (,Llen /'O)lzsl ,Glass

EGS output
(Glass dose)  Energy correction (0.328)

Photon/integration

Amount of disintegration
complicated to include source air kerma
- integration of apparent activity with
time, and determined F for this N

Hen/ p (cm2/g)

0.001 001
Energy (MeV)

Methods (TG43U1)
. Radial dose function (absorption and
Dosimetry used for brachytherapy buildup dependent on r at 90 deg.

Dose rate Air kerma strength

Dose rate constant
(to water dose)

Geometry function
1/r"2

Anisotropy function (absorption and buildup
dependent on theta at r)




Result (Normalization factor F) Result (normalized, distribution in/on phantom)

Normalization at reference point of TG43U1 (1cm, 90 deg)
especially reliable : abundant data for composing formalism

GRD (10.097 Gy at 90 deg, Agrees within 3 % : validity of GRD
0.098 Gy at 270 deg) F =097

\
| TG43U1 (0.095 Gy) |

o
—

GRD supporting plate

Phantom |

EGS5 (0.053 Gy) centeriing|

Low value is reasonable because we used
integration of apparent activity with time as
amount of disintegration | | |
Available : kerma strength — apparent activity. EGS5 reproduces dose distributions by GRDs to within 25%

Purpose : relative distribution, - 18 cm in geometry lacking equilibrium radiation scatter conditions.
absolute to be normalized

Dose (Gy cm?)
Dose (Gy cm?)

Method (Uncertainty estimation) Method (factors to make uncertainty)

Formalism Parameters g for EGS5

Partial derivative (1) the position of the silver rod in the Ti shell (220.4 mm in longitudinal
) . oY |Y (9,a) =Y (9, )| direction and 0.08 mm in transversal direction with respect to the
Y:value required - = .
g: parameters with uncertainty 00 Omax — i source centerline) .
) ] e A (2) the angle (0-3° ) between the rod and Ti shell axes
(3) end weld thickness variations (£0.15 mm)
(4) radioactive layer thickness (1.0-2.5 mm)
(5) Ti capsule thickness variations (£0.01 mm)
(6) rod end face diameter (60%-80% of the maximum rod diameter)
(7) GRD position variations (£=0.15 mm in transversal direction with
respect to the GRD centerline) only for GRD setup

Standard deviation o. = M
(rectangular probability distribution) it 2\/§

2
Combined standard uncertainty with 20y _ al )2
coverage factor 1 : CSU(k=1) o (Y | Geo) ;[a ] (agi

Parameters g for GRD

(1) Photon energy from 125 | (3.77 to 35.4922 keV)




Result (Uncertainty estimation) Result (Uncertainty estimation)

Uncertainty for EGS5 calculated dose using GRD experimental setup. Uncertainty for GRD measurement

Uncertainty at (», &

Geometry parameter (1em, 90°)  (3cm, 270°) (6 cm, 45°) (2 cm, 0°) (9 cm, 90°) GRD uncertaintics
&
Type A
Component pe /
MC statistic 0.1% 0.5% 1.5% 0.4% 2.0% I Type A Type B
Type B (Geometry) Repeated GRI) measurements 2.0%
Rod shift (transversal) 0.5% 0.4% L1% 3.2% 1.0% Uniformity of dose at GRD calibration 2.0%
Rod shift (longitudinal 9 9 ° > ° - ,
od shift (longitudinal) <0.1% 0.3% 1.1% 4.6% 0.1% GRD sensitivity 2 4% 3.0%
Rod tilt angle 0.2% 0.1% 1.2% 0.2% 2.4% . )
. GRID position 0.1-1.7%
End weld thickness <0.1% <0.1% 0.4% 4.4% 2.0%
T g a A0
Halide layer thickness 0.9% 0.9% 2.1% 2.9% 1.4% Encrgy response 8.4%
Ti wall thickness 2.1% 2.0% 2.6% 2.6% 3.5% Source strength 2.0% 2.0%
End face radius 0.1% <0.1% <0.1% <0.1% 0.5% Quadrature sum 3.7% 09.4-9.6%
GRD position 1.7% 0.8% 0.4% 0.8% 0.1%
Quadrature sum 2.9% 2.4% 3.9% 8.2% 5.0% Combined standard uncertainty (k = 1) 10.1-10.2%
Combined standard MC

0, 0, 0, 0, 0,
uncertainty e = 1) 2.9% 2.4% 4.2% 8.2% 5.4%

Result (EGS 5 ---- TG43U1 parameter)

Result (Distribution in/on phantom)

Radial dose function 2D anisotropy function
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EGS5 reproduces dose distributions by GRDs to within 25%
in geometry lacking equilibrium radiation scatter conditions.

50

the combined standard uncertainty with the coverage factor of 2 to 3. 0(deg) 0(deg)




g(r) ratio

I’(CI’T‘I)

F(r,) ratio

r=lcm

40
O(degree)

40
6(degree)

Agreement consistent with previous study

g(r) to within 9%

F(r,6) to within 5% except for
40 %(0.5cm, 0deg), 27 %(0.5cm, 5deg),
32%(0.5cm, 10deg), 16%(0.5cm, 20deg),
31%(1cm, 0deg), 21%(1cm, 10deg)
10%(1cm, 20deg) and (2cm, 10deg)

Summary
Agreements between EGS5 with Kennedy’s source , GRD, TG43U1

EGS5 agreed GRD in 25%.
Absolute value of GRD agreed with TG43U1 in 3%.

. F(r,q) and g(r) by EGS5 agreed with TG43UL1.

=mmp | Supports validity of EGS5, GRD, TG43U1

 EGS5 calculation is a potential option for treatment
planning applicable to inter-seed attenuation and

geometry lacking equilibrium radiation scatter.
* GRD can also be used in brachytherapy dosimetry.

Detailes in : K.Tanaka et al. Med. Phys. 38 (2011) 3069-3076.
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