k.1 INTRODUCTION TO PARTICLE THERAPY
TREATMENT PLANNING SIMULATIONS

Elaborated by:
Viridiana Badillo
Student of Biomedical Systems Engineering FI-UNAM (Mexico)

Enrique Sanchez
Student of Mechatronics Engineering FI-UNAM (Mexico)

Aris Mamaras
Student of Computational Physics, AUTh (Greece)

Supervised by:

Ph.D. Yiota Foka
IPPOG’s Member

ARISTOTLE
UNIVERSITY OF
THESSALONIKI




WHAT 15 MATRAD?

MatRad is a computer software for treatment planning, developed by DKFZ.
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The data available for
matRad software include
the cases of:

I. TG 119 or C-phantom

II.Liver

ITT.Head & Neck (H&N)




1. WHAT SHALL WE DO

-First we will provide necessary definitions and describe
what one should see once matRad is installed.

-Then we will explain what is the function of each button.

-Finally you will run your first simulation.
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See Test

We will let you know one slide before the right
answer appears with a “Spoiler alert” sign.
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1.1 DEFINITIONS

GTV 1is the gross tumor volume (what 1n
general can be seen on the -image).

CTV 1is the clinical target volume (where
the physician thinks there 1is still
cancerous tissue despite being directly
visible in the image).

PTV 1is the "Planning Target Volume" that

should be 1dirradiated.

- OAR means "Organ at risk", basically organs

that are more sensitive than the general
healthy tissue.
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L. HOW TO START: MATRADINT[RFA([

When you open matRad [k
you should see the
the initial software
panel. Note -its
different fields and
their titles.

In the following
slides, we will
describe them after
we insert the data.




J. HOW TO START: PLAN

Bixel width: square size.
Gantry and couch angles: It sets
ordered pairs of values both for
Gantry and couch angles if you set 5
Gantry angles, you will need 5 bed
angles. The angles can be from 0° to
359°.

e Radiation mode: choose which
particle to use.

e TIsocenter: Verify the automatic
isocenter 1is set to true.

® Fractions: The number of fractions
is the number of “slices” that will
be used to display 3D graphics.

® Run sequencing: is used for ettt e

collimating the beam. AN Ciencias
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J. HOW TO START: PLAN

The collimator works shaping the area of the
particle flux that should reach the target
according to the target shape.
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We will set it to false, but you can try it
later.

The -1isocenter 1is the point from which, the
central rays of the irradiation beam passes.

For simplicity the developers have blocked
the couch angles.
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" Table (T) (patient support assembly)
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In each simulation remember to find the -isocenter sign (X), by moving the
slices from the visualization panel.




Wrong figures of 1isocenter sign!




L. HOW TO START: WORKFLOW

The workflow panel has options to set commands to run the
treatment planning simulation.
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L. HOW TO START: WORKFLOW

Load *.mat data: It loads the data contained for each case of
study. It has 1info about the target tissue as well as the
surrounding healthy tissue, covering a “big portion of the
body”. You will see it in the big panel at the right part of the

visualization screen.
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L. HOW TO START: WORKFLOW

Calc. influence Mx: It is the command to calculate the matrix
of influence (of the radiation). The tissue 1is formed by
“cubes” bixel-sized. Once you click, 1t will display a
charging bar.
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L. HOW TO START: WORKFLOW

Optimize: It is unlocked once the previous step is done. Here the program will
look for the minimum radiation flux per bixel. After clicking you will see a
graph, observe the y-axis and 1its values. The plot has an exponential form.

‘e0® Progress of IPOPT Optimization
File Edit WView Insert Tools Desktop Window Help k]
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2. HOW TO START: WORKFLOW -EXPONENTIAL DISTRIBUTION

eCe Progress of IPOPT Optimization

File Edit View Insert Tools Desktop Window Help

53 as @ aEkE The optimizer optimizes a non-linear
constrained optimization problem with an
interior-point algorithm. The objective

function and constraint functions are built
from the specific objectives one can set 1n
the table.

+- 8 VOI nam VOl type JOP Function

name
Core 0OAR | 2 B Sqguared Overdosing VI 300

. Squared Deviation vl 1000
BODY OAR v Squared Overdosing ~ § 100
-

Objectives and constraints 1include the organs of 1interest (e.g
target), as well as the organs at risk (e.g body, core etc.) that are
about to be irradiated and also, we want to avoid obtaining more dose.



L. HOW TO START: WORKFLOW

Save to GUI: It will save what you have set up and will ask you to give it a
name. This step is essential for displaying the DVH.

‘@0 Provide result name
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/. HOW TO START: VISUALLZATION

Show DVH/QI: It shows the dose-volume histogram related to your designed plan.

[ ey ] Figure 2
File Edit View Insert Tools Desktop Window Help L]
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L. HOW TO SAVE: DVH-HISTOGRAM FOR EACH CAS

File

a)s ne
*
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0 1 2
Dose [Gy]
max min
GIV 1634
Kidney R 0
Kidney L 0
Stomach 0
SmallBowel °
LargeBowel [
Celiac 0
Liver 263
Heart 16706
SpinalCord 00083
Avndanim ]

<

Click the disk sign on
histogram, a “Save As”

>

the upper part of the
window will appear.

Name the file with an appropriate name and set
the type as a JPEG image.

9}

O Search application

= -

4 Save As
T » This PC > Maxtor (F:) » application
Organize > MNew folder
~

= This PC

_J 3D Objects

[ Desktop

Documents

¥ Downloads

J” Music

— DT/
5 [&] Pictures
E Videos
4. 05(C)
mean
1373 A « Maxtor (F;) >

0 0
0 0
0 0 File name: | Photons
: : Save as type: | MATLAB Figure (*fig)
o 0 MATLAB Figure (*.fig)
OS], Bitmap file (*bmp)
0 00370 . N
0 0.0053  Hide Folders EPS file (*.eps)
0 0 ¥ Enhanced metafile (*.emf)

Paintbrush 24-bit file (*.poq

Portable Bitmap file (*.pbm)

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

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

TIFF no compression image (*1if)




APPROPRIATE NAMES FOR THE SAVED FILES

The names that can be set to represent the saved 1image or
file, should mention the case of study e.g. C for C-phantom,
L for Liver and H for Head and Neck.

Additionally, the number of radiation beams should be
included together with the radiation mode e.g. C_1_photons
for 1 radiation beam of photons on a C-phantom sample.

In the end, give the name of the respective faculty that you
belong e.g. C_1l_photons_AUTH for Aristotle University of

Thessaloniki.

The final result should look like this: C_1_photons_AUTH



L. HOW TO START: SUMMARY

Load *mat data Optimize
*
v
Choose a Y Y
cae. ntence swomar
study case

Repeat every time you change a setting
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3.1 TRAINING STMULATION: TGS

The TG119 or C-phantom is an acrylic shape used by professionals to
verify if the equipment is working well. It has standard shape and
dimensions.

The aim is to avoid the central bar and -dirradiate (target) only the C
shape.
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3. 1.1 TRAINING STMULATION : TGILT PLAN ]

Load “mat data

v
TG119.mat

Cale, mflsence

Save your results in the file 4_Simulations,
in the subfile 1 or 1in your Desktop. You can
name it by the number or angles and particle
used.

Play with the visualization options,
“visualize plan” is great help.
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We’ll skip the DVH
for now
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3.1.2 TRAINING SIMULATION : TGLLY PLAN 2
G Optimze |

Remember, the angles are from 0° to
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3.1 TRAINING SIMULATION: TGLLY PLAN 3
otan: () .

7 angles

(equidistantes)
No collimation

Cale, nfhagnce hx

If your PC has not enough RAM (less than
8GB) then, the optimization will take a

lot of time. In general, it is possible to et

. . nstituto de O
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3.1.2 TRAINING SIMULATION : TGLLY PLAN 3
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The right answer is about to appear..!!




3.1.3 PHOTON TREATMENT PLAN COMPARISON:

¥ 2y
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1 angle (every 0°) 5 angles (every 72°) 7 angles (every 51.4°)

The red zones are the most
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RAM.

It is better to set an odd number of
angles.

The beams are focused almost only 1n

the c-shape of the target, which is
the part that we want to irradiate.
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3.1 COMPARING PARTICLES ON TG11]

Repeat the best plan using protons and then repeat it using
carbon ions. What do you observe?
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3.1 COMPARING PARTICLES ON TG11]
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3.1 COMPARING PARTICLES ON TG11]

Using 5 angles,

Photons Protons Carbon 1ons
The red zones are the most /i \
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b THE IMPORTANCE OF TREATMENT PLANNING SOFTWARE

The whole procedure of designing and implementing a treatment plan
it 1s not as easy as pressing a simple button. It requires the
combination of mathematical and probabilistic theories that s
applied to design these treatments.

A wide range of expertise are offering their knowledge, in order to
achieve the most efficient outcome.

In the end, we are all working to reach a common goal, which 1is to

save as more lives as possible.
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EXTRA ADVICE

If you want to explore options such as Objectives &
Constraints, we suggest you to do it at the end, using TG1l19.




WE (AN 60 T0 THE

LIVER CASE!

Go to the subfile
“4.2_Liver”







