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Outline
● Advantages over conventional radiation therapy

● Planning with protons

● Planning (childrens) with protons



Thariat J. The Lancet 2021

RATIONAL - PHYSICS



VMAT

Protons versus photons: WVI
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Protons CNAO (fixed beams)

• Lower mean dose to healthy brain than VMAT
• Lower mean dose Temp. Lobes than VMAT
• Similar (even better) CTV coverage than VMAT
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Protons fixed vs Gantry

Details:

Upper part (continous
lines) for Gantry

Lower part (dashed
lines) for fixed beams
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Protons versus photons: Schwannoma
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Protons versus photons: Lymphoma

Cardiotoxicity model-based patient selection for Hodgkin lymphoma proton therapy. 

Acta Oncologica, 0(0), 1-8.
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Protons versus photons: CSI

Estimated risk of radiation-induced cancer following paediatric cranio-spinal irradiation 
with electron, photon and proton therapy. DOI: 10.3109/0284186X.2014.928420

http://dx.doi.org/10.3109/0284186X.2014.928420


Protons versus photons: NBL

Dosimetric Comparison Between Proton and Photon Radiation Therapies for Pediatric 

Neuroblastoma. International Journal of Particle Therapy, 100100. Mirandola et al. 2024
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● Measurement uncertainty in water for commissioning
● Stopping power / mean excitation energy of water in beam modeling
● Beam reproducibility

○ energy constancy
○ momentum spread

● Patient setup
○ Organ motion
○ Anatomical changes

● CT imaging and calibration
● CT conversion to tissue

○ rWEPL-to-energy dependence
○ Metal implants

● Biology

Sources of uncertanties in particle therapy: general



Treatment planning aspects specific for pediatrics

Secondary cancer
Small volumes (both targets and OARs in general)
Growth during the treatment course and from the simulation CT
Density variations
Higher radiosensitivity respect to the adults for specific diseases
Patient comfort and fast deliverability (for anesthesia)

Fiew beam entrances for IMPT/SFUD plans
Plan robustness
LET optimisation



2,5 mm

6 mm

Adults: 
• 3-5 mm spot spacing
• Minimum Np = 1,5E06

Childrens: 
• Down to 1 mm spot spacing

• Minimum Np = 1,0E06

Higher modulation



It can be helpful for increasing robustness: Craniopharyngioma.
“The combination of individually optimised fields, each of which deliver a (more
or less) homogenous dose across the target volume. SFUD is the spot scanning
equivalent of treating with ‘open’ fields” (T.Lomax)

SFUD



NBL patient: 
peritoneal cavity and stomach
emptying/filling → target displacement

Small changes, big 
impacts



OFF-LINE PLAN ADAPTATION

CNAO - 221 patients (6 months – no eye)

→154 (70%) RE-CT (at 22 days on average)

→57 1 RP

→25 >1 RP

→78% Target coverage

37% (p≈C) 

Courtesy of A. Vai
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% pts replan/PTA (01.01-30.06/2023)

1 3

4 5

6 7

8

1 Neuro-oncology

3 Head and Neck

4 Thorax and/orabdomen

5 Pelvis

6 Sarcoma - Limbs

7 Pediatric

8 Mobile spine -Sacrum



1.1

.



Ependymoma: 17 months old

Red area: High risk area for LET in Brainstem (light blue), distally to the target (blue contour)



Both plans are clinically acceptable in terms of CTV coverage and OARs sparing but…



but… different LET distribution in critical OARs→ potentially higher RBE



Toussaint et al. Radiotherapy and Oncology 198 (2024) 110414

High variability in beams arrangment among 16 
centers partecipating in the survey 



“Even when laws have been written down, they ought 
not always to remain unaltered.”

• Proton Arc Therapy?
• New ions, maybe Helium?
• Multi-Ion Radiotherapy?

Future perspectives


