
CONTROL SYSTEMS FOR IORT 
APPLICATIONS AND ELECTRON THERAPY
A. Sarti (on behalf of the ARPG group)



ACCELERATORS: MEDICAL APPLICATIONS

Within the ARPG group, since almost 10 years, know-how has been gained in several 
applications of particle acceleration to medical physics. 

We started from protons and 12C ions therapy, and then our interest moved also the 
acceleration/detection of neutrons. More recently we focused also on conventional RT (with 
photons in the ~10 MeV energy range) and the possibility to use electrons to overcome some 
of its limitations.

The principle is always the same: a detailed knowledge of the mechanisms of interactions of 
primary and secondary particles with the patient tissues allows to plan the treatments (in 
order to deliver the needed dose to the tumour site, sparing organs at risk) and to monitor it 
(exploiting either primary or secondary products for the beam interaction with the patient)
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THE CURRENT 
CHALLENGES - IORT
Intra Operative Radio Therapy is nowadays performed using 
electrons of low energy [5-10 MeV] that are used to ‘clean’ an ‘open’ 
patient after its surgery to remove possible cancer tissue leftovers.. 
There is no real ‘treatment planning’ performed so far as the energy 
of the electrons is just dictated by the depth that one wants to 
‘clean’, and time is an issue (.. open patient awaiting!).. First 
attempts, based on analytical models, are being implemented…
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https://www.soiort.com/treatment-planning-system-tps/



THE CURRENT 
CHALLENGES - VHEE
The current way to ‘deep’ tumours (e.g. prostate cancer) is 
twofold:

• Photons (IMRT or VMAT): several photon fields are used 
to achieve a high conformity on the target volume (PTV, 
red) while trying to achieve the better sparing of OARs

• Protons (or even heavier charged ions, like 12C or 16O): 
have a ‘ballistic’ precision in the dose release, related to 
their interaction with matter mechanism (Bragg Curve, 
highly peaked dose deposition at the end of particle range 
in matter).
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IMRT - Prostate treatment 



THE CURRENT 
CHALLENGES - VHEE
The current way to ‘deep’ tumours (e.g. prostate cancer) is 
twofold:

• Photons (IMRT or VMAT): several photon fields are used 
to achieve a high conformity on the target volume (PTV, 
red) while trying to achieve the better sparing of OARs

• Protons (or even heavier charged ions, like 12C or 16O): 
have a ‘ballistic’ precision in the dose release, related to 
their interaction with matter mechanism (Bragg Curve, 
highly peaked dose deposition at the end of particle range 
in matter).

• To reach such depth, electron energies above 50 MeV would 
be needed  (challenging for a delivery compatible with a 
treatment room of a clinical centre…) with several ‘entry 
points’ to avoid substantial dose to OARs…
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PHASER Talk @ VHEE workshop @ CERN
VHEE2020 5-7 October 2020 

Schueler et al, Phys Med Biol , 2017



FASTER WITH A POWERFUL TOOL: FRED!

Within ARPG a fast dose engine (FRED) that 
exploits the GPU technology has been developed:

Dose calculations can be performed in 1./1000 
wrt standard tools (e.g. FLUKA)

Same accuracy of a standard ‘full’ MC in 
predicting the dose distribution

Initially developed to handle protons, recently 
adapted to work with 12C (M. De Simoni) and 
electrons and photons (under 
development)!
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http://arpg-serv.ing2.uniroma1.it/arpg-site/index.php/research-projects/current-project/fred



TIME & ACCURACY: EM MODEL IMPLEMENTATION

To fully profit from the speed of FRED..

.. EM interaction models have to ‘ported’ 
inside FRED / GPU framework & 
architecture .. not just a technical work: to 
simplify a model and maintain its accuracy is 
not an easy task.. requires deep knowledge 
of the underlying physics..

Benchmarking of FRED against ‘standard’ 
MC tools is crucial to validate its 
predictions…
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THE ‘FLASH’ EFFECT

Recently ‘in-vivo’ experiments have demonstrated that very high dose rates (x1000 wrt conventional 
RT) are able to achieve the same TC probability while significantly reducing the NTC (from 80% in 
‘deep organs’ to 60% for the skin)
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DEVELOPING A TPS FOR IORT APPLICATIONS..

The work will be carried out in close contact 
with SBAI department & SIT (Sordina Iort 
Technologies) in order to implement all the 
details of the machine used to deliver the beam

The system needs to be capable of handling 
both ecographic and CT imaging input

Flash and standard IORT conditions will be 
simulated using FRED, and compared with 
the data of the machines currently 
being developed… (E.g. Novac 11)
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FLUKA MC

Novac 11



.. AND A TPS FOR DEEP TUMOUR TREATMENTS

Treating deep tumours with ‘high’ energy 
electrons comes with several advantages:

Reduced impact of morphological changes 
(wrt protons), reduced dose to OARs (wrt 
photons, implementing the FLASH 
approach), easiness in delivery!

Proof of principle study just started using 
FLUKA, real TPS development attempt is 
about to start looking also at lungs and 
head&neck tumours as well…

A long road in front of us, just got opened..
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Including the 
FLASH effect!

IMRTe-



SUMMARY

By joining the ARPG research group (Sapienza - SBAI dept.) one will have:

The chance to work with a lively group, that has a long standing experience in accelerator 
applications to the tumour treatment field, developing tools and performing a research activity 
in close collaboration with the SBAI accelerators group and the SIT

The opportunity to develop the EM models, improving their accuracy in the fast engine, 
allowing to open a new path for the fast planning of RT and electron treatments. 

The possibility to exploit a fast dose engine software tool (FRED) for the studies related to 
the implementation of  treatment planning technologies in the field of electron therapy (both 
of low and high energy: IORT and deep tumours).
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email: alessio.sarti@uniroma1.it
http://arpg-serv.ing2.uniroma1.it/arpg-site
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