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ABSTRCT

A PC based software, the RTP Research Tool Box (RTB), was developed for IMRT optimization research. The software
was consisted of an image module, a beam registration module, a dose calculation module, a dose optimization module
and a dose display module. The modules and the Graphical User Interface (GUT) were designed to easily amendable by
negotiating the speed of performing tasks. Each module can be easily replaced to new functions for research purpose.
IDL 5.5 (RSI, USA) language was used for this software. Five major modules enable one to perform the research on the
dose calculation, on the dose optimization and on the objective function. The comparison of three cost functions, such
as the uncomplicated tumor control probability (UTCP), the physical objective function and the pseudo-biological
objective function, which was designed in this study, were performed with the RTB. The optimizations were compared
to the simulated annealing and the gradient search optimization technique for all of the optimization objective functions.
No significant differences were found among the objective functions with the dose gradient search technique. But the
DVH analysis showed that the pseudo-biological objective function is superior to the physical objective function when
with the simulated annealing for the optimization.
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1. INTRODUCTION

Intensity modulation radiation therapy or IMRT allows one to achieve a better conformation of the high-dose region
with the prescribed tumor target volume than the uniform beam therapy, especially in complex treatment situations™?.
In order to acquire the best IMRT optimization, various methods for the cost function of optimization have been used.
The biological objective function (BOF) using the uncomplicated tumor control probability (UTCP) based on the tumor
control probability (TCP) can be one of the applicants. It might be able to produce better results than the physical
objective function (POF). However applying the BOF clinically is

inconvenient with the well-known limitations, which are the needs for the whole treatment schedule information and the
exact biological indices for each tissue". Therefore to complement the BOF, the pseudo-biological objective function
(PBOF) was introduced”. In this study, these two functions were applied to the optimization algorithm and
subsequently the cost functions of the each algorithm were compared.

2. MATERIALS AND METHODS
The RTP research tool box or RTB*” for IMRT optimization was
Main Frame (User Interface) designed. The five moduleg are completed independent, so as to
modify each module easily wherever needed. The program
efficiencies such as the calculation speed, the usage of memory and
Image Module BeamMRgsltraﬁon the convenience of use were sacrificed for the easy accessibility and
N the easy modification of each module. The POF which is expressed
Dose Calealation Optimization in terms of well-defined and measurable physical quaI'ltit'ies, such as
Module « Module dose and volume, was defined as the mean square deviation between
the calculated dose distribution and the prescription in the entire
volume, which has to be minimized”. The POF is concerned only
with dose and is using the minimum square law, which is generally
used in the statistics™. That is, it finds out the figures that have the
Fig.1. The RTB modules best results from the computer with inputting the dose delivery to the
tumor and the maximum normal tissue tolerance dose previously.
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The BOF calculates the biologic effect due to the dose delivered, instead of the dose itself, and plans treatment with the
maximal effectiveness'. It calculates the TCP and the NTCP and searches the treatment conditions having the high TCP
and low NTCP. Since the final results predict the treatment score in this method, the treatment effect can be acquired
before treatment. Therefore if the probability of the side effect in the normal tissue from the planning is inevitably high
or the TCP in the planning is low, the problems and possibilities can be predicted and then prepared before arising
problems. The pseudo-biologic cost function has been designed for this study. The concept of the PBOF is introduced
somewhere else®. Brief explain of the PBOF is follows. The PBOF consist of the TCI and the OSI. The target coverage
index (TCI) is defined as,
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where, %Di is % isodose of i-th  bin, vi is the volume of i-th bin and s is the tolerance of target dose, £5 in case of 5%.
The mathematical shape of TCI is similar to the TCP. The TCP counts the inhomogeneous dose distribution across the
target area as preferable, but TCI not. The organ score index (OS]) is defined as,
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where, OSI, is the k-th organ score index and OSI the organ score indices for all of the OAR’s. %DDi is isodose of i-th
bin and %LimDose is the limiting dose that the organ can tolerate expressed as the percentage of the isodose. The
parameters w and s are the importance of organ (0 < w < 1) and expectation of complication or importance of organ,
respectively. The s depends on the meaning of the %LimDose. The objective pseudo biologic cost function may be
expressed as,

PPS =TCI xOSI 0<PPS<LI1 (3)

Optimization algorithm used with the gradient search optimization technique and simulated annealing.

3. RESULTS

Gradient
Search

Fig. 2. The RTB developed in this study Fig. 3. The optimized results for the POF and the PBOF
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Fig. 4. DVH of a) cord and b)lung

Fig. 2 shows the graphic user interface of the RTB. The software consists of five modules. Each module can be easily
modified since all of the modules are independent. Fig. 3 shows the optimized results of the all the object functions
using gradient search optimization technique and simulated annealing technique. Fig. 4 shows the DVHs simulated
annealing optimization algorithm of the critical organ. The PBOF showed superior results to the POF when with
simulated annealing optimization algorithm

4. DISSCUSION AND CONCLUSION
We have a developed RTP research tool box and compared cost function of the IMRT optimization. The PBOF and the
POF did not show significant differences with gradient search optimization algorithm, while the PBOF showed better
results to the POF when with simulated annealing optimization algorithm. We could shows PBOF can be used as an
IMRT objective function. It is good tool for treatment plan evaluation and comparison purpose.
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