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● Protons deposit most energy at the 

Bragg peak leading to  a sharp distal 

dose fall‑off.

● Enables high tumor dose with 

reduced integral dose to adjacent 

normal tissues.

● Dosimetric advantage forms the 

rationale for proton therapy.

Proton therapy
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Main sources of uncertainty: 
● morphological changes,
● anatomical deformation due to motion
● HU to RSP conversion error
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J-PET modular configuration 
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Data selection:
● unscattered 

annihilation gamma 
quanta

● only two interactions 
each within different 
head

● annihilation point within 
system FOV 

● scatter test > 40 cm 
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For the J-PET data reconstruction, the CASToR 
software has been used with following
settings: 

● TOF LM-MLEM (5 iterations) with TOF=600 ps
● Ray-tracing Siddon projector (10 rays)
● Attenuation and sensitivity corrections 

incorporated
● All (true, scatter, random) coincidences taken 

into account
● No additional PSF modeling added
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Illustration of all possible 
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Summary

● we have successfully determined 
proton range shifts in agarous 
phantoms with modular J-PET

● a linear dependence between dose 
and activity shifts was observed

● after system upgrade an on-beam 
measurements will be possible
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Thank you for your attention
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Paweł Moskal, Grzegorz Korcyl, Maciej Bakalarek, Damian Borys, Antoni Ruciński, Jan 
Gajewski, Karol Brzeziński, Jakub Baran, Paulina Stasica et al.
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Proton therapy

● Pediatric tumors: reduced late toxicity and 

secondary malignancy risk.

● Head & neck, skull-base tumors: improved 

sparing of salivary glands/brainstem.

● Ocular and selected CNS tumors: excellent 

local control.

● Some studies show comparable tumor 

control to photons.
Chen Z, et al. Proton versus photon radiation therapy: A clinical review. Front Oncol. 2023 

Mar 29;13:1133909. doi: 10.3389/fonc.2023.1133909

Efstathiou, J.A. et al., Prostate Advanced Radiation Technologies Investigating Quality of Life (PARTIQoL): Phase III 
Randomized Clinical Trial of Proton Therapy vs. IMRT for Localized Prostate Cancer
International Journal of Radiation Oncology, Biology, Physics, Volume 120, Issue 2, S1 October 01, 2024.

Baumann BC, Mitra N, Harton JG, et al. Comparative Effectiveness of Proton vs 
Photon Therapy as Part of Concurrent Chemoradiotherapy for Locally Advanced 
Cancer. JAMA Oncol. 2020;6(2):237–246. doi:10.1001/jamaoncol.2019.4889
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J-PET modular - general
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● modular design
● 24 modules
● 13 scintillators per module
● 4 SiPM per scintillator side
● 2 constant threshold per SiPM
● 50 cm FOV
● digital data at the module output
● 74 cm diameter
● very light ~60 kg
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● The Cyclotron Centre Bronowice 
(CCB) produces and accelerates 
protons to therapeutic energies 
from 70 to 230 MeV using the 
isochronous cyclotron C-230 (IBA, 
Belgium).

● In Poland, proton therapy is used 
clinically for radiation therapy at 
Cyclotron Centre Bronowice 
(CCB), Krakow Proton Beam 
Therapy Center of the Institute of 
Nuclear Physics PAS (IFJ PAS) to 
treat patients from Krakow and 
neighboring oncology hospitals, 
where over 1500 patients have 
been treated so far.
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Agarose gel phantom:
● 20 x 20 x 15 cm3

● 6 mm PMMA walls
● filled with agar + water 15 cm
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setNo fieldName fieldNo nomRange range90 range50

1 Field1 1 100 100.40 101.89

1 Field2 2 103 103.61 105.11

1 Field3 3 108 108.47 109.98

1 Field4 4 115 115.17 116.87

2 Field1 1 100 100.38 101.89

2 Field2 2 104 104.60 106.17

2 Field3 3 110 110.51 112.10

2 Field4 4 119 119.41 121.19
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proton 
beam

There is more carbon in 
phantom casing
Oxygen decays after few 
first minutes



Remark 2 - make combinations between different fields
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New set of combinations:
1-2; 1-3; 1-4; 2-3; 2-4; 3-4;

21
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Remark 2 - make combinations between different fields
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Without 103 mm 
With 103 mm 

4 Gy data



Remark 2 - make combinations between different fields
ranges from JG
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Difference between 100 mm range in two phantoms
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16 Gy data!


