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Physical properties (dose distribution) allow for a
better spatial conformation of the dose to the target

Proton beam delivery:
e passive technique:
e scattering foil, broad beams  «

20

energy modulation: SOBP’s o

e active technique:
e scanning of narrow beams

energy and fluence modulation:
SOBP’s or IMPT
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e SOBP’s:

 homogeneous dose in target for every field

e IMPT:
« multifield technique

» each field delivers an inhomogeneous dose to the
target

« superposition of all fields yields desired dose
distribution

e scanning alone is not necessarily IMPT!

 IMPT needs inverse planning / optimization
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Inverse planning for IMPT

1. Select beam directions

2. Find spot positions

3. Optimize spot weights
find best set {w} of spot weights that
minimizes the objective function

Fr = > (D,((w}) - D)’

=)

4. Evaluate plan
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Spot positions in IMPT
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Spot positions in IMPT
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“full 3D modulation”
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DET vs. 3D modulation

AK IMRT
distal edge tracking 3D modulation
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+ fast optimization + more degrees of freedom
+ fast delivery + less uncertainties
+ reduced integral dose + less fields

+ better biol. properties
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full 3D modulation

e patient with clivus chordoma

* 5 coplanar fields

distal edge tracking
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Comparison of IMPT with IMRT

Fair comparisons should use the same
planning platform!
e dose calculation grid
e planning objectives
e optimization algorithm

research version of KonRad @ DKFZ:
multi-modality planning tool



Plan Output
Patient ID: clivus
Patient Hame: test,test
Inage Series; clivus000
Plan ID: Plan #; 160
#Beans: 5 #Fractions: 1 INHD: ON
Linac: PRIHUS2, Energy: 6.00 MY
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KonRad Inverse Planning v2.2.15
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Research version of KonRad

Modules in KonRad:

e radiation types
* photons, electrons, protons, carbon ions

* dose calculation

* pencil beam, 2D-PB, superposition, Monte Carlo, ...
e oOptimization engines

o gradient/ Newton; L-BFGS
* biological optimization

 RBE for protons and carbon ions

Nill S, Bortfeld T, Oelfke U (2004) "Inverse planning of intensity
modulated proton therapy" Z Med Phys 14(1) 35-40
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Photon IMRT IMPT

Slice: 20420 478,58 nm Slice: 204200 /73,59 mm q

Integral dose [a.u.]: 1.0 0.438
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Photon IMRT DET 3D
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Integral dose [a.u.]: 1.0 0.40 0.46
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Comparison of IMPT and IMRT

Results for IMPT:

* No significant improvement for the target dose
distribution compared to photon IMRT

« Significant reduction of the mean dose for the
organs at risk

« Significant reduction by a factor 2-3 for the
Integral dose

* For deep seated tumors: lateral penumbra for
protons similar to photons!



Risk adapted planning
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T | EaEE | 1Ssue Inhomogeneities

e degradation of the Bragg
peak If beam spot is
parallel to an interface

e cause problems for dose
calculation

e Vvery sensitive to motion
and set-up errors

= do not use such spots!
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Heterogeneity index H

Pflugfelder D., J.J. Wilkens, H. Szymanowski and U. Oelfke (2007) "Quantifying
lateral tissue heterogeneities in hadron therapy" Med. Phys. 34(4) 1506-1513
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H=2.3mm H=24.1mm

-- pencil beam -- pencil beam
-- Monte Carlo 02r  -- Monte Carlo

spots with large H can be penalized in the
optimization!
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