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Why VHEE treatment?

VHEE vs protons and photons

So far, treatments using e- have shown  performances (comparable with RT or p) only at the cost 
of having high energies (>100 MeV) and number of fields [1]. 


Due to cost, complexity and space encumbrance (long accelerating system) VHEE have not 
yet reached the clinical stage 

Today these issues can 
be adressed thanks to To evaluate the feasibility of 

deep seated tumors VHEE 
treatments implementing the 

FLASH effect, we have 
investigated the case of  RT 

and PT treatments 
of pancreas and head and 

neck cancer
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Real Head&Neck treatment at APSS Hospital  
center, Trento

• Patient with meningioma tumor, 
was treated with 54 GyRBE in 27 

fractions with 3 proton fields;


RayStation TPS optimized dose map 

Dosimetric constraints

Head and Neck: M1 case
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Real Head&Neck treatment at APSS Hospital, 
Trento

Head and Neck: C1 case

• Patient with chordoma tumor, was 
treated with  proton therapy using 54 

GyRBE in 30 fractions with 4   
fields;   


RayStation TPS optimized dose map 

PTVBoost

PTV-
PTVBoost

Dosimetric constraints
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Real Head&Neck treatment at APSS Hospital , 
Trento

•A PTV boost was also planned on a 
limited region of the PTV: 66 GyRBE in 
33 fractions with 4  proton fields;


RayStation TPS optimized dose map 

Dosimetric constraints

PTVBoost

PTV-
PTVBoost

Head and Neck : C1 case

• 30 fractions in SIB modality;

• 3 fractions in sequential way; 
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Head and Neck case C1 & M1: IMRT 

•The same CT has been used by the Policlinico 
Umberto I Hospital (Rome, Italy) to plan and 
optimise the photons treatment for comparison 
with PT plans.

Optimized photon dose map 

Dosimetric constraints 

• Primary goal:  safeguard the most critical OARs, like Brainsteam 
and Marrow, even at the expense of PTV coverage.
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IMRT pancreas treatment at Campus 
Biomedico center, Rome

• Patient with pancreas tumor, was 
treated with fractionated IMRT of 

30 Gy in 5 fractions with 7 
photon fields ;   


RayStation TPS optimized dose map 

Dosimetric constraints

Duodeno

Pancreas case: IMRT
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VHEE Planning: Strategy and Workflow
FLUKA MC SIMULATION

To put on a solid ground the comparison in this first attempt focused on evaluating the impact of a 
VHEE FLASH RT:

Treatment optimization
The fluence of each PB is then optimized to ensure the required 
PTV coverage while sparing the OARs.


FMF 
Optimazed electron dose map with NO FLASH effect 

The FLASH effect is modeled using the Flash Modifying Factor 
(FMF) to account for the reduced normal tissue damage


We have implmented 
FMF=0.9 and 0.6
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C1 case: RESULTS 
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C1 case: RESULTS 

Fotoni VHEE
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M1 case: RESULTS 
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M1 case: RESULTS 
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Pancreas case: RESULTS 
FotoniVHEE

Fotoni

VHEE
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M1 case: RESULTS 
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• Without FLASH EFFECT we obtain the needed PTV coverage and a better 
sparing of the OARs with respect to conventional RT; 


• If a FLASH EFFECT is taken into account, even in the case of a small FMF, 
the treatment becomes competitive even with the PT one. 

VHEE with FMF=1,0.9,0.6

0.6
0.9



M1 case: RESULTS 
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• Without FLASH EFFECT we obtain the needed PTV coverage and a better 
sparing of the OARs with respect to conventional RT; 


• If a FLASH EFFECT is taken into account, even in the case of a small FMF, 
the treatment becomes competitive even with the PT one. 

VHEE with FMF=1,0.9,0.6

0.6
0.9

https://doi.org/10.1016/j.ijrobp.2022.05.038 
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Conclusion
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•A preliminary simulation study carried out in the case of head and neck and pancreas treatment suggests 
that the implementation of VHEE RT could allow the proper PTV coverage while achieving an OARs 
sparing better than RT, and even p, with a significant improvement if the FLASH EFFECT is introduced;

•The initial studies have been carried out without optimising the number of used fields or their direction: the 
promising results obtained are then 'conservative' in that respect;

•Development and implementation of different  clinical treatments with VHEE, like VMAT; 

•Current studies are exploring the potential for pathologies that are suited for ipo-fractionation regime  (lung 
and pancreas pathologies);


