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ABSTRACT

In radiotherapy treatment for lung cancer, occurs doses deposition in healthy organs. During the treatment 
planning are calculated some doses due to photons. This dose deposition in healthy organs could induce to the 
appearance of new cancers foci. The aim of this study was to analyze the equivalent doses in healthy organs of a 
patient treated by radiotherapy for lung cancer. In order to calculate the doses, was done a computer simulation 
of radiotherapy treatment for lung cancer, adopting database of the treatment performed by INCA. To perform 
the simulation was used several tools, among them, the radiation transport code MCNPX, in which was shaped 
the radiotherapy room and the head from the linear accelerator Varian 2300 C / D, the patient was simulated by 
Voxel male phantom in Rex, and the treatment protocol adopted considers a beam with energy of 6 MV 
focusing on three gantry tilt angles (0°, 180° and 45°). In addition, there was variation in the opening of the 
radiation field according to the angle of inclination. The results of this study point to the organs close to the 
irradiated area are predominantly affected by the dose due to photons, affecting organs from different body 
systems, such as esophagus, heart, thymus, spine and lymph nodes. The calculated values demonstrating that the 
angle of 0° was the most responsible for the deposit of unwanted dose. The results showed that the simulations 
in this paper is developed in accordance with the planning data described in different studies and literature
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1. INTRODUCTION

Cancer presents itself as, main characteristic, the disordered cell proliferation, resulting in a 
compact mass of abnormal cells that grows continuously, also known as tumor or neoplasia 
[1], Some forms of treatment have the radiation therapy as a major one, whose proceeding is 
based on the use of ionizing radiation to kill cancer cells and/or inhibit their growth. In 
radiation therapy is provided the maximum radiation dose in the tumor, limiting the dose to 
healthy organs in pre-established levels [2], Nevertheless the patient, when subjected to 
radiation therapy, presents a risk to develop some kind of secondary cancer in the future, due 
to the undesirable dose occurred in healthy organs [2, 3],

Among the principal equipment employed in radiation therapy, the most widespread one is 
the linear accelerators (linacs), therefore, it has been the focus of numerous studies aimed at 
determining rates undesirable on the patient's healthy organs. The performance of dosimetric 
measurements in the organs around the tumor (secondary bodies) is not feasible, for the 
impossibility of inserting dosimeters inside the patient's body. In order to avoid this problem, 
it is used physical anthropomorphic phantoms, which allows performing measurements using 
detectors placed in appropriate wells, existing in themselves. Phantom virtual, math and, 
more recently, voxel phantoms, by trying to represent the human being, provide a powerful 
computational tool that, coupled with programs based on the Monte Carlo method, allow the 
calculation of radiation transport in the human body subjected to particular source of 
radiation.

The aim of this study was to simulate radiotherapy treatment of lung cancer by calculating 
out the equivalent doses due to photons in healthy organs from a patient submitted to 
treatment, using as reference database of the treatment performed by INCA.

2. METODOLOGY

A computational simulation was done through the radiotherapy treatment using radiation 
transport code Monte Carlo N-Particle MCNPX Version -  coupled to the Rex phantom, 
established by ICRP 110 [4], In order to do that was simulated, the radiotherapy room and 
head of linear accelerator Varian 2300 C/D [5], operating at 6 MV. It was considered the 
inclination of the gantry at 0°, 180° and 45°, with the opening of its field of Jaws and the 
MLC-120, as the treatment protocol for lung cancer adopted by the National Institute Cancer 
- INCA, Tab.l. The calculation of the energy deposited in each organ, was performed through 
running the *F8 MCNPX.

Table 1 - Inclination of the gantry, and opening of its field of Jaws and the MLC-120.

Angle Jaws MLC
0° 14X 18 13 X 17

180° 14X 18 13 X 17
45° 14X 18 13 X 17

In the computer simulation was used as a source, an electron beam with energy of 6.2 MeV, 
focusing perpendicularly on a target made of copper and tungsten [6], positioned 100 cm 
from the isocenter, Fig. 1.
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Figure 1 -  It is seen the perspective of the simulation without inside the radiotherapy room, 
only with Rex phantom and head of head of linear accelerator, with the lung left positioned at 
the isocenter.

The Rex phantom was rotated and translated, in such a way, that the geometric center of its 
prostate had been positioned in the isocenter at coordinates (0, 0, 0). The lung left was 
irradiated at angles of inclination of the gantry, as shown in tab 1.

In the calculations made in this work, the equivalent doses in the organs studied were 
normalized by the dose given in the lungs (located in the isocenter) and the results of both 
accelerators were compared.

3. RESULTS

The values calculated from equivalent dose due to photons (Hf), given in mSv/Gy, for the 
unlike organs studied, are shown in Tab 2.

It was observed that the organs located near the tumor, such as the esophagus, heart, thymus, 
lymph nodes and spinal cord were most affected by unwanted deposition of the dose. More 
distant organs such as the bladder, brain and testis were subjected to deposition of a low dose 
as compared with the bodies closer together.

Comparing the values of the dose deposited by an angle, it was observed that the values of 
the dose deposited vary depending on the anatomical position of the body. The angles that 
predominated in the dose deposition simulation with both accelerators were angles of 0° or 
180°. The dose obtained from the linacs, the angle of 180° contributed maximum dose in both 
linacs organs (stomach, liver, esophagus, thyroid, brain, colon, skin, salivary gland, small 
intestine, pancreas, and the pelvis) and the angle of 0° (bladder, adrenal glands, gall bladder, 
heart, thymus, prostate and testicles).
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Table 2. Equivalent doses due to photons (H) in mSv / Gy, calculated in some healthy 
organs, normalized for each Gy from dose deposited in prostate.

Organs
Equivalent Dose (mSv/Gy) H - r o t a i  (mSv/Gy)

VARIAN
VARIAN

0°

OO0
0 45°

Stomach 15,57 22,24 13,35 51,16
Bladder 1,14 0,98 0,83 2,95

Liver 8,60 11,79 10,06 30,44
Esophagus 201,20 226,01 136,49 563,70

Thyroid 15,66 27,21 12,37 55,24
Brain 1,06 1,23 1,01 3,30
Colon 2,89 3,50 2,31 8,70
Skin 16,55 17,13 16,41 50,10

Salivary Glands 3,18 4,57 3,65 11,40
Adrenals 12,41 10,70 7,39 30,50

Gall Bladder 6,46 6,19 4,79 17,43
Heart 297,99 256,93 227,05 781,97

Kidneys 5,14 4,98 4,46 14,58
Small Intestine 2,41 3,17 2,24 7,81
Lymph Nodes 98,79 97,67 94,25 290,71

Pancreas 5,75 7,39 5,04 18,18
Spleen 25,09 23,23 21,45 69,76

Thymus 309,76 195,48 101,25 606,50
Prostate 0,84 0,57 0,44 1,84
Testes 0,39 0,30 0,39 1,08
Spine 102,52 131,35 65,54 299,42
Pelvis 0,74 0,87 0,61 2,22

Cranium 1,15 1,46 1,11 3,72
Mandible 4,98 4,33 3,82 13,13

Bone Surface 0,54 0,42 0,69 1,65

Calculating the average dose deposited in each organ by angle obtained on Varian to the 
throttle angle of 0° with a mean dose of 48.66 mSv/Gy per organ, since the angle of 180° was 
45.27 mSv/Gy and for the 45 ° angle was 38.95 mSv/Gy.

4. CONCLUSION

In the present study it was verified, as already expected, that the organs close to the treatment 
region present higher values of dose, prostate, such as esophagus, heart, thymus, spine and 
lymph nodes. It was also verified that the distributions of the values of doses deposited in the 
organs vary with the angle of incidence of the radiation beam.

In addition, there are a significant number of clinical studies, planning, comparing IMRT and 
3D-CRT, and no work was found performing the simulation of treatment or considering the 
simulation with phantom described by ICRP 110. Revealing the importance unprecedented of 
this work.
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