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Summary

➢ Medical Physics and Radiotherapy

➢ Geant4 - open source simulation toolkit

➢ modeFRONTIER and Geant4 - a software 

integration and results



What does a Medical Physicist do?

Medical Imaging
PET, CT, MRI (DICOM)

Nuclear Medicine Radiation Protection

Radiation Oncology
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Goal of Radiotherapy

PROBABILITY 

of CURE

RISK of 

TOXICITY

To deliver a sufficient 
dose to the tumor

While sparing the 
surrounding normal tissues
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Radiation Treatment
Images 

Acquisition

Structures 
Delineation

Treatment 
Design

Treatment 
Delivery
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The Inverse Problem

How to achieve the 
desired 

distribution?

Treatment 
Planning System 

(TPS)

4



GEANT4
Monte Carlo simulation toolkit



Object Oriented Simulation Toolkit

Developed by an International collaboration http://geant4.web.cern.ch
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http://geant4.web.cern.ch


High Energy PhysicsSpace Physics

MicrodosimetryMedical Applications
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Medical Applications

DICOM images 

Human phantom

External Radiotherapy
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Medical Linac

Par
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MLCs
Multi Leaf Collimators

Flattening Filter

Jaws and
Collimators
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Monte Carlo Dose Calculation

Dose Calculation

Patient 
description

Geometry

DICOM

Energy 
deposition

Physics

Validation 
study
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Dose: concentration of energy deposited 
into a tissue



Radiotherapy Treatment Chain
Basic dosimetry 
(accelerator characterization)

TPS implementation and 
commissioning

Preliminary measurements

10



Radiotherapy Treatment Chain
Basic dosimetry 
(accelerator characterization)

TPS implementation and 
commissioning

Preliminary measurements

Planning Process

Planning 
Optimization

Multi imaging registration 
(CT-MRI-PET) target and 
organ at risk contouring

Patient 
Setup and 
imaging

10



Radiotherapy Treatment Chain
Basic dosimetry 
(accelerator characterization)

TPS implementation and 
commissioning

Planning Process

Dose Delivery Process

Preliminary measurements

Planning 
Optimization

Multi imaging registration 
(CT-MRI-PET) target and 
organ at risk contouring

Patient 
Setup and 
imaging

Treatment 
Delivery and 
verification

IGRT for daily 
patient setup 
verification

Pre-clinical Planning 
verification on linac
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Characterization of clinical TPS

R
1

R
2

h

Find the best values 
of R

1
 , R

2
 and h that 

reproduce 
experimental data

OPTIMIZATION
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Treatment Design Optimization 

Find optimal radiotherapy machine settings to deliver 
desired dose distribution

Gantry angles MLCs position

12



modeFRONTIER and 
GEANT4



Characterization of Accelerator

Clinical practice: Minimization gamma index

With

Tolerance: Dose ΔD2
M

=2%, position Δd2
M

=2 mm.

Mean Square 
Minimization
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Easy Driver Node

3 input variables
1 constraint
1 objective
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Flattening Filter

PRELIMINARY

 Target profile
        Optimal profile

300 designs
≈ 2 hours/des
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Treatment Plan

24 input variables

2 objectives

1 constraints

Erogation:

Fixed gantry angle

Fixed energy
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Treatment Plan
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Treatment Plan Results

PRELIMINARY

500 designs
≈ 12 hours
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Future Development

➢ Comparison of different optimization algorithms
➢ Clinical beam characterization at different 

energies
➢ Different gantry positions (angles) during a single 

“treatment session”
➢ Robust optimization (2% - 2 mm)
➢ Development of modeFRONTIER based treatment 

planning.
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Thank you for your attention
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