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Krakow PBT facility (Cyclotron Centre Bronowice - CCB)

In 2017 Antoni Runinski came from
Rome and brought

GPU-accelerated MC
Fast paRticle thErapy Dose evaluator
FRED
(A. Schiavi, V. Patera - Rome Uni.)
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e Pencil Beam Model parameterization iﬁ T st w Cyclotron Centre
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e Specific beam models:
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o (CCB, Krakow, Poland - IBA EMORY

o EMORY, Atlanta, GA, U.S. - Varian

o MAASTRO, Maastricht, the Netherlands - Mevion M aaStrO
e Beam model validation

e Patient plan simulations

e KFRED performance

e LET validation



Pencil Beam Model Phase Space
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Pencil Beam Model Phase Space

Step 1: Characterise lateral beam propagation
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Pencil Beam Model Phase Space

Step 2: Characterise depth dose distribution
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Pencil Beam Model Phase Space

Step 3: Characterise Range Shifters and Apertures
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Facility specific model parameters in MC

Energy [MeV]
Spot size at iso. [mm]
Lateral propagation
Range Shifter [em]
Snaut extension [em]
Dosimetry technique

Aperture

COB (IBA)

70-226 (10 MeV step)
2.5-6.6
Emittance (2x3 params)
36.7
fixed: 36.9 cm
Markus (PTW) at 2 em

No

\

EMORY (Varian)

70-242 (10 MeV step)
3.5-5.6
VPS (2x2 params)
20 /30/50

extendable: 5-50 cm

PPC-40 (IBA) at 2 cm

No

Gajewski et af. Commiscioning of GPU-accelerated Monte Carlo code FRED for clinical
applications in proton Lherapy, cub. to Frontiere in Phycice

MAASTRO (Mevion)

230 (only pristine energy)
4.3 (only pristine energy)
Emittance (2x3 params)
19 RSs of various thick.
extendable: 3.6-33.6 cm
PPC-05 (IBA) at ¥4 BP range

2x7 leaves movable

Gajewski et al. A GPY Monte Carlo to support clinical
routinein a compact Spof ccanning profon

therapysystem, cub. to Frontiers in Phycics



Lynx meas.

o

Beam model - lateral propagation e

CCB (Krakow) EMORY (Atlanta) MAASTRO (Maastricht)
9 T T T
—— Emittance model for 100 MeV (X/Y: red/blue) —— VPS model for 100 MeV (X/Y: red/blue) 77 F F Meas spot size X/Y (Lynx + IC)
---- Emittance model for 150 MeV (X/Y: red/blue) ---- VPS model for 150 MeV (X/Y: red/blue) | | ..... Emittance model X/Y
81 e Emittance model for 200 MeV (X/Y: red/blue) | | | . VPS model for 200 MeV (X/Y: red/blue) —— FRED spot size X/Y (no MCS) F
[ | 7 | 6 - - SF
E B =
E £ s
: : §
N S g
i v 4] 3
3 S 2
) wn %
ﬁ .. | l
-}..'.'.'.'.'-::: Lynx measurements
31 2 I
—600 —-200 -100 O 100 200 —1500 —1000 —500 0 500
Z [mm] Distance from isocentre [mm]




Bragg Peak
chamber meas.

Beam model - Bragg peak in water
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Beam model - Adaptive Aperture (MAASTRO)

Scene 000

Mevion's Adaptive Aperture™




Bragg Peak

Validation - Range Shifters bmmbmas'

MAASTRO (Maastricht)
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Lynx meas.

Validation - spot size in air
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A Lynx meas.
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Validation - spot size in water/solid
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Validation - SOBP
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Validation - patient QA MAASTRO: ~600 meas.
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Validation - heterogeneous media (CCB
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Time performance of FRED MC engine

Simulation prim./PB Voxel size time Tracking rate

Single PB 108 1 mm? 36 - 53 s up to 107 prim. /s

SOBP 0.51 10° 1 mm? <10 min up to 5x10° prim./s
Patient QA in water 10° 1 mm? mean 2’35 min mean 3.4x10° prim./s
Patient plan in CT 10* 1.5x1.5x1.5 mm? 21s - 6’26 min mean 2.9x105 prim. /s

Automatic (no user activity required) beam model computation (303 simulations for CCB) in ~10h, including:
e characterisation of the beam lateral propagation
e the energy and energy spread optimisation
e optimisation of the scaling factor with monoenergetic 10x10 layers



Patient simulations (MAASTRO)
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Patient simulations (EMORY

Profiles
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Patient simulations
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Patient simulations (CCB)

Sagittal Plane

Profiles

LETd to build variable-RBE models

Is the averaged LET a proper quantity to determine
the biological effectiveness?
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Kxperimental validation of LET spectra ~PVAEAM

Imaging the Unseen

MiniPix TimePix detector
Advacam, Prague, Czech Republic)
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LET spectra (preliminary)
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Summary

e Automated beam model commissioning — prepare/adapt the beam model over night
e Validation against measurements — within clinical acceptance criteria

e FRED performance — patient dose simulations in minutes (high statistics)

e LETd scoring and variable RBE models implemented — treatment planning study

e LET spectra measurements — input to biologically-weighted dose optimization



