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Abstract

Purpose: To determine the relative dose rate distribution around the new I brachytherapy source IsoSeed 125.
S17plus and report results in a form suitable for clinical use. Results for the new source are also compared to corre-
sponding results for other commercially available 1?°I sources of similar design.

Material and methods: Monte Carlo simulations were performed using the MCNP5 v.1.6 general purpose code.
The model of the new source was prepared from information provided by the manufacturer and verified by imaging
a sample of ten non-radioactive sources. Corresponding simulations were also performed for the 6711 21 brachyther-
apy source, using updated geometric information presented recently in the literature. The uncertainty of the dose
distribution around the new source, as well as the dosimetric quantities derived from it according to the Task Group
43 formalism, were determined from the standard error of the mean of simulations for a sample of fifty source models.
These source models were prepared by randomly selecting values of geometric parameters from uniform distributions
defined by manufacturer stated tolerances.

Results and Conclusions: Results are presented in the form of the quantities defined in the update of the Task
Group 43 report, as well as a relative dose rate table in Cartesian coordinates. The dose rate distribution of the new
source is comparable to that of sources of similar design (IsoSeed 125.517, Oncoseed 6711, SelectSeed 130.002, Advan-
tage IAI-125A, I-Seed AgX100, Thinseed 9011). Noticeable differences were observed only for the IsoSeed 125.506 and

Best 2301 sources.
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Purpose

The line of '] sources manufactured by Eckert &
Ziegler BEBIG (Berlin, Germany) under the brand name
IsoSeed, includes models 125.506 with a gold radio-opaque
marker [1], and 125.517 with a molybdenum radio-opaque
marker [2]. A variant of the latter model, IsoSeed 125.
S17plus, has been designed to essentially replace the mo-
lybdenum marker with a silver one.

This work presents relative dosimetry data that is
necessary for treatment planning in clinical applications
employing the new source. This dataset was obtained by
Monte Carlo (MC) simulations, adhering to the method-
ology recommendations in the update of the AAPM TG43
report (TG43-U1) [3]. Since these recommendations in-
clude, inter alia the reproduction of previously published
dose distributions for at least one widely used source,
simulations were also performed for the 6711 source [4-7].
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Besides being similar in design to the 125.517plus, the 6711
was chosen on the basis of newfound interest for its do-
simetry, fueled by updated information on its geometry
[4], and representing it as perhaps the best studied %I
source in the literature.

Results of this work are also compared to correspond-
ing results in the literature for other '?°I sources of design
comparable to that of the new 125.517plus.

Material and methods
Source characteristics

Information provided by the manufacturer, in the
form of computer aided design files for the geometry of
the IsoSeed 125.517plus, the nominal dimensions, and
the corresponding tolerances are presented in Fig. 1. The
new source features the typical configuration of a cylin-
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Fig. 1. Left: 125.517plus source geometry, nominal dimensions and tolerances provided by the manufacturer. All dimensions
are in mm. The marker’s radioactive coating (not shown) is Agl (p = 5.675 g/cm?) of 1 pm nominal thickness (+ 30%). End weld
thickness tolerance (not shown) is 0.35-0.40 mm. Right: Digital radiograph of 10 non-radioactive 125.517plus sources

drical, high-Z, radio-opaque marker coated with 1 pm
silver iodide containing radioactive ?°I, encapsulated in
a hollow titanium cylinder (grade 2, % elemental com-
position: 0.015% H, 0.1% C, 0.03% N, 0.25% O, 0.2% Fe,
99.405% Ti), and sealed via laser welding of semi-spher-
ical end caps.

The dimensions of the IsoSeed 125.517plus were veri-
fied using high resolution digital radiography (see Fig. 1).
An image of ten non-radioactive sources was obtained
using magnification on a Senographe Essential mam-
mography unit (GE Healthcare), operated at 22 kVp and
40 mAs. Measurements of the marker length (3.46 + 0.05
mm), marker diameter (0.47 + 0.06 mm), source length
(4.40 £ 0.05 mm), source outer diameter (0.78 £ 0.06 mm),
and end-weld thickness (0.41 + 0.04 mm) were found to
agree with nominal values within the absolute uncertain-
ties of the latter. The source marker was found to present
limited mobility in the encapsulation, as expected from
the nominal dimensions of the source. Instances of con-
cave or convex end welds were observed in the radio-
graph, in accordance with findings in the literature for
other %I sources [4,6].

Besides small differences that in view of the physics
underlying the low energy regime of %I photon emis-
sions render every source design unique in terms of do-
simetry, the new IsoSeed 125.517plus design is compara-
ble to that of the OncoSeed 6711 [4,6], SelectSeed 130.002
[8], Advantage IAI-125A [7], I-Seed AgX100 [9], and
ThinSeed 9011 [5,6] sources. It is also comparable to its
predecessors in the IsoSeed series, 125.517 [2] and 125.506
[1], as well as Best 2301 [7], with the exception of marker
material which is Molybdenum, Gold and Tungsten, re-
spectively, instead of silver.

For details on the design of the aforementioned 2
sources, the interested reader should refer to the cited
publications, or the publicly accessible TG43 Parame-
ter databases of ESTRO (www.estro.org/about/gover-
nance-organisation/committees-activities / tg43-i-125)
and the Carleton Laboratory for Radiotherapy Physics [7].

Monte Carlo simulation

All MC simulations of this work were performed
using the MCNP5 v.1.6 general purpose MC radiation
transport code [10]. The mcplib04 photoatomic cross-sec-
tion library was used, which is based on the Lawrence
Livermore National Laboratory (Livermore, CA) evalu-
ated photon data library (1997 version). The I energy
spectrum was taken from the TG43-U1 report [3]. The
MCNP standard model was employed, which includes
incoherent scattering corrected for electron binding by
means of the incoherent scattering factor, coherent scat-
tering derived by applying the atomic form factor to the
Thompson cross section, and explicit simulation of char-
acteristic X-ray emission after photoelectric absorption in
medium- and high-atomic number media.

The 125.517plus source model was prepared using
nominal dimensions (see Fig. 1) and semispherical end
welds of 0.8 mm diameter. The void space between the
marker and the Ti encapsulation was simulated as moist
air (40% humidity) using composition and density infor-
mation available in TG43-U1 [3]. The source model was
centered in a spherical (15 cm radius) water geometry
(p =0.998 g/cmd) [3].

Dose was approximated by the collisional kerma,
since charged particle equilibrium can be assumed to ex-
ist in water around the seed. Scoring was performed us-
ing the *FMESH4 tally, which overlays a cylindrical mesh
over the simulated geometry and tallies the energy flu-
ency in each voxel of the mesh. Cylindrical symmetry of
the source was assumed, and a 2D away and along dose
rate table in liquid water was obtained using a cylindrical
mesh resolution of 0.1 mm in both the y-axis (the trans-
verse source bisector measuring distance “away”), and
z-axis (the longitudinal source axis measuring distance
“along”) for away and along distances up to 5 cm, and
1 mm in both axes for away and along distances from
5 cm to 10 cm. The photon energy cutoff was 1 keV. The tal-
ly output was modified by the corresponding water mass
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energy absorption coefficients, taken from the XCOM com-
pilation [11] to convert photon energy fluence to water ker-
ma values. The number of initial photons simulated was
3 x10° to comply with good MC practice recommendations
[3] regarding statistical uncertainty (the mean relative error
was 0.2% at distances under 5 cm, the maximum standard
errors of the mean were < 2% at distances under 5 cm and
<10% in the entire cylindrical mesh).

The number of initial photons used in simulations for
the determination of the source air kerma strength (Sg)
was 1 x 10°. Energy photons less than 5 keV were not al-
lowed to emerge from the source, in order to eliminate
the contribution of 4.5 keV titanium K-edge X-rays to Sg
in accordance with the National Institute of Standards
and Technology (NIST), and the Physikalisch-Technische
Bundesanstalt (PTB) standards [3,12]. The MCNP *F4 tal-
ly was used to score energy fluence in vacuo at a distance
of d =100 cm. The tally output was modified by the cor-
responding air mass energy absorption coefficients cal-
culated based on the XCOM compilation [11] to convert
photon energy fluency to air kerma rate. A point detector
approximation (0.5° half angle) and a detector resembling
the geometry of the NIST primary standard based on the
Wide-Angle Free-Air Chamber (WAFAC - 7.6° half an-
gle) were used, and Sy p and Sy warac Were calculated
by the product of corresponding air kerma rate results by
d?. A separate simulation was also performed using a de-
tector resembling the geometry of the PTB primary stan-
dard based on the Grossvolumen Extrapolationskammer
(GROVEX - 9.5° half angle) [12].

The dose rate constant of the 125.517plus source, Apg;.
and Awapacr Was calculated, as the ratio of dose rate in
liquid water at the reference point (ry=1 cm, 6, = 90°) =
(y =1cm, z=0cm) by S pyine and Sy warpac, respectively.
Linear interpolations within the 2D away and along dose
rate table in liquid water were performed to determine
the radial dose function, 2D anisotropy function, and 1D
anisotropy function according to the TG43-U1 [3].

Corresponding simulations and calculations were
performed for a model of the 6711 source prepared ac-
cording to the information provided in the literature [6].

Uncertainty estimation

The update of the AAPM TG43 report [3] recommends
that investigators include rigorous uncertainty analyses,
as well as the effects of source geometric uncertainties.
However, few studies have gone beyond assessing un-
certainty at a few indicative points around a source.
The most complete treatment of the subject involved per-
forming MC simulations for minimum and maximum
values of various geometric parameters to estimate the
relative geometric uncertainty of TG43 quantities owing
to each parameter, which was then combined in quadra-
ture with other sources of uncertainty to arrive at a total
uncertainty estimation [4].

A different approach was used in this work. A com-
puter program was written to generate technically fea-
sible 125.517plus source models by randomly selecting
values of geometric parameters. The selection was per-
formed from uniform distributions defined by the tol-

erances provided by the manufacturer and presented in
Fig. 1. The internal dimensions of the encapsulation were
kept constant. Encapsulation thickness was then chosen
randomly. The end welds were modeled as hemispheres
of radius equal to the result for the outer radius of the en-
capsulation. However, their center was chosen randomly,
so that their thickness varied within the corresponding
tolerance. This procedure resulted to a random selection
of the source length within +0.1 mm of its nominal value
(instead of its tolerance that is £0.15 mm, see Fig. 1). The
marker, diameter, length, and radioactive coating thick-
ness were selected randomly, and marker movement was
taken into account by randomly selecting its center posi-
tion in the longitudinal direction. Marker movement in
the transverse direction and marker tilt angle were not
considered, since their contribution to uncertainty is ex-
pected to be insignificant for the 125.517plus. The loss of
cylindrical symmetry would lead to increased type A un-
certainties of MC simulations described below.

Monte Carlo simulations were performed for a sample
of 50 generated source models to obtain the relative dose
rate distributions in water, as well as the corresponding
air kerma strengths, Sy yapac, as described in the pre-
vious section. The water dose rate distribution for each
source model was normalized using its corresponding
Sk warac: The average of the resultant normalized dose
rate distributions should approach the nominal dose rate
distribution for the IsoSeed 125.517plus source, as this
was found to be the case implying that the sample of
50 source models was adequate. The standard error of
the mean at each point is a measure of nominal dose rate
distribution relative uncertainty at that point, owing to
geometric and type A uncertainties.

In order to estimate the total uncertainty of the nom-
inal dose rate distribution for the IsoSeed 125.517plus,
values in the uncertainty matrix obtained as described
above were combined in quadrature with 2% relative un-
certainty in water cross sections [3,13], and 0.5% relative
uncertainty in the water to air ratio of mass energy ab-
sorption coefficients in the energy range pertinent for this
work [14]. This approach assumes that uncertainty due
to volume averaging is negligible in view of the scoring
grid resolution used in this work, and that a compensa-
tion error exists in the photon yield which cancels out in
the normalization of water dose rate distributions with
air kerma strength.

The complete characterization of nominal dose rate
distribution uncertainty for the source also facilitates
computing uncertainties of the TG43 dosimetric quan-
tities at any point. This was performed using linear in-
terpolation within the obtained uncertainty matrix, and
uncertainty propagation along the lines of Medich ef al.
[15]. It should be noted that uncertainties for TG43 dosi-
metric quantities are provided in the following sections
to facilitate comparisons with corresponding data. Since
the TG43 quantities are not statistically independent, the
uncertainty of dose rate calculations using them is not
given by propagation of uncertainty; it is equal to the
uncertainty of the nominal dose rate distribution used to
derive them [15].
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Results and Discussion

Away-along dose rate per unit air kerma strength
results

Indicative dose rate per unit Sy yapac results for the new
IsoSeed 125.517plus source are given in Table 1, and plotted
in Fig. 2A in the form of selected iso-dose-rate lines super-
imposed on a color map representation. These results were
used for the derivation of TG43 quantities in the following,
and they can be used for quality assurance purposes.

A color map representation of the relative uncertainty
due to source geometry and type A uncertainties is giv-
en in Fig. 2B. Results are compatible with previous find-
ings in the literature for the 6711 source [4], and it can be
seen that geometric uncertainty is greatest at points lying
at short distances and close to the longitudinal source
axis, owing mainly to end weld thickness uncertainty.
It should be noted that since MC results for each source
model in the simulations for uncertainty estimation were
normalized by their corresponding Sy yarac and not the

Table 1. Monte Carlo calculated dose rate per unit air kerma strength results (cGyhU) for the new IsoSeed 125.
S17plus source. Total relative uncertainty (k = 1) is given in parentheses

Distance away, y (cm)

Distance 0 0.25 0.5 1 2 4 6
along,

z (cm)

0 = 143206 2.1%) 3.8632 (2.1%) 0.9246 (21%) 0.1895 (2.1%) 0.0281 (2.1%) 0.0070 (2.1%)
0.25 = 87949 (3.5%) 3.2705 (2.4%) 0.8984 (2.1%) 0.1908 (2.1%) 0.0284 (2.1%) 0.0070 (2.1%)
0.5 0.9365 (3.0%) 2.6931 (3.2%) 19043 (2.2%) 0.7481 (2.1%) 01814 (2.1%) 0.0281 (2.1%) 0.0070 (2.1%)
1 0.2775 (31%) 0.5389 (3.2%) 0.5932 (2.4%) 0.4098 (2.1%) 0.1453 (2.2%) 0.0262 (2.1%) 0.0068 (2.1%)
2 0.0778 (2.8%) 0.1034 (3.1%) 0.1178 (2.6%) 0.1184 (2.2%) 0.0732 (21%) 0.0197 (2.1%) 0.0058 (2.1%)
3 0.0316 (3.3%) 0.0378 (3.0%) 0.0403 (2.6%) 0.0430 (23%) 0.0343 (21%) 0.0132 (2.1%) 0.0045 (2.2%)
4 0.0134 (3.1%) 0.0173 (2.9%) 0.0172 (2.6%) 0.0185 (2.3%) 0.0166 (2.1%) 0.0083 (2.1%) 0.0033 (2.1%)
5 0.0081 (3.6%) 0.0089 (3.1%) 0.0085 (2.8%) 0.0089 (2.4%) 0.0085 (2.2%) 0.0050 (2.1%) 0.0023 (2.1%)
6 0.0042 (33%) 0.0047 (2.6%) 0.0045 (2.5%) 0.0046 (2.4%) 0.0045 (2.2%) 0.0030 (2.1%) 0.0016 (2.1%)
7 0.0023 (3.7%) 0.0026 (2.7%) 0.0025 (2.6%) 0.0025 (2.4%) 0.0025 (2.2%) 0.0018 (2.1%) 0.0010 (2.1%)
8 0.0012 (3.0%) 0.0015 (2.5%) 0.0015 (2.6%) 0.0015 (2.5%) 0.0014 (2.3%) 0.0011 (2.1%) 0.0007 (2.1%)
9 0.0008 (3.5%) 0.0009 (2.6%) 0.0009 (2.5%) 0.0009 (2.4%) 0.0008 (2.2%) 0.0007 (2.1%) 0.0004 (2.1%)
10 0.0004 (4.8%) 0.0005 (3.1%) 0.0005 (2.5%) 0.0005 (2.4%) 0.0005 (2.3%) 0.0004 (2.2%) 0.0003 (2.1%)

o 1 3
Dosa rebs doiy b U} Dww ratn wncerisaTy (M) Tolel dosr toie unceraniy (%)

Fig. 2. A) A color map representation of dose rate versus distance along and away from the new 125.517plus source. B) Relative
uncertainty of dose rate results in (A) due to source geometrical uncertainty and MC simulation type A uncertainty. C) Total

relative uncertainty of dose rate results in (A) obtained from the quadrature combination of relative uncertainty in (B) with

cross sections and water to air mass energy absorption ratio uncertainties. Selected isodose rate lines (in units of cGyh'U™) are

superimposed in all figures
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nominal one, presented results correspond to the best
practice scenario of individual source calibration [16]. If
this is not the case, an additional uncertainty component

Table 2. Comparison of MC calculated dose rate constant results of this work for the new 125.517plus and the
6711 sources, with corresponding MC and consensus results in the literature for 12| sources of similar design.

of 1.23% has to be combined in quadrature. This is due
to the effect of geometric uncertainty to Sy wapac (2.494
x 10® MeVg™! for the nominal source model) that was

Please refer to the text for the explanation of methods

Model Method Al Reference
(cGyhU?)

IsoSeed 125.517plus Awarac 0.925 (19) This work
Apgint 0.946 1)

IsoSeed 125.517 Ageac 0.914 (5) Lymperopoulou 2005 [2]
Apoint 0.944 (5)

IsoSeed 125.506 Consensus 1.012 (49) TG43-U1[3]
Ageac 0.991 (3) Williamson 2002 [21]
Agint 1.002 — Hedtjarn 2000 [1]

Oncoseed 6711 Consensus 0.965 (46) TG43-U1[3]
Aasac 0.942 (17) Dolan 2006 [4]
f_— 0.942 (17) Dolan 2006 [4]
Apasac 0.904 1) Rivard 2009 [5]
Apoint 0.929 1)
Awarac 0.921 @) Kennedy 2010 [6]
Apgint 0.939 4)
Mgpeae 0.924 ) Taylor and Rogers 2008 [7]
Apoint 0.942 @)
Avarac 0.932 (19) This work
R 0.941 (20)

SelectSeed 130.002 P 0.954 (5) Karaiskos 2001 [8]
Avarac 0.925 (5) Lymperopoulou 2005 [2]
Apoint 0.950 )

Advantage IAI-125A Consensus 0.981 47) TG43-U1S1[17]
Agpeae 0.925 ) Taylor and Rogers 2008 [7]
Apoint 0.959 @)

Best 2301 Consensus 1.018 (49) TG43-U1[3]
Ageac 0.998 ) Taylor and Rogers 2008 [7]
F N 1.002 B)

I-Seed AgX100 Avarac 0.918 (24) Mourtada 2011 [9]
Ao 0943 (24)

Thinseed 9011 Apasac 0.914 @1) Rivard 2009 [5]
Apoint 0.918 1)
Ayasac 0.923 ) Kennedy 2010 [6]
Apgint 0.928 4)

MC — Monte Carlo, WAFAC — Wide Angle Free Air Chamber type A or combined standard uncertainty (k = 1), as appearing in the corresponding references and

rounded up to the last significant digit of reported A, is given in parentheses
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found to vary by 1.2% (standard error of the mean) in the
simulations for uncertainty estimation.

Figure 2C presents the total uncertainty of dose rate
results using the same color map as in Fig. 2B. Numerical
data for relative uncertainty included in Table 1 were de-
rived from the data set plotted in this figure. While these
single source uncertainties are considerable, preliminary
results for clinical prostate implants show that due to the
increased number of implanted seeds, clinical dosimetry
is affected less than 1% at the surface of the planning tar-
get volume and less than 2% within it [17].

Dose rate constant, A

The MC calculated dose rate constant proposed for
clinical use with the IsoSeed 125.517plus is Awapac =
(0.925 £ 0.019) cGyhtU™.

In Table 2, dose rate constant results of this work for
the new IsoSeed 125.517plus and the 6711 sources are
summarized and compared to corresponding results in
the literature for the 6711, as well as other 1?5 sources of
similar design. The method column in this table differ-
entiates between consensus and MC calculations. The
former are values proposed for clinical use, obtained by
the equally weighted average of the separately averaged
experimental and MC values in the literature [3,18]. They
are presented merely for completeness, since experimen-
tal values determined using TLD-100 at that time were
not corrected for a component of energy dependence re-
lated to the solid state of the detector that cannot be cal-
culated using MC simulation [6,19,20]. If not accounted
for, this energy dependence component leads to an over-
estimation of experimental results [6,20]. This explains
why consensus values are systematically greater than MC
results in Table 2, even if in most cases agreement with
MC values is within their combined standard uncertainty
which is considerable due to the propagation of experi-
mental uncertainties.

Monte Carlo dose rate constant results in Table 2 cor-
respond to normalization of dose rate in water by Sy ,qin
or Sy warac (Apoint aNd Ayapac, respectively). Ay, and
Awarac results should agree except for sources where
the contribution of the radioactivity distribution at points
along the transverse source bisector is partially obscured
by sharp corners or edges of the radio-opaque marker. This
is the case with the new 125.517plus and sources of similar
design included in Table 1, due to radioactivity distributed
also on the edges of their cylindrical markers. This effect
was originally reported by Williamson [21,22] and later
discussed by Karaiskos et al. [8] to explain non-monotonic
behavior of anisotropy function results for an %I source.
Due to the polar angle volume averaging effect leading to
increased air kerma strength, Ayyspac results are expect-
ed to be smaller than A, results. Since the magnitude
of this effect depends on the ratio of marker diameter to
marker length, differences between Ay apac and Ay, re-
sults in Table 2 are negligible for the 2301, 125.506 and 9011,
and more pronounced for the rest of the sources, depend-
ing also on investigator and reaching up to 3.5%.

In any case, the Ayapac Values should be considered
for clinical use since they adhere to the current calibration

standards and allow for direct comparison with experi-
mental determinations using sources calibrated accord-
ing to them [3]. While NIST and PTB calibrations have
been found to agree within less than 1% [12], the polar
angle volume averaging effect discussed above could
be different in air kerma calibrations for the 125.517plus
and sources of similar design. Although the geometry
of the primary standard instruments was not explicitly
simulated in this work, the result for the 125.517plus in
the simulation using a detector with a half-angle equal to
that of the GROVEX chamber was found 1% lower than
Sk warac- However, this is well within the uncertainty
(k = 2) of the NIST and PTB calibrations [12], and trans-
lates to a difference of the dose rate constant that is well
within its associated uncertainty. Therefore, no differen-
tiation is made between NIST and PTB calibrations in do-
simetry results of this work for the 125.517plus source (i.e.
dose rate data in Table 1 and the Ayyapac Value in Table 2
can be used with sources whose calibration is traceable to
either institute).

Table 3. Radial dose function results of this work
for the new 125.517plus and the 6711 sources. Total
absolute uncertainty (k = 1) is given in parentheses

g.(n
r (cm) 125.517plus 6711
0.10 1.059 (32) 1.050
0.15 1.080 (32) 1.068
0.20 1.089 (32) 1.082
0.25 1.092 (32) 1.087
0.30 1.091 (32) 1.087
0.50 1.073 (31) 1.073
0.75 1.040 (30) 1.041
1.00 1.000 - 1.000
1.50 0.909 (27) 0.909
2.00 0.814 (24) 0.815
2.50 0.722 1) 0.724
3.00 0.635 (19) 0.636
3.50 0.555 (16) 0.556
4.00 0.482 (14) 0.484
4.50 0.419 (12) 0.420
5.00 0.363 (11) 0.364
6.00 0.270 8) 0.270
7.00 0.199 (6) 0.199
8.00 0.147 @) 0.149
9.00 0.109 €)) 0.109
10.00 0.079 ) 0.080
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Focusing to 6711 results in Table 2, the outcome of this
work agree within 1% with results presented in the litera-
ture, except for Rivard 2009 [5] where agreement is with-
in 1.3% and 3.1% for Apg, and Awapac results, respec-
tively. This is probably due to the fact that silver was not
included in the active layer composition in simulations
of Rivard [5,6]. It is also worth noting that agreement is
within type A uncertainty for A, results since, due to
its simplicity, this approach is less prone to methodolog-
ical bias.

Finally, results in Table 2 indicate that the dose rate
constant of the new 125.517plus agrees within uncertain-
ties with all presented sources with a silver marker (6711,
130.002, IAI-125A, AgX100, and 9011). Differences are ob-

served only with the 125.517 (1.2% for Awagpac), 125.506
(7.2% for Awapac), and 2301 (7.9% for Ayapac) sources,
due to subtle differences in the emitted photon spectrum
resulting from the contribution of characteristic x-ray
emissions from their different marker materials.

Radial dose function, g;(r)

Radjial dose function results of this work for the 6711
source (presented in Table 3) are in excellent agreement
with consensus values [3] based on Williamson [23] (bet-
ter than 1% except for 3% at r = 4 cm), and results based
on updated geometry information on the beveled source
marker by Rivard [5] and Kennedy et al. [6] (better than
1%). A good agreement was also observed with results of

Table 4. 2D anisotropy function results of this work, F(r, 6), for the new 125.517plus and the 6711 source. Total

absolute uncertainty (k = 1) is given in parentheses

F (0.25 cm 0) F (0.5 cm 0) F(1cmo) F(2cm 0) F(3cm0) F(5cm )

0 (de- 125.517plus 6711 125.517plus 6711 125.517plus 6711 125.517plus 6711 125.517plus 6711 125.517plus 6711
grees)

0 0211 (42) 0.168 0208 (10) 0.202 0287 (16) 0271 0.400 (16) 0312 0.469 (19) 0383 0.556 (22) 0.576
2 0213 (42) 0171 0212 (1) 0200 0344 (14) 0286 0.508 (20) 0392 0573 (21) 0.453 0.645 (23) 0.520
4 0218 (40) 0.179 0306 (18) 0.231 0.459 (22) 0328 0.538 (22) 0416 0581 (21) 0464 0.632 (19) 0.527
6 0.288 (50) 0.215 0394 (26) 0.271 0.455 (22) 0338 0.536 (20) 0.426 0.587 (21) 0.476 0.640 (22) 0.542
8 0.401 (64) 0.272 0.406 (27) 0.284 0479 (22) 0356 0.563 (20) 0.443 0.609 (21) 0.493 0.661 (22) 0.552
10 0.502 (76) 0.325 0.444 (29) 0310 0.516 (22) 0385 0.594 (21) 0.471 0.637 (21) 0.520 0.682 (22) 0.576
12 0571 (83) 0376 0.493 (30) 0353 0.558 (23) 0424 0.629 (22) 0503 0.667 (22) 0.547 0710 (22) 0.601
14 0.658 (85 0.456 0.544 (31) 0403 0599 (24) 0.466 0.662 (22) 0.538 0.694 (22) 0.578 0.734 (23) 0.625
16 0737 (84) 0536 0.594 (32) 0.455 0.636 (24) 0.507 0.693 (23) 0574 0.722 (23) 0.610 0.755 (24) 0.650
18 0.809 (81) 0.607 0.640 (32) 0507 0.673 (25) 0.549 0.721 (23) 0.607 0.747 (23) 0.640 0.773 (24) 0.678
20 0.869 (78) 0.666 0.681 (33) 0.556 0.705 (25) 0.587 0.746 (24) 0.638 0.769 (24) 0.667 0.796 (24) 0.701
25 0971 (72) 0.781 0.771 (33) 0.665 0.776 (26) 0.675 0.802 (25) 0.710 0.817 (25) 0.729 0.837 (25) 0.755
30 1.023 (70) 0.860 0.840 (32) 0.752 0.832 (26) 0.749 0.849 (26) 0.771 0.858 (26) 0.784 0.866 (26) 0.801
35 1037 (66) 0914 0.896 (31) 0.816 0.878 (27) 0.811 0.887 (26) 0.823 0.893 (26) 0.831 0.899 (27) 0.847
40 1036 (52) 0.950 0942 (31) 0.867 0.916 (27) 0.858 0.918 (27) 0.866 0.920 (27) 0.869 0.922 (27) 0.877
45 0999 (34) 0974 0978 (32) 0.907 0.948 (28) 0.896 0.945 (28) 0.899 0.943 (28) 0.902 0.943 (28) 0.904
50 0970 (42) 0987 1007 (33) 0.939 0.976 (29) 0.928 0.969 (29) 0.927 0.966 (29) 0.928 0.961 (29) 0.928
55 0981 (43) 0970 1.025 (34) 0.963 0.998 (29) 0.953 0.988 (29) 0.953 0.983 (29) 0.951 0.977 (29) 0.954
60 0.989 (39) 0.977 1033 (34) 0982 1.017 (30) 0.975 1.004 (30) 0.973 0.997 (30) 0.969 0.989 (29) 0.968
65 0.995 (36) 0.985 1.034 (33) 0.997 1.030 (31) 0.992 1019 (30) 0.989 1011 (30) 0.985 1.003 (30) 0.982
70 0.999 (33) 0.993 0995 (30) 1.003 1.034 (31) 1002 1.028 (30) 0.999 1.021 (30) 0.995 1.010 (30) 0.989
75 1001 (32) 0.998 0.996 (31) 0.993 1035 (30) 1.010 1031 (30) 1007 1.024 (30) 1.002 1015 (30) 1001
80 1003 (30) 1001 1000 (30) 0.998 1005 (30) 1.009 1030 (30) 1011 1025 (30) 1009 1.017 (30) 1.002
85 1002 (30) 1001 100l (29) 1.001 1.000 (29) 1.001 1.005 (30) 1.005 1.020 (30) 1.008 1.014 (30) 1006
90 1000 () 1000 1..000 () 1000 1.000 (-) 1000 1.000 () 1000 1000 () 1000 1000 (-) 1000
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Fig. 3. Anisotropy function values of this work for the new 125.517plus (solid line) and the 6711 source (broken line) plotted as
a function of polar angle 0 at radial distances r = 0.5 cm (left) and r = 1 cm (right). Corresponding results of Lymperopoulou
et al. [2] for the 125.517 source (0), and consensus data [3] (o) as well as results of Taylor and Rogers [7] (0) for the 6711 source

are also presented for comparison

Taylor and Rogers [7] (within 3%) and Dolan [4] (differ-
ences up to 4% except for 6% at r = 0.1 cm) with a trend of
results of this work to be higher at distances <1 cm and
lower at large distances.

Results of this work for the new 125.517plus source are
also presented in Table 3. They were found in close agree-
ment (within 2%) with corresponding MC results for the
125.517 source which has a Molybdenum marker, as well
as all silver marker sources considered in this work (6711,
125.517 [2], AgX [9], 130.002 [8], 9011 [6], IAI-125A [7]). It
is worth noting that while results of this work for the new
125.517plus are in close agreement (better than 2%) with
results of Taylor and Rogers [7] for the IAI-125A source,
consensus data for the IAI-125A source [18] are greater
up to 29% at large distances. Due to their different marker
materials, the radial dose rate of the new 125.517plus is
5% higher at small distances, and 23% and 30% lower at
large distances relative to that of the 125.506 [3] and 2301
[3] sources, respectively.

2D and 1D anisotropy function, F(r,0) and ¢, (r)

F(r,0) results of this work for the 125.517plus and the
6711 source are presented in Table 4.

Due to its beveled marker ends [4], anisotropy results
for the 6711 are expected to be lower than the consensus
values [3]. Results of this work for the 6711 source how-
ever are lower than corresponding results in the literature
especially at small polar angles. Results in the Carleton
database [7] are higher by up to 31%, 21%, and 16% at 0.5
cm, 1 em, and 5 cm, respectively (see also Fig. 3). Corre-
sponding differences were observed in the comparison of
results of this work with other MC data for source models
prepared using updated geometric information present-
ed recently in the literature [4-6].

Results of this work for the 125.517plus are compara-
ble to corresponding results in the literature for sources
of similar design, especially at 6 > 10° (see also Fig. 3). The
new source appears to be less anisotropic (exhibits higher

Table 5. 1D anisotropy function results of this
work, ¢an (r), for the new 125.517plus and the 6711
source. Total absolute uncertainty (k = 1) is given
in parentheses

an (1)

r (cm) 125.517plus 6711
0.25 1.162 (24) 1.039
0.5 0.992 (20) 0.929
0.75 0.967 (20) 0.914

1 0.961 (20) 0.912
15 0.958 (20) 0.913
2 0.957 (20) 0.915
25 0.956 (20) 0.916
3 0.957 (20) 0.919
4 0.960 (20) 0.923
5 0.956 (20) 0.928
6 0.960 (20) 0.927
7 0.960 (20) 0.933
8 0.963 (20) 0.927
9 0.955 (20) 0.931
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Fig. 4. Percentage differences between the dose rate distribution calculated in this work for the new 125.517plus source and
corresponding data for the 125.517 [2], 125.506 [3], 6711 [7] and AgX [9] sources, presented on a pixel by pixel basis using an
appropriate colormap. Dose rate distributions sources other than the 125.517plus were calculated using linear interpolation on
published TG43 data. Results are not presented at pixels where extrapolations to data in the literature had to be performed.
Selected isodose-rate lines (in units of cGyh™'U) are superimposed to facilitate the comparison. Solid lines correspond to the
125.517plus and dashed lines correspond to the source compared to it in each subplot

anisotropy values, albeit within uncertainties in most of
the cases) than the 125.517 [2], 6711 [4,6], SelectSeed [8],
IAI-125A [7], AgX100 [9], and ThinSeed 9011 [5,6] sourc-
es. Itis however more anisotropic in its dose rate distribu-
tion relative to the 125.506 [1], and Best 2301 [3] sources.

The @,,(r) results of this work for the 125.517plus and
the 6711 source, presented in Table 5, are in close agree-
ment (4% maximum difference for r > 0.5 cm) with corre-
sponding data for all sources of similar design considered
in this work.

Comparison of the 125.517plus and similar source
designs in the form of dose rate distributions

The dosimetry comparison of the new 125.517plus
source and sources of similar design presented in the pre-

vious sections in the form of a comparison between corre-
sponding results for TG43 quantities, can be summarized
by a direct comparison of dose rate distributions on the
central yz plane (the plane containing the source axis).
Such a comparison between the dose rate distributions
of the 125.517plus and four selected sources of similar de-
sign is presented in Fig. 4.

This figure attests that the dose rate distribution of
the 125.517plus is comparable to that of sources of simi-
lar design and the same marker material such as the 6711
and the AgX. Increased differences are only observed at
points close to the longitudinal source axis where subtle
differences in the nominal source geometries matter the
most, and uncertainty due to the tolerances in the source
geometries is more pronounced (see also Fig. 1B). These
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differences may also be partly attributed to the smoothing
of dose rate distributions calculated for sources compared
to the 125.517plus in Fig. 4. This is due to the resolution
of published data that is coarse compared to the original
data sets, especially in view of the non-monotonic behav-
ior of the anisotropy function close to the longitudinal
axis. The dose rate distribution of the 125.517plus is also
comparable to that of the 125.517 source besides their dif-
ferent marker materials (silver and molybdenum, respec-
tively). On the contrary, Fig. 4 suggests that the 125.506
source (gold marker) delivers greater dose than the 125.
S17plus, especially at greater distances from the source.

Conclusions

Monte Carlo simulation was used to determine the
dose rate distribution around the new IsoSeed 125.517plus
source and estimate its uncertainty. Dosimetric quantities
defined in the update of the AAPM TG43 report [3] are
provided, in partial fulfillment of the AAPM dosimet-
ric prerequisites [24] for consensus data set preparation
and inclusion of the source in the corresponding Joint
AAPM/RPC Registry [25]. An experimental study of the
source dosimetry is under way.

Comparison to other %I sources of similar design
shows that the new source is dosimetrically equivalent
to the 125.517, 6711, 130.002, IAI-125A, AgX100, and 9011
sources, except at points close to the longitudinal source
axis. Differences are more pronounced between the new
source and the 125.506 and 2301 sources.

Acknowledgements

Mr Michael Andrassy, Senior Physicist at Eckert &
Ziegler BEBIG GmbH, is gratefully acknowledged for
useful discussions and information on source geometry,
as well as for arranging the delivery of a non-radioactive
source batch. The authors thank Dr. Panagiotis Kipouros,
Medical Physicist at “Helena Venizelou” General and
Maternity Hospital for assistance in imaging the non-ra-
dioactive source batch.

References

1. Hedtjarn H, Carlsson GA, Williamson JF. Monte Carlo-aid-
ed dosimetry of the symmetra model 125.506 1?1, interstitial
brachytherapy seed. Med Phys 2000; 27: 1076-1085.

2. Lymperopoulou G, Papagiannis P, Sakelliou L. Monte Car-
lo and thermoluminescence dosimetry of the new IsoSeed®
model 125.517 12 interstitial brachytherapy seed. Med Phys
2005; 32: 3313-3317.

3. Rivard M]J, Coursey BM, DeWerd L et al. Update of AAPM
Task Group No. 43 Report: A revised AAPM protocol for
brachytherapy dose calculations. Med Phys 2004; 31: 633-674.

4. Dolan ], Li Z, Williamson JF. Monte Carlo and experimental
dosimetry of an 2 brachytherapy seed. Med Phys 2006; 33:
4675-4684.

5. Rivard M. Monte Carlo radiation dose simulations and
dosimetric comparison of the model 6711 and 9011 %I
brachytherapy sources. Med Phys 2009; 36: 486-491.

6. Kennedy RM, Davis SD, Micka JA et al. Experimental and
Monte Carlo determination of the TG-43 dosimetric param-
eters for the model 9011 THINSeed™ brachytherapy source.
Med Phys 2010; 37: 1681-1688.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Taylor RE, Yegin G, Rogers DW. Benchmarking brachydose:

Voxel based EGSnrc Monte Carlo calculations of TG-43 do-
simetry parameters. Med Phys 2007; 34: 445-457.

. Karaiskos P, Papagiannis P, Sakelliou L et al. Monte Carlo

dosimetry of the selectSeed I interstitial brachytherapy
seed. Med Phys 2001; 28: 1753-1760.

. Mourtada F, Mikell ], Ibbott G. Monte Carlo calculations of

AAPM Task Group Report No. 43 dosimetry parameters for
the 121 I-Seed AgX100 source model. Brachytherapy 2011; 11:
237-244.

X-5 Monte Carlo Team, MCNP-A general Monte Carlo
N-particle transport code, Version 5,” Los Alamos Nation-
al Laboratory Report No. LA-UR-03-1987, Los Alamos,
NM, 2005.

J. Hubbell, M. Seltzer. Tables of x-ray mass attenuation coef-
ficients and mass energy-absorption coefficients. NIST 1995.
Available online at: http://physics.nist.gov/PhysRefData/
XrayMassCoef/tab4.html.

Selbach HJ, Kramer HM, Culberson WS. Realization of refer-
ence air-kerma rate for low-energy photon sources. Metrolo-
gia 2008; 45: 422-428.

Hubbell JH. Review of photon interaction cross section data
in the medical and biological context. Phys Med Biol 1999; 44:
R1-R2.

Andreo P, Burns D T, Salvat F. On the uncertainties of photon
mass energy-absorption coefficients and their ratios for radi-
ation dosimetry. Phys Med Biol 2012; 57: 2117-2136.

. Medich DC, Tries MA, Munro III J]. Monte Carlo character-

ization of an ytterbium-169 high dose rate brachytherapy
source with analysis of statistical uncertainty. Med Phys 2006;
33:163-172.

Dewerd LA, Ibbott GS, Meigooni AS et al. A dosimetric un-
certainty analysis for photon-emitting brachytherapy sourc-
es: Report of AAPM Task Group no. 138 and GEC-ESTRO.
Med Phys 2011; 38: 782-801.

Zourari K, Pantelis E, Karaiskos P et al. Clinical LDR prostate
brachytherapy uncertainties from seed construction parame-
ters. Medical Physics International 2013; 1: 236.

Rivard M]J, Butler WM, DeWerd LA et al. Supplement to the
2004 update of the AAPM Task Group No. 43 Report. Med
Phys 2007; 34: 2187-2206.

Nunn AA, Davis SD, Micka JA et al. LiF:Mg,Ti TLD response
as a function of photon energy for moderately filtered x-ray
spectra in the range of 20-250 kVp relative to ®*Co. Med Phys
2008; 35: 1859-1869.

Rasmussen BE, Davis SD, Micka JA et al. Response of
LiF:Mg,Ti thermoluminescent dosimeters to low-energy
photons. Med Phys 2008; 35: 2792-2792.

Williamson JF. Monte Carlo modeling of the transverse-ax-
is dose distribution of the Model 200 °Pd interstitial
brachytherapy source. Med Phys 2000; 27: 643-654.
Williamson JF. Dosimetric characteristics of the DRAXIM-
AGE model LS-1 1125 interstitial brachytherapy source
design: A Monte Carlo investigation. Med Phys 2002; 29:
509-521.

Williamson JF. Comparison of measured and calculated dose
rates in water near 1-125 and Ir-192 seeds. Med Phys 1991; 18:
776-786.

Williamson JF, Coursey BM, DeWerd LA et al. Dosimetric
prerequisites for routine clinical use of new low energy pho-
ton interstitial brachytherapy sources. Med Phys 1998; 25:
2269-2270.

Joint AAPM/RPC Registry of Brachytherapy Sources Meet-
ing the AAPM Dosimetric Prerequisites, available online at:
http:/ /rpc.mdanderson.org/rpc/BrachySeeds/Source_Reg-
istry. htm (last accessed November, 27 2013).

Journal of Contemporary Brachytherapy (2013/volume 5/number 4)



