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ABSTRACT 

 
In the last three years, discussions were held on several topics in Nuclear Medicine area, starting with the 

nuclear data processing, passing by deterministic and stochastic mathematical methods, and finalizing with 

computer simulations of the following phenomena: neutron transport, applied to boron neutron capture 

therapy, and neutron diffusion, to study growth of tumor cells. From a mathematical model applied to 

radiotherapy of gliomas available in literature, it is proposed a strategy for development of a computer system 

to assist the planning radiotherapy of gliomas. 

 

 

1. INTRODUCTION 

 

In 2012, discussions were initiated with Dr. Vanessa da Silva Garcia [1], of Graduate Program 

in Computer Modelling in Science and Technology (MCCT), of Fluminense Federal University 

(UFF), in the context of processing of nuclear data relating more specifically to the generation 

of multigroup cross sections, deterministic and stochastic mathematical methods and computer 

simulations of neutron transport phenomenon applied to Boron Neutron Capture Therapy 

(BNCT). 

 

Recently, new discussions have been conducted on mathematical models based on a diffusion 

equation for calculating the growth rate of tumor cells [2], specifically glioma cells. The 

glioma is a type of very aggressive brain tumor. The most advanced type is considered a Grade 

IV glioma, called glioblastoma multiforme (GBM). This type of tumor which is treated by 

BNCT. 

 

The mathematical model [3], described by a diffusion equation, has a term that enables to 

estimate the effect of the therapy on the patient, i. e., allows to verify, by computer 

simulations, if the dose that the patient will receive in the treatment will be sufficient to reduce 

tumor size or even eliminate it. Two coefficients of the equation, the diffusion coefficient and 

the net rate of proliferation, are obtained by two Magnetic Resonance Images (MRIs) of the 

patient, which creates the possibility of personalized treatment. Traditionally, radiation therapy 

is used to treat people with GBM. Therefore, those calculations [3] were carried out for this 

therapy. However, the mathematical model allows to consider other types of therapy. 

 

The basic idea of this work is of “Engineering”, but does not mean it can not be applied in 

more academic areas. In other words, it is believed that it is very important to continue 

studying the model proposed by Rockne and others [3] and to act as an “engineer”, i.e., seek 

quality solutions in a finite time. To use low cost software packages and which are easy to 
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obtain as, for example, MATLAB [4] and SCILAB [5]. Without “reinventing the wheel”. 

Although it is mentioned the MATLAB and SCILAB, the author is not an expert on these 

platforms. 

 

The main objective of this proposal is to give back to the Brazilian society, through the 

formation of Human Resources (HRs) highly trained, prepared for a quick change of scenery, 

and to deliver a tangible product: a system composed by a hardware with a dedicated 

software. 

 

The following are addressed briefly the mathematical model and subprojects that make up the 

proposal. 

 

 

2. MATHEMATICAL MODEL 

 

It is not the aim of this study follow step by step the mathematical development shown in 

Reference 3, where the response of brain tumors undergoing radiation therapy is analyzed in 

details. Only the main equations are presented. 

 

To implement the mathematical model there is a need of calculating the diffusion coefficient 

and the proliferation rate of gliomas. These parameters are obtained from two MRIs of the 

patient. This peculiarity creates the opportunity to conduct a personalized therapy. 

 

All parameters considered in Reference 3 are related to radiotherapy and, for the author, 

considering the importance of this reference, the mathematical model described should be 

studied thoroughly and extended to other therapies. 

 

The mathematical model proposed in Reference 3, Equation (8), is expressed by 
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where: t)c(r,  is the tumor cell concentration in terms of sphere radius, r , and the time, t ; 

D(r)  is the diffusion coefficient; ρ  is the net rate of proliferation; t)t),d(r,R(α,  represents 

the effect of radiation therapy; α  is a parameter of radiation sensitivity; t)d(x,  is the dose 

distribution per fraction; and t))d(r,S(α,  is the probability of survival of tumor cells. 

 

The equation equivalent to Equation (9) of Reference 3 is obtained by introducing the 

following dimensionless quantities: Lrr ==== , and L  the length of the computational domain; 

tt ρ==== ; 0

3
cLcc ==== , where 0c  is the initial number of tumor cells; 

2* LDD ρ==== ; and it is 

expressed by 
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Equations (2), in this work, and (9), of Reference 3, are different. Possibly some print error 

occurred in this reference. 

 

 

3. PROPOSAL 

 

Therefore, sees itself clearly the possibility of developing a computer system composed of a 

notebook with a dedicated software, capable of assisting HR training and the planning of 

radiation therapy. 

 

The following are described briefly the seven subprojects that make up the proposal. For each 

one, are presented: “Title”, featuring the work stage; “Student” which explains the formation 

to be obtained for HR; “Goal”, key information to be disseminated and/or obtained; 

“Summary” with a summary of the subproject; and “Future Work”, with possible extensions of 

the research. 

 

3.1 First Subproject 

Title: A Procedure for Calculation of Diffusion Coefficient and Glioma Proliferation Rate. 

Student: Scientific Initiation. 

Goal: Assemble a database with pairs of MRIs of gliomas. Study, understand and discuss the 

procedure used to calculate D  and ρ , main parameters of the model proposed by 

Rockne and others. 

Summary: Characterize the radiation therapy of gliomas and discuss briefly the model 

proposed by Rockne and others. Emphasize the possibility of personalized therapy. 

Emphasize the need of calculating the diffusion coefficient and glioma proliferation 

rate, from two MRIs. Describe the procedure developed in MATLAB or SCILAB 

platform and used to calculate D  and ρ . 

Future Work: Database expansion; database for other types of tumors; and participate in 

choosing the final procedure. 

 

3.2 Second Subproject 

Title: A Bank of Theoretical Data for Radiotherapy of Gliomas. 

Student: Scientific Initiation. 

Goal: Extracting numerical data of a graphic in a file with pdf extension. 
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Summary: Characterize the radiation therapy of gliomas and discuss briefly the model 

proposed by Rockne and others. Emphasize the possibility of personalized therapy. 

Emphasize the need for numerical data in the Verification process of mathematical 

models. Develop a procedure in MATLAB or SCILAB platforms to recover 

numerical values from plots presented in the work of Rockne and others, which has 

pdf extension. 

Future Work: Database expansion; database for other types of tumors; database for BNCT; 

and participate in choosing the final procedure. 

 

3.3 Third Subproject 

Title: Computational Implementation of Gliomas Growth Model with the Radiotherapy Term 

Using a Procedure from MATLAB or SCILAB Platforms. 

Student: Master’s Degree. 

Goal: Implement, computationally, the model proposed by Rockne and others using a 

procedure from MATLAB or SCILAB platforms. 

Summary: Describe, in details, the model proposed by Rockne and others, emphasizing the 

possibility of personalized therapy. Emphasize the possibility of Equation (9) of 

Reference 3 be wrong. Use a procedure, as the PDEPE procedure from MATLAB 

platform, in order to solve the model. Verify the quality of the results by comparing 

them with the database values. Discuss about the Equation (9). Perform a sensitivity 

study on the various model and procedure parameters. Write down the developed 

computational procedure, without make it available. 

Future Work: Compare quantitatively and qualitatively the results with the fourth Subproject; 

model extension for BNCT; and participate in choosing the final procedure. 

 

3.4 Fourth Subproject 

Title: Numerical Implementation of Gliomas Growth Model with the Radiotherapy Term. 

Student: Master’s Degree. 

Goal: Implement, computationally, the model proposed by Rockne and others discretizing the 

diffusion term. 

Summary: Describe, in details, the model proposed by Rockne and others, emphasizing the 

possibility of personalized therapy. Emphasize the possibility of Equation (9) of 

Reference 3 be wrong. Verify the possibility to discretize the Laplacian in spherical 

geometry, 
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and the time, for example, using Euler. Verify the quality of the results by comparing 

them with the database values. Discuss about the Equation (9). Perform a sensitivity 

study on some model and procedure parameters. Write down the developed 

computational procedure, without make it available. 

Future Work: Compare quantitatively and qualitatively the results with the third Subproject; 

model extension for BNCT; and participate in choosing the final procedure. 

 

3.5 Fifth Subproject 

Title: Choice of the Computational Procedure, with Radiotherapy Term, that Best Simulates 

the Gliomas Growth. 
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Student: Participants of 1
st
, 2

nd
, 3

rd
, 4

th
, 5

th
 and 6

th
 Subprojects. 

Goal: Choose the computational procedure, between the developed in 3
rd

 and 4
th
 Subprojects, 

which best describes the model proposed by Rockne and others. 

Summary: Describe, briefly, the model proposed by Rockne and others, emphasizing the 

possibility of personalized therapy. Describe, briefly, the 1
st
, 2

nd
, 3

rd
, 4

th
 and 5

th
 

Subprojects. Compare quantitatively and qualitatively the results obtained with 

computational procedures developed in 3
rd

 and 4
th
 Subprojects and choose which best 

describes the model proposed by Rockne and others. Three-dimensional visualization 

of the glioma growth. 

Future Work: Disseminate relevant reports. 

 

3.6 Sixth Subproject 

Title: Developing an User Friendly Interface to Use the Computational Procedure, with the 

Radiotherapy Term, Chosen to Simulate Glioma Growth. 

Student: Scientific Initiation. 

Goal: Integrate in an user friendly way, using MATLAB or SCILAB environments, the best 

procedure, with the radiotherapy term, chosen to simulate the growth of gliomas. The 

software must have a friendly user interface, in such a way that they can be used by 

people with less specific knowledge. 

Summary: Describe, briefly, the model proposed by Rockne and others, emphasizing the 

possibility of personalized therapy. Describe, very briefly, 1
st
, 2

nd
, 3

rd
, 4

th
, 5

th
 and 6

th
 

Subprojects. Describe the system features (hardware and software). 

Future Work: Maintaining the system operation (hardware and software); participate in 

choosing the final procedure; seek partnerships to continue development; propose 

project to provide the system (hardware and software) for clinical; and provide 

courses. 

 

3.7 Seventh Subproject 

Title: Analytic Solution of Gliomas Growth Model, with Radiotherapy Term. 

Student: Master’s Degree. 

Goal: Obtain an analytic solution of gliomas growth model, with radiotherapy term, proposed 

by Rockne and others and solve numerically the inverse Laplace transform. 

Summary: Describe, briefly, the model proposed by Rockne and others, emphasizing the 

possibility of personalized therapy. Describe, very briefly, the 1
st
, 2

nd
, 3

rd
, 4

th
, 5

th
 and 

6
th
 Subprojects. Comment on the solutions of “Engineering” and the current, more 

academic. Compare quantitatively and qualitatively the obtained results with those of 

chosen procedure. 

Future Work: Model extension for BNCT. 

 

 

4. FINAL COMMENTS 

 

In this work, we present the main equations used to analyze the response of brain tumors 

undergoing radiation therapy, discussed in details in Reference 3. 

 

The mathematical model allows both a personalized planning of radiation therapy and to 

consider other types of therapy. 
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The softwares that were developed in the subprojects, must pass by rigorous procedures of 

Verification and Validation (V&V). 

 

The development of the proposed system has a huge social appeal, low cost, potential training 

HRs highly skilled and providing a product to the Brazilian society. 
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