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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 current projects:

• Biological Optimization

(RBE, effect, (N)TCP, mixed-modality)

• 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 

• (Almost) 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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http://map.matrad.org

More than 25 confirmed institutes somehow working with    

Kick-Off: 22. Januar 2015
1st commit 12cdfc1

• Github-Forks: 113

http://map.matrad.org/
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Main features of matRad

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

• 3D dose calculation (validated)

Photons: SVD pencil-beam algorithm + sequencing

Protons: Pencil-Beam algorithm + const. RBE

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

• Standalone executable (GUI only) using the Matlab Runtime 

for non-Matlab users



5/17/2021 | Slide 8 | Niklas Wahl | n.wahl@dkfz.de | Heavy Ion Therapy Masterclass School | matRad Introduction

Inverse dose optimization

• IPOPT – open-source interior-point optimizer for

non-linear constrained optimization

• fmincon – (Matlab Optimization Toolbox)
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Validation against Syngo Siemens - γ-index > 99.67% (2%,2%)

Protons:

Carbon Ions:
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Performance of matRad - Intel Core i7 2.8 GHz, 32 GB RAM

Throughput Optimization: 6 GB/s
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Developments for the last release: 2.10.1 “Blaise”

• Decoupled computation grids

→ Independent resolutions for CT, dose calculation, optimization

• Extendable optimization interface

→ Simple addition of optimizers and objectives / constraints

• Automated testing (TravisCI & Azure DevOps)

• Interfaces to Monte Carlo engines

• Photons: ompMC

• Protons: MCsquare

• Bug fixes, additional configuration parameters, etc.
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matRad 2.10.1: Novel developments – Basic open-source Monte Carlo Interfaces

• Photon plan with ompMC

• 1e5 histories/beamlet, 654 beamlets

• 25 min at (2.5mm)³ resolution

• Proton plan with MCsquare

• 2e4 histories/beamlet, 4689 beamlets

• 120 min at (2.5mm)³ resolution

Evaluated on Desktop PC, i7-6700 @ 3.4 GHz (4 cores +HT) 



5/17/2021 | Slide 14 | Niklas Wahl | n.wahl@dkfz.de | Heavy Ion Therapy Masterclass School | matRad Introduction

Current Developments & Research Projects at DKFZ

“Classical” Software Development:

• Unit Testing Framework for Core 

Functionality

• Comprehensive bi-directional Python 

Binding 

• Refactoring code for modularization

From research:

• NTCP models & optimization

• Carbon Monte Carlo & Lung degradation

• Joint / mixed-modality / spatio-temporal 

optimization

• Proton FLASH Planning & Tools

• Superiorization for Inverse Planning
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Open Development & Research Branches

• Helium base data (physical & biological) 
-dev_varRBErobOpt (Hans-Peter Wieser & Uwe Titt)

• Robust / probabilistic optimization & uncertainty quantification 
–dev_varRBErobOpt (Hans-Peter Wieser et al.)

• Variable RBE & effect for protons (McNamara, Wedenberg, …)
–dev_varRBErobOpt (Hans-Peter Wieser et al.)

• Pencil-beam fine-sampling
-dev_fineSampling → -dev (Paul Meder)

• New GUI (Object-oriented & modular)
-dev_classGUI (Nelly Abbani)

• External contributions:

• VMAT –dev_VMAT, see Pull Request (Eric Christiansen)

• optimization recently merged (Steven van de Water)

• Extended particle MC interface for particles (MCsquare & TOPAS)
-dev_MonteCarlo, Master Project (Paul Meder) & Noa Homolka, lot of work by Lucas Burigo

Helium Plan
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Example matRad

Projects
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Example Project 1: Carbon/Photon mixed-modality optimization (Amit Bennan PhD Project)  

→ Implementation in matRad facilitates adjoint/follow-up student projects
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Example Project 2: Robust optimization for interfractional motion  

J Steitz, P Naumann, S Ulrich, MF Haefner, F Sterzing, U Oelfke & M Bangert. (2016). Worst case optimization for 

interfractional motion mitigation in carbon ion therapy of pancreatic cancer. Submitted to Radiation Oncology

conventional SFUDWorst case

→ Brought (voxel-wise) worst case optimization to matRad
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Example Education & Outreach: Particle Therapy Master Class

• Part of the “International Masterclasses – Hands on Particle Physics” 

(https://physicsmasterclasses.org/) 

• Educational course for school children

• Introduced by DKFZ/GSI/CERN (Main coordination: Yiota Foka)

→ First successful stresstests in April 2019 & 2021

https://physicsmasterclasses.org/
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Conclusion

• matRad is an open-source treatment planning toolkit with focus on research & 

education

• Used within internal & external research projects / collaborations

• Dose calculation & treatment planning for photons, protons, helium and 

carbon (including base data & data import)

• Active development (internal & external)

• Monte Carlo interfaces

• new modalities / optimization techniques

• Efforts in professionalizing software development (i. e., continuous 

integration) 
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How to get going with matRad?

1. Go to our page on GitHub: www.matRad.org

2. Download standalone or code, or even better: Familiarize with git and clone

3. Checkout the UI & the code

• matRadGUI.m & matRad.m

•many examples in the examples/ folder

•Wiki on GitHub: https://github.com/e0404/matRad/wiki

4. Ask for help & join the community on GitHub

5. Use for your research (and contribute)!
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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 & TOPAS interface

→ incl. phase space approx. interface

Analytical probabilistic modeling

• Analysis & visualization
GUI CT & dose distribution browser

Dose statistics

DVHs

• Thank you for your attention!

Dose optimization
Fluence and experimental direct aperture optimization

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

Matlab’s proprietary fmincon

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 

Base data
Patient data (CT & RTSS)

Photon pencil beam base data

→ Can be generated from measurements

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

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


THANK YOU


