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Cancer treatment by hadron therapy
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Golden rule of radiotherapy:

to minimize the radiation dose to
normal tissues while maximizing the
radiation dose to the target volume.
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Why do we need a physical beam model ?
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J, » /% _ optimization of beam

0 M [#u, scattering system

patient shielding design and
verification

verification of treatment plans

simulation of experiments
(TLD, alanine)
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Monte Carlo Simulation of a proton beam
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Aim: Original input card I 1 . o ,

rng seed = 137

simulate proton beam: protons_no = 10000
- dose and fluence profiles outfile= out.dat
(depth, lateral)
- complex geometry
Y
Input card 1 Input card 2 Input card 100
rng seed = 65530 rng seed = 12334 rng seed = 34324
protons_no = 100 protons_no = 100 protons_no = 100
outfile = 001.dat outfile = 002.dat outfile = 100.dat
Tools:
Monte Carlo transport Eye-line scattering system in the
codes: Y Y Y treatment room (top) and defined in
e Fluka 2011.2 [ Job 1 ] [ Job 2 ] [ Job 100 ] simulation geometry (bottom)
e Geant4.96
“ 15 1l T T T
. Merge output files 10
Result.s. [Prepare histograms ] wAreR
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Parallelization procedure 5
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Monte Carlo simulation of a 70 MeV proton beam

Parallelization of an exemplary simulation scenario: 1 e '
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Measured depth-dose distribution (black) compared
with FLUKA results (red)

CCD beam image (left) compared with
FLUKA results (right)



Monte Carlo simulation of a carbon beam

Aim:
scoring beam characteristic
in liquid water
e dose (vs depth)
e fluence (vs depth)
e energy-fluence
spectra of all ions
(vs depth)

Tools:

Monte Carlo transport
codes

e SHIELD-HIT10
o Geant4.96

Results:

database of 45 beam
profiles for initial energies
between 50 and 400
MeV/amu
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Dose vs depth of a carbon beam of 270 MeV/amu
initial energy and of beam fragments.

spreéd out Brzllgg peak '
pristine Bragg peaks

Depth [cm]

Flat depth-dose distribution over 8-12cm depth
range obtained by summation of 49 pristine carbon

beams with different initial energies and fluences.

No of particles

Total calc. time

Number of nodes

104 10 min 1
108 70 days 1
108 17 hours 100




Optimization of the depth dose distribution:

Aim:

find the initial energies and
intensities of the beamlets
which, superimposed,
produce a given depth-dose
(depth-survival) profile

Tools:

optimization package
included in the libamtrack
library (python,C)

Results:

several projects of beam
shaping elements
depth-dose and depth-
survival profiles
(radiobiological experiment)
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First three steps of the dose profile optimization algorithm.

Pristine beams superposition: ) e
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Objective function: 005

Number of iterations

Convergence of the dose
profile optimization
algorithm.
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Gradient of objective function:
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Surviving fraction
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Modelling of biological effect: carbon beams

E=11MeV/amu =
E = 18 MeV/amu
6.4 MeV/amu
=42MeV/amu  «
6.9 MeV/amu
X-rays e
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Dose profile
Pristine Bragg peaks
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1. Cell survival at given

dose depends on the

particles energy

3. Specific depth-dose
distribution is needed
to obtain constant
biological effect of
carbon ions
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2. Constant dose level of
carbon ions leads to non-
uniform cell survival

| 4. Predicted cell survival
1 profile stays in agreement
| with experimental results



. Questions, comments ?

http//www.if.edu.pl/ccb/
“httos://libamtrack.dkfz.de/
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