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a) uniform distribution b) non-uniform distribution
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Fig. 1 Schematic presentation of radiolabeled MAb
in a tumor: a) uniform distrbution, b) non-
uniform (exponential) distribution. Lower
panels show cut-away concentration profiles on
the radial axis.

Table 1 Isotopes for therapeutic consideration

Max. energy Ti2 Max. range
(MeV) (days) in tissue (mm)
57Cu 0.58 2.6 2.2
0Y 2.28 2.7 11.9
131] 0.66 8.0 2.4
186Re 1.07 3.7 4.8
188Re 2.12 0.71 11.1
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Fig. 2 Point source functions of 67Cu, 90Y, 131]
186Re, and 188Re.
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a) uniform distribution b) exponential distribution
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Fig. 3 Radiation dose rate in a =1 mm tumor for a) uniform distribution, b) non-

concentration profile found in Fig. 1.
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Fig. 4 Radiation dose rate in ¢=1 (left), 5 (center), and 10 mm tumors (right) for 67Cu,
131], 186Re, 188Re, and °°Y (top to bottom). Dose rate with two types of MAb
distribution are plotted in each panel with schematic MAb concentration profiles.
Vertical axes are identical for three panels in a same row but different for each
radionuclide.
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Fig. 5 Radiation dose rates in different sizes (§=1, 5, and 10 mm) of tumor are plotted
in one panel for each radionuclide to demonstrate the effect of tumor size. MAb
distribution is assumed to be uniform and radionuclide activity is 37 MBq/m/.
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Fig. 6 Radiation dose rates of radionuclides are plotted in one panel for each tumor
size. Vertical axes of three panels are identical. MAb distribution is assumed to
be uniform and radionuclide activity is 37 MBq/m/.
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Table 2 Fraction of radiation dose in tumors

a) Uniform MAD distribution

¢ 67Cu 131] 186Re 188Re %0y
1 mm 64.8% 50.2% 272% 10.1% 8.0%
5 mm 94.4%, 89.8% 78.2% 45.3% 38.0%
10 mm 98.2% 96.1% 89.3% 69.3% 62.8%
b) Exponential MADb distribution
é 67Cu 131] 186Re 188Re 90y
1 mm 59.8% 46.4%, 25.2% 9.49% 7.3%
5 mm 91.6% 85.7% 70.8% 42.1% 35.3%
10 mm 97.1% 94.0% 85.0% 64.0% 57.9%

Table 3 Heterogeneity of radiation dose in tumors

a) Uniform MAD distribution

¢ 87Cu 1311 lBORe 188Re DOY
1 mm 0.57* 0.57 0.58 0.59 058
5 mm 0.79 0.71 0.58 0.56 0.57
10 mm 0.90 0.83

0.69 0.54 0.54

*ratio=dose at the 959 of radius/dose at the center of tumor

b) Exponential MAb distribution

é 67Cu 131] 186Re 188Re 20y
1 mm 1.79* 1.52 1.29 1.22 1.24
5 mm 7.26 5.14 2.18 1.30 1.26

10 mm 10.08 8.28 5.00 1.64 1.41

*ratio=maximum dose in the tumor/dose at the center of tumor
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Summary

Dosimetry and Radiation Dose Distribution in Tumors for
Radioimmunotherapy: The Effect of Tumor Size

Kenji FusiMorl and Masayori FURUDATE

Department of Nuclear Medicine, Hokkaido University School of Medicine

For aiding to optimize the efficiency of radio-
immunotherapy with #-emitter-labeled monoclonal
antibody (MAD), radiation absorbed dose in a
small tumor was calculated using a mathematical
model for 67Cu, 90Y, 131], 186Re, and 188Re. MADb
distributions were assumed to be uniform or
exponential to investigate the tumor size effect on
absorbed dose.

The salient results are 1) with longer range
p-emitters, radiation absorbed dose is increased
with the tumor size increases and the fraction of

radiation dose to the outside of the tumor is
large; 2) with shorter range f-emitters, the tumor
size effect on absorbed dose is small. The fraction
of radiation dose to the tumor is large and small
tumors will be irradiated effectively; 3) when
MAD distribution is non-uniform, absorbed dose
is more homogenous with longer range f-emitters.

Key words: Monoclonal antibody, Radioim-
munotherapy, Dosimetry, Radionuclides, Tumor
size.
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