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[NTRODUCTION TO TREATMENT PLANNING

Questa mattina abbiamo visto che la radiazione puo’ essere usato per
eliminare cellule cancrose

La radiazione non danneggia soltanto le cellule cancrose, ma anche quelli
sani...

|| tessuto sano in generale e’ piu’ capace di ripararsi

Ma la radiazione deve essere minimo nei tessuti sani...

Come lo facciamo? Con un piano di trattamento!



WHAT 15 TREATMENT PLANNING!

Second phase: treatment planning

Treatment
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CT scan: “TAC”
Structures
Dose prescription

* How can we realize the dose
prescription?
* From which direction(s)?

* How can we spare the sensitive
organs as well as possible?

* |s the plan not too sensitive?

This is done with help of dedicated
software (and highly expertise
personnel!): treatment planning system

matRad




WHAT 15 A TREATMENT PLANNING!
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WHAT 15 A TREATMENT PLANNING!

Dose prescritta nel tumore

Dose per gli organi a rischio

TAC
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OUTPUT

gantry angles: moves the radiation source around the
patient coach: rotates the patient



[UMOR REGION

GTV: gross tumor volume, defined as
visible tumor volume in images

CTV: clinical target volume, defined as
GTV + subclinical/invisible invasion

ITV: internal target volume, defined as
CTV + IM (internal margin for organ motion)

PTV: planning target volume, defined as
ITV + SM (setup margin for setup error)




WHAT SOFTWARE WILL WE USET: MATRAD
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WHAT 15 MATRAD!

matRad is a tool kit allowing optimization of treatment planning with photons, protons, ions for educational and
research purposes.
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THE MATRAD EDUCATIONAL AND RESEARCH SOFTWARE
WAS DEVELOPED BY THE GERMAN CANCER RESEARCH
CENTER IN* ORDER  TO RANDLE  TREATMENT
PLANNING TN AN EASY WAY WITH PROTONS,
PHOTONS AND CARBON TONS.
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CURRENTLY MATRAD 15 USED BY MORE THAN 30 OFFLCTAL INSTITUTIONS, AMONG
THEM RESEARCH GROUPS AND A VARTETY OF UNIVERSITIES INTERNATIONALLY
RECOGNTZED FOR THETR HIGH PERFORMANCE AND EXCELLENT RESULTS GLOBALLY.




HERE YOU CAN SEE SOME OF THE INSTITUTIONS WE ARE TALKING ABOUT
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FOR MORE INFORMATION, YOU CAN CONSULT THE FOLLOWING MAP:


https://bit.ly/MatRadUsers

LN WHAT WAYS CAN THE SOFTWARE BE EXECUTED?

[T CAN BE EXECUTED THROUGH MATLAB OR WITH THE MATRAD APPLICATION FOR WINDOWS:




WHAT FORM OF EXECUTION 15 RECOMMENDED FOR MATRAD!

€ [DUCATIONAL PURPOSES

- PROCESSING POWER
IMAGE OF MATRAD EXECUTED EROM WINDOWS APP

FOR EDUCATIONAL PURPOSES THE USE OF MATRAD AS A WINDOWS APPLICATION 1§
RECOMMENDED, AS IT TAKES UP LESS STORAGE SPACE AND DOES NOT REQUIRE AN
IDE (INTEGRATED DEVELOPMENT ENVIRONMENT) T0 USE THE SOFTWARE

&~ RESEMCH

+PROCESSING POWER

IMAGE OF MATRAD EXECUTED FROM MATLAB

FOR RESEARCH PURPOSES, WHICH INVOLVES TESTING TREATMENTS WITH SPECIFIC
PARAMETERS THAT LEAD TO MORE REALISTIC SIMULATIONS, 1T 15 RECOMMENDED T0 USE
MATLAB T0 PERFORM A MORE DETATLED ANALYSIS.THIS REQUIRES A HIGHER PROCESSING
POWER.


https://emojiterra.com/right-pointing-magnifying-glass/

TWO PECULIAR FACTS

® [N (ASE ONE NEEDS TO USE MATLAB IDE FOR FURTHER ANALYSIS AND A MATLAB LICENSE IS ABSENT, ONE CAN USE GNU
OCTAVE, WHICH 15 WRITTEN IN €/ C ++ AND IS COMPATIBLE WITH MATLAB SYNTAX

®  THE GRAPHICAL USER INTERFACE (GUI) 15 THE SAME WHEN EXECUTING MATRAD FROM ANY OF THE AVATLABLE OPTIONS.
HOWEVER ... TT 15 MORE EFFICTENT TO EXECUTE IT THROUGH THE IDE.

(‘, GNU Octave
Scientific Programming Language
Pow oriented syntax with built-in plotting




TRAD
WHY IS MA EASY T0 USE DATA VISUALLZATION
OPTLMIZED DEBUGGING
BAS[D ON M AI bAB? ALLOWS FAST DEVELOPMENT OF TREATMENT PROTOTYPES
WELL KNOWN SOFTWARE IN THE MEDICAL PHYSIC
(OMMUNITY FOR TS EFFECTIVENESS.
20 5 ®  SIMPLE SYNTAX COMPARED T0 ABSTRACT PROGRAMMING IN
S LANGUAGES LTKE C ++
® ILLOVS A STANDALONE EXECUTABLE (MATRAD.EXE). WHICH
(AN BE USED WITHOUT A LICENSE.
Sl
open source




HOW DOES THIS SOFTWARE WORK?

THE OPERATION OF THIS SOFTWARE IS POSSIBLE THANKS T0 THE ALGORITHMS DEVELOPED BY THE PROFESSTONALS FROM INTERDISCIPLINARY
AREAS WHO ARE PART OF THIS PROJECT.

THANKS TO THE PROCEDURES PREVIOUSLY PROGRAMMED, THE INPUT DATA IS USED T0 PERFORM THE CALCULATIONS AND THUS, DISPLAY THE
OPTIMIZED RESULTS OF THE SIMULATIONS ON THE VISUALLZATION PANEL.

ALGORITHM (STEPS TO FOLLOW) SIMULATION

d(x, ¥, Zraa) = Z Zi(Zraa) ff dx'dy" W (x',y")F(x',y") Ki(x' = x,y" = y)
i

4 1

INPUT DATA ‘ DATA PROCESSING (CALCULATIONS) - GRAPHICAL PROCESSING OF THE RESULTS




HOW IS DATA PROCESSING CARRIED OUT!

[N THE PREVIOUSLY MENTIONED ALGORITHMS, THE INPUT DATA ARE TAKEN AS VARIABLES, WHICH ALREADY HAVE A CERTAIN MEMORY LOCATION
RESERVED. LATER THESE ARE STORED IN DIFFERENT TYPES OF DATA STRUCTURES THROUGH MATRICES, VECTORS, ETC., AND THEN THEY ARE PROCESSED
ACCORDING TO THE MATREMATICAL PROCEDURE THAT EACH OF THEM MUST FOLLOW ACCORDING TO THE ALGORITHM AND ITS PARAMETERS. FINALLY, THE
RESULTS ARE STORED IN A RESERVED SPACE.

[est x| x| ctx x| stf x|

1x17 struct with 12 fields

Fields EEgantryAngle BacouchAngIe BabierWidth radiationMode BH SAD @isoCenter BanumOfRays ray @sourcepoint_bev ‘E\sourcePoint @numOfBixelsPerRay

1 4 30 5'photons' 1000 [251.3089,23... 302/ 1x302 struct [0,-1000,0] [0,-1000,0] 1x302 double s o R

2 21.1700 47.1400 5 'photons’ 1000 [251.3089,23... 309 7x309 struct  |[0,-1000,0] [245.6483,-932.... | 1x309 double 1 numOfBeams 2 2 2

3 42.3400 64.2800 5 'photons’ 1000/[251.3089,23... 300 7x300 struct |[0,-1000,0] [292.2937,-739.... | 1x300 double £ numOfvoxels 3047040 30... 30...

4 63.5100 81.4200 5 'photons’ 1000 [251.3089,23... 248 1x248 struct [0,-1000,0] [133.5270,-446....| 1x248 double K resolution Ix1 struct

5 24,6800 98,5600 5 'photons' 1000 [251.3089,23... 180/ 1x180 struct  |[0,-1000,0] [-148.2039,-92.... | 1x180 double £ numOfRaysPerBeam [303 303] 303 303

6 105.8500 115.7000 5 'photons’ 1000/[251.3089,23... 247 1x247 struct [0,-1000,0] [-417.1714,273.... | 1x247 double :“lola::umgisfiysl g $(616 igﬁ
“totalNum! ixels

127.0200 132.8400 5 'photons’ 1000/[251.3089,23... 293 1x293 struct [0,-1000,0] -542.8920,602....  1x293 doub! ’ )

v § photons’ L 2 st ! ! [4 N doule 8 dimensions (184 184 90] 90 184

3 148.1900 149.9800 5 'photons' 1000/[251.3089,23... 308 7x308 struct |[0,-1000,0] [-456.3935,849.... 1x308 double b irOfScenancs B T o

9 169.3600 210 5 'photons 1000 [251.3089,23... 314 1x314 struct [0,-1000,0] [-159.9008,982.... 1x314 double £ bixelNum 16448x1 double 1 43

10 190.5300 225 5 'photons’ 1000/[251.3089,23... 313|1x313 struct  |[0,-1000,0] [129.2240,983.1... 1x313 double 1 rayNum 16448x1 double 1 303

1 211.7000 240 5 'photons’ 1000 [251.3089,23... 314/ 1x314 struct  [[0,-1000,0] [262.7358,850.8... 1x314 double 1 beamNum 16448x1 double 1 2

12 232.8700 255 5 'photons’ 1000 [251.3089,23... 286/ 1x286 struct  |[0,-1000,0] [206.3481,603.6... 1x286 double 10 physicalDose Ix1 cell

13 254.0400 270 5 'photons’ 1000/[251.3089,23... 215 1x215 struct [0,-1000,0] [0,274.9662,-96... | 1x215 double

14 275.2100 285 5 'photons’ 1000 [251.3089,23... 202/ 1x202 struct [0,-1000,0] [-257.7498,-90.... | 1x202 double

15 296.3800 300 5'photons’ 1000 [251.3089,23... 270 15270 struct [0,-1000,0] [-447.9335,-444... 1x270 double

16 317.5500 315 5 'photons’ 1000 [251.3089,23... 309|1x309 struct  [[0,-1000,0] [-477.2593,-737... 1x309 double

17 338.7200 330 5/'photons’ 1000[251.3089,23... 307 1x307 struct  |[0,-1000,0] [-314.3031,-931... 1x307 double




b. HOW IS DATA PROCESSING CARRIED OUT]

| RESULTS STORAGE AND VISUAL PROCESSING >
STORAGE OF VARTABLES :
TROUGH DATA STRUCTURES | PROCESSING >
min f(d(w)),w € R

=) n

s.t. d = Dw
< c(w) <cy
wisSw Swy,

f(w): R"> R , c(w): R*> R™

PROCEDURE
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DOSE CALCULATION

Optimize all the beams -
calculate the plan
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QUTPUT
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DOSE

® Per valutare un piano di trattamento, guardare la dose in 3D
sulla CT e’ il modo piu’ diretto per valutare la qualita’

Dimension of dose is Gy [Joule per k(]

voxel

® Svantaggio: virtuale, impegnativo guardare tutti gli
slices.. tipicamente ~100 CT slices, ~500000 voxels..



DVH

Dose Volume Histogram: un metodo per valutare velocemente

la qualita’ della distribuzione di dose

Tutte le structuree della TAC + informazione sulla dose

in poche line!
In ogni voxel della struttura, valutare

la dose --> DHV
Quindi 1 linea per 1 struttura/organo

Svantaggi:

DVH reduce una distribuzione 3D in una
linea

Un po’ di informazioni si perdono..
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VALUTARE £ COMPARARE PTANT DI TRATTAMENTO CON DVH

Scopo: For all DVHs Fortarget DVHs  For anatomy DVHs

+ Se ladose al
tumore . ‘ ) . . ’
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D,, 100% di |

quella zona

deve ricevere AN
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D, linea ! :

p> , :

verticale i : Better
‘ : A\ plan

* Organia
rischio: verso D

le zero Volume V' that uUnder- Over-

receives a dose >= D' dosage dosage




1. WHERE DOES ALL THAT REALLY APPLY?

EVERYTHING LEARNED N THIS MASTERCLASS IS APPLIED PROFESSTONALLY IN HEALTH CENTERS WHERE SPECTALLZED EQUIPMENT 1S AVATLABLE T0
PERFORM VARIOUS CLINICAL PROCEDURES THROUGH RADIOTHERAPY IN ORDER TO HELP THE TREATMENT OF A WIDE VARIETY OF DISEASES, INSTEAD
OF MORE COMPLICATED AND PAINFUL PROCEDURES.




10. HOW ARE THE FACTLITIES OF A PARTICLE THERAPY CENTERT




10 LEARN MORE ABOUT THE ELEMENTS OF A PARTICLE THERAPY FACLLIYY, YOU CAN VISIT THE FOLLOWING LINK:
HTTP://WWW.CERN.NYMUS3D .NL/MAPS



http://www.cern.nymus3d.nl/maps

WE"RE READY FOR THE

AFTERNOON SESSION







