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Topics

GSI pilot project

Physical Beam modelling

Radiobiology

Dose optimization

Biological dosimetry

Summary & outlook
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GSI scanning system

active energy variation:
252 steps 88..430 MeV/u

7 focus settings (4..10mm)

20cm� 20cm �eld size
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up to 50000 positions per
�eld

Inhomogeneous �uence
distribution in each slice
; "IMRT" for single �eld
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Planning Software Environment
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CT/MR Images

#
VOXELPLAN (DKFZ)�

�

�
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TOMAS
De�ne target volume
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VIRTUOS
Visualization (2D,3D)

!
Computing System:
IBM Power4/5, AIX

TRiP (TReatment plannIng for Particles, GSI)�

�

�

�

Calculate Dose (incl RBE)

Optimize scan parameters
#

"

 

!

Beam model

Depth Dose Pro�le
dE/dz(Eb,z)

Fragment spectra
dN/dE(Eb,z,Z,E)

�

�
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Radiobiology

RBE(Z,E)

Mixed �eld

�

�

�

�

Scan Param.

Energies Eb

Fluences
F(Eb,x,y)
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Beam Model

Depth dose curve
dE/dz(Eb,z)

Fragment spectra
dN/dE(Eb,z,Z,E)

Semiempirical numerical
model (Yield,GSI)

Nucl. Fragm., energy loss,
straggling, (multiple scatter-
ing)

Treatment plans: Table look-up/interpolation

Dose(Eb,~x) / dE/dz(Eb,z) � Fluence(Eb,x,y)
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Multiple Scattering

(preliminary)

low-Z, large depth

Pencil beam +
Moliere scattering contrib.

2 Gaussians (U. Weber)
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Biological Effects: LEM (M.Scholz)

In: D(r ), in vivo Photon Dose-Effect / � x D + � x D 2

Out: Intrinsic � z ; � z for single (!) particle traversals
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Biological Effects in Mixed Fields

Task: Obtain "lethal" Effect L = � D D + � D D 2 for particle distribution.

Classic:
interpolate local spectrum (Z; E ) from base dataset; N particles
for k = 1::N

sample (Z ; E )

L ( k ) = L ( k � 1) + sk (� z ; � z ; D ( k � 1)
abs ) � LE Tk (Z ; E )

D ( k )
abs = D ( k � 1)

abs + LE Tk (Z ; E )

repeat 500 times to "gather statistics"

; time-consuming, T(abs. Dose) � 1000

Analytical approximation for doses < � 10 GyE:
� D = (1 � exp(� � z d1)) =d1; � D � � z (� D =� z )2 ; d1 = single particle dose

Mixed �elds: LET-weighted � D ; � D

< 5% deviation from "classic" method, � 100� faster
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Dose Optimization

Least squares minimization: prescribed Dose D P (~x), voxel coord ~x

Free parameters: Particle numbers N (~r ), raster coord ~r = x; y; Eb

� 2 =
P

~x (DP (~x) � D (~x)) 2

=
P

~x (DP (~x) �
P

~r RBE(~x; N (~r ))g(~x;~r )N (~r ))2

g-coeff: Contribution of raster spot ~r at voxel ~x, � 1000 g's per voxel
; multi-GByte problem

RBE depends on voxel ~x and parameter N (~r )

Condition: N (~r ) > Nmin (control system limitation)

; nonlinear problem, solved by iterative methods
(peak-matching, gradient search, etc.)
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Single �eld optimization

� z ; � z for chordoma, derived from in vivo (!) photon response

biological dose 1.9 GyE

physical dose 0.5 Gy max
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12C vs IMRT

2 �elds 12C ions 9 Fields Photons, IMRT
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Multi�eld Example

(preliminary)
Target + Organs-at-Risk, 2 opposing Fields

Multi�eld-Optimization: Increased sparing of OAR
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Single- vs Multi-�eld

(preliminary)

2 �elds

Dashed: single �eld optim.

solid: multi-�eld optim.

up to 30% dose reduction for OARs
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Bio-Phantom

Cell survival in 2-dim water phantom
(W.Kraft-Weyrather, A.Mitaroff, C.vNeubeck)
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Biological Dose Veri�cation I

Patient-like con�gur ations: dose ramps, concave target
(Exp.: J.F.Wang, W.Kraft-Weyrather)
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Biological Dose Veri�cation II

(preliminary)
C-shaped target + OAR; simultaneous 2-�eld optim.

Stack Phantom
(A.Schmidt, W.Kraft-Weyrather)

Treatment Planning for Carbon Ion Beams { p.16/17



Summary & Work in Progress

p
Physical beam model (TRiP98/Yield) 12C, ...

p
Universal radiobiological model (TRiP98/LEM)

p
Dose optimization & veri�cation (phys.,biol.)

p
290+ patients since 1997

complete multi�eld optimization

extend beam modelling p..Oxygen ; 2007: HIT clinic

Organ motion tracking & correction ; C.Bert (PTCOG Munich)

Builtin fast MC ?

Collaborations

DKFZ, TERA, ETOILE (Research)

Siemens (certi�ed commercial application)
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