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ABSTRACT

Article Info: Sicne in many dosimetry calculations, the water and soft tissue phantoms are used,
© this study aimed to investigate the difference of these two phantoms with a phantom consisted of real-
istic liver materials in proton therapy for liver cancer.
T AV EEE Three phantoms with different materials of water, soft tissue and realistic liver mate-
rials were used for the study. A spherical tumor with 2 cm radius was considered in the liver. The Spread-
out Bragg Peaks (SOBPs) were measured to cover the complete tumor for the three phantoms. Dose
distribution and deposited dose ratio in tumor and surrounding organs were calculated using Monte Carlo
N-Particle Extended (MCNPX) code.
The best proton energy interval to complete the coverage of tumor in the liver for
phantoms with realistic and soft tissue materials was 90-120 MeV and for water phantom, it was 88-116
MeV. The shift of the Bragg peaks depth per energy in the water phantom mm relative to two other phan-
toms was about 4.5. The dose parameters were evaluated according to the International Commission on
Radiation Units and Measurements (ICRU), and the results showed no any significant difference between
: them. The dose distribution in the tumor and surrounding organs showed that for all three phantoms, the
Key words: dose distribution around the tumor was negligible.
Proton therapy, : B The use of soft tissue phantom has more acceptable results than water phantom in simulating
Simulation, Liver © treatmentand can be replaced with realistic liver tissue. More realistic phantoms should be used in treat-
cancer, Spread-out ment plan.
Bragg Peaks, Dose The use of soft tissue phantom has more acceptable results than water phantom in simulat-
distribution ing treatment and can be replaced with realistic liver tissue. More realistic phantoms should be used in
treatment plan.
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achievement of high dose deposition in the tumor while
preserving the surrounding healthy tissue as much as pos-
Introduction sible. Protons have different dosimetric characteristics
than photons used in conventional radiation therapy. After
he main goal to choose the most appro- a short build-up region, conventional radiation shows an
priate method for cancer treatment is the exponentially decreasing energy deposition with increas-
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ing depth in tissue. In contrast, protons show an increas-
ing energy deposition with penetration distance leading to
a maximum (the “Bragg peak”) near the end of range of

the proton beam [1-5]. In this study, it has been attempted
to predict appropriate conditions for proton therapy of liver
cancer. Although different studies use water or soft tissue
phantoms to perform dosimetry, here three phantoms such
as soft tissue, water phantom and, a phantom consists of
liver realistic material were simulated to observe their dosi-
metric differences.

Methods and Materials

The target was simulated as a spherical tumor with a ra-
dius of 2 cm in the liver, which is located inside the com-
plete phantom of the human body. At the first step to obtain
Bragg peaks in the tumor region, the proton source was
considered as a single energy perpendicular to the phantom
and the energy was changed by 2 MeV steps. Phantoms 1 to
3 are made of soft tissue, liver realistic elements, and water,
respectively. By adding a set of beams with different weight
factors, a Spread-Out Bragg Peak (SOBP) is generated,
which delivers the desired dose to the whole of the treat-

ment target [10, 11]. The Bragg peaks to cover the tumor
were calculated and then the SOBP designed by calculating
the weighting factors. The dose distribution in the tumor
and surrounding areas, as well as the dose of the protons,
secondary neutrons, and photons absorbed in the tumor and
healthy organs around the tumor, were calculated and the
results are compared for three phantoms. All of the simula-
tions were carried by MCNPX.

Results

The results of this study consist of Bragg peak dose distri-
butions, Bragg peak positions, determination of weighting
factors, creating SOBP, and evaluation of deposited dose in
tumor and healthy tissues. The proper proton beam ener-

Figure 2. SOBPs for three phantoms
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Figure 1. Bragg-peak positions within the liver tumor as a
function of energy for three phantoms.

gies to cover tumor region and the Bragg peak positions for
three phantoms are shown in Figure 1.

For phantoms 1 and 2, the coverage of tumor volume is
done by using of Bragg peak energies about 90 MeV-120
MeV. For phantom 3 the energy of first Bragg peak at the
tumor surface is about 88 MeV and the last one is about 116
MeV. A uniform dose region is created by adding Bragg
peaks for different proton energies by considering the ap-
propriate weights to obtain a flat SOBP. The resultant SOB-
Ps are presented in Figure 2.
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Figure 3. The ratio of the dose in the different organs based on the delivered dose to the tumor

The evaluated dose of protons, neutrons, and photons
in the tumor and some organs around that for three phan-
toms were calculated. The ratio of deposited dose in non-
involved organs to the tumor was calculated and shown in
Figure 3.

Discussion

In this study, the simulation of liver proton therapy for
three phantoms consisting of soft tissue, realistic liver, and
water was investigated to find the dosimetric differences.
Suitable Bragg peaks were calculated to cover the tumor
volume for the three phantoms. The results showed that for
the soft tissue phantom and the phantom consisting of the
realistic liver tissue, Bragg peaks to cover the tumor vol-
ume were in range of 90 MeV-120 MeV and for the water
phantom it was about 88 MeV-116 MeV. The dose deposit-
ed point for the water phantom at each energy was different
from the other two phantoms and this difference was about
4.5 mm at each point. In order to cover the whole tumor
volume, we have created SOBPs for three phantoms by us-
ing properly optimized weighting factors. It would be better
to take in to account the realistic composition of different
tissues of the phantom. Finally, the total dose of proton and
secondary particles in the tumor and 22 non-involved or-
gans were calculated. Dose calculations in different organs
of the body showed that most parts of the body received
dose and organs close to the liver such as the heart, stom-
ach, pancreas, etc. received more doses than other organs.
But this deposited dose is insignificant compared to the
dose received by the tumor.
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