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Monte Carlo applications

e Patient Quality Assurance

e Support treatment planning

e Treatment planning studies
database of 100 patient treatment plans
for Monte Carlo recalculations

J-PET TimePix
gl . Silicon
Sensor

e Detector development




Beam modeling in FRED and GATE

Experimental validation
MatrixXX FRED

Beam model based on 9 parameters for 17 beam energies:
e initial energy, energy spread

e lateral propagation (6 emittance parameters)
e dosimetric calibration
e including range shifters
e implemented: gantry/patient rotations + isocenter shifts
Nominal energy: 150 MeV in water
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Dosimetric cross-validation TPS-GATE-FRED
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external
Body

-350

-300

-250
T
£
5 -200
-150
TPS 100
external
50
40 -350
o
o
2
8
30 8
3 -300
@
m,
20 ©
~250
10 T
E
S -200
0

X [mm] ~150

-100

-150

—-100 =50 0
X [mm]

GATE

external
Body
ech2

X [mm]

50 100 150

[(3g4)49] 3soq

[(3g4)49] 3soa

Y [mm)]

=350

—300

=250

—200

-150

-100

Gamma Index (3mm/3%)

external
Body
PTV_54_tech2

%GP(2%/2mm)
%GP(3%/3mm)

98-
99.9%

X [mm]

HPC Ziemowit

3.0

2.5

2.0

0.5

0.0

[—] xepu| ewwen




Computational Patient QA with FRED and GATE
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Monte Carlo to support proton planning

Dose FRED LETd FRED LETd X profile
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Computational LET QA

Not only the averaged LET (e.g. LETd) but
the whole LET spectra in a voxelized geometry
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KExperimental LET QA

Proton beam Proton beam
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J-PET for range monitoring in PT

J-PET operation principle
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Setup n[10~°] [ o(m)[10~] | H | n[107°] | o(n)[10°%] | H
Single layer cylindrical 9.45 0.29 1.0 | 3.64 0.22 1.0
Double layer cylindrical | 27.41 0.80 2.9 | 10.76 0.65 2.9
Triple layer cylindrical | 45.72 1.26 4.8 | 18.00 1.11 5.0
Single layer dual-head 3.79 0.13 04| 245 0.19 0.7
Double layer dual-head | 10.55 0.35 1.1 721 0.56 2.0
Triple Tayer dual-head 10.22 0.26 1.1 8.92 0.78 2.4

TRIPLE LAYER DUAL-HEAD

Activity [AU]
° ° ° o [y
N IS o © o

e
°

-80

Activity [AU]

Range estimation

|y
°
T

4
)
T
~

14
E)

e
'S
T

e
N

)\
1
1
".
 —-—Reconstructed profile
~~-Emission profile 1
——Fit profile i

-50

0.0f ]
-100 -75

L |___— L L L A
-25 o 25 50 75 100
Position [mm]

.2 —-—Reconstructed profile

~-~-~-Emission profile

[ —Fit profile %

[ | \ | \ | |

-20 o 20 40 60 80
Position [mm]

-60 -40




J-PET for range monitoring in PT

Experimental validation with proton beams at CCB
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J-PET for range monitoring in PT

Experimental validation with proton beams at CCB
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ProTheRaMon

Proton Therapy Range Monitoring https://github.com/horysd/ProTheRaMon
Open source software package for

characterizing and optimizing the STAGE1 ®p STAGE2 ®p STAGE3 ®p STAGE4 ®p STAGES
performance of a PET scanner for Plotigir i GATE Piden) Bt GATE CASToR

proton therapy range monitoring.

GATE coordinate system GATE coordinate system Activity coordinate system PET scanner coordinate system ’ GATE coordinate system

Automated and time-efficient
Flexible protocols and geometries
Geant4/GATE Monte Carlo

CASToR PET image reconstruction f—— o w 0 o |

in-house implemented scripts.

Production Activity Coincidences
maps maps list

Silesian University

of Technology HPC ZiemOWit

“Jan Gajewski . D.Borysetal,PMB(2022)



https://github.com/borysd/ProTheRaMon

Range shift detection in patients
Simulation studies with J-PET

In-beam PET imaging protocol
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Summary

Monte Carlo medical physics applications in Krakéw proton therapy centre:
e (Computational patient Quality Assurance - Dose evaluation
e Support treatment planning - LET evaluation

e Detector development - J-PET and TimePix

e Analysis of large patient dataset
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