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Range uncertainity

Accuracy of beam 
delivery
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Main Challenges in hadrontherapy

Where/how Geant4 
can/could improve 
these issues ? 

Radiobiology issues 

New approaches

Physical Biological



Radiobiology issues: 
RBE
LET
Fragmentation
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Relative Biological Effectiveness
Estimation of the biological damage along 

dose profile: 
which RBE should we use?

T. Marshall et al. “Investigating the Implications of a Variable RBE on 
Proton Dose Fractionation Across a Clinical Pencil Beam Scanned Spread-Out 
Bragg Peak 
”International Journal of Radiation Oncology Biology Physics, Volume 95, 
Issue 1, 1 May 2016, Pages 70-77

A key role is played by the average LET that 
is directly connected to the RBE

Jan Schuemann et al. Computational models and tools, Medical 
Physics, 45 (11), November 2018

V79 cells

https://www.sciencedirect.com/science/journal/03603016
https://www.sciencedirect.com/science/journal/03603016/95/1
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Relative Biological Effectiveness
Macroscopic approach
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Relative Biological Effectiveness
Microscopic approach

dnadamage1 & molecularDNA
A chromatin segmen is defined in an input file containing the shape, position, and size
of the DNAmolecules. In order to construct realistic inter-linked chromatin segments,
three segment models (“straight”, “turned”, and “turned-twisted” geometries) are
produced. The fractal structure of the chromosome was then generated from the
Hilbert curve, which is typically used for continuous fractal space-filling
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Linear Energy Transfer
The biological 

damage is strictly 
related to the 

radiation quality

Which LET definition should we use ?

How much complicate  is the LET calculation?

LET dose, LET track, LET only for primaries, 
LET also for secondaries, LET dependence on 
voxel, on production cut ….   
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Linear Energy Transfer
Several approaches

Romano F. et al. Phys.Med.Bio. 59 (2014)

Cortes M.G. et al. Phys.Med.Bio. 60 (2015)

Guan F. et al. Medical Physics (2015)

Petringa G. et al. Phys.Med.Bio. 65 (2020)

main dependences:
production cut
voxel size
step size

Thanks to 
M.A.Cortes-Giraldo



G Petringa, PhD - giada.petringa@lns.infn.it

9

Linear Energy Transfer
microdosimetric point of view

depending on the physical size and density of the 

Sensitive Volume and of the incident radiation field 

considered, a Track Structure approach may be more 

adequate for microdosimetry 

active volume:
um - nm scale

P Lazarakis et al 2018 Biomed. Phys. Eng. Express 4 024001

Ratio of the energy deposition calculated in the Sensitive
Volume by means of Geant4 CH physics models and
Geant4-DNA. R is the ratio of the variable SV diameter
and the average track length of incident 10 keV electrons.
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Target and Projectile fragmentation
In the case of an ion beam irradiation with high 𝑍 (𝑍 ≳ 2) the projectile fragments play the major role, while for
proton beams a potentially non negligible dose enhancement can be observed due to the presence of target
fragments.

Projectile fragmentation Target fragmentation

F. Tommasino & M.Durante, Cancers 2015, 7
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A limitation is currently represented by the 
limited set of nuclear reaction cross sections on 

which Monte Carlo codes rely

The detection of low energetic 
fragments, secondary protons and 

fragments, is challenging due to 
their very short range

Target and Projectile fragmentation
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Target and Projectile fragmentation

A limitation is currently represented by the 
limited set of nuclear reaction cross sections on 

which Monte Carlo codes rely

The detection of low energetic 
fragments, is challenging due to 

their very short range

BIC, QMD and INCL++ models were
benchmarked in Geant4 against
experimental data for a pristine 400
MeV/u 12C ion beam founding an
agreement within ∼5%-35% compared
to experimental values



New approaches: 
• Flash radiotherapy
• PBCT
• TAT and 
nanoparticles
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Protontherapy: the rationale

A. Pomps, M. Durante and H. Choy, Heavy ions in cancer 
therapy,JAMA Oncol. 2016 2(12): 1539–1540.

M. Durante, Proton Beam therapy in 
Europe,British Journal of Cancer,777-778 

(2019)

Focused research on protontherapy
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Proton Boron Capture Therapy

DMF10 (RBE10)= 1.46 ± 0.12 
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Proton Boron Capture Therapy

LET LET LET
𝛼𝛼 𝛼

The effect is not detectable in a 
macroscopic scale (micrometres)

=> new studies are on going based on the 
extimation of the amount of radicals  
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Target Alpha Therapy

Radioisotope 
𝜶-emitting

targeting  molecule  that  attaches  itself  to  
membrane-bound molecules on the surface of 
cancer cells

High-LET  
𝜶 particles

Alpha-immunoconjugate (AIC)to induce high-LET 

particle emission

Barry J. Allen (2016)

212Pb, 211At, 213Bi, 225Ac, 233Ra, 149Tb, 227Th
Candidate TAT radioisotopes

The role of Monte Carlo code
Radioisotopes production;
Simulation of quality assurance detectors;
Compton imaging;
Internal dosimetry;

Multi-scale approach

Thanks to Susanna Guatelli, David 
Bolst e Eva Bezak
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Nanoparticles

AuNP emission activated by protons and secondary
electrons and photons, and consecutive radical
production. Kim et al (2012)

Main advantages:
Toumor selectivity & Dose enhancement 

MC methods: 
connection between micro- and nano-
scale processes  taking into account 
several radiobiological endpoints

Physics models & biological damage
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Flash radiotherapy
A promising new radiotherapy strategy to limit the toxicities and 
maintain the tumour control

10 Gy
≤100ms
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Flash radiotherapy
Geant4-DNA and chemical stage

=> F.Farokhi “Evaluation of the effect 
of oxygen in Flash irradiation through 

Geant4-DNA”
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S. Guatelli “Update on the G4-Med project and on the Geant4 Advanced Examples for 
medical applications”

F. Romano “Recent developments of Geant4 Advanced Examples for medical applications”


