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Treatment Planning

• computerized process

• dose is numerically simulated and optimized

Commercial solutions are closed

systems (Black Box)

Research needs flexible, 

accessible software

Examples for research topics “at the core”:

• Biological Optimization/Planning

(RBE, effect, mixed-modality, FLASH)

• Probabilistic dose calculation & optimization

→ low-level access to dose calculation / optimization needed
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What is  ?

• toolkit for three-dimensional intensity-modulated treatment planning for 

photons, protons and carbon ions 

• Entirely written in Matlab & open source

• matRad implements well-established radiotherapy algorithms for 

research & education

Properties:

• open-source code, patients and machine files on GitHub

• graphical user interface

• Non-linear constrained dose optimization (IPOPT)

• Import & export functionalities (DICOM, binary formats)

• No Matlab? → Octave compatibility & downloadable standalone

Why? Supporting open science, reproducibility and education www.matrad.org
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More than 25 confirmed institutes somehow working with    

Start: 22. Januar 2015
1st commit 12cdfc1

• Github-Forks: >120

• Citations: >110
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Current Release “Blaise” 2.10.1

Wieser et al., 2017, Med Phys 44(6)

- among top 20 downloaded Med Phys 

papers in 2017 -

• 3D dose calculation (validated)

Photons: SVD pencil-beam algorithm + sequencing

MC interface to ompMC (open source)

Protons: Pencil-Beam algorithm + const. RBE

MC interface to MCsquare (open source)

Carbon ions: Pencil-Beam algorithm + biol. effect / RBE

• Base data

Patient data (CORT data set) & DICOM Import

Physical (& biological) base data for photon LINAC as well as a proton and 

a carbon machine

• Inverse planning with new optimization interface

Photons: Physical dose optimization & DAO

Protons: + Constant RBE optimization

Carbon-ions: + RBE (1.1 or variable) or effect optimization

• Scripting & Graphical User Interface
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Validation of dose calculation

Wieser et al. "Development of the open‐source dose calculation and optimization toolkit matRad." Medical Physics (2017).
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Development & Research Branches

• Helium base data (physical & biological) 
-dev_varRBErobOpt

• Robust / probabilistic optimization & uncertainty quantification 
–dev_varRBErobOpt

• Variable RBE & effect for protons 
–dev_varRBErobOpt

• New GUI (Object-oriented & modular, Octave compatible)
-dev_classGUI

• Extended MC interfaces 
-dev_MonteCarlo

• Superiorization
-research/superiorization

• External contributions:

• VMAT –dev_VMAT(Eric Christiansen)

• optimization –dev_exactOpt (Steven van de Water)

Helium Plan
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• Data IO
DICOM

*.nrrd, *.mha, *.vtk

CERR

VOXELPLAN

• Dose calculation
Photons

SVD pencil beam

ompMC interface

Particles

IMPT pencil beam

MCSquare interface

TOPAS interface interface

Analytical probabilistic modeling

• Analysis & visualization
GUI CT & dose distribution browser

Dose statistics

DVHs

Dose optimization
Fluence and experimental direct aperture optimization

IPOPT https://projects.coin-or.org/Ipopt

Matlab’s proprietary fmincon

Superiorization

Objectives: Quad. dose deviation, mean dose, EUD, DVH

Constraints: Min, max, mean dose, EUD, DVH

Xia, Engel, Siochi MLC sequencer

Robust and stochastic optimization

Variable RBE optimization for protons

Coverage based optimization 

Analytical probabilistic modeling

VMAT

Base data
Patient data (CT & RTSS)

Photon pencil beam base data

→ https://github.com/e0404/photonPencilBeamKernelCalc

Generic proton and carbon ion pencil beam base data

Carbon ion biological base data (LEM IV)

Helium pencil beam base data

Helium biological model

www.matrad.org

Thank you for your attention! Features in blue are available on development branches

https://projects.coin-or.org/Ipopt
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Exercise to hand in:

• Choose one of the datasets:

BOXPHANTOM, TG119, LIVER, HEAD_AND_NECK, PROSTATE

• Compare the three modalities in matRad

→ Export dose slices and dose-volume histograms (DVH)

• Create a multi-beam IMRT photon plan (5-9 beams)

• Create a proton IMPT plan (1-3 beams)

• Create a carbon ion plan (1-2 beams) 


