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| RADIOTERAPIIA

Terapija zracenjem, takoder nazvana i radijaciona onkologija,
RADIOTERAPIJA, ili terapijska radiologija , predstavija upotrebu
JONIZIRAJUCEG ZRACENJA u svrhu ubijanja éelija karcinoma.

(Marcus, K. J. (2020, January 23). Radiation therapy. Encyclopedia Britannica.
https://www.britannica.com/science/radiation-therapy)



https://www.britannica.com/science/radiation-therapy

| JONIZIRAJUCE ZRACENJE
JONIZACIJA

IZVOR ENERK
JONIZIRAJUCE
ZRACEN

JE -

Elektron biva
izbacen iz atoma

-
= Jonizirajuce zracenje — protok energije
U formi atomskih i subatomskih Cestica
Ili elektromagnetnog zracenja, sposobno da
Oslobodi elektron iz atoma, cineci tako da
atom postane naelektrisan (joniziran)

Elektronske ljuske ‘

JON

Land, C. (2019, September 12). lonizing radiation. Encyclopedia
Britannica. https://www.britannica.com/science/ionizing-radiation
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| JONIZIRAJUCE ZRACENJE - vrste

'\ Vrste JONIZIRAJUCEG
zracenja

Elektromagnetno Cesti¢no

Y - zraci eutroni
I teski joni

*» X — zraci — elektromagnetni talasi (nematerijalne prirode) =>> mali LET
% Protoni — subatomske Cestice (u jezgru atoma), m, = 1.6726219 x 10?7 kg
=>> veliki LET
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| JONIZIRAJUCE ZRACENIJE - menanizam DJELOVANJA, RADIOBIOLOSKI UCINAK

DNA

Jonizirajuce

Direktno oStecenje o
zracenje
Ostecenje P==mmem______ ¢
>

Jonizirajuce
zracenje
H,0" +€ (—j\(' HO0 <
o
s'eceme7 =-OH™+H,0" +¢"
Proces diobe celije
Obnavljanje DNA
DNA nije obnovljena
1
Cellja preznvlja\a Celija ima smanjenu
i umnoZava se sposobnost diobe

/ / \

rd \ \ \ / \
.\ /’)Q /.\ / ‘/O\ o
® 0000060060 06006 O O o

N,
ol

* Energija zracenja po jedinici mase
1J/kg = 1 Gy (Gray)
Tumorske celije:
- imaju smanjenu sposobnost
da obnavljaju svoju DNA
- brze se dijele od normalnih
celija

Springer Biographies

Louis Harold Gray

A Founding Father of Radiobiology

@ Springer

L. H. Gray (1905. — 1965.)
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| JONIZIRAJUCE ZRACENJE - menanizam DJELOVANJA, RADIOBIOLO3KI UCINAK
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| PRODUKCIJA JONIZIRAJUCEG ZRACENIJA - LINAC
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| PRODUKCUA JONIZIRAJUCEG ZRACENJA - LINAC

Elektroni koji

C)———=  dolaze sa katode

Anoda od Meta od
bakra volirama = o=

e _—

————

O =

Elektroni koji su se rasprsihi
uz gubitak energije

Produkovano
X - ZraCenje

Fokus
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| PRODUKCIJA JONIZIRAJUCEG ZRACENJA - CYCLOTRON

Proton source

RF electrodes

"Dee

RF-Voltage ‘"VdeeNV\

RF frequency f
At electrode slit crossing:

Energy gain AE=V,,
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| PRODUKCIJA JONIZIRAJUCEG ZRACENJA - CYCLOTRON
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| PRODUKCIJA JONIZIRAJUCEG ZRACENJA - CYCLOTRON
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| PRODUKCIJA JONIZIRAJUCEG ZRACENJA - CYCLOTRON
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| SVOJSTVA FOTONSKOG | PROTONSKOG SNOPA

Relativna doza (%)

180 - x - zraci (15 MV)
= = = Protoni (prirodni pik 200 MeV)
160 - s Protoni (proSireni pik)
140
Ekstra doza od
1 20 1 / X - zraka
100
80 - Tumor
[
]
60 - I}
’
L’
40 - Ulazna doza na normalno tkivo e Izlazna doza na
_____________________ rmalno tkivo
20
0 5 10 15 20 25 30

Dubina (cm)
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| SVOJSTVA FOTONSKOG | PROTONSKOG SNOPA

DOSE

Spread-out Bragg peak

2771

10

Y 20
DEPTH (cq)

30

250 MeV

cyclotron
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| SVOISTVA FOTONSKOG | PROTONSKOG SNOPA

MV photons

Normal Tissue

Protons/carbonions

.....

Mormal Teer: - Tumor MNermal Tissue
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| SVOISTVA FOTONSKOG | PROTONSKOG SNOPA

X - ZRACI PROTONI
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

pCT planningCT MR/PET

& i )

lé_\ s /x >& oy gg‘-?> >

Patient positioning CT scanning Locallzatnon!markmg FRISIH POSRINN WIENEE ISR

‘ reﬁlstratlon

Delineation

Dosimetry

Workflow for Therapy
Planning with CT and MR/PET
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIJA - imaging
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

ICRU report 50 (1993)/ 62 (1999)

propisivanje, biljezenje 1 1zvjestavanje o fotonskoj radioterapiji

~—> GTV podruéje maligne bolesti

. » CTV: GTV + subklini¢ka bolest
¢ ®» PTV: CTV + margina koja mora
osigurati da propisana doza

bude isporuéena na CTV
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

PT

A

CIH S o

AX
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

Photons PTV Protons PTV

1) ' plan dose (RBE: PT (CT 1




Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

Rad
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1 PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIJA

0 ° ¥ u F

| Load *.matdata B d ¢ Select File to Open

| Load DICOM o .
Gl |« c0i0i-muthad-5decs5d » phantoms » =4y | scown pronioms P
Organze v New folder = 6 ®

X F Res Name Date moddied Type

L vois 2020607 PM  File folder

4 Libraries % ALDERSON.mat 23/2020657PM  MATLAS Dats

%) BOXPHANTOM.mat /23/2020 957 M MATLAB Data

¥ Homegroup £ HEAD_AND_NECK.mat 5/23/2020957 PM  MATLAS Data

3 UVER mat 5/23/2020 957 PM  MATLAB Data

M Computer * PROSTATEmat /2372020957 PM  MATLAB Data
& tocal Disk (C) £) 16119.mat 6/23/2020957 PM  MATLAS Data

ca HP_TOOLS (D)
- MALACL (E)
a HP_RECOVERY (F
- KINGSTON (G:)
o Removable Disk

- o«

no Gata baded

File name: PROSTATE.mat

2080000
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

 Calc. influence Mx save to GUI
___ Export |

Import from Bin... Import Dose

photons bl

Generic -
251.3 236.4 ]

—

—

6:43 AM
ry [ B
L g
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

 Calc. influence Mx| Save to GUI
____ Export |
Import from Bin... Import Dose

photons il
Generic h
251.3 236.4 162.6

VOlname || VOltype priorty |  dose |

QuterTarget quare deviation -

en_
T O

Show DVHIQ

—

—

Al + ed CE e P
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA

4. matRadG
Mo SR W B E N H
L1 IEE a3 Cale. influence Mx save to GUI B H d
___Load DICOM__| _ Export |
5
5 ® BT
—— .
hot
photons - N S —
= 7|
254.3 236.4 1626 | /| @ N e ——

I
-

| __VOlname _ VOltype priority _obj./const. | penalty dose EUD volume ro

| 2 |OuterTarget v TARGET 1 square deviation 1000 50 NaN  NaM no

N —— inten... ~
& —— m LIRS
Y — :

Show DVHIGH

20800000

—

F ¢ s WBEOEE > T

b — 3/7/2020
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1 PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

—ANCINSTE - SR SR N |

| 4 Select File to Open L
K )5 | <« c0404-matRad-5decdS9 » phantoms b - Search phantoms

Organize » New folder

X Favorites * Name Date modified

L vois 8/18/2020 6:07 PM File folder

= Libraries %] ALDERSON.mat 6/23/2020 9:57 PM MATLAB Data

%] BOXPHANTOM.mat 6/23/2020 9:57 PM MATLAB Data

*& Homegroup #) HEAD_AND_NEGW. 6/23/2020 957 PM MATLAB Data

%) LIVER.mat 6/23/2020 9:57 PM MATLAB Data

1% Computer | %] PROSTATE.mat 6/23/2020 9:57 PM  MATLAB Data
&, Local Disk (C:) ] TG119.mat 6/23/2020 9:57 PM MATLAB Data
= HP_TOOLS (D%)
= MALAC T (E:)
= HP_RECOVERY (F
e KINGSTON (G:)

= Removable Disk |

5
-
T
T
none

no data loaded

- <

File name: PROSTATE.mat

m lateral
Open 3D-View
no option avail... «

Show DVH/G
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

Mo SR W B E N

Load *.matdata | | Calc. influence Mx save to GUI R E] d
Load DICOM _ Export |
Import from Bin...
—— CT (HU) ™
— :
0 ® :
) 292
photons | L 2oz
256
@
1000 1534
bone -
[d
1 —
R T
+1-] VI name | VOitype JoP —Funcion | p | Parameters | -

Rect.. =

N e — inten... ~ g
N — m Open 3DView By
o
no option avail... - [~]

I — :
®
Show DVHIQ @
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

= 0S| W " E B
Load *.mat data Calg. influence Mx Save to GUI R i I d
Load DICOM _ Export |
Import from Bin...
s CT 1) v
— ~
0 @ :
) 2932
TrainTs - L 007 |
Generic - R
3 | E ]
263.3 265.9 124 ||| | 100§ 1584 |

[

EN o

] 1
<[ Voiname | Voitype [0P)  Functon | | Parameers | . ; =
Rect.. | -'O OI-

I — inten... | g
N — m Open 30.View [C)
.
no option avail... - [~]
I — ;
®
Show DVHIQ ® ]
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

| SR | W B E N

Load *.mat data | | Calc. influence Mx Qptimize Save to GUI H E] d
Load DICOM ___ Export |
Import from Bin... _
T CT () -
——— -
o @ :
| 292
SrmTe - L 292
Generic - N ——
263.3 265.9 124 @ E—
Set Tissue M
|
oy n
r A |
| voiname | Voitype [oP|  Functon | p | Parameters | L pr N e rem——
Rect... o] o = ! p
W Frv B
N — inten... ~ g i
@]
B = m
o
no option avail... - [~]
B :
]
Show DVHIQ) ™ |—
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

Mo SR W B E N

Load *.matdata | | Calc. influence Mx save to GUI R E] d
Load DICOM _ Export |
Import from Bin...
B CT (hU) =
—— -
0 ® :
| 202
photons | L 2oz
N ——
@
1000 1584
a
oy .
. L (A |
VOltype 0P Function | p | Parameters o’ : =
Rect... - '] = | p
v
¥ BODY
N — inten... ~ g i
[ [ axial -+ || Open 30-View| 1o,
o
no option avail... - [~]
N :
]
Show DVHIQ @
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

Load *.mat data | Calc. influence Mx Save to GUI R E] d
Load DICOM Recalc . Export |
Import from Bin... _
0 ®
o ®
photons =
Generic -
263.3 266.9 124 -]
i
VOitype "5 || parameters Q
[E] - i H uared Over.. | 50 _r
al n uared Deyi.. w1000
= _ uared Devi... v §.1000 | 56 |
[E] H uared Over... |
=] 4 | uared Over... w 100 30
'
@
JEN I —— o
)
KN
@
@
KN
@
Show DVHIQ ™

CT (HU) -
TN el —_—y

Yt
-1000 1584
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

Rad

Load *matdata | | Calc. inflfice Mx| | Optimize | Save to GUI
Load DICOM  Export |
Import from Bin...
090 180 270 @
®
photons il
Generic v | 7 |
265275114 ]
OPf  Functon | p |iParameters
E] uared Over... = | 50
E] uarad Devi.. 1
E] Sauared Devi... E
8 : _
] ' 30

|EN
Show DVHQ

lateral

Open 3D-View

ooecoeo

180°

CT (HU) |

Custom

W

Particle Therapy Masterclass
Tuzla, mart 2021.godine




Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

|~ Q%W RE
Calc. influence Mx| | Optimize | Rad
 Export |
-
I 0*
@
@
| 7]
/- oP | Parameters. 270° ap®
E] | H DWH constraint 1
[E] - E DWH constraint
E] 1 II DVH constraint m
) ] 1 N v constraint | 65 | 100
E] | H DWH constraint m
E] DVH constraint “
)
N ot inten... v steral N
B T :
no option avail... - [~]
|EN . o
Q

CT (HU) -

Custom |

i
g

-1000 1584

W
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

! I
@ " %%y @ N E
Load *.matdata || Calc. influence Mx| | Optimize__ || SavetoGUI | R;] d
Load DICOM _ Export |
Import from Bin... _
5 | 0* Rezult (i.e. dose) A
0 90 180 270
-
L hooo | @
photons - L [ |
Generic - . 728
264.2 759.9 99.5 ® E—
m
1 1 ]|
m Voitype |OP)  Functen | p | parameters 270° o0° : =
0 TS—— o |
IRt remoral DWH constraint | | — | | 0|
E] prostate_bi H constraint | =
L) Frv_6s DVH constraint_+ §.— | v
C)f)_Bladder DWH constraint | — | | 65 | 0 S0
L)Lt femoral DWH constraint = S0 L 0|
Rect.. -
Q]
KN i o
o 180°
0] N
KN
.
physicalDose - @
KN .
0]
| Show DVHIGI 0 . mbout
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Il PLANIRANIE RADIOTERAPIISKOG TRETMANADIOTERAPUA-primjer

ANSTE R SIS R [ |

Load *.matdata | | Calc.influence Mx| | Optimize || SavetoGUI |

Load DICOM
Import from Bin...

| Recale || Export |

protons =l
Generic -
264.2 2599995 | |

jet .
@
N
90° -
= H 0| v | Rect
- ol T
= | 68 | | 95 |
= | 65 | | 95 | v
= H | 65 | 0|
|- | Lt femoraln 0| e
= Resiim] -
o
I o — inten... v | ateral I 4
9  hbout

le: (i.e. &)
I
N —
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) guis a
File  Edit

View

Insert  Tools

Desktop  Window  Help

m—

I I PLANiamw@n@mm

Volume [%]

— R ectym —

Rt femaral head

=== prostate_bed

_PTV_68

== Bladder

i | { fomoral fiead

10 20 30 40 50 60 70 80
Dose [Gy]
mean | std | msx | min | D2 | D5 | D50 | D95 | D98 | VOGy | V145Gy | V201Gy | V436Gy | V582Gy | VI27Gy
Rectum 48.0762 17.1382 T71.0026 1.7137 69.7144 687375 51.0046 5.4763  2.5867 1 0.9357 0.8120 0.6588 0. 0
Rt femoral head 219659 153849 436180 0.1415 41.0725 39.4291 30.4079 0.4321 0.2542 1 0.6004 0.5136 1.6734e-04 0 0
prostate_bed 70.3881 16546 727907 63.5422 723222 72.1472 T0.8005 66.5510 65.1511 1 1 1 1 1 41391e-04
PTV 68 €9.3279 22932 727907 S8.5273 721134 717631 69.8322 64.3404 61.9423 1 1 1 1 1 1.4745e-04
Bladder 487856 18.8802 727907 29822 71.5048 70.8783 45.8552 8.1312 5.3758 1 0.9130 0.8684 0.5807 0.3957 86244e-05
BODY 10.9382 18.5430 727907 0 E7.4838 473539 0.7188 0 0 1 0.237¢ 0.1387 0.0773 0.0357 1.4837e-06
Lt femoral head 226038 155968 441451 01233 414278 399038 328268 04295 02503 1 08121 0.5393 0.0015 0 o

A-primjer

ToryguEr e ™ = ——— |~

Eile Edit View Insert Tools Desktop Window Help L]
DEde (3|08 kE
T T T T T T
100 — Rectum 1
Rtfemoral head
— 80 = nrostate_bed |
= PTV_68
- = Bladder
@
2 60 =
= | | femoral head
o 40 .
=
20 ]
1 |

20 40 60 80 100 120
Dose [Gy]

mean | std | max | min | D2 | D5 | DS0 | D95 | D98 | VOGy | V206Gy | V413Gy | V6L9Gy | V.826Gy | V103Gy
Rectum 319949 267508 898487 0 852287 787883 315410 o o 1 0 03909 01557 0.0310 o
Rt femoral head o o 0 0 0 o 0 o o 1 o 0 0 o o
prostate_bed 83.7722 10.9366 102.2734 53.7884 100.3306 ©9.1387 859449 64.5237 60.5663 1 1 1 0.8748 0.5770 0
PTV 68 82.0253 12.0778 103.32272 421677 100.2560 02.6504 241349 59.7274 552564 1 1 1 0.9320 0.5420  1.4745e-04
Bladder 27.4735 314083 097.9284 0 927571 89.0457 14.1278 0 0 1 0.4627 0.3103 0.1927 0.0881 0
BODY 31711 12.5845 1033272 0 508900 303583 0 o o 1 0.0803 00355 0.0127 0.0057 1.4637e-068
Lt femoral head 0 o o o 0 o 0 0 0 1 0 o o o o




" PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIJA- -primjer

axial plane z =126 [mm]
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA-zadatak

74 matRadGUI

E;E-‘%%W-!JWJJ
[ _ LoadSWeReta | | calc

save to GUI R ; I d
| Export |

rort Dose

| Set IsoDose Levels|

CT (HU) >
E—

]
® .
N I
N e ——
]

LD
LT
HEEERE

1 | i

I — inten... ~

Open 3D-View

o
0
I — -
F==m
I — ' <

-' ® |
] W Y f— f_— T
S £ B o e M E.‘ Sl il & () WAk oy
- - F H
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Il PLanirA i RADI( 2 APIISKOG TRETMANADIOTERAPIJA-zadatak

74 matRadGUI

i - SRS R B |

Load *matdata | | Calc.influence Mx |  Optimize |
Load DICOM  Export |
Import from Bin...
T T () -
—— .
I o -
1 Foz
photons - N I
= I o —
263.3 265.9 124 ] .

:
Set Tissue - 8 |
- Q' i e se —
R e
[ [l | — I ] 50| !u‘_ 5 r —
I L] | — IS L] L]
= L] | — NG e 100 I
B ] | N es| 100 v
B = A ] 50|
1= Lt femoral t 3 - 5D ] =1
S Ree - |
I E—— inten... v g
I E— axial || Open 30-View| o e
 — E
™ =
2 cum s WETTT e - Ehae S
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA-zadatak

Load *.mat data Calc. influence Mx

Load DICOM
Import from Bin...

| Optimize__|

| Export |

Rad

35180 325

protons -
Generic hd
264.2 259.9 99.5 |

[ [ [

i

270°

I ANRREN i I
(%]

olol lelololo

-
-

154
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Il PLANIRANJE RADIOTERAPIISKOG TRETMANADIOTERAPIA-zadatak

R i —

File Edit View Inset Tools Desktop Window Help

N"Ede 3|08k E

Za PTV i prostate bed: [
D 95=7

. prostatebed |

, PTV 68

i w— Bladder
— B ODY

. | { fzmoral head

Za rektum i besiku:

60 80 100 120 140 160 180
D_5 O Dose [Gy]
| max | min | D2 | D5 | b5 | pos | pos | vooy | viosey| velrcy | voasey | vizmey | viscy
b 128.5548 0 111.0013 953082 246528 0 0 1 0.3864 0.1465 0.0541 0.0039 o
Z f I k t Ha > 29,2052 0 153016 48752 0 0 0 1 0 0 0 0 0
a e m o ra n e O S I [ ] 1541912 57.1149 147.9470 1443106 1022055 65.3747 625524 1 1 0.9855 0.5544 03187 o
i 154.2523 53.2520 146.85904 143.0147 103.0384 64.8432 607916 1 1 0.9748 0.6152 0.2583 2.9490e-04
D 5 P 1431614 0 1404926 131.7017 129583 0 0 1 0.4032 0.2544 0.1540 0.0781 o
[ 1542523 0 523586 324162 o o o 1 0.0533 0.0163 0.0080 0.0027 2.9274e-08
— 23,4542 0 102347 1.7557 0 o o 1 o o o o o
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