Dosimetry for '2°| seed (model 6711) in eye plaques
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The effect of eye plaque materials (gold backing and silastic seed-carrier insert) on the dose
distribution around a single '*°I seed has been measured, using cubic lithium fluoride thermolu-
minescent dosimeters (TLDs) 1 mm on an edge, in a solid water eye phantom embedded in a
solid water head phantom. With an 1251 seed (model 6711) positioned in the center slot of the
silastic insert for a 20-mm plaque of the design used in the collaborative ocular melanoma study
(COMS), dose was measured at 2-mm intervals along the plaque central axis (the seed’s
transverse axis) and at various off-axis points, both with and without the COMS gold backing
placed over the insert. Monte Carlo calculations (MORSE code) were performed, as well, for
these configurations and closely the same geometry but assuming a large natural water phantom.
Additional Monte Carlo calculations treated the case, both for 20- and 12-mm gold plaques,
where the silastic insert is replaced by natural water. Relative to previous measurements taken
in homogeneous medium of the same material (without the eye plaque), the dose reduction
found by both Monte Carlo and TLD methods was greater at points farther from the seed along
the central axis and, for a given central-axis depth, at larger off-axis distances. Removal of the
gold backing from the plague did not make measurable difference in the dose reduction results
(10% at 1 cm).
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I. INTRODUCTION

1251 plaques have been used increasingly in recent years in
the radiation therapy of ocular tumors.'™ In 1986, a 5-year
randomized trial, the collaborative ocular melanoma study
(COMS), was launched by the National Eye Institute in
order to compare survival following irradiation with that
following enucleation. For choroidal melanomas with apex
heights in the range 3.1-8 mm and base diameters between
8 and 16 mm, irradiation is performed with '2°I plaques.®
In view of the importance of accurate dosimetry to the
evaluation of COMS results, we have performed measure-
ments and calculations pertinent to eye plaque treatments
using plaques of the COMS design.

The plaques adopted for the COMS were designed by
the Mayo Clinic group.” Plaque diameters range from
12-20 mm in 2-mm increments. The '?°I seeds are loaded
into fixed slots arranged in rings in a silastic seed-carrier
insert. A gold backing of the matching radius of curvature
and diameter is glued to the silastic insert at the circular
rim to form the complete '2°I eye plaque. The silastic seed
carrier insert also serves as a spacer, maintaining at least a
1-mm distance between the exterior scleral surface and the
seed surface. In a surgical procedure, the plaque is sutured

383 Med. Phys. 20 (2), Pt. 1, Mar/Apr 1993

0094-2405/93/020383-08$01.20

to the sclera at the tumor base for a treatment that gener-
ally lasts from 5-10 days to deliver a total dose of 10 000
cGy to the tumor apex. The dose rate at the apex is in the
range 50-125 cGy/h. With the plaque applied at the tumor
base, a complete assessment of the dose distribution re-
quires accurate dose data even at very small distances
(down to 0.14 cm) from the source centers.

The %I source used in our study is the model 6711
seed, in which the radioactive '?°I is adsorbed on the sur-
face of a silver wire contained within the thin titanium
capsule. Dose distributions at short distances from 6711
1251 seeds in homogeneous medium have been reported by
Chiu-Tsao et al.® based on thermoluminescent dosimeter
(TLD) measurements in solid water phantom9 and Monte
Carlo calculations in natural water. Williamson, ' also, has
reported the results of Monte Carlo dose calculations in
this distance range. A comparison of relative dose data
from these studies shows agreement within 5%.

The current recommendation'! of the COMS group is
that the dose rate in tissue at 1 cm along the transverse axis
of the seed be taken to be 1.04 cGy h~' U~! (1.32 ¢Gy h~!
mCi~1),!2 which is obtained as the product of the exposure
rate constant (1.14 Rh™' U~ 'or 1.45R h~ ' mCi~') and
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the f factor (0.91 cGy R™") in tissue. Chiu-Tsao et al.®
have shown that, for model 6711 seed, the transverse axis
dose rate at 1-cm distance is 0.85 cGy h~! U™! (1.08 cGy
h~! mCi~!) in water, and 0.89 ¢cGy h~' U™! (1.12 cGy
h~! mCi~!) in tissue, about 16% less than would have
been expected by geometrical (inverse square law) atten-
uation only. These results were obtained as part of work
performed under an interstitial brachytherapy contract
with the National Cancer Institute, and were corroborated
by data from two collaborating institutions (Yale Medical
Center and the University of California, San
Francisco). 13-15

However, the effect of the eye plaque itself, i.e., the gold
backing and the silastic seed-carrier insert, on the '*°I dose
distributions at short distances remains an important issue
to be resolved. Weaver measured doses with TLD powder
in polystyrene phantom at 0.5, 0.97, and 1.5 cm from the
plane of four '’I model 6702 seeds in a square array. He
found the doses were reduced by 8% if a gold sheet (4
cmX 6 cm X 0.3 mm) was placed adjacent to the sources in
the phantom.'® Luxton ez al, using TLD rods, observed a
dose reduction of 4% at 5 mm, 7% at 1 cm, and 10% at
1.8-cm distance from a single 6711 seed, due to the pres-
ence of a gold spherical shell (1812 mm chord length,
1.5 mm thick, radius of curvature 12.5 mm).!” Wu et al,
however, in measurements using TLD cubes at distances of
0.1-1 cm from a single 6711 seed, found the dose to in-
crease when a flat gold shield (1.6X2.6X0.1 cm) was
present.18 Cygler et al'® investigated the effect of gold
backing (110X60X0.1 mm) on the dose distribution
around an %1 seed (model 6702) in water using EGS4
Monte Carlo calculation and Diode measurements. They
concluded that clinical calculations for '°I seeds in gold
plaque should include a 10% reduction in dose for dis-
tances greater than 10 mm and that there is fluorescent
x-ray enhancement of dose very close to the source.

Bearing on this issue, we have performed TLD measure-
ments in a solid water eye head phantom with a single 6711
seed at the center of a 20-mm gold plaque of COMS design
(with silastic seed carrier insert, Z,g=11). In this paper,
we report finding a dose reduction along the plaque central
axis (the seed transverse axis) due to the presence of the
COMS plaque. The reduction is dependent on distance and
approximates 10% at 1 cm. This finding is consistent with
our Monte Carlo results (also reported here) for the same
plaque configuration. The dose reduction at 17 off-axis
TLD measurement points was found to be slightly greater
than that along the central axis. When the TLD measure-
ments were repeated to determine the effect of the silastic
insert alone (without gold backing), a similar dose reduc-
tion pattern was observed.

Further, the effect of the gold backing alone (with nat-
ural water replacing the silastic insert) on the 'I dose
distributions was investigated using the MORSE code for
plaques of diameters 12 and 20 mm. No significant dose
reduction was seen at distances 0.5 cm or less. However, at
greater distances, dose reduction was practically the same
as for the “silastic alone” configuration. There was no sta-
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F1G. 1. Cross sectional diagram of eye phantom insert, consisting of three
major parts. (1) The eye phantom contains channels accommodating
TLD cubes in the phantom central plane. (2) A 20-mm eye plaque of the
COMS design, with one '*°I seed at the center slot of the silastic seed
carrier insert. (3) A matching piece, designated by the shaded area at the
top, maintains the plaque in fixed central position above the eye phantom.

tistically significant difference in the dose reduction pattern
for the two different plaque sizes.

Il. MATERIALS AND METHODS
A. Thermoluminescent dosimetry

We have performed thermoluminescent dosimetry in a
solid water’ eye phantom (Fig. 1) which was embedded in
a (solid water) head phantom as shown in Fig. 2. Lithium
fluoride TLD-100 cubes (Harshaw Chemical Company), 1
mm on an edge, were used. The TLD protocol for these
measurements has been described in an earlier paper.?
Briefly, it involves tracking the relative sensitivities of in-
dividual dosimeters and accounting for fading by compar-
ing responses of TLDs used for measurement with those of
control TLDs irradiated (in a Faxitron-type x-ray ma-
chine) to a known exposure. Calibration of the control
TLD irradiation facility had been performed by compari-
son with the responses of TLDs irradiated in air at mea-
sured distances from '°I seeds of calibration traceable to
the National Institute of Standards and Technology
(NIST).

The head phantom’s overall dimensions are 25X25 cm
square and 18.5 cm in height. Sandwiched between the
0.5-cm base plate and the 15-cm stack of slabs, the 3-cm-
thick slab had a central cylindrical cavity (2.5 cm in di-
ameter) machined to accommodate the eye phantom in-
sert, as indicated by the shaded region in Fig. 2, and two
circular disks (0.5 cm thick each) below the eye phantom
insert. The eye—head phantom was supported by styrofoam
blocks on two sides resting on the bench top, as shown in
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Solid Water
Eye-Head Phantom

Shaded region:
Eye phantom insert

Eye Plaque l

7

F1G. 2. Diagram of the solid water eye head phantom. The shaded area
indicates the eye phantom (see Fig. 1) which, together with two 0.5-cm
spacer disks, is inserted in a 3-cm-thick slab that rests on a 0.5-cm base
plate.

)

Fig. 2. The distance from the plaque to the phantom air
interface was about 2.5 cm, to simulate eye-head geome-
try.

The cylindrical eye-phantom insert was made up of
three major components: (1) eye phantom, (2) eye plaque,
and (3) a matching piece to keep the 20-mm eye plaque in
a fixed central position above the eye phantom. The eye
phantom insert was 2 cm in height and 2.5 cm in diameter.
The eye phantom itself is made of two matching near-
quarter-sphere pieces, with the larger quarter containing
channels of 1X 1-mm-square cross sections to accommo-
date the TLD cubes and solid water spacers, as shown in
Fig. 1. The smaller quarter matches the larger piece to
form a near hemisphere, i.e., a hemisphere with a short
cylindrical extension. The diameter of the hemisphere was
2.46 cm. The centers of the TLD cubes thus positioned
were all in a central plane (A in Fig. 3) of the eye phan-
tom.

A 20-mm eye plaque of the COMS design was applied
to the eye phantom for our TLD measurements, as shown
in Fig. 1. The gold backing, 0.5 mm thick, consists of a
spherical shell segment, and a right circular cylindrical rim
(inner diameter 20 mm) terminating the spherical shell
segment. The height of the rim was designed to bring it to
the outer scleral surface, for which the radius of curvature
is taken to be 12.3 mm. The silastic seed-carrier insert is a
spherical shell segment which fits snugly into the gold
backing. The radius of curvature of the inner concave sur-
face of the insert was designed to be 12.3 mm. Molded into
the outer convex surface were seed troughs (or slots) to
accommodate the '>°I seeds. The design calls for the closest
distance from the concave surface to each trough bottom to
be 1 mm. The design thickness of the insert at its center is
2.25 mm. The seed troughs were arranged in ring forms, as
shown in Fig. 3. For our TLD measurements, a single 21
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FiG. 3. Diagram of the seed troughs (slots indicated by shaded rectan-
gles) molded into the outer convex curvature of the silastic insert (20 mm
in diameter). The central black rectangle represents the seed loading
location in our experiments. The dotted line designated by “A” represents
the plague central plane in which the TLD cubes were centered. The solid
line indicated by “B” represents the central plane containing the seed
longitudinal axis.

seed (model 6711) was situated in the center slot, as indi-
cated by the center black rectangle in Fig. 3. The longitu-
dinal axis of the seed was perpendicular to the eye phan-
tom central plane (A in Fig. 3) that contained the TLD
cube centers. The aim was to study the effect of gold and
silastic in perturbing the cylindrical symmetry (in a homo-
geneous medium of the same material) of the '>I seed dose
distribution in this plane.

The eye phantom surface along the central axis (z axis)
was 0.1 cm from the proximal seed surface and hence 0.14
cm from the seed center. The interior scleral surface was
taken to be 0.1 cm from the exterior scleral surface and was
therefore at 0.24 cm from the seed center. The shaded
squares in Fig. 1 indicate the locations of the TLD cubes in
the eye phantom. There were six central axis locations,
with the TLD cube centers at 0.2-cm intervals beginning at
0.24 cm from the seed center. The off-axis TLD cube lo-
cations were arranged in five rows with z values at 0.2-cm
intervals beginning at 0.34 cm. For each experimental run,
TLD cubes were loaded in only one “row,” including one
central axis location and four, six, or eight off-axis loca-
tions, depending on the row loaded. Neighboring TLD
cubes were always separated by solid-water spacers, to
minimize interference effects. The rows not loaded with
any TLD cubes in an experimental run were all filled with
solid-water spacers to avoid any air cavities between the
seed and TLDs.

To study the effect of the silastic insert alone, we re-
peated the above experiments by leaving out the gold back-
ing. The silastic insert containing the center seed was cen-
tered over the eye phantom by the matching piece
mentioned earlier.

The exposure time per run ranged from 5 min to 2 h,
depending on the distance between the '*’I seed and the
TLDs, in order to keep the TLD exposure within the range
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TABLE I. Percent-by-weight elemental composition.

Silastic Solid water® Natural water
H 6.3 8.09 11.19
C 249 67.22 e
N e 2.4 .
o] 289 19.84 88.81
Si 39.9 cee P
Cl e 2.32
Ca e 0.13
Pt 0.005 o
p 1.12 1.015 1.0
Zg 11.2 7.45 7.43

1040 R. For each gold/silastic combination, up to eight
repetitive runs were performed for each TLD loading con-
figuration. The seed strength was calibrated against an
NIST-traceable seed of the same model (6711) using a
Radiological Physics Center (RPC) well chamber.?’ The
seed activity was 24 U (19 mCi) at the beginning and 15U
(12 mCi) at the end of these experiments. The results for
symmetric off-axis TLD locations were averaged to yield
the data at off-axis points. Dose rates (in cGy h='U Yy at
central axis and off-axis points were determined, using the
TLD calibration factor obtained in our previous study® for
1251 seed dose distributions in a homogeneous medium of
the same material.

B. Monte Carlo calculations

Monte Carlo calculations were performed with the seed
geometry and plaque configurations incorporated in the
combinatorial geometry (CG) module of the MORSE
code.?! The !?°I seed was located at the center of a natural-
water sphere 100 cm in radius. The geometric modeling of
the seed (model 6711) was identical to that reported in our
previous paper.® The plaque geometry configurations were
modeled after the COMS design7 as shown in Fig. 1, in
order to compare with our TLD measurement data. The
gold backing was assumed to be pure gold. For the silastic
seed carrier insert (Dow Corning medical grade elastomer.
MDX4-4210), the percent-by-weight elemental composi-
tion and the physical density used in our calculations were
based on information supplied by Dow Corning®* and are
listed in Table I. With nearly 40% silicon by weight, the
effective atomic number was estimated to be about 11, sub-
stantially higher than that of natural water or solid water.

Four different configurations of plaque geometry were
investigated; namely,

(1) 20-mm diameter, silastic insert, with gold backing;

(2) 20-mm diameter, silastic insert, without gold back-
ing;

(3) 20-mm diameter, natural water replacing silastic,
with gold backing; and

(4) 12-mm diameter, natural water replacing silastic,
with gold backing.
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The Monte Carlo calculation scheme was the same as
that used in our previous study.® The multigroup cross
sections were generated from point cross section data®® for
all the chemical elements involved in the natural water
medium and the various heterogeneities. In calculating
dose, energy deposition was scored in a cubic region di-
vided into 1000 small cubic bins. The scoring region was
situated on the concave side of the plaque, with the bins in
one edge row centered on the seed transverse axis (plaque
central axis), in order to avoid the need for extrapolation
to obtain dose values along the axis. Two sizes of scoring
bin were used, namely, 1 and 2 mm on an edge. The sizes
of the scoring regions were therefore 1 and 2 cm, respec-
tively, on an edge. For configuration (1), the 1-mm cubic
bins were positioned the same way as the TLD cubes in
Fig. 1, to enable direct comparison of the TLD data and
Monte Carlo results. MORSE code was run until the maxi-
mum standard deviation of the mean for any scoring bin
was less than 109%. Due to the presence of gold and/or
silastic and the resulting absence of cylindrical symmetry
around the seed, three-dimensional dose matrices were re-
quired. As many as 100 000 000 histories had to be accu-
mulated to achieve acceptable statistics. Russian roulette
was used to reduce variance.

Dose values per unit contained activity were obtained.
As in our previous paper,® the conversion to apparent ac-
tivity was based on the TLD data for a single 6711 seed in
homogeneous medium.

Ill. RESULTS
A. Thermoluminescent dosimetry data

The TLD measurement data are presented as the prod-
uct of distance-squared and dose rate (D) per unit source
strength (S). Values of P D/S are plotted vs distance, 7,
between the seed center and the TLD cube center, as
shown in Fig. 4. The data for the COMS plaque (gold/
silastic combination), and for the silastic insert alone
(without gold backing), are compared with the TLD data
in homogeneous medium of the same material, as reported
previously.® We noted that the percent dose reduction was
not statistically significantly different for the two inhomo-
geneity configurations. (Two-sample ¢ test’® was per-
formed for the two sets of data, yielding p value of 0.88.)
The presence of the silastic insert resulted in about 10%
dose reduction at 1 cm on the plaque central axis (seed
transverse axis) and in larger reductions at greater dis-
tances. The addition of the gold backing over the silastic
did not further modify the dose distribution within the eye
phantom. The average dose reduction at 17 off-axis mea-
surement points was found to be about 15%, slightly
greater than that observed for the central axis points.

B. Monte Carlo results

Dose values in the eye (on the concave side of the
plaque) were obtained in three-dimensijonal matrices using
the Monte Carlo method for the four different configura-
tions of plaque geometry mentioned earlier.






