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ABDetermining TG-43 brachytherapy dosimetry
parameters and dose distribution for a 131Cs
source model CS-1

M.Yazdani and A.A. Mowlavi®

Department of Physics, Tarbiat Moallem Liniversity of Sabzevar, Sabrzevar, Iran

Background: Monte Carlo determination of TG-43
brachytherapy dosimetry parameters and dose
distribution calculation for +3Cs source model CS-1
are presanted in this study. Materials and Methods:
The dose distribution was calculated around the 31Cs
Model CS-1 located in the center of 30 cm =30 cm
=30 cm water, and soft tissue phantoms cube using
MCNP code by Monte Carlo method. The percentage
depth dose (PDD) variation along the different axis,
parallel and perpendicular, the source was calculated.,
Then, the Isodose curves for 100%, T5%, 50% and
25% PDD were canstructed. Finally, F(rB) and gir)
dosimetry parameters of TG-43 protocol have been
determined. Resullts: Results obtalned show that the
Meonte Carlo method could only calculate dose
deposilion in hgh gradient region, near the source,
accurately. The energy cut off was found to be 1 eV
and the error in the calculations was less than 2%.
Conclusion: The Isodose curves of the CS-1 =0y
source were constructed from dose calculation by
MCNP code. The calculated dosimetry parameters for
the source were In agreement with previously
published results. Iran. J. Radiat. Res., 2007; 5 (2); 85-90

Keywords: 12Cs spurce, dose distribution, isodose
ciirves, MCNF code.

INTRODUCTION

Theoretical and experimental dosimetric
studies have been supplied useful
information on the dependence of the
brachytherapy source peometry and
materials 5, Usually, Monte Carlo method
15 used to define dose distribution function,
the radial dose variation, and the dose
calculation «close to the source in
brachytherapy. Chen ef al. @, calculated the
distribution of absorbed dose around
commercially available '*1Cs seeds model Cs-
1 by Monte Carlo simulation.

131Cg has a higher average energy than any
other commonly used prostate brachyvtherapy
isotope in the market such as '%3Pd and 23],
Energy is a key factor in how uniformly the
radiation dose can be delivered throughout

the prostate. Also, 1¥1Cs has the shortest half-
life of any prostate brachytherapy isotope at
9.7 dayvs, (s delivers 90% of the prescribed
dose to the prostate in just 33 days compared
to 58 days for 199Pd and 204 days for 135, The
short hall-life of 131Cs reduces the duration of
time during which the prostate receives the
irritating effects of the radiation. Another
benefit to the short half-life of 131Cs is what is
known as the biclogical effective dose (BED).
BED is a way for providers to predict how an
isotope will perform against slow versus fast
growing tumors. Studies have shown '"1Cs is
able to deliver a higher BED across a wide
range of tumor types than either 125] or 103Pd.
Although prostate cancer is typically viewed
as a slow growing cancer it ¢an present with
aggressive features. 1MCs's higher BED may
be particularly beneficial in such situations.
Currently, the IsoRay 131(Cs seed is used
exclusively for the treatment of prostate
cancer 'Y, For ealeulating dose distribution
and TG-43 brachytherapy parameters
usually Monte Carlo codes as MCNE. EGS4,
GEANT4 are applied. In this present work,
we have used MUNP4C code 12 to calculate
relative dose in the phantom.

MATERIALS AND METHODS

"'Cs source

The #(s seed was developed after
invention by Lawrence and a *'Cs (model Cs-1)
received 510(k) FDA clearance in 2003 "1, New
low-energy interstitial brachyvtherapy seeds
containing '""'Cs source model Cs-1 were
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uced ﬁé@)ﬂay Medical Ine. The #1Cs

days emits y-ray with

hlghest peaks from 29 to 34 keV .

Offsetting, with the disadvantage of its high

specific activity, translated into the

possibility of developing physically small,

high-activity sources as a replacement for
1#2]y in brachytherapy 1o,

Figure 1 shows a schematic cross-sectional
view of the lsoRay ¥iCs brachytherapy seed
(Model CS-1). The titanium tube has an outer
diameter of 0.8 mm with a wall thickness of
0.05 mm. thus an inner diameter of 0.7 mm.
The center X-ray marker iz a 0.25 mm
diameter gold wire. The wire is surrounded
by a glass and ceramic tube with nominal
dimensions of 0.4 mm inside diameter and
0.6 mm outside diameter, The overall
lengths of the seeds tested were 4.7 mm,
based on a 4.5'mm long tube with 0.1 mm
thick caps on each end. The core length was
4.2 mm to allow clearance inside the tube for
fit-up and welding 2 9 We assumed the
radioactive material to be uniformly
distributed within the "'Cs active core. The
photons spectrum emitted per decay of aiCs
and their intensity are shown in table 1

Method of dose calculation in water and
soft tissue phanfomns

The Monte Carlo N-Particle code (MCNP
version 4C) with photon cross-section library
DLC-200 was used for the dose rate
simulations 1%, The cutoff energy was set at
1.0 keV. In the present work, the dose
distribution has been calculated around the
1#41Cs source, located in the center of 30cm
*30cm %30 ¢m phantom as shown in figure 2
by using tally I'6:p of MCNP code 02, The
tally in the sphere of 0.1 mm diameter cell
was evaluated as dose in the point center of

Tabla 1. Tha photon spectrum of "™Cs source is usad in our
simulation.

Energy (keV) Radiation Source Intensity

16.6 Fluorescenct (Nb - K} 0,007 = 0.0003

18.7 Fluoreseenet (INB- Kg) - 0,001 £ 0.00006
20.7 131Cs - By 1,000
43.6 1HCe - Kay, pa 0.201 <« 0.0007

34.4 1105 - Ky 0.050 = 0.0003

Ceramic Core w/Cs-131 Isatope attached

the sphere. First, along the X axis with 0.1
mm step and along the Y axis with 0.1 mm
step, and the relative dose curves were
caleulated. The dose distribution was
normalized to 100% at the point X=2 mm,
Y=0 mm, arbitrary. Isodose points were found
from relative dose curves by interpolate
method. Soft tissue compaosition used in this
study, are listed in table 2 15, Mass density
for soft tissue was 1.04 glem?,

TG-43 formalism

Radial dose function and anisotropy
function are dosimetry important parameters
that must be determined according to TG-43
protocol, further to the comparison of our
result with those obtained by others.
According to the published protocol
Dir,0) the absorbed dose rate, F(r,0) is the
anisotropy function, glr) is radial dose
function are expressed as:

B8 =5, A i B}}s{r}F(r 8) (1)
ﬂ

n ﬁ{r.e) Glr, &) :

Fe 9= 56 6o %

g(f}= ]:)(:-,E\o) G(rﬂlaﬂ) {3}
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Flgura 2. a) Scheme of water/soft tissue

Figure 1. Schematic diagram of the C5-1 "“Cs source structure
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phantom which 131Cs source id located In the
centre of gube, D) the sourc rge Shze.
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Table 2. Soft ss0e composEon DRG MEss onnty for 5ofi teswn
Archive of Stk in Meap ingot

H 10,454 5 0,204
c 22,689 Cl 0,133
o 2,450 K 0,208
L 83,545 Ca 0,024
Ma 0118 Fe 0.005
My 0,003 In 0,013
=0 i1, (130 Kk 01,0431
" 0134 Ir 01001

Where S, is the air kerma strength, A is
the dose rate constant, Gir.8) is the geometry
factor, and (ry.8,) is the reference point.

RESLLTS

Monite Carlo dose calculation

Figure 3 shows the PDD variation along
the Y=0 mm, and Y=1 mm for water nnd soft
tissue medium. It is clear that the PDD has
been decreased about 10 times in this short
distance: as well as the effect of source shield
is obvious in this figure. The PDD variation
along the X=0.5 mm and X=2 mm are shown
in figure 4. It can be seen. due to the low
energy photons deposit their energy near the
source, the PDD fall down about 7 times
when going from X=0.5 mm to X=2 mm, and
the PDD curve change from smooth flat
ehape to n semi-Gaussian shape, The
ealeulated results show a good agreement
between water nnd soft tissue PDD data. The
isodose curves for PDD = 100%, 75%. 50%
and 26% results in water and saft tizsue
phantoms are shown at figures 5-a and 5°b. It
is well clear that D = Dir,8), dose distribution
dependa to r and 8, distance from the center
of source and polar angle, respectively. As
seen, the dose is falling in 5 mm from
reference point about 4 times. Thus, this seed
shouldn't apply in small tumors with =ize
emuller than Smm,

These results have been used to compute
anisotropy function and radial dose function

Dosimetry and dose distibution of 0 177Cy spurce

in next subsection. In our running, the
energy cut off was 1eV, the relative error in
these calculations 12 less than 2%, and the
time, that i# needed for any programs
running are about 240 minutes with o
computer Pentium 4 Intel CPU 3.06 GHz.

Deftermination of TG-43 dosimelry
paramefers

The MCNP caleulated results of the
anisotropy function, Fir@), against r for the
model C5-1 seed at 0° to 80° interval are
tabulated in table 3 for water and soft tissue
phantoms. Maximum percentage difference
af anisotropy function for the phantoms nre
2.82%, 3.70%. 4%, 4.71%, 2.31%, 2.53%.
3.49%, 3.80%, 4.67%, 4.72% , 6.1 at r=0.5,
0.76. 1, 2. 3. 4. 6, B, and 7 em, respectively.
Most of these maximum differences are
belong to 8=10° angle. The results
demonstrate it would be more exact if
dosimetry parameters of soft tissue phantom
for medical application used instate of the
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water data, although near the source dota for
hath phantoms are very cloge to each other.

MSCUSSION

Radinl dose function and anisotropy
function are dosimetry important parameters
that have been determined to compare our
result with which was obtained by others.
Dur computational results of gle) against r
for the source In wnter and saf tissue
phantoms are shown in figure 6-a. Our results
ngree well with those of Murphy et sl 9% who
measured in  virtual water phantom,
Maximum percentage of difference was about
5.2%. A third order polynomial fit of the
MCNP radial dose funection in n water
medium hns been vielded the [ollowing
relationehip:
gl = 099465 + 001161 r - 003696 r2 + 000318 ¢

The square of eorrelation eocfficient for the
polynomial ftting was 0.99778, which was
very close to unit as n goodness fitting value.

Also, figure 6-b shows o comparizon of F(1
em, B) obtained in this study and the results
af Murphy et al “"* which maximum
difference is 4% at 8=10° and the mean
difference waz less than 1.5% over the all
angels. Therefore, the bonchmark of
computational results with the experimental
results seems compatible,

In conclusion, the sodose curves of the
131Cs source model C5-1 have been derived
form dose calculation for water and soft
tissue phantoms by MCNP code. The result
shows dose deposition in high gradient
region, near the source, ean only be
caleculated accurately by Monte Carlo
method. Results show the PDD iz falling in
about 5 mm from reference point about 4
times. So, this seed dose not advised to apply
in small tumors with size smaller than 5mm.
The ecaleulated TG-43  brachythernpy
dogimetry parameters for the source agree
quite well with Monte Carlo result of Murphy
et al " and are useful in treatment in
therapeutic plan. The present work
demonstrates a useful npproach using MCNP
code in dose calculation that can be applied in
many other fields.
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Dosimelry and doze disimbudion of a "1 Cy source
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