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Beta Dosimetry in Intraperitoneal Administration of '**Ho-chitosan Complex

Eun-Hee Kim, Ph.D.*, Sang-Moo Lim, M.D.T and Kyung-Bae Park, Ph.D.?

Cyclotron Application Laboratory*, Department of Nuclear Medicine '

Korea Cancer Center Hospital, Seoul, Korea
Department of Radioisotope ¥ Korea Atomic Energy Research Institute, Daejan, Korea

Intraperitoneal administration of radioisotopes is suggested to treat the metastatic ovarian
cancer in the peritoneal cavity. Administering beta-emitting radioisotopes into the peritoneal
cavity allows the maximum energy delivery to the cancerous cells of the peritoneal wall
surface while sparing the normal cells located in deep site of the peritoneal wall. In this study,
dose estimates of the peritoneal wall are provided to be used for prescribing the amount of

'Ho-chitosan complex administered.

The '**Ho-chitosan complex diffused in the peritoneal fluid may attach to the peritoneal
wall surface. The attachment fraction of '**Ho-chitosan complex to the peritoneal wall surface
is obtained by simulating the ascites with Fischer rats. Both volume source in the peritoneal
fluid and the surface source over the peritoneal wall surface are counted for the contribution
to the peritoneal wall dose. The Monte Carlo code EGS4 is used to simulate the energy
transfer of the beta particles emitted from '*Ho. A plane geometrical model of semi-infinite
volume describes the peritoneal cavity and the peritoneal wall. A semi-infinite plane of 10 pm
in thickness at every 1 mm of depth in the peritoneal wall is taken as the target in dose
estimation.

Greater than 98 percents of attachment fraction has been observed from the experiments
with Fischer rats. Given 1.3 }ICi/cm2 and 2.4 pCi/m] of uniform activity density, absorbed
dose is 123 Gy, 8.59 Gy, 3.00 Gy, 1.03 Gy, and .327 Gy at 0 mm, 1 mm, 2 mm, 3 mm,
and 4 mm in depth to the peritoneal wall, respectively. (Korean J Nucl Med 1998;32:99-

108)
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Introduction

Ovarian cancer is one of the highest causes of
mortality among gynecologic cancers. The mali-
gnancy originates in the ovaries and is generally
detected when it has metastasized to the surface of
the peritoneum. The peritoneal cavity is a space
defined by the mesothelial lining which surrounds
various organs in the abdominal cavity. This lining,
called peritoneum, covers the entire abdominal
wall of the body from the diaphragm to the pelvic
floor. The cavity lining has a highly variable thic-
kness. Normally, the cavity contains a very slight
amount of watery fluid which tends to lubricate its
inner surface. In pathologic conditions, however,
the cavity may become greatly distended with fluid.

The conventional treatment of the ovarian can-
cer involves surgical debulking of the primary
tumor, followed by a regimen of chemotherapy
andjor radiation therapy to the regions at risk for
spread”. The diffuse nature of peritoneal disease
requites the treatment of the entire abdomen. In
radiation therapy for treating ovarian metastases,
" Au colloids” and radioactive chromic phosphate
("P colloids)*” have been administered directly
into the peritoneal cavity to augment the dose to
the peritoneal surface.

Intracavitary radiation therapy with Holmium-
166 chitosan complex is considered to be a strong
candidate protocol for treating ovarian metastases
to the peritoneurn. '*°Ho has nuclear characteristics
ideal for therapeutic use: (1) beta-particle emis-
sions of 99% yield with the endpoint energy of
1.855 MeV, which corresponds to 9 mm of CSDA
(continuous slowing down approximation) range in
liquid water, (2) half-life of 26.9 hours, and (3)
81-keV p-rays of 5.4% yield, which is useful for
detection. Chitosan is almost non-toxic, antigeni-

cally inactive, biocompatible, and biodegradable 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 chelating and the ready
solubility in dilute acetic acid.

165

"Ho is readily produced from —Ho, whose na-

"*Ho(n,7)'"*Ho reac-
tion. The 30-MW research reactor HANARO in

Korea Atomic Energy Research Institute{(KAERI)

tural abundance is 100%, by

is available for neutron irradiation. Holmium-166
chitosan complex, or '““Ho-CHICO, can be pro-
duced with high labeling yield(>99%) by mixing
acidic chitosan solution with ]66H0(N03) solution
at room temperature®. The autoradiography perfor-

med after injecting '**"Ho-CHICO into a lesion has
166

shown that "Ho-CHICO :s well confined within
the lesion.
The '“Ho-CHICO can be injected into the peri-

toneal cavity distended with fluid. '®Ho-CHICO
inside the peritoneal cavity emits beta particles,
which deliver energy both to the peritoneal fluid
and to the peritoneal wall. When "Ho-CHICO is
injected into the peritoneal cavity, it may be distri-
buted over the peritoneal wall or in the peritoneal
fluid. To estimate the dose to the peritoneal wall,
the source activity both over the peritonsal wall
surface and in the peritoneal fluid should be
known. The largest value found in the literature for
peritoneal cavity volume is 4000 cm®’, and mea-
sured values of the peritoneum thickness in adults
range from 0.5 to 2 mm with an average of 1 to
1.5 mm¥.

In this study, dose to the peritoneal wall deli-
vered by intraperitoneal injection of "“Ho-CHICO
is estimated by Monte Carlo simulation. To find
the degree that ‘“Ho-CHICO is bound to the peri-
toneal wall surface, 1% Ho-CHICO is injected into
Fischer rats in a pathologic condition of peritoneal
cavity. The volume of the peritoneal cavity is as-

sessed by using *"Tc-HSA. Among the adminis-
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tered '“Ho-CHICO, the fraction that is diffused in
the peritoneal fluid is found by extracting some
peritoneal fluid, counting the "**Ho activity density,
and multiplying it by the known volume of the
peritoneal cavity. The remaining of the '“Ho-
CHICO administered is considered to be bound to
the peritoneal wall surface. Both volume and sur-
face sources of ““Ho are considered in estimating

dose to the peritoneal wall.

Methods

The whole body autoradiography of a mouse
intraperitoneally administered with '*Ho-CHICO is
performed to see whether '*Ho-CHICO is con-

fined within the peritoneal cavity.

1. Measurement of the Peritoneal
Cavity Volume

The procedure of measuring the peritoneal cavity
volume is demonstrated with Fischer rats. Normal
saline is infused into the peritoneal cavity of Fis-
cher rats, which simulates the pathologic condition
of the peritoneal cavity. The procedure is as fol-
lows:

1) Inject 30 ml of normal saline (0.9% NaCl
solution) into the peritoneal cavity of a Fischer
rat.

2) Measure the weight of the rat.

3) Infuse 100 pCif0.5 ml of *"Tc-HAS into the
peritoneal cavity of the rat.

4) Extract 0.5 ml of peritoneal fluid.

5) Sacrifice the rat.

6) Open the abdomen of the rat and spill out the
peritoneal fluid.

7) Measure the weight of the rat.

8) Cut out part of the peritoneal walil.

9) Count the gamma-ray emissions from the

extracted peritoneal fluid.

The volume of the peritoneal fluid is obtained
by dividing the total #™T¢ activity administered by

9% .
"™Tc counted in

the volume activity density of
step 9. The weight difference of the rat before
(step 2) and after (step 7) sacrifice also informs the

volume of the peritoneal fluid.

2. Measurement of the Source acti-
vity of '*®*Ho

1) Inject 10 m! of normal saline (0.9% NaCl solu-
tion) into the peritoneal cavity of a Fischer rat.

2) Inject 1 mCi/ml of '“Ho-CHICO into the
peritoneal cavity of the rat.

3) On the next day, inject 30 ml of normal saline
(0.9% NaCl solution) into the peritoneal cavity
of the rat.

4) Measure the weight of the rat.

5) Extract 0.5 ml of peritcneal fluid.

6) Inject 100 j1Ci/0.5 ml of *"Tc-HAS into the
peritoneal cavity of the rat.

7) Extract 0.5 ml of peritcneal fluid.

8) Open the abdomen of the rat and spill out the
peritoneal fluid.

9) Measure the weight of the rat.

10) Cut out part of the peritoneal wall.

11) Perform gamma counting in 5om

Tc range with
the peritoneal fluid extracted in step 7.

12) Perform gamma counting in “*Ho range with
the peritoneal fluid extracted in step &.

13) Perform the autoradiography with the cut sam-
ple of peritoneal wall.

14) Perform gamma counting with the peritoneal

wall sample of unit area.

10 ml of normal saline injected in step 1 is
considered to be absorbed into the body fluid in a
day, leaving 1%Ho-CHICO inside the peritoneal ca-
vity. The volume of the peritoneal fluid is mea-
sured by dividing the total P™T¢ activity injected

in step 6 by the volume activity denmsity of b v
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counted in step 11. The volume of the peritoneal
fluid is obtained also from the weight difference
measured in steps 4 and 9. The fraction of the
administered '**Ho-CHICO that is diffused in the
peritoneal fluid is obtained by multiplying the
volume activity density of "*Ho counted in step 12
by the known volume of the peritoneal fluid. Su-
btracting this '“"Ho activity from the initial '“Ho
activity administered in step 2 results in the acti-
vity that is distributed over the peritoneal wall
surface. The autoradiography performed in step 13
is to show the pattern of 'Ho distribution over the
peritoneal wall surface.

166

The volume activity density ~Ho is given in

step 12. On the assumption that the areal activity

density of '®

Ho is uniform over the peritoneal wall
surface, calculating the areal activity density requi-
res the surface area of the peritoneal wall to be
known. If a nominal value of the peritoneal wall
surface area for Fischer rats was available, the areal
activity density would be calculated by dividing

166

the "Ho activity distributed over the peritoneal

wall surface by its area. In this study, the areal

activity density of '“Ho over the peritoneal wall
surface is taken from the gamma counting per unit

peritoneal wall in step 14.

3. Correction for the Interference of
1580 Gam'ma Count to the **"T¢
Gamma Count and vice versa

The Nal(Tl) scintillation counter is used to esti-
mate the activity in a sample by counting the
gamma-rays emitted from the sample. In real clini-
cal applications, the volume of the peritoneal ca-
vity would be measured by infusing #"Tc-HAS
mﬁHO-

CHICO is already diffused in the peritoneal fluid.

into the peritoneal fluid in a situation that

The close gamma-ray energy peaks of "**Ho (81
keV) and P"Tc (140 keV) can cause an error in

#™T¢ is short (6 hours)

count. Since the half-life of

as compared to that of '“Ho (26.9 hours) and the

activity of the infused """ Tc-HAS is relatively low,

99,

the interference of ~"Tc gamma emissions to "**Ho

gamma count can be minimized by performing the

'**Ho gamma counting in a time lapse long enough

99
for 7"

Tc-in a sample to decay to a negligible
activity level. In terms of the error in *"Tc gamma
count, the low gamma emission yield (5.4%) of
166 #¥m e would

. .. . 9
result in a negligible influence on = "Tc gamma

Ho as compared to that (90%) of

count. To find the degree of the overestimation in

99m 166

Tc gamma count due to ~Ho contamination or

- 166 99 . :

in "Ho gamma count due to "Tc contamination,
gamma counting is performed for samples with
166 P .

%Ho of a constant activity added with *"Tc of a

varying activity.
4. EGS4 Simulation

Transport in liquid water of beta particles emit

ted from '*°

Ho is traced using the Monte Carlo
code EGS4”. The tracing cutoff energy is set at |
keV for photons and 10 keV for electrons. As
shown in Fig. 1, a semi-infinite volume represents
the peritoneal cavity filled with fluid and the other
side represents the peritoneal wall. A 10 pm-thick
infinite plane is defined as a target volume being
located every 1 mm, from 0 mm to 4 mm, in depth
toward the peritoneal wall. Considering that the
range in the liquid water of 10 keV-electrons is 2.6
Jm, the plane target is thick enough to enclose the
local energy depositions.

Dose to the peritoneal wall is attributed to both
the '**Ho-CHICO bound to the peritoneal wall sur-
face and that diffused in the peritoneal fluid. The
surface source and the volume source are assumed
to be uniformly distributed over the surface of the
peritoneal wall and in the peritoneal fluid, respec-

tively.
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Results

The whole body autoradiograph of a mouse
administered with '“Ho-CHICO has shown that
"Ho-CHICO is confined within the peritoneal
cavity(see Fig. 2). The values of peritoneal fluid

99m

volume calculated using the = Tc gamma count

have ranged from 31.3 ml to 34.6 ml while the

103

weight differences measured before and after
sacrifice of Fischer rats have ranged from 21.3 ml
to 23.4 ml. For 30 ml of normal saline injected to
fluid,

approach using e gamma count has led to

simulate the peritoneal the calculational

overestimation while measuring the weight differ-
ence has led to underestimation. The overestima-
tion using i\ gamma count suggests that part of

" Te-HAS injected might have been attached to

peritoneal
fluid

o

—— 10 um-thick '

target volume !

/

peritoneal
wall surface

I )

-+ depth (mm)

peritoneal

wall

Fig. 1. Geometrical model for calculating dose to the peritoneal wall.
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Fig. 2. The whole body autoradiograph of a mouse intraperitoneally injected with '%Ho-CHICO, which is infused with a

section of the mouse prepared using an auto-cryotome.
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the peritoneal wall surface. The underestimation in
the weight difference implies that spilling the
peritoneal fluid might have been incomplete.

The binding fraction of '*Ho-CHICO to the

peritoneal wall surface has been obtained at over

98%. The distribution of *Ho-CHICO over the
peritoneal wall surface has been observed by au-
toradiography. The autoradiograph has shown a
rather uniform distribution. of '®*Ho-CHICO in

overall, but still showing local non-uniformity (see

Fig. 3. Autoradiograph of a piece
injected with '**Ho-CHICO.

of the peritoneal wall of the Fischer rat
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Fig. 4.

Gamma count ratio of '“Ho sample contaminated with “™Tc to pure '“Ho sample. The initixl

relative activity of e to pure "o is 0.1, 0.2, 0.5 or 1.0.
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Fig. 3).
The mutual interference of '®*Ho and *™Tc in

gamma count has been tested with samples of a

om, 166

varying ratio of #"Te to '*Ho activity. Fig. 4 dis-

plays the ratio of gamma count in '%Ho range from

h 99m

a '®Ho source added wit Tc to that from the

pure 166

Ho source. Greater contamination activity
of ®"Tc results in higher degree of overestimation
in gamma count for '*Ho., The shorter half-life of
" (6 hours) as compared to that of '**Ho (26.9
hours) has led to a lower degree in overestimation
as decay proceeds. Displayed in Fig. 5 is the ratio
of gamma count in “""Tc range from a “"Tc

166

source added with THo to that from the pure

105

¥™Tc source. Greater contamination activity of
"Ho results in higher degree of overestimation in
gamma count for *™Tc. Due 10 longer half-life of
1%Ho (2.69 hours) as compared to that of *™Tc (6

hours), the contamination ratio of 166

Ho activity
increases as decay proceeds. Therefore, a greater
overestimation of *™Tc gamma count is observed.
Theoretically, the ratio should not be lower than
1.0. The data of less than 1.0 in Fig. 5 can be

%Ho to

explained by the negligible interference of
the gamma count in *"T¢ range and the statistical
error in count itself. In Fig. 4 and S, the numbers
in the ratios

legends are in activity of the

contaminant to the pure object of interest.

Table 1. Electron Dose to a 10 pm-thick Target at a Varying Depth into the Peritoneal Wall for "*Ho of 1
pCijem’ in Initial Activity Density over the Peritoneal Wall Surface

Target depth(mm) Absorbed dose(Gy) Relative absorbed dose’

Percent cumulative energy absorptionb

0 80.8(6.10%)°
1 3.91(5.99%)
2 1.09(5.31%)
3 0.329(6.38%)
4 0.0939(7.25%)

100
4.84
1.35

0.408
0.116

2.5
98.0
99.5

100

a. absorbed dose value relative to that at the peritoneal wall surface

b. percent energy abosrption within the target depth; energy absorbed within 4 mm in depth is normalized to

100%
¢. percent fractional standard deviation

Table 2. Electron Dose to a 10 pm-thick Target at a Varying Depth into the Peritoneal Wall for '®Ho of 1
pCi/ml in Initial Activity Density in the Peritoneal Fluid

Target depth(mr;l) Absorbed dose(Gy) Relative absorbed dose’

Percent cumulative energy absorplicm"

0 7.40(8.24%)"
1 1.46(6.56%)

2 0.658(6.09%)
3 0.252(5.57%)
4 0.0855(3.13%)

100
19.7
8.89
3.40
1.16

725
89.8
97.2
100

a. absorbed dose value relative to that at the peritoneal wall surface

b. percent energy abosrption within the target depth; energy absorbed within 4 mm in depth is normalized to

100%
¢. percent fractional standard deviation
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Dose to the peritoneal wall due to surface source
is presented in Table 1. For 1 pCi/cm2 of areal
activity density on the peritoneal wall surface, dose
to the peritoneal wall is 80.8 Gy, 391 Gy, 1.09
Gy, 0.329 Gy, and 0.0939 Gy at 0 mm, 1 mm, 2
mm, 3 mm, and 4 mm in depth toward the peri-

toneal wall, respectively. Dose to the peritoneal

wall due to volume source is presented in Table 2.
For 1 pCifml of volume activity density in the
peritoneal fluid, dose to the peritoneal wall is 7.40
Gy, 1.46 Gy, 0.658 Gy, 0.152 Gy, and 0.0855 Gy
at 0 mm, 1 mm, 2 mm, 3 mm, and 4 mm in depth
toward the peritoneal wall, respectively.

For the surface source, dose to the peritoneal
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Fig. 5.

Gamma count ratio of ®™Tc sample contaminated with '*Ho to pure “"Tc sample. The initial

relative activity of '“Ho to pure ®™Tc is 1, 2, 5 or 10.

Table 3. Electron Dose to a 10 pm-thick Target at

a Varying Depth into the Peritoneal Wall for '**Ho of 1.3

1Cifem’ and 2.4 pCi/ml in Initial Activity Density over the Peritoneal Wall Surface and in the

Peritoneal Fluid, respectively

Absorbed due to **Ho on

rget depth .
Target depth(mm) the peritoneal wall surface”

166-

absorbed dose due to " Ho in

the peritoneal fluid® Total absorbed dose

0 105.(85%)°
1 5.08(59%)
2 1.42(46%)
3 A428(41%)
4 12231 %)

17.8(15%) 123
3.50(31%) 8.59
1.58(54%) 3.00
.605(59%) 1.03
.205(69%) 327

a. 1.3X(data in Table 1)
b. 2.4 X(data in Table 2)
c. percent of the total absorbed dose
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wall at 3 mm in depth is reduced to less than 1 %
of that at the peritoneal wall surface. On the other
hand, volume source results in more gradual
reduction in dose as the target moves toward the
peritoneal wall. The dose at 4 mm in depth is still
greater than 1 % of that at the peritoneal surface.
For the surface source, more than 90 % of the total
energy absorption within 4 mm in depth attributes
to the energy absotption within 1 mm in depth. For
the volume source, on the other hand, the energy
absorption within 1 mm in depth accounts for
about 72.5 % of the total energy absorption within
4 mm in depth.

Dose estimates for standard activity density(l
pCifem” and | pCi/ml) have been applied to one
experimental case. With 1.3 pCi/cm2 of volume
activity density in the peritoneal fluid and 2.4 pCi/fml
of areal activity density over the peritoneal wall
surface, dose to the peritoneal wall is 123 Gy, 8.59
Gy, 3.00 Gy, 1.03 Gy, and 0.327 Gy at 0 mm, 1
mm, 2 mm, 3 mm, and 4 mm in depth, res-
pectively (see Table 3). The major contribution
comes from the surface source for target volume
close to the peritoneal surface while it does from
the volume source for target volume at a greater
depth.

Discussion

Dose to the peritoneal wall attributes to both the
surface source aitached to the peritoneal wall
surface and the volume source distributed in the
peritoneal fluid. Dose estimation for the experi-
mental case has been performed assuming the
uniformity in '**Ho-CHICO distribution for both
the volume source and the surface source. The
assumption of uniformity in volume source distri-
bution is quite reasonable. The uniformity in
surface source distribution, however, may not be

always the case. Autoradiographs of peritoneal

wall samples have restrictions in terms of repre-
senting the condition over the whole peritoneal
wall surface. Nevertheless, the uniform distribution
of the surface source is the assumption of choice at

this moment.

Summary

166 0-chitosan complex, or %%Ho-CHICO, is a
candidate pharmaceutical for intracavitary radiation
therapy of ovarian metastases. '*Ho-CHICO s
well confined within the peritoneal cavity, not
contaminating the outside. Beta particles emitted

166,
from

Ho deliver energy to the peritoneal wall
with high LET. At the same time, their short range
spares the outside normal tissue.

It has been shown that the volume of the
peritoneal fluid measured by using #MT¢c-HSA
meets the actual value within a small error range.
With the binding fraction of '*Ho-CHICO to the
peritoneal wall surface known and given the
amount of activity administered, the areal activity
density over the peritoneal wall surface and the
volume activity density in the peritoneal fluid can
be calculated for a varying volume of the peri-
toneal cavity in pathologic condition. Using the
estimates of dose to the peritoneal wall for stan-
dard areal and volume activity density, the amount
of '®*Ho-CHICO to be administered can be sug-
gested for a varying goal dose to the peritoneal

wall,
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