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Radiation Quality in Ion Beam Therapy: 

How to take into account the RBE? 

M. Scholz 

GSI Darmstadt 
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Advantage of ion beams: physical 
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Increased Relative Biological Effectiveness:  RBE 

Penetration depth [mm] 
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Weyrather et al. 

Carbon 195 MeV/u 

 Absorbed Dose 
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Differential Effect: 
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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 

RBEDD PhysRBE Ö=

RBE depends on several factors: 

Å Particle species / LET 

Å Dose 

Å Cell / Tissue type 

Å Oxygen status 

Å ... 

,...),,,,,( 2OPhysRBE pDEZRBEDD baÖ=
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LET  ź  Depth Dependence of RBE  

Weyrather et al. IJRB 1999 
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Dependence of RBE on ion species 

ÅExp. Data: Belli et al., IJRB 1998 

ÅV79-Cells 

ÅModell: LEMIV (Elsässer et al., IJROBP 2010) 

RBE higher for light as compared to heavier ions at given LET 

Å~1 MeV/u Å~15 MeV/u 
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Depth Dependence of RBE 

Reduction of dose towards distal peak 

to account for increase of RBE 
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Dose Dependence of RBE 

In-vitro:  

Cell survival / CHO-cells 

RBE=3.2 

RBE=4.2 

RBE=5.8 

RBE decreases with Dose 

Weyrather et al., IJRB 1999 

         Dose   [Gy]       
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Dependence of RBE on Effect Level 

Endpoint: HSG cell survival in-vitro 
Shape depends on effect level 

Relevant for hypofractionation 
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Cell type dependence of RBE I 

Resistant Cells Sensitive Cells 

Increase of RBE more pronounced for resistant cells 

as compared to sensitive cells 

W. Kraft-Weyrather 
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Cell type dependence of RBE II 

Photons 

Weyrather et al. IJRB 1999 

RBE is correlated with repair capacity 

(In terms of LQ-model: with (a/b)Photon-ratio) 

a/b=2 Gy 

a/b >> 10 Gy 
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Treatment planning for carbon ions 

Complex RBE dependencies: E, LET, D, cell type,é 

 

 

Interpolation/extrapolation required for 

treatment planning in HI therapy 

HIMAC 

Experimental Data 

+ Clinical Neutron Experience 

(āFixedó RBE-scheme) 

GSI / HIT 

Biophysical Modelling 

(Local Effect Model LEM) 

 (Variable RBE-scheme) 
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In-vitro Experiments 

(Monoenergetic, high-LET) 

aCarbon(x),bCarbon(x) 

Algorithm: 

Dose Weighted Average 

 ä= iiMix faa ä= iiMix f bb

HIMAC - Approach 

Relative Shape of 

Depth Dose Distribution 

Absolute RBE: 

Clinical Neutron Experience 

Treatment Planning 
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GSI Approach: Basics of Modelling 

Carbon ions 
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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 (Ions) 

+ RBE ! 

LEM: Transfer of low-LET experience to high-LET 
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Comparison LEM IV ï Experimental Data 
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Carbon ions vs. protons 

First radiobiology experiments at HIT facility: 

       Direct comparison of protons and carbon ions  

Experimental data: Weyrather et al. 

Model: LEM IV (Elsässer et al, IJROBP 2010) 

LEM IV 

LEM IV CHO-Cells 
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Cell type dependence: transfer to in-vivo 

Experimental Data: Suzuki et al., IJROBP 2000 

LEM III: Elsässer et al., IJROBP 2008 

RBE increases with increasing (b/a)g-ratio 

Assumption for application in-vivo: 

RBE(b/a)in-vitro = RBE(b/a)in-vivo 


