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Abstract

Monte Carlo N-Particle was used to determine the specific absorbed fraction for

spherical tumors in 100% soft tissue, 75% soft tissue-25% bone, 50% soft tissue-50% bone,

25% soft tissue-75% bone, and 100% bone elemental compositions listed in the Oak Ridge

National Laboratory’s technical report ORNL TM-8381. In addition, the specific absorbed

fractions for soft tissue from ORNL TM-8381 were compared with the soft tissue from ICRU

Report No. 44. The spherical tumor had radii of 0.5 cm, 1.0 cm, 1.5 cm, 2.0 cm, and 2.5 cm

and each tumor was surrounded by 3 m of soft tissue to account for electron backscatter and

additional dose due to Bremstrahlung photon emissions. A monoenergetic electron source

at 21 different energies, ranging between 10 keV and 4 MeV, had an insignificantly smaller

radius than the radius of the tumor and was placed in the center of the tumor. For each

Monte Carlo N-Particle input file, energy deposition tallies were placed in the tumor to

count the total number of electrons and secondary photons deposited in the tumor. Lastly,

10 million particles were simulated to achieve relative errors below 3%. Correlations were

found between absorbed fraction and tumor composition, tumor size, and electron energy.

The comparison of soft tissues from ORNL’s TM-8381 and ICRU 44 yielded very similar

results.



Introduction

The specific absorbed fraction is defined as the fraction of energy released from the source

that is absorbed in the target, divided by the target mass (Shultis and Faw. 2000). It is

important in nuclear medicine and is commonly computed using Monte Carlo techniques.

Spheres of different radii were used to estimate the fraction of electron energy that would be

absorbed into a tumor found in the body.

According to ICRP 30, it is recommended that when calculating absorbed fractions (AF)

for alpha and beta particles, the AF is zero for cases where the source and target organs

are different. For self dose calculations (where the target and source organs are the same),

the AF is taken to be unity for most cases. This approximation may have been adequate

for cases in the past but new advances in nuclear medicine require more accurate values for

absorbed fractions. This is most evident in new therapies that involve tagging monoclonal

antibodies (Mabs) with radionuclides. These Mabs transport high electron energy emitters

to small tumors, where most of the dose is deposited locally. Furthermore, there are cases

where a tumor may metastasize and require the treatment for cancerous skeletal tissue with

the use of nuclear medicine. The current tabulated absorbed fractions for beta particles are

strictly for made for homogeneous tumors. Since nuclear medicine is not able to treat small

tumors with different compositions, especially where the electron range is large enough that

consideration of electron energy loss is important, dose calculations taking into account of a

heterogeneous medium involving both bone and tissue compositions are needed.

Materials and Method

Monte Carlo N-Particle (MCNP) is a particle transport code that was used to determine

the specific absorbed fractions for spherical tumors in 100% soft tissue, 75% soft tissue-25%

bone, 50% soft tissue-50% bone elemental compositions listed in the Oak Ridge National

Laboratory’s technical report ORNL TM-8381. In addition, the specific absorbed fractions
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for soft tissue from ORNL TM-8381 were compared with the soft tissue from ICRU Report

No. 44. The spherical tumor had radii of 0.5 cm, 1.0 cm, 1.5 cm, 2.0 cm, and 2.5 cm and

each tumor was surrounded by 3 m of soft tissue to account for electron backscatter and

additional dose due to Bremstrahlung photon emissions. A monoenergetic electron source at

21 different energies, ranging between 10 keV and 4 MeV, had a radius of 10−13 cm less than

the radius of the tumor and was placed in the center of the tumor; the 10−13 cm difference

was to prevent errors associated with MCNP while achieving the accuracy needed for the

data analysis. For each MCNP input file, an energy deposition tally (F6) was placed in the

tumor to count the total number of electrons and secondary photons deposited in the tumor.

Lastly, 10 million particles were simulated to achieve errors under 3%. Figure 1 shows the

image generated by MCNP.

Figure 1: The spherical tumor (red) surrounded by soft tissue (blue)

The specific absorbed fraction was computed with the following equation

SAF =
Ee + Ep

Eo

(1)

where Ee is the energy contribution from the electrons, Ep is the energy contribution from

the secondary photons, and Eo is the energy of the source.
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Results

The specific absorbed fractions for the five spherical tumors are shown in Figures 2 to 6.

Table 1 shows the percent difference for the soft tissues from ORNL’s TM-8381 and ICRU

44.

Figure 2: Electron AF for soft tissue spherical tumors
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Figure 3: Electron AF for 75% soft tissue-25% bone spherical tumors

Figure 4: Electron AF for 50% soft tissue-50% bone spherical tumors
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Figure 5: Electron AF for 25% soft tissue-75% bone spherical tumors

Figure 6: Electron AF for bone tissue spherical tumors
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Table 1: Percent difference between ORNL’s TM-8381 and ICRU 44 soft tissue

Energy [MeV] Percent Difference [%]

0.010 0.003
0.015 0.002
0.020 0.000
0.030 -0.002
0.040 -0.003
0.050 -0.003
0.060 -0.004
0.080 -0.005
0.100 -0.006
0.150 -0.010
0.200 -0.015
0.300 -0.025
0.400 -0.034
0.500 -0.047
0.600 -0.060
0.800 -0.088
1.000 -0.116
1.500 -0.196
2.000 -0.273
3.000 -0.445
4.000 -0.626

Discussion

Correlations in the Data

The first correlation occurs between the absorbed fraction and the radius of the spherical

tumor. As the radius of the spherical tumor increases, the absorbed fraction increases. The

increase in tumor size means that the electron has to travel a greater path length in order

to escape. Since the electron will have lower probability to escape, it will most likely be

absorbed in the spherical tumor.

A correlation between the tissues can be observed by analyzing the absorbed fraction

of each tissue for all radii. As the bone composition in the tissue increases, the absorbed

fraction increases. This is best explained with the continuous slowing-down approximation

(CSDA) The CSDA estimates the average path length a charged particle will travel through a
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medium. The following approximation is for particles with the same initial speed in different

media,

ρΛ ≈ (m/z2)(Z/A) (2)

where ρ is the density of medium, Λ is the CSDA range, m is the particle mass, z is the

particle charge number, Z is the atomic number of the stopping medium, and A is its atomic

weight (Shultis and Faw. 2000). The value of (m/z2)(Z/A) will not significantly change,

leaving ρ to be the only variable. When the fraction of bone increases in the spherical tumor,

the density of the spherical tumor also increases. Since the density of the spherical tumor

and the absorbed fraction are inversely proportional, an increase in density will result in a

decrease in the particle’s path length. The decreased path length represents that the particle

will have a lower probability to escape the spherical tumor.

The final correlation that can be observed is between the electron energy and absorbed

fraction. As the energy of the electron increases, the absorbed fraction decreases. Since a

higher energy electron has a greater path length than a lower energy electron, it will have a

higher probability of escaping the spherical tumor.

It is shown from Table 1 that the specific absorbed fraction does not change much between

the soft tissues from ORNL’s TM-8381 and ICRU 44. This is expected since the composition

of soft tissue will not drastically change over time. It should also be noted that the error

associated at each energy tend to increase with energy. This is due to the electrons with

higher energy having a greater probability to escape the spherical tumor, leading to less

particles being tallied in MCNP.

Accuracy versus Time

Greater accuracy could have been obtained if the total number of electrons emitted from

the source were increased. The main reason for why greater accuracy was not pursued was
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because the computer run time would have been significantly longer. It took roughly 37,800

seconds to run each MCNP simulation using 107 electrons; by increasing the number of elec-

trons emitted from the source to 109, the amount of time that MCNP will run would increase

to about 3,780,000 seconds or 1,050 hours. Time-efficiency analysis must be considered. In

the time required to run one simulation using 109 electrons, one can run multiple simula-

tions of the other material compositions at the specified energies using 107 electrons. By

obtaining many reasonably accurate results in same time that it would take receive one very

accurate result, one would be able to analyze more data and make better conjectures than

an individual who can only analyze one datum. An alternative thought could come from

considering errors. Errors within the code can easily be detected by obtaining the output

file to see if the values are reasonable or not. The individual using 109 electrons would have

to wait a little under 44 days before looking at their output. Using the points listed in this

minor analysis, it was concluded that achieving more runs is more important than obtaining

a greater accuracy.

Conclusion

Using 10 million particles, the errors associated with the data were less than 3%. The

correlations from this data set should also be true for all other soft tissue-bone compositions.

An empirical formula could possibly be made with the current data to relate the specific

absorbed fraction with the size of the tumor, soft tissue-bone composition, and electron

energy.
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