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dKkfZz, o _
What is MatRad? FAR ==1r

matRad is an open-source software tool for designing radiation therapy plans with a
modulated beam of photons, protons and carbon ions (and helium in the latest version).

Its name derives from the combination of two words:
= ‘ \

mat ) (] MatLab + Radiation = matRad

matlab + radiation = matRad

Source: http://bit.ly/3sX756v

Developed by scientists at the German Cancer Research Center, DKFZ in Heidelberg.
Implemented for educational and research purposes.

Benchmarked with professional hospital software, giving similar results

BUT it is not to be used at hospitals! dkfz. smmnas

Source: http://bit.ly/3uXfNDt

www.matrad.orqg
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Where is Matrad used today? FA|R p==s1r
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OF VIENNA OSAKA UNIVERSITY Qg
dkfz.

matRad — community

THE UNIVERSITY OF TEXAS

MD Anderson UNIVERSIDAD
GERMAN anecerCenter COM%{EENSE
i SR T i s Proton Therapy
Universitat
Zurich™
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* With thousands of users worldwide.

 The matRad webpage is:

Www.matrad.org

A simplified version
was provided for the PTMC


http://www.matrad.org/

dikfz, @ o
cceeseee MatRad cases for PTMC F_\|R === II

The program installation package comes with 6 case studies:
TG 119 or phantom C

Liver

Prostate

Head & Neck (H&N)
Box phantom
Alderson case

Declaration_20:
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Hounsfield Units
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Source: https://bit.ly/3cZaM72

Coronal Planle

]
. Sagittal

- Plane

Axial

Plane

Sagittal plane: It separates the body equally in left and right parts.

Coronal plane: It separates the body into two parts, anterior and posterior.

Transverse/Axial/Horizontal plane: It separates the body at the upper and bottom parts. Source: https://bit.ly/3ty42vl
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https://bit.ly/3cZqM72
https://bit.ly/3tY42v1
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Head & Neck case F-\|R === I

Axial Sagittal Coronal
view view view
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| OKfZ, smmam | does Matrad works? FAIR === 11

Research for a Life without Cancer

— WE ENTER THE PATLENT DATA
el LA AL P LY ) e l

. WE SET THE PARAMETERS OF THE TREATMENT PLAN
Data files: (RADIATION GEOMETRY E1C.)

l. Test Sample (C-phantom)

1. Liver
I1l.  Head n Neck l

9000000

NI0Y

WE CALCULATE THE DOSE OF DISTRIBUTION TO THE
(ANCEROUS TISSUE THROUGH ALGORTTHMS

min f(d(w)),w € R l

d(X,¥, Zraa) = Z Zi(Zraq) ﬂ dx'dy' W YY) K =5y =y) ————

f=

s.t. d = Dw
qsc(w) <¢,
wisSw Sw,

f(w): R"> R , c(w): R™> R™
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VISUALLZATION OF THE PLAN WITH THE REVERSE PLANNING
TECHNIQUE (INVERSE PLANNING)

4

COMPLETION OF SIMULATION
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ceecose Starting the program  FAIR === 11

Research for a Life without Cancer

Rad

« [tis important
to click only
once at each
command;
otherwise, the
software may
freeze.
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of matRad F-\|R E==II

O TR ET T

(= morrs s . ),(“l
WORKFLOW = ‘

PLAN

VISUALIZATION
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VIEWING
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Research for a Life without Cancer

=
| Ex
=
&

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Isocenter

FAR E=x

« Make sure you can see

the isocentre, marked
“X”, at all times.

The 1isocenter iIs the
point where the
radiation  beam IS
aimed.



dkfz. &=aam  Fundamental Definition
used by matRad

GTV or gross tumor volume is defined as the macroscopic target tumor and is the exact
location of the malignancy, as evidenced by imaging methods. It may consist of the
inital tumor, metastatic lymphadenopathy or other meatastases.

CTV or clinical target volume is defined as the target clinical tumor, where the radio
physicist assumes that cancerous tissue is still present. It consists of the tumor that is
shown, if there is any, and any tissue with suspected tumor.

CTV=GTV+1lcm-2cm.

PTV or "Planning Target Volume” is the area we plan to treat with radiation. It
includes the CTV—the area where cancer might be—and adds extra space around
it. This extra margin helps make sure the treatment still hits the right spot, even if
the patient moves a little or is not in the exact same position each time.

OAR or “Organs At Risk", which are the organs that are more sensitive compared to
healthy tissue. Organs in danger need adequate protection. Once the endangered organs
are identifying an extra safety margin should be added to include their movement.

Gray (Gy) A gray is a unit used to measure how much radiation energy is absorbed
by the body. One gray means that one kilogram of tissue has absorbed one joule of
energy.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Gantry.
X-ray Target

\

Collimator

Digital Position
Indicators

Isocenter

Patient
Treatment
Couch
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R anel: Plan

Research for a Life without Cancer

Bixel width: size of each square where the radiation
is delivered.

Gantry and couch angles: Set the angle values for
the Gantry and the couch (patient's bed). If 5 angles
are used for the Gantry, then we will have 5 angles for
the bed as well. These angles have values from 0° to
359°,

Radiation mode: what particle will be used (photons,
protons and carbon ions).

Isocenter: Always verify that “automatic isocenter”
Is active. It is the center where the radiation beam
passes.

Fractions: Number of fractions = number of sessions
needed for the total prescription dose to be deliver.
Run sequencing: (in our case it is not active) used to pone ]
collimate the beam

W fusa
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Panel: Workflow FAR ==1r

esearch for a Life without Cancer

calculate dose influence matrix for photons...

To find the data files of the different cases depending your computer:

Load > This PC> WIN (C)> program files>matrad>application
Load > My computer> (LOCAL DISK c)>program files>matrad>application

If you have trouble finding it, you can download the files (.mat) from the Indico page under the
section: https://drive.google.com/drive/folders/1CiCDZBjl_hRZ-1JGsgJNfc52-13n_zuj
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https://drive.google.com/drive/folders/1CiCDZBjl_hRZ-1JGsgJNfc52-13n_zuj

dkfz, o
Panel: Workflow FAR ===

Research for a Life without Cancer

Losd i

[ JoN ] Progress of IPOPT Optimization
File Edit View Insert Tools Desktop Window Help k]

Da\ e alojallsE

» Here the program will look for the
minimum radiation flux per bixel.
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Research for a Life without Cancer EXponentIaI dIStrIbUtlon FAIR E 5 ][
-+ The optimizer adjusts the radiation plan to get the
bous@oEEE ’ best result, while following limits and conditions set

by the algorithm.

« The objective function and constraint functions are
built from the specific objectives one can set in the
table.

BODY OAR Squared Overdosing ~ § 100

Objectives and constraints include the organs of interest (e.g. target), as well as the organs at

risk (e.g. body, core etc.) that are about to be irradiated and, we want to avoid obtaining more
dose.
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i iiceese Workflow: Save to GUI F_\|R === 1L

Research for a Life without Cancer

‘@ ®C Provide result name

« This command saves the set-up and
requires to name it.

This step is important so the Dose-
Volume Histogram DVH can be shown.

« File Name:
Case study (TG199) + Particle (Photons)
_+ No. of Angles (two angles) :

TG199 photons_twoangles

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



dkfz.

GERMAN
CANCER RESEARCH CENTER
IN THE HELMHOLTZ ASSOCIATION

s o o0 00 00

Research for a Life without Cancer

TG119 Phantom C case

Figure 2

File Edit WView Insert Tools Desktop Window Help

AEE B ERNEE

AL ET@ QG
: .
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Visualization

FAR ==

“Show DVH/QI” shows the Dose-Volume Histogram.

TG119 Phantom C

Yellow line: the outer target, meaning the tumor area that should
receive the full dose.

Green line: the core (organ-at-risk).

Purple line: the whole body.

» Asignificant amount of radiation reached the organs at risk (OAR)
and the rest of the body, which ideally should be avoided.

* With protons, the DVH would likely show a more “box-shaped”
curve, meaning almost all of the dose goes precisely to the outer
target, with very little to surrounding tissue.

« Carbon ions would show a similar or even better pattern that
protons, depending on the plan.
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Research for a Life without Cancer

File

u)s ns

*

100 — G TV
— idney R
80 — idney L
= — Stomach
= w— Sl Bowel
@ 60F — | 5 e Bowel
e Celiac
E 40 | jyerr
> et
— SpinalCord
20 duodenum
cTv
0 = Skin,
0 1 2 I
Dose [Gy]
max min mean
GV 1639 13173 1474
Kidney R ] 0 0
Kidney L o 0 0
Stomach ° o 0
SmaliBowel o ] 0
LargeBowel o o ]
Celiac ° 0 o
Liver 263 ] 02547
Heart 16706 0 0.0370
SpinalCord © 0383 0 0.0053
iacianeim > Q 0 0 5 o
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DVH for each case of study

':_ Save As
T » This PC > Maxtor (F) > application

Organize ~ New folder

~

% This PC

¥ 3D Objects
[ Desktop
Documents
¥ Downloads
D Music

[&] Pictures
E Videos
.05 (C)

- Maxtor (F:) v

FAR = st

v O AL Search application

=- @

File name: | Photons

Save as type: | MATLAB Figure (*.fig)

MATLAB Figure (*fig)
Bitmap file (*bmp)

EPS file (*.eps)

Enhanced metafile (*.emf)

~ Hide Folders

Paintbrush 24-bit file (*.pcx)

Portable Bitmap file (*.pbm)

Portable Document Format (*.pdf)
Portable Graymap file (*pgm)
Portable Network Graphics file (*.png)
Portable Pixmap file (*.ppm)

Scalable Vector Graphics file (*.svg)
TIFF image (*.tif)

TIFF no compression image (* tif)
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Summary of the processes FA|R az =1

Load *mat data Optimize
*
v
Choose a Y M
Ok ennco owoma
study case

Repeat every time you change a setting

You can find the instructions here:
https://indico.cern.ch/event/1539515/contributions/6478667/attachm
ents/3091862/5476361/Oxford%20Hands%200n%20Excersice.pdf
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https://indico.cern.ch/event/1539515/contributions/6478667/attachments/3091862/5476361/Oxford%20Hands%20on%20Excersice.pdf

dikfz, @ o
TG119 Phantom case F-\|R =0

Phantom TG119 or phantom C is used
by professionals to verify that
equipment is functioning properly.
They have standard shape and

dimensions. -
- .g, }...;?".
eradhatlon
. ) . . ’_;:‘q»'k' ;;:' t L x . :
The aim is to irradiate the “C” shaped F N S

area and avoid the central area.

Avoid thge center

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Liver case FAR ==

Axial Sagittal Coronal
view View view
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axial plane z = 123 [mm]
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view
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| -1000

Prostate case

sagittal plane x = 264 [mm]
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Back up slides
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ccreoee0® How can one use the software? FAIR = =1

For research purposes: » For educational use:

For educational use, the simplified form of the
software on Windows, Linux, Mac is recommended.

The program gives the possibility to use many parameters,

for more realistic simulations.

- Uses the complete Mat Lab code for detailed analysis. * Requires less storage space and computing power.

- Requires more computing power  Does not require IDE (integrated development
g puting p ' environment) for the use of the software.

bl drdody ‘
+COMPUTING POWER

Rad
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;Ecs'ea:ch.foraLifc‘without(ancer HOW iS data proceSSing Carried OUt? FAIR E 5 ][

RESULTS STORAGE AND VISUAL PROCESSING

|
STORAGE OF VARTABLES
TROUGH DATA STRUCTURES | PROCESSING >

min f(d(w)),w € R"

f=)

5.t d=Dw
g=c(w) < ¢y
WS W S W,

flw): R"> R , c(w): R"> R™

%

PROCEDURE
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Treatment Planning System

—TPSmatRad

» Photons: Base data for the photon dose calculation algorithm
are obtained from the clinically approved photon dose pr
calculation engine PDC++ and describes the decomposed
lateral scattering kernels and depth dose components as
detailed in for a 6 MV linear accelerator for multiple source
to surface distances (SSDs).

100

75

* Protons: Analytical calculations according are

used to approximate integrated proton depth dose profiles in
water for 114 proton beam energies ranging from 31.72 MeV
to 236.1 MeV which correspond to peak positions from 7 mm
to 347 mm.

(%) 350p UoREipRI SARRY

« Carbon ions: Integrated carbon ion depth dose profiles

are based on FLUKA Monte Carlo simulations. Monte Carlo
simulations were performed in water. In total, 121 carbon ion depth
dose  profiles linearly spaced from 11523 MeV to
398.84 MeV depicting peak positions from 32 mm to 294 mm are part
of the carbon ion base data file.
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INFLT > STORMGE O VARLALES
THOUGH DATA STRUCTURES PROCESSING >
[ == == |

RESULTS STORAGE AND VISUAL PROCESSING

Tumor

§83\ Proton Therapy

-~ X-ray Treatment

Traditional X-ray (produces el dose)

Proton Thorapy (peoduces no cxit doso)



dkfz. &@mwacas  Import of images (CT),
cs o0 00000

structure set and RTplans ~ FA|R o= =11

| _load tmatdata | Calc. influence Mx m Save to GUI
Load DICOM

- matRad_importDicomGUI

SER\Desktop\za

3964364 869310.20220726113254 T ST 364.2308736.2022080 1114534
3509/21

A
5
B
B
photons
Generic_|
SETI
W
E=

»
_...1191050.819.1657661915.110 = 129241 20220801114822
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