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INTRODUCTION
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E-mail : ekim@kcchsun.kech.re kr instillation of radioactive particles can be an

Stereotactic intracavitary radiation therapy with
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effective method to ftreat unresectable cystic
brain tumor. The first clinical trial of intraca-
vitary irradiation of brain cystic tumor was
performed by Lange et all. They adopted a
transphenoidal approach with a small bony
opening of the sellar floor, followed by cyst
puncture, exclusion of cyst leakage, injection of
gOY-colloid, and finally tight closure of the
puncture site. The dosage of Py -colloid was
determined to deliver 200 Gy of radiation dose
to the cyst wall. In the following clinical trial by
Liu et al.z), not only ®Y but also *P was chosen
as the beta-emitting source.

In Korea, intracavitary radiation therapy with
Holmium-166 chitosan complex for unresectable
cystic brain tumor is. considered to be a strong
candidate protocol for conventional application.
"®*Ho has
therapeutic use: (1) beta-particle emissions of
99% yield with the endpoint energy of 1.855
MeV, which corresponds to 9mm of CSDA
(continuous slowing down approximation) range
in liquid water, (2) half-life of 26.9 hours, and
(3) 81-keV g-rays of 54% yield, which is use-
ful for detection. Chitosan is almost non-toxic,

nuclear characteristics ideal for

antigenically inactive, biocompatible, and biodeg-
radable in animal, and therefore it is suitable for
biomedical and pharmaceutical applications. The
interest of chitosan in research is even more
enhanced by the possibility of polycationic che-
lating and the ready solubility in dilute acetic
acid.

%o is readily produced from '®*Ho, whose
natural abundance is 100%, by *Ho(n,g) '®*Ho
reaction. The 30MW research reactor HANARO
in Korea Atomic Energy Research Institute
(KAERI) is available for neutron irradiation.
Holmium-166 complex, or '®Ho-
CHICO, can be produced with high labeling

yield (>99%) by mixing acidic chitosan solution
L, 166

chitosan

wit Ho (NO3) solution at room temperature”.

The autoradiography performed after injecting
'®Ho-CHICO
'%Ho~CHICO is well confined within the lesion.

The '®Ho-CHICO can be injected into the
tumoral cyst via an Ommaya reservoir installed

into a lesion has shown that

in subgalea area. After injection, the biodist-
ribution of '®Ho-CHICO can be monitored by
gamma camera. Once 18610~CHICO is infused
into the cyst, beta particles emitted from 166114
deliver energy both to the cystic fluid and to
the cyst wall. The therapeutic response can be
evaluated by observing the MRI of the lesion.

In this study, dose to the cyst wall has been
estimated by Monte Carlo simulation. A sphe-
rical cyst of a varying size (1cm, 2cm, and 3cm
in diameter) is the model geometry. The target
volume is a spherical shell of Imm in thickness
located at a varying depth from the surface of
the cyst wall. Base on this evaluation, one can
determine the amount of '®Ho to be admi-
nistered to lead to the recommended dose of 200
Gy to the cyst wall.

METHODS

When '®Ho-CHICO is infused into the cyst, it
is predicted that part of the infused %Ho-
chitosan is bound to the cyst wall surface. Since
dose to the cyst wall is attributed to %Ho both
diffused in the cystic fluid- and bound to the
cyst wall surface, it is important to find the
activity density both in the cystic fluid and on
the cyst wall surface.

The volume of the cyst can be estimated by
measuring tfle cyst area in each image section
obtained by MRI. The values of the cyst peri-
meter measured in each image section are used
to calculate the area of the cyst wall surface.
The activity in the cystic fluid is assessed by
extracting some cystic fluid, counting the vo-

lume activity density, and multiplying it by the
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known cyst volume. The fraction of ‘®Ho-
CHICO administered that is-bound to the cyst
wall surface can be obtained by subtracting the
activity in the cystic fluid from the total ad-
ministered activity. With the known volume of
the cyst and the area of the cyst wall surface,
the volume activity density of the cystic fluid
and the areal activity density of the cyst wall
surface can be calculated.

The calculational model is shown in Fig. 1.
Ho-CHICO is considered to be diffused in the
cystic fluid or bound to the cyst wall surface.
Dose to the cyst wall is estimated both for
%Ho-CHICO uniformly diffused in the cystic
fluid and for '®Ho-CHICO uniformly bound to

the cyst wall surface. For a given amount of

166

Radius (mm)

Cyst Wall

Fig. 1. Geometrical model for calculating dose w
the cyst wall.

"Ho-CHICO
density of the cystic fluid and the areal activity

injection, the volume activity
density of the cyst wall surface are obtained on
the basis of the known attachment fraction of
%Ho-CHICO to the cyst wall surface. Dose to
the cyst wall is obtained by summing the dose
due to Ho-CHICO in the cystic fluid and that
due to *Ho-CHICO bound to the cyst wall
surface.

Electron transport in soft tissue is simulated
Monte EGS4”. The
PRESTA version of EGS4 allows tracing elec-

trons until they slow down to 10keV and

using the Carlo code

photons down to lkeV. The range of electrons
at 10keV in liquid water is about 2.6mm, which
is short enough to describe the local energy

deposition in a target volume of cellular level.

RESULTS

Absorbed dose to the cyst wall due to
%o-CHICO in the cystic fluid is given in
Tables 1 to 3. The '*Ho-CHICO of 10mCi in
total activity is assumed to be uniformly
distributed in the cyst each of lcm, 2cm, and
3cm in diameter. As compared to the dose to
the innermost target volume within a depth of
1lmm, the dose to the target volume at 4mm in
depth is reduced to less than 5 percents. When
the total energy absorbed in the target volume

within 4mm in depth from the cyst wall surface

Table 1. Absorbed Dose to a Imm-thick Cyst wall at a Varying Depth for a lcm-dia. Cyst when

10mCi of !

o is Uniformly Distributed in the Cystic Fluid

Target depth(mm) Absorbed dose(Gy)

Relative dose®

Cumulative energy absorptionb

10 1283.(2.63%)°
20 407.6(1.62%)
30 132.2(3.38%)
4.0 36.7(5.10%)

100. 587
31.8 8438
10.3 9.0
2.86 100.

*:Percent dose relative to dose at 1 mm in depth

*Percent energy absorption relative to total energy absorption within 4 mm in depth

©: Percent fractional standard deviation
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Table 2. Absorbed Dose to a lmm-thick Cyst Wall at a Varying Depth for a 2cm-dia. Cyst when,

0 is Uniformly Distributed in the Cystic Fluid

Relative dose®

Cumulative energy .absorption®

10mCi of '*H
Target depth(mm)  Absorbed dose(Gy) »
1.0 141.4(1.92%)° 100.
2.0 48.09(4.64%)
3.0 16.64(3.54%) 11.8
4.0 5.259(5.88%)

34.0

3.72

61.2
86.1
9.2
100.

: Percent dose relative to dose at Imm in depth

5: Percent energy absorption relative to total energy absorption within 4mm in depth

¢ Percent fractional standard deviation

Table 3. Absorbed Dose to a lmm-thick Cyst Wall at a Varying Depth for a 3cm-dia. Cyst when
10mCi of '®Ho is Uniformly Distributed in the Cystic Fluid

Target depth(mm) Absorbed dose(Gy)

Relative dose®

Cumulative energy absorption”

1.0 40.00(4.58%)° 100.
374

20 14.96(4.09%)
3.0 5.315(4.72%) 133
40 1.660(11.2%6)

415

605
86.2
9.4
100.

2: Percent dose relative to dose at lmm in depth

: Percent energy absorption relative to total energy absorption within 4mm in depth

¢ Percent fractional standard deviation

Table 4. Absorbed Dose to a lmm-thick Cyst Wall at a Varying Depth for a lcm-dia. Cyst when

10mCi of

'Ho is Uniformly Bound to the Cyst wall Surface

Target depth(mm)  Absorbed doSe(Gy)

Relative dose™

Cumulative energy absorptionb

1.0 4967.(1.74%)° 100.
2.0 1421.(3.90%)

3.0 523.8(2.59%) 105
4.0 184.1(2.19%) 371

286

59.4
83.1
94.7
100.

: Percent dose relative to dose at lmm in depth

: Percent energy absorption relative to total energy absorption within 4mm in depth

¢: Percent fractional standard deviation

is normalized to-100%, the energy deposition in
each target shell is about 60%, 25%, 10%, and
5% at 1lmm, 2mm, 3mm, and 4mm in depth,
respectively.

Absorbed dose to the cyst wall due to
%Ho-CHICO bound to the cyst wall surface is
given in Tables 4 to 6. The '*Ho-CHICO of 10
mCi in total activity is assumed to be uniformly
bound to the cyst wall surface for a cyst each
of lcm-, 2cm-, and 3cm in diameter. As com-

pared to the dose to the innermost target vo-

lume within a depth of -1lmm, the dose to the
target volume at 4mm in depth is reduced to
less than 5 percents. When the total energy
absorbed in the target volume within 4mm in
depth from .the cyst wall surface is normalized
to 1009, the energy deposition in each target
shell is about 60%, 25%, 109, and 5% at 1lmm,
2mm, 3mm, and 4mm in depth, respectively.
Tables 7 and 8 list the values of absorbed
dose to the cyst wall at a varying depth for a
uniform ®Ho-CHICO source of 1mCi/ml in vo-
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Table 5. Absorbed Dose to a 1lmm-thick Cyst Wall at a Varying Depth for a 2cm-dia. Cyst when
10mCi of '®Ho is Uniformly Bound to the Cyst Wall Surface

Target depthimm)  Absorbed dose(Gy)

Relative dose®

Cumnulative energy absorption”

1.0 1317.(.990%)° 100. 62.8
20 393.0(2.38%) 29.8 85.3
3.0 151.9(4.51%) 115 95.5
4.0 56.83(6.67%) 431 100.

®: Percent dose relative to dose at lmm in depth

:Percent energy absorption relative to total energy absorption within 4mm in depth

©:Percent fractional standard deviation

Table 6. Absorbed Dose to a 1Imm-thick Cyst Wall at a Varying Depth for a 3cm-dia. Cyst when

10mCi of

Ho is Uniformly Bound to the Cyst wall Surface

Target depth(mm)  Absorbed dose(Gy)

Relative dose®

Cumulative energy absorption®

1.0 601.7(.685%)° 100. 63.4
20 188.7(2.39%) 313 85.9
30 73.87(2.17%) 13.0 9.8
4.0 27.80(3.25%) 462 100.

. Percent dose relative to dose at lmm in depth

: Percent energy absorption relative to total energy absorption within 4mm in depth

©: Percent fractional standard deviation

Table 7. Absorbed Dose(Gy) to a lmm-thick Cyst Wall at a Varying Depth for 1mCi/ml! of ®*Ho

Uniformly Distributed in the Cystic Fluid

Target depth(mm) lcm-dia. cyst 2cm-dia. cyst 3cm-dia. cyst
1.0 67.18(2.63%)* 59.24(1.92%) 56.64(4.58%)
2.0 21.34(1.62%) 20.14(4.64%) 21.15(4.09%)
3.0 6.923(3.38%) 6.968(3.54%) 7.513(4.72%)
4.0 1.920(5.109) 2.202(5.88%) 2.347(11.2%)

? : Percent fractional standard deviation

lume activity density and for a uniform %110
CHICO source of 0.ImCi/cm’® in areal activity
density, respectively. Among cysts of different
sizes, the same volume activity density and the
same areal activity density result in similar dose
values to the cyst wall.

About 98.1% of attachment fraction of ‘*Ho-
CHICO to the cyst wall surface was observed
from one clinical case. Also, the CT image of
the lesion has *Ho-CHICO is
confined within the cyst without leakage. Con-
sider that 10mCi of '®Ho-CHICO is injected into

shown that

a cyst of 3cm in diameter. Assuming 98.1%
attachment fraction and uniform %Ho-CHICO
distribution both in the cystic fluid and on the
cyst wall surface, the initial volume and the ini-
tial areal activity density are 0.0134mCi/cm® and
0.347mCi/cm?, respectively. In this case, the
to  0.759Gy, 0.283Gy,
0.101Gy, and 0.0314Gy of absorbed dose to the
cyst wall at every lmm in depth, respectively.
The surface source leads to 590Gy, 185Gy,
72.5Gy, and 27.3Gy of absorbed dose to the cyst
wall at every lmm in depth, respectively. The

volume source leads
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Table 8. Absorbed Dose(Gy) to a Imm-thick Cyst Wall at a Varying Depth for 0.1mCi/cm® of "®Ho

Uniformly Bound to the Cyst Wall Surface

Target depth(mm) lem-dia. cyst 2cm-dia. cyst 3cm-dia. cyst
1.0 156.1(1.74%)* 165.5(.990%) 170.1(.6859)
2.0 44.63(3.90%) 49.39(2.38%) 53.33(2.39%)
3.0 16.45(2.59%) 19.09(4.51%) 20.89(2.17%)
40 5.785(2.19%) 7.139(6.67%) 7.860(3.25%)

: Percent fractional standard deviation

total absorbed dose to the cyst wall is, the-
refore, 591.8Gy, 185.3Gy, 72.60Gy, and 27.33Gy
at lmm, 2mm, 3mm, and 4mm in depth, respec-
tively.

If the attachment of **Ho-CHICO to the cyst
wall surface is not recognized, the whole %6110
CHICO administered would be considered as a
volume source diffused in the cystic fluid. With
10mCi of '®Ho-CHICO uniformly diffused in the
cyst of 3cm in diameter, the volume activity
density of the cystic fluid is 0.707mCi/cm® Ab-
sorbed dose to the cyst wall is estimated
40.06Gy, 14.96Gy, 7.513Gy, and 1.660Gy at every
Imm in depth from the cyst wall surface,
respectively. The absorbed dose to the cyst wall

would be underestimated by 90% to 949% by

ignoring the attachment of **Ho-CHICO to the
cyst wall surface.

DISCUSSION

This paper deals with a spherical model of
cystic brain tumor. In real clinical applications,
the tumoral cyst is less likely spherical. None-
theless, the spherical geometry is a reasonable
choice to represent the cyst of a random geo-
metry. Studies with other geometry models of
cyst would add to the dose estimate library,
which allows utilizing data for a geometry most
close to the real one in determining the activity
to be administered.

The comparison of dose estimates among

cysts of different sizes (lcm, 2cm and 3cm in
diameter) for a standard volume or areal activity
density helps understanding the relationship
between the activity administered and the
resulting dose to the cyst wall. Data in Table 7
imply that the volume activity density can be a
major parameter determining the dose to the
cyst wall contributed by the radioactive source
diffused in the cystic fluid regardless of the
total activity and the cyst size. In the same
coin, data in Table 8 show that the areal acti-

vity density over the cyst wall surface can

. suggest the energy density in the cyst wall deli-

vered from the surface source regardless of the
total activity and the cyst size. This fact indi-
cates that the dose to the cyst wall for a cyst
of an arbitrary size can be approximated by
converting the total activity either diffused in
the cystic fluid or bound to the cyst wall sur-
face into a volume activity density or an areal
activity density, respectively, and comparing
those with the standard activity density values

assumed in Tables 7 and 8.

SUMMARY

1% o~ chitosan complex, or 1%6115~-CHICO, is a
candidate pharmaceutical for intracavitary ra-
diation therapy of cystic brain tumors because
of the desirab\leﬂ nuclear characteristics of '*Ho
for therapeutic use and the suitable biological

and chemical characteristics of chitosan, not to
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mention its ready producibility. The amount of
*Ho-CHICO to be administered to obtain the
goal therapeutic effect can be suggested by
predicting the dose to the cyst wall for a va-
rying pharmaceutical dose. When '‘®*Ho-CHICO
is infused into the cyst, the major part of the
energy delivery by beta particles emitted from
%Ho occurs in the cyst wall within 4mm in
depth from the cyst wall surface. Also, realizing
the attachment of '*Ho-CHICO to the cyst wall
surface would change the predictions of dose to
the cyst wall.
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