
CALCULATION OF DOSE POINT KERNELS FOR 
FIVE RADIONUCLIDES USED IN 

RADIO-IMMUNOTHERAPY 

S. OKIGAKI, A. ITO, I. UCHIDA, and T. TOMARU 

Department of Physics, 

The Cancer Institute, Tokyo 

Japanese Foundation for Cancer Research 

Kami-Ikebvku.ro 1-37-1, Toshima-ku, Tokyo 170, JAPAN 

Abstract 

With the recent interest in radioimmunotherapy, attention has been given to cal
culation of dose distribution from beta rays and monoencrgetic elec-trons in tissue. 
Dose distribution around a point source of a beta ray emitting radioisotope is referred 
to as a beta dose point kernel. Beta dose point kernels for five radionuclides such as 
1311,186Re, 32P, 188Re, and 90Y appropriate for radioiinmunotherapy are calculated by 
Monte Carlo method using the EGS4 code system. Present results were compared with 
the published data of experiments and other calculations. Accuracy and precisions of 
beta dose point kernels are discussed. 

1. In t roduct ion 

Calculations of dose distribution based on the measured distribution of radioactivity 

is required in treatment planning of radioimmunotherapy. Beta dose distribution around 

a point source of a radioisotope of interestis referred to as a beta dose point kernel. The 

systematic data of dose point kernels are important as the basis of the calculation of 

three-dimensional absorbed dose distribution. 

Generally, direct measurement of the absorbed dose around beta rays is difficult be

cause of the short ranges of electrons in tissue and absence of appropriate detectors. In 

spite of these difficulties, some investigators have attempted measurement of the beta dose 

point kernel. 

Loevinger[l] made transmission measurements of planar sources of beta rays from ra

dionuclides through polystyrene sheets, and compared these results with those expected 

from point sources. Clark et al.[2] measured dose distribution of beta rays from point 

sources in air. Cross[3] measured dose distribution of beta rays in air and styrofoam with 

ionization chambers. The obtained results for air were extended to those expected in low Z 
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media. Cross[4] farther made transmission measurements of planar beta sources through 

ahnnminm and polyvinyl toluene with an extrapolation ionization chamber. Colef5] mea

sured transmission, absorption, and reflection of electron beams having broad energy range 

from 20 eV to 50 keV through thin sheets of cellulose nitrate and Mylar. 

Theoretical investigations in beta dose point kernels have been made by radiation 

physicists. Spencer[6] published a numerical solution to the transport equation of primary 

electrons in a uniform unbounded medium. He used the moment method with the contin

uous slowing down approximation (CSV>&). As his results agreed well -with previous ex

perimental results, this formed the basis of beta dosimetry in both MIRD Pamphlet No.77 

and tables of dose distributions by Cross et al.[8]. However, the Monte Carlo simulation 

made a progress recently in solving this problem. Berger[9] calculated dose point kernels 

for monoenergetic electrons in water, using the Monte Carlo simulation code(ETRAN). 

This approach has the advantage of being able to avoid the use of inaccurate CSDA. 

Rogers and BielajewJlO] calculated absorbed doses from the broad parallel electron beams 

on slab phantoms using other Monte Carlo code named EGS4. It has been shown that 

the sampling of electron energy-loss straggling distribution used in ETRAN was incorrect. 

However, it should be noted that the present version of ETRAN code[ll] uses the correct 

electron energy-loss sampling. To estimate dose point kernels of radionuclides of interest 

for radioimmunotherapy, Prestwich et al.[12] have calculated the weighted results of mo

noenergetic electrons by Berger[9]. Simpkin and Mackie[13] have given beta dose point 

kernels in water for monoenergetic electrons and beta rays emitting radio-nuclides with the 

EGS4. Cross et al.[14] calculated radial dose distributions around isotropic point sources 

of monoenergetic electrons and 147 beta emitters in an infinite water medium with the 

Monte Carlo code named ACCEPT. Their calculated dose distributions for beta emitters 

are in good agreement with not only experimental results but also other calculations by 

ETRAN and EGS4, except at very short distance. 

The purpose of this paper is to report Monte Carlo calculations of beta dose point 

kernels in water. EGS4 code was used to calculate beta dose point kernels in water for 
1311,186Rc, 32P, 188Re, and MY. These radionuclides are of interest in radioimmunotherapy 

because of their favorable energy of beta rays, half lives, and chemical binding properties 

to suitable monoclonal antibodies. These dose point kernels for five radionuclidesare com

pared to those by other investigators described above. The present precision of dose point 

kernel is discussed. 

2. Me thod 

The Monte Carlo code used to calculate the beta dose point kernels in an infinite 

homogenious water phantom is the PRESTA version[15] of EGS4 code. [16] The electron 
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transport is governed by the Moliere multiple scattering theory. Generally, the transport 

step size is restricted to the value that corresponds to the energy-loss for a preset fraction 

of ESTEPE. Default ESTEPE is set to 0.02 and AP(a cutoff energy for photons) is set to 

10 keV. However, PRESTA calculates the variable and optimal step size for the current 

electron energy, so that electron transport calculation is faster than fixed fraction ES

TEPE algorithm. The geometry for calculation is a sphere and spherical shells. The shell 

thickness is taken one hundredth ofthe maximum electron range for each radionuclide. 

Electron histories of l.OxlO'1 were generated and 10 independent runs were averaged to 

evaluate the precision of calculation. The beta energy spectra for I 3 1 l , ^ P , and ^ Y are 

taken from data by Hogan et al.[17] and for 186Re and 1B8Re data from MIRD Pamphlet 

No.1018. The conversion and Auger electrons were not taken into account in each beta 

energy spectrum of 131I, 186Re, and 188Re.Beta dose point kernel F(r) is given by the 

following equation 

F(r) = (6E(r)/TQ)/6r (1) 

where 6E(r) is the energy absorbed in a spherical shell of radius r and thickness Sr, and 

To is initial energy of beta rays. The integral of F{r) is the fraction of electron energy 

deposited inthe medium. If Y is the radiation(Bremsstrahlung) yield, 

f°° 
/ F(r)dr = 1 - Y. (2) 

Jo 
3. Results and Discussions 

Calculated beta dose point kernels for five radionuclides, t.e., 131I, 186Re, 32P, 188Re, 

and ^ Y , are shown in fig.l. Error bars indicate one standard deviation in the dose point 

kernel from 10 independent runs, thatis a few percent. Figs.2 through 9 show beta dose 

point kernels for each radionuclide by present calculation and compare those with other 

investigators. It is clear that the present calculations of beta dose point kernels provide 

proper F(r) values. 

It is found that all the dose point kernel values near the origin in MIRD Pamphlet No.77 

are larger than present ones, as shown in figs.2(131I), 5(32P), and S ^ Y ) . For example, 

the F(r) value in MIRD for 131I is 15% larger than present one at r=8.3xl0_,1g/cm2. 

The calculation of kernel values in MIRD does not take conversion and Auger electrons 

into account. This is the same treatment as our calculation. Thus, the discrepancies 

areattributed to the use of CSDA in the calculation of kernels in MIRD. 

Figs.2(131I), 4(186Re), 5(32P), 7(188Re), and S ^ Y ) show discrepancies between the 

present F(r) functions by EGS4 code and the F(r) functions by the calculations of Prest-

wich et al.[12] who used the old version ofthe ETRAN code[9]. The F(r) value by Prestwich 

et al. for 131I is 10% smaller than present one at r=1.4xl0_2g/cm2 and, for M Y, their 
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F(r) value is 32% larger than present one at r=0.64g/cm2. These large discrepancies are 

ascribed to the method of the calculation of Prestwich et al., where the in-correct sampling 

of electron energy-loss straggling distribution was used in the old ETRAN. 

Figs.3(131I), 4(186Re), 6(32P), 7(188Re), and Q^Y) show comparisons between the 

values of present EGS4 dose kernels and those of the EGS4 dose kernels by Simpkin and 

Mackie[l3] for each radionuclide. The calculation conditions of Simpkin and Mackie[13] 

differ from the present ones.[13] But, the present F(r) values are in good agreement with 

F(r) values of Simpkin and Mackie in most coverage of radial distance, except for very 

short distances for ,32P and ""Y as shown in figs.6 and 9. F(r) value of Simpkin and 

Mackie for 3 2P (see fig.6) is 5% smaller than present one at r=4.1xl0~3g/cm2. The small 

discrepancies near the origin are ascribed to a difference in sampling size of a spherical 

shell. It is confirmed that the present F(r) values for 3 2 P and ^ Y agree well with the 

F(r) values by Simpkinand Mackie within error, if we use the same shell size as Simpkin 

and Mackie. For 131I (see fig.3), the F(r) values by Simpkin and Mackie is smaller than 

present ones in the region where a radial distance r is smaller than 4xl0 - 2g/cm2 . For 

example, the F(r) value by Simpkin and Mackie is 5.8% smaller than the present one 

at r=1.2xl0 - 2g/cm2 . In the region where r is larger than 6xl0 - 2g/cm2 , F(r) values of 

Simpkin and Mackie are larger than present F(r) values, e.g., their F(r) value is 9.8% 

larger than present one at r=6.9xl0~2g/cm2. These discrepancies are ascribed both to a 

difference in sampling size of a spherical shell and to the neglect of conversion and Auger 

electrons in energy spectra of incident electrons in our calculation. As shown in figs.4 and 

7, the F(r) values by Simpkin and Mackie for 186Re and 188Re are larger than the present 

F(r) values in a region near the origin, e.g., the F(r) value by Simpkin and Mackie for 
186Re is 23% larger than the present one at r=5.4xl0_3g/cm2, and, for 188Re, 22% larger 

at r=1.3xl0 -2g/cm2 . These large differences between the values of kernels of Simpkin and 

Mackie and those of present kernels disappear at deeper region. The reasons for these 

discrepancies are the neglect of conversion and Auger electrons in beta energy spectra of 
186Re and 188Re used in present calculations. The consideration of con-version and Auger 

electrons in energy spectra of incident electrons is our next subject. 

Fig.5 shows a comparison of the values of present dose kernels for 3 2P and those of dose 

kernels calculated by Cross et al.[14] using the ACCEPT code. The ACCEPT F(r) values 

are in agreement with the present F(r) values, except for the region where r<0.15g/cm2. 

For 13 lI and ^ Y (see figs.2 and 8), the ACCEPT F(r) values are smaller than the present 

F(r) values in a region near the origin. For example, the ACCEPT F(r) value for 131I is 

10.9% sn.aller than present one at r=5.8xl(T3g/cm2. The ACCEPT F(r) values are in 

agreement with the present ones within error in a region far from the origin. We do not 
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understand these discrepancies at short distances. 

4 . Conc lus ions 

Beta dose point kernels for five radionuclides, i.e., 1 3 11,1 8 6Re, ffiP, 1 8 8Re, and M Y , were 

calculated by EGS4 Monte Carlo code with PRESTA. The present calculation provides 

proper F(r) values from the comparison with the F(r) values obtained by other investiga

tors. The readers should pay attention to the F(r) values in MIRD Pamphlet No.77 that 

have been based on inaccurate CSDA calculation, and those published by Prcstwich et 

al.[12] that use the calculated results by the old version of ETRAN codc9,10 with incor

rect sampling of electron energy-loss. The present F(r) values are in good agreement with 

the F(r) values of Simpkin and Mackie[13] for 3 2 P and ^ Y . However, for 1 3 1I , 186Re, and 
188Re, the present F(r) values do not agree with the F(r) values of Simpkin and Mackie, 

because present calculations do not take conversion and Auger electrons into account. We 

will in-clude those in near future. 
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