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Abstract 

High-energy beams of protons offer significant advantages for the treatment of deep-seated 

local tumors. Their physical depth-dose distribution in tissue is characterized by a small 

entrance dose and a distinct maximum -Bragg peak- near the end of range with a sharp fall-

off at the distal edge. Therefore, research must be done to investigate the possible negative 

and positive effects of using proton therapy as a treatment modality. In proton therapy, 

protons do account for the vast majority of dose. However, when protons travel through 

matter, secondary particles are created by the interactions of protons and matter en route to 

and within the patient. It is believed that secondary dose can lead to secondary cancer, 

especially in pediatric cases. Therefore, the focus of this work is determining both primary 

and secondary dose. Dose calculations were performed by MCNPX in tumoral and healthy 

parts of brain. The brain tumor has a 10 mm diameter and islocated 16 cm under the skin 

surface. The brain was simulated by a cylindrical water phantom with the dimensions of 

19×19cm2( length× diameter), with 0.5 cm thickness of plexiglass (  ). Then  beam 

characteristics were investigated to ensure the accuracy of the model. Simulations were 

initially validated with against packages such as SRIM/TRIM.Dose calculations were 

performed using different configurations to evaluate depth-dose profiles and dose 2D 

distributions.The results of the simulation show that the best proton energy interval, to cover 

completely the brain tumor, is from 152 to 154 MeV. 

 

Introduction 

Radiotherapy plays an important role in the treatment of cancer. After surgery it is the most 

frequently and most successfully applied form of therapy. More than 50% of all patients with 

localized malignant tumors are treated with radiation. In radiotherapy the key problem is to 
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deliver the dose in such a way that ideally the planned target volume receives 100% of the 

dose needed to kill all cancer cells in the tumor, while the surrounding normal tissue should 

not receive any dose. In practice, this cannot be achieved because of the unavoidable dose 

deposition in the entrance channel of the radiation [1]. The application of high-energy beams 

of heavy charged particles to radiotherapy was first considered in 1946 when Robert R. 

Wilson investigated the depth dose to characteristics of proton beams (primarily for shielding 

purposes) [2]. He recognized the potential benefits of proton beams and predicted “that 

precision exposures of well-defined small volumes within the body will soon be feasible”. 

High energy protons suffer little angular deflection at the end of their trajectories, so the 

Bragg peak can be precisely placed anywhere in the tumor region, to achieve the desired dose 

and dose distribution over the tumor volume by irradiation with particles of varied energies 

and intensities. Taking full advantage of the well-defined range and the small lateral beam 

spread, modern scanning beam systems allow delivery of the dose with millimeter precision, 

and the main benefit of proton therapy over the photon beam radiotherapy is the absence of 

exit dose, which offers the opportunity for highly conformal dose distributions, while 

simultaneously irradiating less than the normal tissue [3]. These characteristics make the 

proton therapy an excellent choice for the treatment of tumors located next critical structures 

such as the spinal cord, the eyes, the thyroid and the brain, as well as for pediatric 

malignancies [4]. As well as, the radiation treatment of the spinal canal in children usually 

causes side effects such as nausea, vomit and diarrhea; using proton therapy, it can be possible 

to stop the exposure before it gets into the abdomen, thereby giving the patients a better life’s 

quality during their treatments. In this study, we have calculated the proton energy deposition 

in brain tumor, for different protons energies (150-160MeV) by using the MCNPX Monte 

Carlo code [5], also calculating the secondary neutron due to bombarding soft tissue by high 

energy protons, that is very important in order to evaluate the risk of secondary cancers [6,7]. 

 

Materials and Methods 

In this study, the Monte Carlo simulations were carried out using the MCNPX version 2.6.0. 

It is a general purpose radiation transport simulation code which is capable to simulate proton 

beams. This code uses tabulated cross- sectional data up to a maximum energy, which is 

particle and material dependent andbased on this maximum energy, the program uses model 

transport parameters. The code requires an input file data that defines the geometry, the 

physical parameters and the tallies of the simulated problem. 
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We used a simplified brain geometry, which is a cylindrical water phantom, having a length 

of 19cm and a diameter of 19 cm. The outer shell of phantom has a 5mm thickness of 

plexiglass ( 1.17	g. cm-3). A mono-energetic proton source, like a pencil beam, has been 

used in our simulation.We have applied the MCNPX code for proton beam energies ranging 

from 150 to 160 MeV, with steps of 1 MeV, to obtain the range and ionization values, which 

are related to the cell damage or dose, in the tissue. 

 

Results 

Simulations were initially validated with against packages such as SRIM/TRIM [8]. In Figure 

1, Proton dose as a function of energy beam in normal tissue is shown. In 153 MeV minimum 

dose deposited in normal tissue is achieved. 

 

 

Figure 1. Proton dose as a function of energy beam in normal tissue 

 

In Figure 2, Proton dose as a function of energy beam in tumor is shown. In 153 MeV 

maximum dose deposited in tumor is achieved. Figure3 shows, Target Ionization of proton 

(E=153MeV) obtained from the TRIM computer  program.  
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Figure 2. Proton dose as a function of energy beam in tumor 

 

 

Figure 3. Target Ionization of proton (E=153MeV) obtained from the TRIM 

computerprogram 
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Figure 4 is depict proton ranges and straggle  in target and obtained from the TRIM . 

 

 

Figure 4. Proton range and straggle in target and obtained from the TRIM 

 

Table 1. Proton and neutron dose obtained from MCNPX 

Region Proton dose (Gy ) Neutron  dose (mSv) 

Normal tissue 3.922E-12 1.297E-10 

tumor 2.459E-9 6.033E-10 

 

Discussion 

Results from this study indicate that the mean dose of proton in tumor is 2.459E-9 

Gy/s/particle and the mean dose of normal tissue is 3.922E-12 mSv/s/particle. 

 

Conclusion 

Results from this study indicate that the appropriate energy for treatment of this tumor is 153 

MeV. The dose rate of normal tissue in this energy is 1.59E-3 times the dose rate in the tumor 

and this results indicate the effectiveness of proton therapy. Also because the amount of dose 

in normal tissue is also remarkable proton therapy devise parameters such as proton energies, 

thickness of moderator and etc. must be carefully designed by consider the location of the 

tumor that obtained from CT and/or MRI images to achieve the minimum dose in healthy 
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areas. This study also showed that the Monte Carlo simulation method can be used to 

optimize treatment planning in proton therapy. 
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