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Particle Therapy Masterclass 2021
Simulimi 1 planeve té trajtimit me
rrezatim te kanceri i gjirit dhe
krahasimi me rastet klinike
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Radioterapia FAR ==1r

* Fiksimii pacientit

* Imazhéria (vecanarisht CT, por edhe MRT ose PET)
. Identifikimi & konturimi i véllimit té tumorit dhe organeve né imazh 3D

Planifkimi i trajtimit
Verifikimi & sigurimi i cilésisé
Pozicionimi i pacientit

* Rrezatimi (né disa fraksione)

Adapted from W. Schlegel & A. Mahr: 3D Conformal Radiation Therapy Springer Multimedia DVD



Cfare eshte MatRad? FAIR p= == 1r

MatRAD éshté njé sotfware open source, mjet pér dizajnimin e planeve té trajtimit té
teratpive me rrezatim me rreze t€ moduluara té fotoneve, protoneve dhe joneve té karbonit

Emri rrjedh nga kombinimi i dy fjaléve:

mat({ A (T MatLab + Radiation = MatRad

matlab + radiation = matRad

E krijuar dhe zhvilluar nga shkenctaré né gendrén Gjermane pér hulumtim té kancerit
(German Cancer Research Center), DKFZ né Darmstadt.

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

Pérdoret eksluzivisht pér géllime edukimi dhe dicfz, Gt |
(research and educational).

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

meshes FAR ==

axial plane z = 317.5 [mm] axial plane z = 317.5 [mm]
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Import i imazheve, strukturave dhe planeve F_\IR == I

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

- matRad_i omGUI
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Sistemi | planifikimit té trajtimit — TPS
matRad FAIR Im=ax

e Fotone: Té dhénat baze per algoritmin e \ RESULTS STORAGE AND VISUAL FROCESSING >

g . . . . . STORAGE OF VARLABLES

llogaritjes sé dozés sé fotonit pérshkruan | 1y — >
komponentet e dozave pér njé pérshpejtues ’ —

linear 6 MV pér burime té shuméfishta SSD.

min f(d(w)), w € R"
r=ynh
d = D

w
asc(w) <¢

wsw Sw,

Fw): RS> R |, c(w): R'> RD

e Protonet: Llogaritjet analitike pérdoren pér té
pérafruar profilet e integruara té dozés sé
thellésisé sé protonit né ujé pér 114 - té
energjité e rrezeve protonike gé variojné nga
31.72 MeV deri né 236.1 MeV qgé
korrespondojné me pozicionet e pykut nga 7
mm deri né 347 mm.

PROCEDURE

e Jonet e karbonit: Pjesé e skedarit té t& dhénave té bazés sé joneve té karbonit jané 121
profile dozash té ndara né ményré lineare nga 115.23 MeV deri né 398.84 MeV @gé
pérshkruajné pozicionet e pygeve nga 32 mm deri né 294 mm.
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Si mund té pérdoret ky software?

Pér géllime hulumtimi:

- Programi jep mundésiné pér té pédorur shumé parametra, pér té
fituar simulime sa mé reale.

-Pérdor kodin e ploté Mat Lab pér analiza té detajuara.

- Kérkon kohé mé té gjaté pér ekzekutim té kodit.

Rad

)

SLvvvY

+(OMPUTING POWER

GSI Helmholtzzentrum fU

FAR ==

> Pér géllime té edukimit:

Pér géllime té edukimit, pérdoret forma e thjeshté e
softwareit né Windowds, Linus ose Mac.

- Kérkon mé pak hapésiré né memorie dhe fugi mé té

vogél llogaritjeje.

- Nuk kérkohet mjedis té zhvillimit integral IDEpér

pérdorimin e software ( matlab ose Octave)

Rad

Lo

-COMPUTING POWER




Ku pérdoret sot Matrad?

matRad — community

more than 22 institutions use matRad

OF VIENNA

dkfz.
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Paketa e matRad pér PTMC F'\IR iI= 5= 1L

Paketa e instalimit té programit vjen bashké me 6 raste studimi:
TG 119 ose fantoma C
Liver — Mélcia
Prostata
Head & Neck (H&N) — Koka dhe gafa
Box phantom
Alderson case

Coronal Planle

|
. Sagittal
7 Plane

>

Axial
Plane
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Si ndodh progesimi i t& dhénave? F'\IR iI=5= Il

| RESULTS STORAGE AND VISUAL PROCESSING E>>

STORAGE OF VARTABLES
TROUGH DATA STRUCTURES | PROCESSING >
min f(d{w)),w € R"
f=p
5.t d=Dw

asc(w) < ¢
WIS W S Wy

flw): R"> R |, c(w): R"> R™

PROCEDURE
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Interfagja grafike e matRad F'\IR iI= 5= 1L

lad

VOI name VOI fype prio., ob). / comst. penaky dose [UD vok
DM - O - [0 e o | - 000 1 e
OweTage | v TAIGET = | sy devistin 1000 50 NN
o BOOY - OMN - ) s o 00 e
Mund té pérdoret me

Matlab ose me matRad GUI
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Definime fundamentale té pédrora nga Matll'i%_a_qu ——1

GTV or gross tumor volume definohet si tumori shenjéz makroskopi dhe éshté Y
lokacioni ekzakt i tumorit malinj, i evidentuar nga metodat e imazhérisé. Mund (v — forv |
té pérfshijé vetém tumorin inicues ose edhe metastaza té tjera.

CTV or clinical target volume definohet si tumori shenjéz klinik, ku mendohet
se gelizat kancerogjene ende jané prezente.

CTV=GTV+1lcm-2cm,

‘Laael
PTV or "Planning Target Volume« definohet si véllimit shenjéz gé planifikohet ganty \l] - collimater

té rrezatohet. Pérfshin CTV me njé margjiné shtesé né rast se tumori, pacienti
léviz, por edhe pér té menjanuar gabimet e makinés.

Digital Position
Indicators

OAR or “Organs At Risk”, jané organet mé té ndjeshme, apo organet e
shéndosha Kéto organe kérkojné mbrojtje adekuate, ku duhet shtuar edhe njé
margjiné shtesé né rast té lévizjes sé tyre.

Isocenter

Patient
Treatment

Gray (Gy) éshté njésia matése e energjisé qé absorbohet nga rrezatimi jonizues. Couch
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Data files:

1. Test Sample (C-phantom)
Il.  Liver
I1l.  Head n Neck

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

min f(d(w)),w € R"*

f=

s.t. d =Dw
g c(w) <cy
wiSw Swy

f(w): R"> R , c(w): R™> R™
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How does MatRad work?

WE ENTER THE PATLENT DATA

4

WE SET THE PARAMETERS OF THE TREATMENT PLAN
(RADIATION GEOMETRY ETC.)

4

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

4

VISUALLZATION OF THE PLAN WITH THE REVERSE PLANNING
TECHNIQUE (INVERSE PLANNING)

4

COMPLETION OF SIMULATION

NI0Y

FAR ==

8080000




Planes
F AI R Source: https://bit.ly/3cZgM72
iI= %= 1l

Coronal Planle Sagittal Plane—

a

—Coronal Plane

. Sagittal
1 Plane < }
Transverse
Plane
>4
L Body Planes
= Source: https://bit.ly/3tY42v1l Sagittal plane Horizontal plane Frontal plane
Axial
Plane
Sagittal plane: Ndan trupin né ményré té barabarté né anén e majté dhe té djathté. B o

Coronal plane: Ndan trupin né dy pjesé, né anterior dhe posterior.
Transverse/Axial/Horizontal plane: Ndan trupin né pjesén e sipérme dhe té poshtme.
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https://bit.ly/3cZqM72
https://bit.ly/3tY42v1

Nisja e programit F'\IR iI= 5= 1L

i_‘ malRadGUI - [u] K
=

g o
3
3
H
:.3
3
< al <
[ |

Open 3 1Vinw
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Paneli: Plan F'\IR == 1

X-ray tube support arm

Bixel width: square size.

Gantry and couch angles: Vendos vlerat e
kendeve pér Gantry dhe pér couch (krevatin e
pacientit). Nése pérdoren 5 kénde pér Grantry,
atéhere do té kemi 5 kénde edhe pér krevatin.
Kéto kénde kané vlera nga 0° deri 359°.
Radiation mode: ¢faré grimce do té pérdoret.
Isocenter: Gjithmon verifiko gé “automatic
isocenter” éshté aktive. Eshté gendra ku kalon
tufa e rrezatimit.

Fractions: Numri i fraksioneve = numri “slices”
apo fetave gé do té pérdoren pér té vizualizuar
3D graphics.

Run sequencing: pérdoret pér té kolimuar tufén
(pér rastin toné nuk éshté aktive)

I
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Isocenter F'\IR == 1

=
I
=
[

E
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Paneli: Workflow F'\IR === 1

Load > This PC> WIN (C)> program files>matrad>application
Load > My computer> (LOCAL DISK c)>program files>matrad>application
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Paneli: Workflow F'\IR === 1

Losd i

ece
File Edit View Insert Tools Desktop Window Help k]

Da\ e alojallsE

Progress of IPOPT Optimization

Kétu programi do té kérkojé fluksin e
rrezatimit minimal per bixel

Here the program will look for the minimum
radiation flux per bixel.
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Workflow — Shpérndarje eksponenciale F'\IR I= 5= 1L

‘soe® Progress of IPOPT Optimization

T N T e 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 in the table.

REE Y ENEEE:

+-§ VOl name VOI type JOP| Function p | Parameters

Core 0AR  ~ | 2 B Sqguared Overdosing ~ § 300 25
OuterTarget Squared Deviation  ~ § 1000
BODY Squared Overdosing ~ || 100

+ |8 Core e

Objectives and constraints include the organs of 1dnterest (e.g
target), as well as the organs at risk (e.g body, core etc.)
that are about to be Adrradiated and also, we want to avoid
0 b tafichdda Zum MO @nenlD.5:@mor



Workflow: Save to GUI F'\IR === 1

Kjo komand ruan set-up e krijuar dhe kérkon gé ti vendosésh njé emeér.
Zakonisht emrin e fantomés, llojin e rrezatimit dhe numrin e kéndeve.

Psh. TG119 Photons_oneangle ,

Ky hap éshté i réndésishém pér shfagjen e DVH. & froukle Tesult pame
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Ruajmé imazhin

FAR ==

4 matRadGUI

=" OOy %F 4

4\ Save current view

X
1 B > ThisPC > Desktop > v O | Search Desktop p
Organize v New folder SE -
~ A
% This PC
_J 3D Objects I
[ Desktop '
|=] Documents ) . Dt
¥ Downloads
D Music < }‘) 5 ~
! Pictures E I ! | : E = [
- ¥ S g S S o
File name: TG119_photons_oneangIe| \/|
Save as type: All Image Files ~

~ Hide Folders

Cancel
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Visualisation F'\IR === 1

Show DVHI/QI: tregon dose-volume histogram gé i korrespondojné planit gé krijon.

0@ Figure 2
File Edit View Insert Tools Desktop Window Help
Do ds|aloElke
2/ B0AGH
T T
100 — Core
OuterTaget
§ —BC!DY
E‘ .
5 Sof
o
=
o i T . i
Q 0.5 1 1.5 2 2.5
Dose [Gy]
mean | std | max min D_.
Core 1.0579 0.2180 1.3508 0.2355 1
OuterTarget 1.5867 0.1577 1.8604 1.0030 1
BODY 0.1357 0.4039 2.3732 0 1
N ID
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DVH pér ¢do rast studimi F'\IR iI=5= Il

4 Save As
File
u’Ei nE T » This PC » Maxtor (F) > application v O 2 Search application
’ Organize ~ New folder = - (7]
~
100 = This PC
80 _#¥ 3D Objects
S
= [ Deskto
@ 60 . °
_g Documents
o
> 40 ¥ Downloads
20 ' Music
[&] Pictures
% = I
1 E Videos
Dose [Gy]
L. 0S(C)
o == peres - Maxtor (F:) v
GV 1639 13173 148 A
Kidney R () 0 0 File name: | Photons ~
Kidney L ° 0 0
Stomach 0 ] 0 Save as type: | MATLAB Figure (*.fig) e
SmaliBowel o 0 0 - -
g o " o N!ATLAB_Flgure (*fig)
Celisc ° 0 0 Bitmap file (*bmp)
Liver 2630 0 02547 ~ Hide Folders EPS file (*.eps)
Heart 16706 0 00370 Enhanced metafile (*.emf)
SpinalCord 00083 0 00053
RN g : %5 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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Pérmbledhje e proceseve F'\IR iI= 5= 1L

Load “matdata [N Y.

T YTyt T
]

Calc. influence Mx

Zgjedhni njé
rast studimi

A 4

Save to GUI

photons

Generic

epeat every time you change a setting
263.3 265.9 124
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TG119 Fantom case F'\IR === 1

Fantoma TG119 apo fantoma C pérdoret
nga profesionisté pér té verifikuar té paisjet
funksionojné si¢ duhet. Kané formé dhe
dimensione standarde.

Qéllimi i pérdorimit &shté rrezatimi i zonés
né formé “C” dhe evitimi i zones géndrore
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Liver case F-\IR I= 5= 1L

Axial Sagittal Coronal
view view view
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Prostate case

axial plane z = 123 [mm]

Axial
view
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sagittal plane x = 264 [mm]

- 1500

1000

& 500

1000

50 100 150 200 250

Sagittal
view

Hounsfleld Units

FAR ==

50

100

150

200

x [mm]

400

450

500

550

coronal plane y = 267 [mm]

50 100 150 200 250

Coronal
view

1500

= 1000

B s00

500

1000

Hounsfield Units



Head & Neck case F'\IR === 1

Axial Sagittal Coronal
view view view
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