Radiation Quality in lon Beam Therapy:
How to take into account the RBE?
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Advantage of ion beams: physical
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100% [ )
§ Photon radiation
Q 500 | -
) |
4

lon beam
O % " 1 - 1 a 1 - 1 a [ 1
2 6 10 18

Penetration depth [cm]

13.2.2014 EURADOS Winter School 2014



Increased Relative Biological Effectiveness: RBE

Carbon 195 MeV/u
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Definition: Relative Biological Effectiveness (RBE)
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Requirements for Treatment Planning

Challenge:
Homogenous distribution of effective dose in treatment volume
Effective dose distribution in normal tissues

Drse = Dpnyc RBE(Z,E, D,a, b, Poy---)

RBE depends on several factors:
AParticle species / LET

ADose

ACell / Tissue type

AOxygen status
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LET z Depth Dependence of RBE
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Dependence of RBE on ion species
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Depth Dependence of RBE

RBE weighted Dose [GY]
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Dose Dependence of RBE

In-vitro:
Cell survival / CHO-cells
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Dependence of RBE on Effect Level
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Cell type dependence of RBE |

Resistant Cells

Sensitive Cells
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Cell type dependence of RBE Il

RBE,

Photons
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Treatment planning for carbon ions

Compl ex RBE dependenci es: E|, L

:

Interpolation/extrapolation required for
treatment planning in HI therapy
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HIMAC - Approach

In-vitro Experiments
(Monoenergetic, high-LET)

aCarbon (X) ’ bCarbon(X)
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GSI Approach: Basics of Modelling
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GSI Approach: Local Effect Model LEM

Basic Assumption:
Increased effectiveness of particle radiation
can be described by a combination of the
photon dose response and microscopic dose distribution

Local Effect (Photons) = Local Effect (lons)
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Comparison LEM IV T Experimental Data
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Carbon ions vs. protons

First radiobiology experiments at HIT facility:
mm) Direct comparison of protons and carbon ions
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Cell type dependence: transfer to in-vivo
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