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Why VHEE treatment? -
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Electrons have been considered already in the past as an alternative to protons and RT | 1 MeVy N
due to their better longitudinal sparing of OARs (charged -> BP) and reduced impact of 0.6 :: |l
range uncertainties (broader BP). £ | | |
VHEE vs protons and photons Soal
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]. . :' "'
I
Due to cost, complexity and space encumbrance (long accelerating system) VHEE have not 00 ‘*.._H e
yet reached the clinical stage (') - - - p :
FLASH EFFECT: Depth in water [cm)]
Today these issues can /V Dose rate radically increased from~ 100 Gy/s |
be adressed thanks to to ~0.01 Gy/s To evaluate the feasibility of
\ deep seated tumors VHEE
C-Band and X-Band technology treatments implementing the
299GHz 5.7GHz 12 GHz FLASH effect, we have
investigated the case of RT
S-band C-band X-band and PT treatments
G~20 MeV/m G~50 MeV/mG~100 MeV/m of pancreas and head and

neck cancer
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Head and Neck: M1 case

aa%. Azienda Provinciale
: pes per 1 Servizi Sanitari

Y Provincia Autonoma i Trents - Patient with meningioma tumor,
was treated with 54 GyRBE 1n 27
fractions with 3 proton fields;
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Head and Neck: C1 case

- Patient with tumor, was
e Azienda Provinciale i !
P Lo vz Sanitart treated with proton therapy using
in 30 fractions with 4
PTV - PTVBooOst fields:
*  95% 99% PROTONS
100 4 *\
80 -
= 60 -
Organo Constraints _ T o
PTV e PTV Boost | Vos > 99%, mai oltre il 107% | & . =70 PTVBoost
Tronco Encefalico D, <55 GyRBE b, ’;'j .
Midollo Spinale D, < 54 GyRBE
Parotidi Dinean < 26 GyRBE K
Canali Uditivi Dinean < 30 GYRBE i 0-
Coclee Dpean < 35 G}’RBE pTV" i 0 1000 2000 3000 4000 5000 6000
PTVBoost e
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Head and Neck : C1 case

% Azienda Provinciale
S: per i Servizi Sanitari

Provincia Autonoma di Trento
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PTVBoost
— Brainstem
— Marrow
— Parothide dx

A PTV boost was also planned on a
limited region of the PTV: 66 GyRBE 1n
33 fractions with 4 proton fields;

30 fractions in SIB modality;
3 fractions in sequential way;

Parothide sin
Ear Canal dx
—— Ear Canal sin
Cochlea dx
— Cochlea sin
— NoT
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Head and Neck case 1 & Ml: IMRT

Organ Photons
PTV Vosv 86.42% Viosw, 0.4%
*The same CT has been used by the Policlinico Tronco D1 51.20 GyRBE
Umberto I Hospital (Rome, Italy) to plan and Midollo spinale D) 54 GyRBE
optimise the photons treatment for comparison Can Uditivo Dx Dican 16.94 GyRBE
COClea DX Dinean 26.37 GYRBE

with PT plans.

Primary goal.
and , even at the expense of PTV coverage.
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safeguard the most critical OARs, like Brainsteam
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Brainstem
Marrow
Parothide dx
Parothide sin
Ear Canal dx
Ear Canal sin
Cochlea dx
Cochlea sin
NoT

95% 99%

SAPIENZA Treatment planning with e-k DoselcGy]



Pancreas case: IMRT

- Patient with tumor, was
treated with fractionated IMRT of
1n with 7

PTV
Rene Dx
Rene Sx

photon fields ;
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NoT 80 -
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[ [ J [ J m
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=
PTV Vo5%>95% never above 107% > W
Rene Dmean<1 0 Gy
20 -
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Midollo osseo Dmax<18 Gy 0 500 1000 1500 2000 2500 3000
Dose [cGy]
Fegato Dmean<15 Gy ] with e-beams




A-.."-\

-

To put on a solid ground the comparison 1n this first attempt focused on evaluating the impact of a
VHEE FLASH RT:

* the same 7 equidistant fields have been used for IMRT and VHEE planning;

* VHEE beams have transverse size O ~ mm and divergence O ~ mrad,;

* the electron "pencil beam" paints each irradiation field like 1n active PB scanning
techniques.

* The energy of each field was chosen by centering the BP of a single PB in the PTV.

The fluence of each PB 1s then optimized to ensure the required
PTV coverage while sparing the OARs.

The FLASH effect 1s modeled using the Flash Modifying Factor
(FMF) to account for the reduced normal tissue damage

Conventional

D
= | isoeffect 0.9 0.6

FEMF =
Dumpr
UHDR

VHEE Planning: Strateqy and Workflow

FWHM =1 cm

Point source beam
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Violume [%]
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C1 case: RESULTS

PTVBoost
Brainstem
Marrow
Parothide dx
Parothide sin
Ear Canal dx
Ear Canal sin

_ Cochlea dx
VHEE 4 fields . |— Cochlea sin
100 4§ NoT
* 95% 99%
Dose[cGy] 0 1000 2000 30222“6;000 5000 6000
Organ Protons Photons VHEE 4 field
P’I‘V Vo590, 92.44% V1052 0.01% V50, 86.42% V1050 0.4% | Vos0, 82.69% V1059 10.18%
Tronco D, 54 GyRBE D;51.20 GyRBE D, 54 GyRBE
Midollo spinale D;52.75 GyRBE D, 54 GyRBE D;42.78 GyRBE
Can Udlth() DX Dmcan 2 61 GYRBE Dmcan 1694' GYRBE Dmcan 4’13 GYRBE
C()Clea DX Dmcan 779 GyRBE Dmean 2637 GYRBE Dmean 1267 GYRBE
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—— PTVBoost
— Brainstem
— Marrow
— Parothide dx

Parothide sin
Ear Canal dx
—— Ear Canal sin

C1 case: RESULTS

PROTONS VHEE 7 FIELDS 100 - o Ezz::: ::1
100 - 100 - - NoT
Dose[cGy] 0 1000 2000 30]‘*[?056[2‘223 5000 6000 7000 0 1000 2000 ;cic;g[ceyz];obo 5000 6000
Organ Protons Photons VHEE 7 field
PTV Vos0, 92.44% V1052 0.01% | Voso, 86.42% V105 0.4% | Vos0, 90.05% V1059 2.28%
Tronco D: 54 GyRBE D1 51.20 GyRBE D1 54 GyRBE
Midollo spinale D1 52.75 GyRBE D1 54 GyRBE D149 GyRBE
Can Uditivo Dx Dmean 261 GYRBE Dmean 1694’ GYRBE Dmean 2105 GYRBE
Coclea Dx Dinean 7.79 GyRBE Dinean 26.37 GyRBE Dinean 24.88 GyRBE
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— PTV
c as e 7 — Nervi Ottici
8 —— Chiasma
— Vie Oftt Post
Occhi
—— Tronco
VHEE(3 FIELD) Carotidi _
PHOTONS Normal Tissue
] \\ o *’X * 95% 99%
(|) 10;3[} 20'[)[} Dose[i%;:;[; 40I[)U 50'00 0 1000 2000 Do:::ggy] 4060 5000 6000
Organ Protons Photons VHEE 3 field
PTV Vo5 99.52% V1059 0.009% | Vos0, 99.33% V1059, 0.009% | V59, 96.56% V105 1.12%
PRV Nervi Ottici D, 53.26 GyRBE D; 54 GyRBE D; 54 GyRBE
PRV Chiasma D1 53.43 GyRBE D, 53.83 GyRBE D: 53 GyRBE
Vie Ottiche Post. D, 53.55 GyRBE D;53.94 GyRBE D, 53.53 GyRBE
Tronco Di 54 GyRBE D 53.25GyRBE D 53.14 GyRBE
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M1 case: RESULTS

PTV

Nervi Ottici
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PHOTONS g oo
100 - \\ 7] ‘X\
g . \_
(') 10100 20'00 Dose'[i%'[;(; 4010'0 50'00 0 1000 2000 Do::[(zgy] 4000 5000 6000
Organ Protons Photons VHEE 7 field
PTV Vo959 99.52% V1059 0.009% | Vo5, 99.33% V1059 0.009% | Vs, 95.46% V1059 1.25%
PRV Nervi Ottici D1 53.26 GyRBE Di 54 GyRBE D; 54 GyRBE
PRV Chiasma D, 53.43 GyRBE D, 53.83 GyRBE D;53.02 GyRBE
Vie Ottiche Post. D1 53.55 GyRBE D1 53.94 GyRBE D;53.19 GyRBE
Tronco D: 54 GyRBE D; 53.25GyRBE D; 51.68 GyRBE
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PTV
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Rene Sx
Stomaco

Pancreas case: RESULTS
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Dose [cGy] Dose [cGy]
Organ Photons VHEE 7 field
PTV Vo5, 99.13% V1052 83.35% Voso, 98.01% V050 71.26%

Rene Dx Dmean 9.88 Gy Dmean 7.08 Gy
Stomaco Dmean 13.65 Gy Diean 18.99 Gy
Duodeno Dmax 29.98 Gy Dumax 29.50 Gy

Fegato Dmean 3.77 Gy Dinean 4.08 Gy
Midollo Dmax 9.42 Gy Dmax 9.09 Gy

Annalisa Muscato

Treatment planning with e-beams

27/09/2022 |[H



— PTV

— Nervi Ottici

— Chiasma

— Vie Ott Post
el Occhi

— Tronco
=3 .
Carotidi

» 95% 99%

PROTONS

— Normal Tissue

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;
- Ifa FLASH EFFECT 1s taken 1nto account, even 1n the case of a small FMF,
the treatment becomes competitive even with the PT one.
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_MI case: RESULTS

. - | I ] R | L ] B [
— Nervi Ottic Bea RN - l A 'l ::‘:l: |
—— Chiasma P st D b E b e At b L
. VHEE(3 FIELD @
| N —— Vie Ott Post ( ! .
o https://doi.org/10.1016/).ijrobp.2022.05.038 occhs 100 4 = |
—— Tronco mmm Opt nerv
Carotidi B Chiasma S
- Normal Tissue | 80 EEN Vie ott | W
| « 95% 99% °07 mmm Eye
10- A Tronc I
Arteria car
_ 60- _ I
w 09- .§. § 60 -
T £ 0 S
0.8- = 40 - = °
g 40 - .
0.7 ¢ ! R sy w8 L= 5
! 1 : o
1® o0 ¢ 20~ 20 -
0.6- N |
A k & =N o
0.5- . 04 - 0- L | & W
0 20 40 60 0 1000 2000 3000 4000  S000 6000 0 100 200 300 400 500 600 5
Dose [Gy] Dose[cGy] Dose [cGy] i

»  Without FLASH EFFECT we obtain the needed PTV coverage and a better
sparing of the OARs with respect to conventional RT;
- Ifa FLASH EFFECT 1s taken 1nto account, even 1n the case of a small FMF,
the treatment becomes competitive even with the PT one.
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& Conclusion

.

* A preliminary simulation study carried out 1n 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 1s introduced,;

*The 1nitial 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 VMIAT;

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