Integrated Physical and Radiobiological Evaluation of Radiotherapy for Brain Cancer

Using MATLAB-Based Outcome Modeling
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ABSTRACT INTRODUCTION RESULTS DISCUSSION

Purpose: Accurate radiotherapy for brain Accurate radiotherapy for brain tumors requires All IMRT plans demonstrated clinically acceptable target
tumors requires highly conformal dose highly conformal dose delivery to maximize TCP and coverage and dose homogeneity consistent with conformity, dose homogeneity, and clinically
delivery to maximize tumor control while minimize to NTCP. Although intensity-modulated established recommendations. Conformity indices acceptable’organ-at-risk sparing P’hysical dosimetric
limiting damage to adjacent critical neural radiotherapy (IMRT) is routinely employed, plan indicated highly precise dose shaping around target indices (RTOG, SALT Conform;\tion Number  and
structures.  Although intensity-modulated evaluation is commonly based only on physical dose volumes. Slight reductions in quality metrics were Healthy Tissu’e Co’nformity Index) consis’tently
radiotherapy (IMRT) is routinely employed, parameters. This study aimed to establish and apply observed for targets located near the skin, attributable to demonstrated  high-quality  treatment  plans
plan evaluation is commonly based only on an integrated assessment approach combining anatomical constraints.  SALT-based parameters MATLAB-based radiobiological modeling furthe;
physical dose parameters. This study aimed advanced  physical  quality  indices  with confirmed effective sparing of normal tissues in most showed high EUD-based Tumor Control Probability
to establish and apply an integrated radiobiological outcome modeling to enhance the cases. Radiobiological modeling revealed high predicted

assessment approach combining advanced clinical relevance of IMRT plan evaluation. tumor control probabilities and low complication risks for
physical quality indices with radiobiological organs at risk, supporting the biological robustness of

The evaluated IMRT plans achieved excellent target

(TCP) with very low Normal Tissue Complication
Probability (NTCP) for critical structures, indicating
favorable therapeutic outcomes. The automated

outcome modeling to enhance the clinical the physically optimized plans. cDVH analysis improved the efficiency and
relevance of IMRT plan evaluation.
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the Eclipse Treatment Planning System
(Version 13.6) with nine optimized beam
arrangements and a prescription dose of
60 Gy delivered in 30 fractions. Plan
qguality was assessed using multiple
physical metrics derived from RTOG,

2 CT + MRI + Patients were immobilized
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head mask.

» Planning CT was acquired
"'_ and fused with MR for

accurate delineation.

3 TARGET & OAR i « GTV, CTV, PTV and organs at risk
CONTOURING (OARs) were contoured

according to institutional
protocols.
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NTCP modeling into routine plan assessment
may improve clinical decision-making and
facilitate future treatment optimization.
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