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Mixed Carbon-Helium Beam

& Radiation therapy with carbon ions — Problem: Range uncertainties
® Simultaneous acceleration of carbon and helium possible
© Online range probe with a mixed Carbon-Helium(10%) beam
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Helium 260 Mev/u
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Mixed Carbon-Helium Beam Dose Calculation matiiac
*»Helium Kernel set for pencil beam dose calculation
- Based on carbon kernel set — assumption: same emittance, energy spectrum
« Simulation with Monte Carlo (TOAPS)
« Scored deposited energy and LET
*» Calculation of combined RBE weighted dose:

« Combined dose weighted a« and f values:

Aij = aiiDf; + al*Di°, B;; = /ﬁij / fephe

« RBE weighted dose from effect:
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Mixed Carbon-Helium Beam Dose

*** Prostate patient, optimized carbon RBExDose
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Simulation and Reconstruction of Radiographs
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Reconstruction of Patient Position

¢ Quality Assurance: Does the
irradiated position of the patient

conform to the planned position ?

* Recalculate and simulate radiographs for

y shift [cm]
WET difference [cm]

different patient setup error scenarios

* Evaluate MSE to 225 reference images
(planning CT) — find minimum

» Accuracy < 1mm

-8 -6 -4 -2 0 2 4 6
z BEV [cm] —

7

-7 -4 0 4
DifferdABH4E BRI RN gstate

10/24/2024 | Page 6 dku.



Investigation of strategies for intrafractional motion
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* Motion function: Segment spine and
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4D CT of a Lung Patient, 10 phases, Motion Period =5 s
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Mixed Carbon-Helium Beam Range Problem

*¢* Helium range not always sufficient !

» Possible Solutions: different angle, deletion of spots, use of range shifters
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Residual range analysis Lung

* 15 patients
* 5 gantry angles (0°, 457315°,907270°, 1357225", 180°")
* Gantry angle 0 8/15 patients have helium stopping in patient

* All angles: 47/75 patients have helium stopping in patient
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Selection of Range Shifters

Schematic visualization of the ray and bixel concept
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Selection of Range Shifters

Possible energy proximal RaShi combinations

isAvaliable(x?, E) = (WEPLT"9¢tIn < R.(E) — xP < WEPLTT9et0ut) & ((Ry,(E) — WEPLPatientout _ xPy 5 ()

Is the residual helium range in detectable range of detector:
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Example Selection of Range Shifter Lung Patient
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Lung Patient EW RaShi - Dose

Carbon-Helium RBExDose

Helium RBExDose
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Take Home Messages

> Developed a framework in mat! 2 to calculate and simulate mixed beam treatment plans and

corresponding radiographs

» The mixed Carbon-Helium beam method has a high sensitivity to WEPL changes inside the

patient
» Motioning of anatomical changes
» Outlook:
* Dose calculation and Simulation with range shifters

* Adaption of proton radiograph detector for helium imaging
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