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Proton therapy vs. conventional (x-rays) radiotherapy
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Challenges in proton therapy

Example of a morphological change which can compromise 

the treatment output

(Engelsman and Bert 2011)
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Challenges in proton therapy

(Cambraia Lopes et al, Physica Medica 2018)

● Conjecture: brain tissue hypo/hyperdense due to 

fractionated RT

Relapse?

Change in brain density due to fractionated RT?

● A change of + 4% in the brain density leads to a 

variation of + 2 mm in the Bragg peak position
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Proton-range verification: studies at LIP

(TPPT Consortium, already presented by Prof. Stefaan Tavernier)

A PET system prototype to be used in a proton therapy equipment, suitable for 

radiation monitoring of the head and neck cancers

● Based on the detection of back-to-back photons 

(511 keV) resulting from e- e+ annihilation

● In proton therapy, the positron arises from β+

emitters (mainly 11C and 15O) generated by nuclear 

interaction between protons and the patient tissue
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Proton-range verification: studies at LIP

(Cambraia Lopes et al, Physica Medica 2018)

● Provides images of selected region without

rotation of beam source

● Image with prompt gammas “stops”                         

at beam range

O-PGI concept: multi-sliced detector for orthogonal prompt-gamma imaging
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Multi-sliced detector for orthogonal prompt-gamma imaging

Monte Carlo results with proposed detector (GEANT4)

● Deviations in the Bragg peak position are visible in the O-PGI 

counts profiles (perfect detectors)
(Cambraia Lopes et al, Physica Medica 2018)
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Multi-sliced detector for orthogonal prompt-gamma imaging

Comprehensive simulation and optimization of the detection system

(Morozov et al, Physica Medica 2021)

1) Simulation of a homogeneous phantom irradiated by 

a proton beam

2) Simulation of the orthogonal prompt gamma imaging 

system

3) Generation of signal waveforms from the scintillation 

detectors based on the energy deposition data
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Multi-sliced detector for orthogonal prompt-gamma imaging

Comprehensive simulation and optimization of the detection system

(Morozov et al, Physica Medica 2021)

● A precision of about 2 mm FWHM in the distal edge of the Bragg

peak position was obtained (even taking into account optical photons)
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Adapting a proton therapy treatment plan to Geant4

Treatment plan simulation is desirable for both the TPPT and the O-PGI systems

Patient geometry

Patient setup

Beamline geometry

Beam setup

From the CT patient filesFrom the manufacturer

From the RT plan file

Phase space file

Used as “beam”

Dose computation

Prompt-gamma emmision

Induced β+ activity
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Patient geometry/setup: CT data

● 5-years old patient

● 170 CT slices with 512 x 512 voxels  

per slice

● Voxel size: 0.78125 mm x 0.78125 mm;

● Covered area: 400 mm x 400 mm;

● Slice thickness: 2 mm

(Data set provided by MDACC, Texas, USA)

Adapting a proton therapy treatment plan to Geant4
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Patient geometry/setup: CT data

Hounsfield Unit (HU) values 

Adapting a proton therapy treatment plan to Geant4
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Convert the Hounsfield Unit (HU) value from CT files to density

● CT scanner: Somatom Definition Edge

(Siemens) 

● Calibration curve “acquired” at MDACC 

Adapting a proton therapy treatment plan to Geant4
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Convert the Hounsfield Unit (HU) value from 

CT files to density

Density values 

Adapting a proton therapy treatment plan to Geant4
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Adapting a proton therapy treatment plan to Geant4

Assign a tissue material (with a specific stoichiometry) to each CT voxel, according 

to its density value

(RayStation 10A Reference Manual)

● Density and stoichiometry for each material is

the same as defined by the treatment planning

system (installed at MDACC)
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Assign a tissue material (with a specific stoichiometry) 

to each CT voxel, according to its density value

Material index

Adapting a proton therapy treatment plan to Geant4
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Patient geometry merged with the TPPT system

Original patient CT slice CT slice imported into Geant4

Adapting a proton therapy treatment plan to Geant4
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● A fast digital storage 

oscilloscope with 4 

channels was acquired

● Data processing 

routines were already 

developed and 

validated in our 

simulation studies. 

Beamline geometry implemented into Geant4 (work in progress)

Adapting a proton therapy treatment plan to Geant4
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Final remarks

● Due to its ability to deposit large amounts of dose in a well-located position, 

proton range verification in proton radiotherapy is desirable;

● LIP is involved in the development of two systems for proton range verification: 

TPPT and O-PGI systems;

● Treatment plan simulation is desirable for both systems;

● Patient CT scan is already merged with the detector system; the implementation 

of the model of the nozzle is work in progress,
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Thank you for your attention.
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