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Treatment Planning

e computerized process

« dose is numerically simulated and optimized

Commercial solutions are closed

systems (Black Box)

Examples for research topics “at the core”:
 Biological Optimization/Planning
(RBE, effect, mixed-modality, FLASH)

« Probabilistic dose calculation & optimization

Research needs flexible,

accessible software

&
> low-level access to dose calculation / optimization needed ithub

SOCIAL CODING
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What is mat Ld C

* 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 [ i | GNU Octave

Properties:

e open-source code, patients and machine files on GitHub EPL‘g
e graphical user interface Free as in Freedom
* Non-linear constrained dose optimization (IPOPT) GitHub

* 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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DKFZ Development team Alumni

Niklas Wahl Mark Bangert
Lucas Burigo Hans-Peter Wieser

Amit Ben Antony Bennan Eduardo Cisternas
Jennifer Hardt Ahmad Neishabouri
Jeremias Kunz Cindy Herman

Noa Homolka Thomas Klinge

Oliver Jakel Verena Bdswald
Henning Mescher
Alexander Stadler

HIT cooperation Guiseppe Pezzano

Benjamin Ackermann Lucas-Raphael Muller

GERMAN Swantje Ecker Hubert Gabrys
CANCER RESEARCH CENTER ) ]
IN THE HELMHOLTZ ASSOCIATION Malte Ellerbrock Silke Ulrich

Andrea Mairani Oliver Schrenk
/-_l_-\. Thqmas Tes.sonnier Paul Meder
HI 7 [ g 1 Katia Parodi (LMU)
Mdelbesger nensirahl Therapiezsninem —o / .
e b Other Contributors
Advisors Eric Crhistiansen (Carleton University)

DF G Martin Siggel Steven van de Water (PSI)
Peter Ziegenhein

ng;gﬁﬂﬁgsgememschaﬁ H.-P. Wieser et al. (all authors above in bold), “Development of the open-source dose calculation and
optimization toolkit matRad,” Med Phys, vol. 44, no. 6, pp. 2556-2568, 2017, doi: 10.1002/mp.12251.

BA 2279/3-1
WA 4707/1-1
All Code Contributors: https://github.com/e0404/matRad/blob/master/AUTHORS.txt
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https://doi.org/10.1002/mp.12251

More than 25 confirmed institutes somehow working with mat F al T

° GIthUb'Fc @ e0404 / matRad Public

<> Code (@ Issues 20 11 Pull requests 1 ) Discussions (*) Actions [™] Projects 3

e Citations:

@ University of Clini
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Florida  »-

F’} Carleton

UNIVERSITY

Canada’s Capital University

HIT )
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Filters + Q isiissue is:open

[J @® 200pen . 186 Closed

L @® Error with matRad_calcDVH()

#530 opened 8 days ago by fratomtom

O ® Error when importing Dicom &)

#529 opened 12 days ago by fratomtom

L © [Feature Request] Separate dose threshhold for matRad_gammalndex | enhancement

#515 opened on 14 Jul by wahin

O ® Question about VMAT branches -

#499 opened on 31 Mar by chh105

L) ® question about the dij structure {enhancement

247

7 opened on 11 Jan by chh105

Author «

Start: 22 l1aniiar 20

® Unwatch 26 ~ % Fork 121 Starred 129 -

0 wiki @ Security [~ Insights f83 Settings

©
 Labels 10 ¢ Milestones 1 ssue E

Label v Projects ~ Milestones « Assignee Sort = BERRA HOSPITAL
» HEALTH SERVICES

D4

University of
Zurich™

UNIVERSITAT
HEIDELBERG
ZUKUNFT

U@ [BUG] Color-Scale in GUI wrong after re-optimization with different number of fractions - SEIT 1386

#472 opened on 28 Dec 2020 by wahin

Sensible structure set resampling for optimization? {enhancement

#462 opened on 6 Nov 2020 by wahin

matRad has issues with 2D patients (Big) enhancement

#324 opened on 23 Jan 2019 by wahin

URIL.UCT | TTHTaliad iridouucuuont

{IVERSITY OF
N AUSTRALIA




Current Release “Blaise” 2.10.1

* 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

7/6/2022 | Slide 6 | Niklas Wahl | n.wahl@dkfz.de | matRad Introduction

MEDICAL PHYSICS

The International Journal of Medical Physics Research and Practice

Research Article & OpenAccess ) @ &

Development of the open-source dose calculation and
optimization toolkit matRad

Hans-Peter Wieser &, Eduardo Cisternas, Niklas Wahl, Silke Ulrich, Alexander Stadler, Henning Mescher

, Lucas-Raphael Mller, Thomas Klinge, Hubert Gabrys, Lucas Burigo, Andrea Mairani, Swantje Ecker,

Benjamin Ackermann, Malte Ellerbrock, Katia Parodi, Oliver Jakel, Mark Bangert

Load patient data

Set plan parameters

Determine irradiation geometry

Dose calculation

Inverse fluence optimization

Plan analysis




Validation of dose calculation

Y—pass rate
(a) v: matRad (b) 4: matRad - PDC++ (¢) v: y-index (2%/2m m)

Photons 99.82%

passed voxels < 1

(e) p: matRad - Syngo (f) p: y-index

PTV

99.84%

passed voxels < 1

Protons | __ ; Q

(h) C12: matRad - Syngo

—PTV

U

RBExdose [Gy(RBE)]

Carbon ions 99.67%

passed voxels < 1

RBExdosc [Gy(RBE)]

(=]

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 2l piane = 3175 o)
—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:

150 200 250 300 350 400

* VMAT —dev VMAT (Eric Christiansen) Helium Plan

* optimization —dev_exactOpt (Steven van de Water)
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‘\ matBad

MATLAB A
Data 1O Dose optimization

g DICOM Fluence and experimental direct aperture optimization
| GNU Octave * nrrd, *.mha, *.vtk IPOPT https://projects.coin-or.org/lpopt

Matlab’s proprietary fmincon
Superiorization

BPLW Objectives: Quad. dose deviation, mean dose, EUD, DVH
Free Software Constraints: Min, max, mean dose, EUD, DVH

Free as in Freedom Dose calculation Xia, Engel, Siochi MLC sequencer
G‘tH b Photons Robust and stochastic optimization
SVD pencil beam Variable RBE optimization for protons
ompMC interface
Particles
IMPT pencil beam
MCSquare interface

Base data
TOPAS interf
www.matrad.org erase Patient data (CT & RTSS)

Photon pencil beam base data
E EI- _ _ _ _ > https://github.com/e0404/photonPencilBeamKernelCalc
AnaIyS|S & visualization Generic proton and carbon ion pencil beam base data

GUI CT & dose distribution browser Carbon ion biological base data (LEM IV)
Dose statistics Helium pencil beam base data

DVHs Helium biological model

Thank you for your attention! Features in blue are available on development branches
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https://projects.coin-or.org/Ipopt

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)
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