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Abstract 

Intensity Modulated Radiation Therapy (IMRT) is an advanced treatment technique, 

widely used in external radiotherapy. This paper presents the SOFT-RT which allows 

the simulation of an entire IMRT treatment protocol. The SOFT-RT performs a full 

three-dimensional renderization of a set of patient images, including the definitions of 

region of interest with organs in risk (OIR), and the target tumor volume and margins 

(PTV). Thus, a more accurate analysis and planning can be performed, taking into 

account the features and orientation of the radiation beams. The exposed tissues as 

well as the amount of absorbed dose is depicted in healthy and/or cancerous tissues. 

As conclusion, SOFT-RT can predict dose on the PTV accurately, preserving the 

surrounding healthy tissues. SOFT-RT is coupled with SISCODES code. The 

SISCODES code is firstly applied to segment the set of CT or MRI patient images in 

distinct tissues pointing out its respective density and chemical compositions. Later, 

the voxel model is export to the SOFT-RT IMRT planning module in which a full 

treatment planning is created. All geometrical parameters are sent to the general-

purpose Monte Carlo transport code - MCNP - to simulate the interaction of each 

incident beam towards to the PTV avoiding OIR. The normalized dose results are 

exported to the SOFT-RT out-module, in which the three-dimensional model 

visualization is shown in a transparent glass procedure adopting gray scale for the 

dependence on the mass density of the correlated tissue; while, a color scale to depict 

dose values in a superimpose protocol. 
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1.- INTRODUCTION 

 

Intensity Modulated Radiation Therapy (IMRT) is an advanced radiotherapy technique 

able to deliver high doses of radiation to the target volume (tumor), while preserving the 

surrounding tissues. It uses 3-D scans of the individual's body to guide the beams of 

radiation to the tumor from many different orientations. At each of these vectors, the 

intensity of the radiation is modulated and the shape of the beam is changed to match the 

shape of the projection of the tumor at the transverse plane. These adjustments enable the 

prescribed amount of radiation to be delivered to each section of the tumor, while 

minimize the exposure to the surrounding healthy tissue. The IMRT planning involves 

several steps: at first, a CT, MRI or a combination of both scans is performed in order to 

have defined the Gross Tumor Volume (GTV) and Organ At Risk (OAR). The set of three-

dimensional image data feed directly into the radiotherapy planning system. Thus, the 

medical physics team carefully plans the whole treatment. Advanced computerized dose 

calculation techniques are used to find the dose strength pattern that best matches the 

tumor shape. The IMRT planning takes longer than 3D conformational radiation therapy 

planning. Due to the high complexity of the spatial dose distribution to be achieved, an 

interactive and detailed study of the therapy planning parameters is required [1, 2].  

 

The present paper addresses the development of a computer tool to perform the therapy 

planning of the IMRT protocol. Herein, such computational tool will be presented and a 

therapy planning in a brain tumor will be described. 

 

 

2. MATERIALS AND METHODS 

 

2.1.- Computer tools  

 

The SOFT-RT was developed to allow the simulation of an IMRT treatment protocol. 

Starting from a three-dimensional set of medical images of a patient, it is possible to 
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extract a region of interest (ROI), specially the gross tumor volume (GTV) and organ at 

risk (OAR). It is also possible the rotation and translation of the 3D model allowing better 

visualization where exactly the radiation beam passes through and which organs/tissues are 

exposed as well as how amount of dose is absorbed by the surrounding healthy critical 

structures. The software collects and exports all needed parameters to MCNP code [3], 

which will take care of the simulation of particles transport inside the 3D model. The 

simulated results are uploaded into the SOFT-RT output-module. Thus, it is possible to 

visualize the 3D model with the spatial dose distribution generated by each radiation beam. 

The 3D model is shown in gray scale and the dose results are superimposed in a color scale 

of percentage defined by the user. SOFT-RT was developed in C++ language 

programming along with OpenGL graphic library. It is possible to execute it in Microsoft 

Windows or Linux platforms. 

 

SISCODES [4] is a code used to convert the 3D images from the patient and create a 3D 

voxels model to be used with MCNPX code. It assembles its three-dimensional voxel 

model, based on a set of CT (Computed Tomography) or MR (Magnetic Resonance) or 

photographic images of the patient. During the processing of segmentation a set of pixel 

images (2D) is attached to generate a voxel volume (3D). Each voxel is assigned to its 

representative tissue which is stored into a database. For each tissue in the database, its 

density, material composition, colors, among other features are associated or added at the 

moment of the creation of the 3D voxel model.  

 

The SOFT-RT uses the 3D voxel model from the SISCODES software to create the IMRT 

treatment planning. Figure 1 shows a diagram of the processes in which the users must 

follow to create the 3D model and the IMRT treatment planning. At first, the SISCODES is 

used to create the 3D voxel model from CT or MR or photographic images of the patient. 

The IMRT treatment planning module of SOF-RT reads the 3D voxel model and a 

treatment planning is done by choosing the tissue target (tumor), position and orientation of 

the radiation beams which will be pointed towards the tumor from different angles. It is 

also possible to select a collection of voxels (i, j, k) on the target volume, on the sensitive 
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structures and on the normal tissue. An input file is generated for each radiation beam with 

different angles, orientation and position. MCNPx code reads these input files and the dose 

distribution matrix for each beam is calculated. MCNPx code simulates the track of 

individual radiation particles, for a large number of particles. Each dose distribution 

consists of the radiation deposited by the beam into each of the small three-dimensional 

regions (voxels) into which the treatment area is desired. Interaction processes within the 

model and the dose in each voxel are computed. An output file, for each radiation beam is 

generated by MCNPx and it is possible to read all of them into the SOFT-RT output-

module. The SOFT-RT first reads the 3D voxel model and it is shown in a transparent glass 

procedure. The collection of output files contend the doses results are plotted using 

different colors defined by the isodose scale which superimposed the patient voxel model. 

 

 

Figure 1.– Diagram of the process to create the 3D model and the IMRT treatment planning. 
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3.- RESULTS 

 

3.1-SOFT-RT features 

 

The SOFT-RT graphical interface allows the visualization of the 3D voxel model. In 

general, it may help the understanding of the anatomy of the patient, the gross tumor 

volume (GTV) and organ at risk (OAR) or sensitive structures around the tumor. Figure 2 

shows two examples of 3D voxel models: the first is an Ear 3D voxel model with some 

hidden/unhidden structures and the second is a Brain 3D voxel model, which depicts its 

structures, including in details the brain anatomy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.– Two examples of 3D voxel models seeing with SOFT-RT graphical interface. 

 

Different visualization possibilities are offered by the software. It is possible to cut through 

the tumor such that its width and height can be measured and its precise contours can be 

defined with respect to the selected beam orientation. In addition, it is possible to perform 

the rotation and translation of the model around the axis of the coordinate system. As well, 
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hide and unhidden different organs/tissues to provide a better view of all surrounded organs 

or tissues nearby to the area requiring treatment. 

 

Figure 3 shows the SOFT-RT main menu: 3D visualization module plotting the brain voxel 

model and the menu option of the code. The main menu allows choosing between tissues 

and organs of the model to be hidden and unhidden, as well as to plot the radiation beam. 

On the main screen is possible to see the size in cm of the 3D voxel model, the voxel sizes, 

the coordinate of the radiation beam along with its angle of rotation (theta and phi).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.– SOFT-RT main menu. 

 

Moreover, some other features of the SOFT-RT commands and options are available, such 

as:  

• Viewing windows: 2D and 3D voxel model 

• Zoom in and out (both view windows) 

• Detailed command instructions: dimensions of the voxel model, angle of rotation of the 

beam, central position of the tumor, its area and volume, irradiation field, etc. 

• 3D coordinates axis (X, Y and Z)  
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• Controlling of vectors that represent the direction of the beams and its radiation portals 

(collimators) 

• Rotation and translation function of the voxel model 

• Hidden/Unhidden organ/tissues 

• Create a MCNPx input file 

• Convert MCNPx output file to a SOFT-RT output file format 

• Also, it is possible to use SOFT-RT with the Microsoft Windows or GNU Linux 

operational systems. 

 

Figure 4 shows the hidden and unhidden structures of the same brain voxel model and some 

other menu options. Also, is shown in red the radiation beam and in gray color is the 

modulated tumor as it would be whenever using the multi-leaf collimator. 

 

Figure 4.– SOFT-RT main screen. 

 

The SOFT-RT was developed using the robust and multiplatform C++ programming 

language with the free open source OpenGL (Open Graphics Library) graphics packages 

[5] and the GLUI library [6] for the user interface. OpenGL was chosen to represent a 
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matrix of blocks using its library of graphical routines and bi and three-dimensional 

modeling, since it is open domain, it is portable and quick to run. With this library, one can 

develop interactive applications and generated images of 3D scenes, with a high degree of 

realism.  

 

3.2 -SOFT-RT & MCNPx simulation 

 

The SOFT-RT planning system generates the input files to be used in the General Purpose 

Monte Carlo transport code (MCNPx) [7]. The MCNPX Code version 2.7.d running under 

MPI (Message Passing Interface) on a computational cluster is used to perform the 

simulations. The cross sections are based on ENDF/B-VII and the photo-atomic transport 

library mcplib04. For each simulation up to 10
8
 particle histories were tracked, to achieve 

good statistics with less than 1% uncertainty. The F6 tally was used to calculate gamma 

dose rate such as, tally F6:p along with a multiplier factor FM6 which is needed to convert 

from MeV/G to Gy=J/kg. 

 

All the parameters required to perform the simulation into MCNPx are described into the 

input file deck. These are the 3D geometry model, material and its densities, source 

positions, orientation, angle and type, and the tally card. MCNPX takes care of the 

interactions of the incident photon beam with the tumor and into the adjacent healthy 

tissues. The simulation is repeated for each selected orientation of the incident beam 

holding in a specific window (multi-leaf collimator). After all simulations have been 

computed, the results are read in the SOFT-RT output-module system. The 3D voxel 

model visualization is shown in a transparent glass procedure in which the adopted gray 

scale values at each voxel depends on the mass density of the correlated tissue. The doses 

are plotted using different colors defined by the isodose scale and are superimposed to the 

patient voxel model. Figure 5 shows a three-dimensional visualization of the brain model 

in gray scale and the plotting of the dose distribution results obtained from each simulation 

beam. In this example, three different orientated photon beams were performed. It is also 

possible to plot only the tumor with its total absorbed dose and remove some undesired 
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organs/tissues as it is shown in Figure 5. The maximum and minimum dose calculate is 

shown in Gy unity.  

 

 

 

Figure 5.– SOFT-RT output-module. 

 

3.3 Results and Discussion 

 

The dose distribution were calculated from the delivery of 6 MV and 10 MV 

intensity-modulated radiation therapy (IMRT) brain treatment plan. The IMRT 

protocol performed was a linear accelerator, megavoltage type – LINAC which 

produced three irradiation beams toward the target volume. At first, an isotropic 

source of 6 MeV photons was placed at 100 cm from the target with direction on the 

X axis. A wall of lead shield was designed at 50 cm from the target. In the lead 

shield, there was an opened window, which allows the photons passing through and 

interacting with the target volume inside the model. Three different radiation beams 

rotation were simulated, first beam at 20º in θ and 20º in φ with up-down view, 
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second radiation beam at 0º in θ and 90º in φ with right-left view and the third one at 

90º in θ and 90º in φ with forward-backward view. 

 

Figure 6 shows a sketch of the model used in the simulation. At the right side is 

shown the brain model, the source, the photon beam projecting in a cone geometry 

format and the lead shield. At the left side of the figure is shown a zoom on the 

model and the lead shield along with the opened window. Two new simulations were 

performed after the rotation of the source as described above.  

 

 

Figure 6.– Diagram of the simulated model. 

 

The dose results simulated was not compared with any experimental process. At this 

stage, the most interesting thing was to test the features of the program, such as, how 

SOFT-RT should collect the parameters needed for the simulation and how it should 

show the dose results. The dose results were plotted by reading the 3D voxel model 

and each of the output files with dose results from MCNPx. The doses are 

superimposing one by one and the higher dose is concentrated in the target volume as 

expected.  
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 4. CONCLUSIONS 

 

The present article described the development of the software SOFT-RT that is able to 

create and manage the IMRT protocol. The brain and ears voxel models, including in 

details all their anatomy, were shown. The SOFT-RT enables observation and controlling 

of vectors that represent the direction of the radiation beams and its radiation portals 

(collimators). It is also possible to hidden/unhidden tissues from the 3D voxel model 

allowing to observe where the radiation beams are passing through or nearby of the tumor 

and healthy organs. The software allows the analysis of results from the MCNPx 

simulations by the visualization of the three dimensional voxel model in gray scale with the 

total dose plotted in colors. Some simulations using the Brain voxel model were performed 

whose main goal was to check up the functionality of the software. The dose-response 

displayed on the SOFT-RT output module confirmed that all the orientation beams meet the 

requested requirements, i.e., for each rotation angle output display confirms the target 

position and the setup planned by the user. The dose-results were not yet compared with a 

real case of IMRT treatment planning. Our nearest efforts are to focus on the validation of 

the SOFT-RT by comparing an IMRT simulated protocol versus a real case treatment.  
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