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1. Zadatak

!
C-  « KoriStenje TG119 fantoma

-« Planiranje radioterapijskog tretmana pomocu

fotona, protona i ugljikovih iona
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- — * Analiza i poredenje dobivenih rezultata '.
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1. Ucitajte TG119 fantom pomocu opcije Load * .mat
(TG119.mat)

| opfl - F
T !.d . v e0d04-matRad-21.. ¢ e0404-matRad-2957fcc » - Search e0404-matRad-2957fcc P |

Organize » Mew folder

. Favorites — N’.ar'rje ; Date modified Type

B Desktop | standalone 6/19/2019 8:34 AM  File folder
& Downloads )i tools 6/19/2019 8:34 AM  File folder
“Zl Recent Places J¢ unitTest 6/19/2019 8:34 AM  File folder
%2 Dropbox = L vmcE+ 6/19/2019 8:34 AM  File folder
|7] BOXPHANTOM 6/19/20198:33 AM  MAT File
- Libraries |7 carbon_Generic 6/19/2019 8:34 AM  MAT File
@ Documents | 7| HEAD_AND_MECK 6/19/20198:33 AM  MAT File
Jl Music |7] LIVER 6/19/2019 8:33 AM  MAT File
[ Pictures || photens_Generic 6/19/20198:34 AM  MAT File
B videos || PROSTATE 6/19/20198:33 AM  MAT File
E| protons_Generic 6/19/20198:34 AM  MAT File
# Homegroup ||| T6119 6/19/20198:34 AM  MAT File no data Inaded
- 4 |

File name: TG119 v | MAT-files (*mat)

| Open |v| | Cancel ]
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= 2. 0Odaberite fotone kao vrstu zracenja, te odredite jedan ugao
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% 3. Pokrenite proracun doze pomocu opcije (,,Calc. Influence
Mx*). Zatim zapocCnite obrnutu optimizaciju klikom na
(,, Optimize*)

—

ARSI S E AR R L

Load *matdata | | Calc. influence Mx| | Optimize ||  Save to GUI B ad
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Import from Bin...

Import Dose

N — — 5
N g
= no option avail... ¥ | ;

[ ]




Load *.mat data | Calc.influence Mx ___Optimize | SavetoGul |

Load DICOM | Export |
Import from Bin...
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S. Spremite rezultat optimizacije putem (,,Save to GUI*), te
prikazite DVH pomocu (,,Show DVH/QI”).

= "8 8 W BEE N

Load *matdata | Calc.influence Mx| | Optimize | Save to GUI R a d
Load DICOM Recalc -
Import from Bin... | Impkbose | —

@ lesult (i.e. dose]
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Volume [%0]

100

050

..!Im.puteﬂ';arget.;

i
Dose [Gy]
mean std max min D2 D5 D50 Da5 D98 V_0Gy V_04Gy V_09Gy V_14Gy V]
Core 1.0685 0.2554 1.3850 01329 13434 1.3187 1.1183 0.3708 0.1923 1 0.9341 08727 0
OuterTarget 15852 0.1536 1.9115 1.0935 1.8453 1.8153 1.5041 1.2663 1.2077 1 1 1 02324
0.14432 0.4168 2.3420 0 1.7203 1.2694 0 0 0 1 0.101%9 0.0845 0.0393
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6. Promijenite vrstu zracenja u Proton i ostavite uglove snopa
nepromijenjenim

!

A& T BE N
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM Recalc Export
Import from Bin... Import Dose
Status: plan iz optimized

Plan

bixel width in [mm] 10
Gantry Angle in * 0
Couch Angle in 0
Radiation Mode  photons
Machine photons

lzoCenter in [mm]

# Fractions carbon

Type of optimization

Objectives & constraints

YOI name VOl typ

1 | Core ~ DAR
2 |OuterTarget « TARGET
3 BODY ~ OAR

rFl
Visualization
Slice
Beam
Offset

uge MC (WMC++) dose calculations

30 conformal
Run Segquencing

r Stratification Levels

7
@ Run Direct Aperture Optimizat...

e |pricrity ohj. [/ const, penalty | dose | EUD | volume | ro

- 2 sguare overdosing 300 25 MaN MaN no 4

- 1 square deviation 1000 50 MaN HaM no

- 3 square overdosing - 100 30 Mah NaN no "
ZAVE

o plotCT
i GoTo
Typeofpot inten... ~ O plot contour
Plane axial » | Open 3D-View o plot isolines
Q plot dose
Disolav ootion

plot izolines labels
O plotiso center
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7. Pokrenite proracun doze pomocu opcije (,,Calc. Influence Mx*) i i’
zapocnite obrnutu optimizaciju klikom na (,,Optimize*)

o

A& - o E
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM lc Export
Import from Bin...
Status: ready for o _llization
Plan 1
bixel width in [mm] 10
Gantry Angle in * 0
Couch Angle in ® 0
Radiation Mode  protons -
Maching Generic -
isoCenterinmm] > 251.5 236.4 162.6 Auto.
# Fractions 30
Type of optimization  .,n<t RBEXD +
Objectives & constraints
YOI name VOl type | pricrity ohj. / const. penalty | dose |EUD | volume | ro
1 Core ~ OAR - 2 zguare overdosing - 300 25 NaN MaNno 4
2 |OuterTarget ~ TARGET « 1 sqguare deviation - 1000 50 Mah NaN no
3 BODY ~ OAR - 3 square overdosing 100 30 Mah NaN no "
23ve
i 3
Visualization
. o plot CT
Sl i GoTi
= Typeofplot = inten... ¥ e @ plot contour
Beam Plane axial » || Open 3D-View o plot isolines
Pl ki . . @ |J|I}th5E!
Offest Dislavootion b cicalDose plot izolines labels
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8. Spremite rezultat optimizacije putem (,,Save to GUI*) i prikazite

o

DVH pomocu (,,Show DVH/QI”)

A& - BE N
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM Recalc E
Import from Bin... Im 5€
Status: plan is optimized
Plan
bixel width in [mm] 10
Gantry Angle in * 0
Couch Angle in ° 0
Radiation Mode  protons -
Maching Generic -
isoCenterinmm] > 2510 236.4 162.6 Auto.
# Fractions 30
Type of optimization  .,n<t RBEXD
Objectives & constraints
YOI name VOl type | priorty ohj. / const, penalty | dose | EUD | volume | ro
1 Core » OAR - 2 sguare overdosing 300 25 MaN MaN no 4
2 |OuterTarget ~ TARGET « 1 =square deviation - 1000 50 MaN MaN no
3 BoDY +~ OAR - 3 sguare overdosing 100 30 Mah NaN no "
2gve
Fi [;
Visualization
. ) o plotCT
Slice Typeofplot  inten.. ~ | Golo o ik eonknm
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e e . . © plot dose
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mean std max min D2 (1] D 50 D495 D98 V_0Gy V_0.4Gy V_0.8Gy V1.3Gy V)
Core 0.1815 0.23%6 0.9386 2.0386e-09 0.3909 0.7849 0.0744 2493305 6.0723e-07 1 01682 0.0470 0
OuterTarget 1.644% 01770 21789 0.7475 1.89408 1.8728 16533 1.4205 0.9187 1 1 0.95945 09722
BODY 0.0640 02812 221 0 14572 02364 0 0 0 1 0.0452 0.0405 0.0282




Rezultati

* Srednje doze po regionima (Gy):

Vanjska meta 1.5852 1.6449 ,

* * Fotoni daju najvecu dozu na povrsini

* Protoni daju navecu dozu na meti (tumoru) uz
maksimalnu zaStitu osjetljivih regiona
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9. PokusSajte definisati bolji plan tretmana fotonima pomocu veceg
broja uglova snopa (npr. ekvivalentni razmak [0, 72, 144, 216, 288].

Pokrenite proracun doze i zapocCnite obrnutu optimizaciju.

d@ [ 5 E N
Workflow
Refresh Load *.mat data Calc. influence Mx Save to GUI

Load DICOM Rfffalc Export
Import from Bin...
Status: ready for dos lculation

Plan
bixel width in [mm] 10 use MC (VMC++) dose calculations
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Radiation Mode F'hUtC'”S h Stratification Levels
Wachine Generic - 7
ISaCenterin{mm) s 251.3 236.4 162.6 Auto. Run Direct Aperture Optimizat...
# Fractions 30
Type of optimization

Objectives & constraints

YOI name VOItype |priority ohj. / const., penalty | dose | EUD| volume | ro
1 Core ~ O0AR - 2 sguare overdosing « 300 25 NaN NaM no 4
2 |OuterTarget ~ TARGET « 1 =qguare deviation - 1000 50 MaN HaN no
3 BoDY ~ OAR - 3 =square overdosing - 100 30 MaN MaM no "
28V
4 3
Visualization
. o plot CT
sl i GoTl
= Typeofplot = inten... ~ o 0 plot contour
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Viewer Options
Result (i.e. dose] r
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10. Spremite rezultat optimizacije putem (,,Save to GUI*) i prikazite
p DVH pomo¢u (,,Show DVH/QI”) ,.I
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Import from Bin... -m Bose | B

072 144 216 238
agooao

lesult i.e. 2]
Custom -

] — )

@ I I —

» TARGET «

1 sguare deviation - 1000 50 NaN NaN no

1
OuterTarget
3

—

1ol lolelclo




rqgt -

...C?ute:T.a

R ...:m..ﬁgpg._ o

H H H
e

i
..I...........'........... snnmsnnnrnsdrnnnrnnnrnn{ennnnnnnnnndhnnnnnnnnnn

s T e B s eI TR

[25] @winjo

Dose [Gy]

v

V1Gy

3

V076G

y

V036

D85 0 93 V_0Gy

max min D2 (I D 50

std

mean

= —
["r)
& &
= =2
[=) L=
]
5 b
- -
(=) (=)
:;1%
& &
& -
[=) L=
— o -
0 L=
8 8
=¥
[= I
UBU
£ 5
N
[=N o
R
(=)
=
@ § 5
[= =1
28 q
wr oy
[
& e oS
=
= =
o3
S kow
= = =
=) L=
:.hm
-
bl L
[=N o
(=T R
f= &3 O
[ B == T == ]
a M~
— = =
wom -
IR
o o o
n:p“_...\u_uD
%%%
o
s - S
o
w| 5| =
= =
=i
[
o
=3
L]

I




Rezultati

? e Srednje doze po regionima (Gy):

L Zracenje(uglovi) Fotoni(0) Protoni(0)
. (0,72,144,216 288)
- ____

Vanjska meta 1.5852 1.6449 1.6563 ,

‘b

>+ Plan tretmana sa viSe snopova fotona daje bolje

rezultate nego sa jednim snopom fotona.

* Najbolj1 rezultati su dobiveni koristenjem
protona.
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11. Promijenite cilj optimizacije za poboljSanje plana lijeCenja

protonima. Koristite tabelu (,,Objectives & constraints*) i
dodajte ograniCenje (npr. maksimalna doza u meti ili minimalna
doza u vanjskoj ciljnoj strukturi).

—
A& S ¥ 2 EN
Load *.mat data | | Calc. influence Mx| | Optimize || Save to GUI R a d
Load DICOM Recalc | Export |
Import from Bin... .
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12. Pokrenite proracun doze pomocu opcije (,,Calc. Influence Mx*) i a
zapocCnite obrnutu optimizaciju klikom na (,,Optimize*). Zatim —d

A

¢ ikazit
|
spremite rezultat optimizacije putem (,,Save to GUI*) i prikazite ,-
" DVH pomocu (,,Show DVH/QI”)
2
| s
— -
AL YL E N
s 1 GERMAN
Refresh Load *.mat data | | Calc. inflyence Mx Optimize Save to GUI mat dkfz CANCER RESEARCH CENTER
Load DICOM Re @ N THE HELMHOLTZ ASSOCIATION
Import from Bin... s min n
mport from Bin . Viewing max 2,705
Status: plan is optiflled axial plane z = 165 [mm] —
—~EL IS0LM0SE LEVEIS
Plan Viewer Options
bixel width in [mm] 10 use MC (VMC++) dose calculations 50 Result (ie. dose) =
Gantry Anglein = 072144 216 238 3D conformal 1?::,::; e e
Couch Angle in ® 00000 Run Seguencing .
s Window Center:
N photons Stratification Levels 100 .
Machine e . 7 Window Width:
IsoCenterin fmml ) 251.3 236.4 162.6 |V AUt Run Direct Aperture Optimizat... 180 271
# Fractions 30 Range: T
Type of optimization
200 B et 3
| ity:
Objectives & constraints = DDSE apacky 1
P
= 175
= g 2 Structure Visibilty
> 8 ;
YOI name VOl type | priority obj. / const. penalty | dose | EUD | volume | ro % v OuterTarget
1 [Core » OAR v 2 max dose constraint MHah 25 NaN hah no | 4 200 == - BODY
2 |OuterTarget  TARGET « 1 min dose constraint « MaN 50 NaN MaM no
3 | BODY ~ O0AR - 3 =quare overdosing 100 30 NaN MaM no "
350
save
4 3
400
Visualization
; 9 plot CT T
Sl i GoT 45(
&8 Typeofplat —inten.. ~ one @ plot contour Info
=] = Open 3D-View @ plot izolines
E?Enl;__ .ﬂ"& : . Z O plot dose Va4
S Disolav ootion. pysicalDose plot isolines labels 500 github.com/e0404/mat
o plotiso center 50 100 150 200 250 300 350 400 450 500
P About
BE AT DIV H Do * [mm]
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mean
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Deh 1 A

' Rezultatl a
Ly

— S Srednje doze po regionima (Gy) dobivene

; pomocu 5 snopova fotona sa 1 bez ogranienja: y
- I

Vanjska meta 1.6563 1.9652
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l 2. Zadatak

* Plan lijeCenja bolesti jetre ugljikovim ionima

!

* Definisanje vlastitog plana lijeCenja fotonima i )
protonima '

aml=

-~ Analiza i poredenje razlicitih planova lijeCenja '-
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072144 216 255

__YOlname _ VOltype |priorityl __obj./ const. __ penalty dose EUD volume

€AY

1. Ucitajte jetru pacijenta pomocu opcije Load *.mat

(LIVER.mat)

Organize * Mew folder

7 Favorites

B Desktop
4 Downloads
‘] Recent Places

%% Dropbox

- Libraries
Documents
J’ Music

[ Pictures

B Videos

+d, Homegroup

*  Mame

.. standalone
|\ tools
. unitTest
| vmcH+
|| BOXPHANTOM
7| carbon_Generic
|| HEAD_AND_MECK

Date modified

6/19/2019 8:34 AM
6/19/2019 8:34 AM
6/19/2019 8:34 AM
6/19/2019 8:34 AM
6/19/2019 8:33 AM
6/19/2019 8:34 AM
6/19/2019 &:33 AM

Type

File folder
File folder
File folder
File folder
MAT File
MAT File
MAT File

|7 LIVER

6/19/2019 8:33 AM

MAT File

' photons_Generic
| PROSTATE
|| protons_Generic

7] 76119

6/19/2019 8:34 AM
6/19/2019 8:33 AM
6/19/2019 &:34 AM
6/19/2019 8:34 AM

L |

MAT File
MAT File
MAT File
MAT File

File name: LIVER

v | MAT-files (*mat)

3

I Open |v| [ Cancel I
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2. DefiniSite vlastiti plan lijeCenja fotonima sa 4-5 uglova snopa

Load *mat data | |Calc.influence Mx| | Optimize || SavetoGUI | R a d
Load DICOM
Import from Bin... —
T -
Cust v
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Show DVHIQI
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3. Pokrenite proracun doze pomocu opcije (,,Calc. Influence
Y Mx“) i zapo€nite obrnutu optimizaciju klikom na (,,Optimize*) .

(" 80 ¥ BE

Load *matdata | Calc.influence Mx| |  Optimize || SavetoGUI | H ad
Load DICOM . Rf%c || Ewport |
Import from Bin... B

1 (i.e. &
0 —
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(% = 5 om

» TARGET « 1 square deviation  « 1000 45 Mah NaN no '
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n - physicalDose ] g
|Show DVHIQI [ ]
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4. Spremite rezultat optimizacije putem (,,Save to GUI*) i prikazite
p DVH pomo¢u (,,Show DVH/QI”)
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Show DVHIQK




Volume [%]
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Dose [Gy] — cqrd+5mm
clip1
— cptrance
— | jyer-CTY
mean ctd max min D2 D5 D 50 D95 D98 V_0Gy V. 036Gy V_0.6Gy V0.5
GTv 1.5000 0.0050 1.5281 14727 1.5183 15143 1.5002 1.4351 1.4796 1 1 1 -
Kidney R 0 0 0 0 0 0 0 0 0 1 0 0
Kidney_L 0 0 0 0 0 0 0 0 0 1 0 0 3
Stomach 0.0342 0.0566 0.2310 0 0.1540 0.1736 0.0082 0 0 1 0 i}
SmallBowel 0 0 0 0 0 0 0 0 0 1 0 0
LargeBowel 26018e-04 n.0012 0.0147 0 0.0047 0.0019 0 i} 0 1 0 0
Celiac 0 0 0 0 0 i} 0 i} 0 1 0 0
SMA_SMY 0 0 0 0 0 0 0 0 0 1 0 0
Liver 0.3033 0.4713 1.5526 0 1.5042 1.4389 0.0387 0 0 1 02838 0.2180 0.
Heart 0.22%6 0.2426 15232 0.0066 1.1065 0.6913 0.1728 0.0182 0.0141 1 0.2202 0.0850 0.
ChinalCnrd N N381 0 N&RA n #1R7 n 0 1960 0 125R n n n 1 n n X

L]
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+ 5. Definisite vlastiti plan lijeCenja protonima s jednim snopom,
Y npr. 315 °, te pokrenite proracun doze pomoc¢u opcije (,,Calc.
= Influence Mx*) i obrnutu optimizaciju klikom na (,,Optimize*) _

NEEORCIEED

Load *.mat data | | Calc. influence Mx Save to GUI R a d
Load DICOM . ref% ||  Export |
port from Bin... r

[ TR T - g
I - g
] ] g

[ ]
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6. Spremite rezultat optimizacije putem (,,Save to GUI*) i

QIS | ¥ " B8

prikazite DVH pomocu (,,Show DVH/QI”)

Load *.mat data | Calc.influence Mx ___Optimize | SavetoGul |

Load DICOM
Import from Bin...

___Recalc | Exogf{ |

" imporfil =

+ TARGET - 1 square deviation 1000 45 NaN Mah no

1ol lolelcleo)

Rad

lesult (i.e. dose)
I —
N
jet ":




RO Y. C=A D)

| | : : : : | : : | : : : : | : : : :
100 : B R =T
; o AU T T O S | KRR
80 A ..i........:.......;.......;.......:.._._.L._.ﬂﬁl'lﬂﬁi.la._:_.__
31 : : b Btomach

EmallBowel
- [N R A—

60

U -
i
i

. +- '
i
i

40|

Volume [%]

H H
JRN SRR SR
H i H

¥

H

3

H
e

e e T e BosoRalof o

- : H : T : : CAPIN A pr EN-

PR, N

20

I S N
0 05 1 1.5 2 2.5 FTv

RBE x Dose [Gy(RBE)] i

— cptrance
| jyar-CTY

mean ctd max min D2 1] D 50 D95 D98 V_0Gy vV 0.5Gy V1Gy V1.5¢
GTV 1.5053 01981 2.0110 1.0341 1.8973 1.8506 1.4547 1.1821 1.1231 1 1 1 0. -
Kidney R 0 0 0 0 0 0 0 0 0 1 0 i}
Kidney_L 0 0 0 0 0 0 0 0 0 1 0 0 3
Stomach 0 0 0 0 0 0 0 0 0 1 0 0
SmallBowel 0 0 0 0 0 0 0 0 0 1 0 0 e
LargeBowel 0 0 0 0 0 0 0 0 0 1 0 0
Celiac 0 0 0 0 0 0 0 0 0 1 0 0
SMA_SMY 0 0 0 0 0 0 0 0 0 1 0 0
Liver 01654 0.45805 250 0 1.6940 1.4683 0 0 0 1 01177 01003 0.
Heart 0.0172 0.1143 1.8557 0 0.2433 0.0185 0 0 0 1 0.0127 0.0050 0.
ChinalCard 0 n n n n n n n i 1 n n x
4| 1 3




\, A

AT N A,

7. Napravite tretman ugljikovim jonima sa tacno istim postavkama
kao za plan protonskog tretmana

IR EEID

Load *mat data | Calc.infuence Mx| | Optigize | SavetoGUI |% ad
Load DICOM . ref% || Export |
Import from Bin. r

T tesut i¢. dose]
3
]
s

photons “

protons L N ——
carbon ! % 0 2501
LeMN_Reexn + [LoeiTssie] %

Wi
. (%)

| VOlname  VOltype prioty __obj./ const. | penalty| dose |EUD volume  ro

v TARGET - 1 square deviation 1000 45 Nah Mah no

. e®e

m m g
. ] g
KN g

°
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8. Spremite rezultat optimizacije putem (,,Save to GUI*) i
prikazite DVH pomocu (,,Show DVH/QI”)

Load *mat data | Calc.influence Mx|  Optimize | SavetoGUI | R ad
Load DICOM | Exfht |
Import from Bin...  impdyighse | B

[ ]
[ ]
®
® B e e

_ Jol lofelolo]




Volume [%]

| |
100 ! ;
.i. ......... HYTTII LTI FEPTTTTrre HYTITI .i.
ke e
!
e weeds
: : ';. |
40 - : ---ﬁm--i--—-—-’——
i ! : : : !
.;. o ; i .:. ...... s GGt
20 e e
. UUE-SUUUR SUNURUOE SOOI SOURI SUORR = 2 kY ST RURRROON WO
o b i i e i |
0 0.5 1 1.5 2 PTV 2.5
RBE x Dose [Gy(RBE)] - Eﬁ;dfﬁmm
m— cpnirance
| e GTY
mean ctd max min D2 1] D50 D95 D98 V_0Gy V_04Gy V_ 0BGy V1.2
GTvY 15212 0.0530 1.8920 1.2809 1.7595 1.7032 1.5090 1.3845 1.3541 1 1 1 -
Kidney R 0 0 0 0 0 0 0 0 0 1 0 0
Kidney L 0 0 0 0 0 i} 0 0 0 1 0 0 =
Stomach 0 0 0 0 0 0 0 0 0 1 0 0
SmallBowel 0 0 0 0 0 0 0 0 0 1 0 0
LargeBowel 0 0 0 0 0 0 0 0 0 1 0 0
Celiac 0 0 0 0 0 0 0 0 0 1 0 0
SMA_SMY 0 0 0 0 0 0 0 0 0 1 0 0
Liver 0.1570 0.4178 1.9880 0 1.5533 1.4455 0 0 0 1 0.1243 0.1004 0.
Heart 0.0277 01314 1.8137 0 0.413%9 0.1145 0 0 0 1 0.0212 0.0088 0.
ChinalCard n 7y 0 Ma7 0 NA55 n 1l NRSS 0 N5R7 n n n 1 n n il
4 L 3




DL V. DT+ CTA D

Rezultati

k
R

L

<~ * Srednje doze po regionima (Gy) dobivene
pomocu 5 snopova fotona, jednog snopa
ic protona 1 10na karbona:

Zracenje( ' Fotoni(0,180,225,2 Protoni(315) Karbon(315)
uglovi) 70,315) "

Bubrezi

F

B

W
r

Jetra 0.3033 0.1694 0.1570

Kicmena mozdina 0.0391 0.0077

PTV 1.4991 1.4595 1.4868

I____
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i 3. Zadatak

.
©- « Neizvjesnosti u planiranju lijeCenja
!

* Planiranje protonske terapije za glavu
pacijenta

aml

-~ * Simuliranje greske u postavljanju pacijenta

* Analiza i uporedivanje rezultujuéih raspodjela
doze

} ) oo (7%

4 ) <4 LU oA Ps 8




1. Ucitajte glavu pacijenta pomocu opcije Load * .mat

(HEAD AND NECK or ALDERSON.mat)

Organize « Mew folder

¢ Favorites
B Desktop
4 Downloads
“Zl Recent Places

32 Dropbox

- Libraries
Decuments
J’ Music
[&=| Pictures
H videos

@ Homegroup

Marne
.. standalone
| tools

. unitTest
LMo+

|7] BOXPHANTOM

| 7] carbon_Generic

| 7] HEAD_AND_NECK

Date modified

6/19/2019 8:34 AM  File folder
6/19/2019 8:34 AM  File folder
6/19/2019 8:34 AM  File folder
6/19/2019 8:34 AM  File folder
6/19/2019 8:33 AM  MAT File
6/19/20198:34 AM  MAT File

| 7] LIvER

|| photons_Generic
| 7] PROSTATE

| protens_Generic
(7] TG119

6/19/2019 8:33 AM  MAT File

6/19/2019 8:33 AM  MAT File
6/19/2019 8:34 AM  MAT File
6/19/20198:33 AM  MAT File
6/19/20198:34 AM  MAT File
6/19/2019 8:34 AM  MAT File

le

File name: HEAD AMD_MECK

| MATfiles (*.mat)

I Open |vl l Cancel I
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2.D I 1 ugl K Soj Zelji
. Dodajte tri ugla za protonske snopove po vasoj zelji.
Izracunajte i optimizirajte do
Calc. Infl Mx* & ,,Optimize* |
,Calc. Influence Mx ,Optimize*).
A& - 5 E N
Vorkflow iy
- ! GERMAN
Refresh Load *mat data | | Calc. infigence Mx mat z CANCER RESEARCH CENTER
Load DICOM 2 Export @ 1N THE HELMHOLTZ ASSOCIATION
Import from Bin... Viewin min 1074
3 g max 3071
Status: ready for dose calculation axial plane z = 140 [mm]
] Set lsoDose Levels
Plan Viewer Options
&0
bixel width in [mm] 10 50 CT (HU| -
. . iAfindnws Drocat
Gantry Angle in * 90 150 270 |
Custom hl [
Couch Angle in ® 0oo0 1 _
Radiation Mode  protons - 100 - Vo Cenler: -
Machile  coneric | Window Width:
isoCenterin [mm) " 250.4 205.3 138.5 Auto. 2.53
# Fractions 30 150
Hange: ) pn3zs 2531
Type of optimization  .,nst RBEXD
00 - bone - ‘
2} iy |
Objectives & constraints i= Eluseuuacrtv. 1
- =]
E T Structure Visibity
~ 240 L ds 2 BB eRANSTEM .
YOI name VOl type |pnionty ohj. / const. penalty | dose | EUD| volume E « BRAN STEM PR |
1 PAROTID_LT « OAR - 1 sguare overdosing 100 25 HNaN Nah » + = v CEREB_ELLUM_
2 |PAROTDRT - OAR 1 square overdosing 100 25 NaN  NaN| 300 CHIASMA
3 | PTVB3 » TARGET « 2 square deviation - 1000 63 MNaN Nal - ETT\';BS
4 70 v TARGET - 1 square deviation 1000 70 MaN Hah LARYNX
c c;vm AT & — Amminm onn BN KAkl Klakl kT 2ayve 350 v LENS_LT
: ¥ LENS_RT
LIPS
Visualization A0 B oFTic_NRV LT
s OPTIC MRV RT ~
i @ plotCT r n
Sl i GoTi
ice Typeofplot | inten.. = ©Golo o plot contour 450 Info
Beam Plane axial »  Dpen 3D-View O plot izolines
el oo . . @ plot dose VS0
e L2l i el plot isolines labels github.com/ed404imat
o plotise center 50 100 150 200 250 300 350 400 450 —

* [mim]



3. Analizirajte rezultat (doza i DVH) i sacuvajte
(»Save to GUI*)

!

A& N BEN
Honiow 1 GERMAN
Refresh Load *mat data | | Calc. influence Mx Optimize Save to GUI mat dkfz CANCER RESEARCH CENTER
Load DICOM Recalc E . IN THE HELMHOLTZ ASSOCIATION
Import from Bin... Imp se Viewing min n
max 3186
Status: plan is optimized autial plane z =140 [mm] —
Plan Viewer Options
bixel width in [mm] 10 0 Result (i.e. dose) hd
Gantry Angle in * 30 180 270 ‘E’u'::m — .
Couch Angle in ® 000 lh |
Radiation Mode protons - 100 Window Center: -
Machine Ceneric - Window Width: -
isoCenterin[mm] ~ 2504 205.3 138.5 Auto. 319
# Fractions 30 150 RANgEX 3135
Type of optimization  .,n<t RBEXD + =
200 - M|
o o
Objectives & constraints |l = opecty. all
E ) — |
E 250 u Structure Visibilty |
. . .. . = 2 BRAIN_STEM !
YOI name VOl type | pricrity ohj. / const. penalty | dose | EUD| volume E ’ BRAIN STEM PR “I
1 PAROTD LT « OAR - 1 sguare overdosing « 100 25 NaN Man - N 4 E L CEREE_ELLUM_ |
2 |PAROTDRT + OAR & 1 square overdosing 100 25 NaN  MNaN_ 300 CHIASHA
3 PIV63 + TARGET 2 square deviaton 1000 63 NaN  MNaN " E?V’BE'
4 V70 + TARGET - 1 square deviation 1000 70 MaN Mah LARYNX
c C;Iflh.l MAD a2 nr-.n-u. nnnnnnnn i onn N klakl klakl N 23ve 350 ( LENS_LT
L v LENS_AT
LIPS
Vigualization 400 B8 opTic_NRV_LT
» OPTIC NRV RT ~
i o plotCT r n
S i GoTi
= Typeofpot inten... ¥ e @ plot contour 450 Info
Beam Plane axial « | | Open 3D-View O plot isolines
Pl oo . . o plot dose V04
P Disolav 0otion . pppynose - plot isolines labels qithub.com/e0404/mat
o piotigo center Gl 100 150 200 250 300 350 400 450

About
Show DUH-‘GI¢ i



Volume [%]

100

H
e et

FROURTORT SV S S S W A
H Ha H

: |
-i'l—lll-ElRAIN SIEM--;----F

H i e BRAN. STEMLBRV.
i i 1= GERERELLUM :
3" 1 H
O H
Bl ah b b -
H 1 H H 1
S 3
B e S OPTIC TR 1T
; .:. : : e gp:ﬂg NR‘E‘ -F&T ......
. ‘\;-_}-_-:-4-—--4-—-—4—-—-{-- e nna e : i -i o v M-RIUBE - -:----4---—|-
L — o I . O N O U OO S .Y, RO O
: R N I i i i :—I-SKIN [
15 2 3 SPIMRE CORD
RBE x Dose [Gy(RBE)] SPINL_CRD_PRV
e TEIP LOBE_LT
s TEIIP_LOBE_RT
mean ctd max min D2 1] D50 D95 D98 V_0Gy V_0.6Gy V_1.2Gy V1.5
BRAIN_STEM 0.2645 0.3831 1.5408 0 1.1567 1.0153 0.0030 0 0 1 0.2549 0.0167 *
BRAIN_STEM_PRV 0.2906 0.4099 15754 0 1.2980 1.0852 0.0016 0 0 1 0.2895 0.0251
CEREBELLUM 0.5355 0.3774 2.0785 0 1.3512 1.1861 0.6933 0 0 1 0.5995 0.0489 7.3233_
CHIASMA 0 0 0 0 0 0 0 0 0 1 0 0 1
CTV63 21304 0.1945 3.1851 0.9407 24858 2.4230 21345 1.8175 1.6587 1 1 0.9573 0.
GTV 2.3305 0.1038 27047 1.9940 25353 2.4898 2.3381 21496 2.0935 1 1 1
LARYNX 0.8230 0.4283 1.9851 0.2391 1.8507 1.7473 0.8055 0.3375 0.2819 1 0.7881 0.2585 0.
LEMS_LT 0 0 0 0 0 0 0 0 0 1 0 0
LENS_RT 0 0 0 0 0 0 0 0 0 1 0 0
LIPS 0.0157 0.0412 0.2352  1.1603e-35 0.1705 01231 5.3836e-06 47084825 6.63162-30 1 0 0
ADTIC NRV I T 0 0 0 0 0 0 0 0 0 1 0 0 %
4 [} [
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4. Simulirajte greSku u postavljanju pacijenta: Uklonite kvakicu

: checkboxa za auto-izocentar 1 odredite novi izo-centar.

Preracunajte dozu klikom na dugme (,,Recalc*)
L

d@ - SR
Heriew 1 GERMAN
Refresh Load *mat data | | Cale. influence Mx Save to GUI mat z CANCER RESEARCH CENTER
Laoad DICOM Recale Export . |IN THE HELMHOLTZ ASSOCIATION
Import from Bin... 2 Viewing
Status: ready for dose ulation axial plane z = 140 [mm]
Plan
bixel width in [mm] 10 50
Gantry Angle in * 90 180 270
Couch Angle in * 0oo
Radiation Mode | protons v 100
Machine Generic -
lsoCenterin [mm] 260 220 150 Autn@
# Fractions 30 1 150
Type of oplimization  .,n<t RBEXD ~
200 b
Objectives & constraints E}
-E- )
Pl
< 280 2
VOI name VOl type |pricrity ohj. / const. penalty | dose | EUD| volume E
1 PARCTID LT « OAR - 1 =quare overdosing « 100 25 MaM MaN - + @
2 |PAROTDRT + OAR 1 square overdosing 100 25 MNah Nal| 300
3 PTVEB3 + TARGET « 2 sguare deviation 1000 63 MaN Mah| -
4 VTl » TARGET « 1 sgquare deviation - 1000 70 Mah NaN
c LTIk MAD I i onn N klakl klakl N 23ve 350
Fl F
Visualization A00
. O plot CT
Sl i GoTi
ice Typeofplot  inten.. - oTo o piot contour 4E0
Beam Plane axial »  Dpen 3D-View O plot izolines
e ki m . . Q plot dose
e Displav ecton pgrxpose - plot isolines labels
o plot iso center Ll 100 150 200 2500 300 350 400 450
Show DVHIQI * [mm]

min n
max 3186

Set IsoDose Levels

Viewer Options

Result (i.e. dose) -
1MlindAus Dracat ;
Custom -

Window Center:

Window Width:

3.19
Range: | 3136
jet 1l
Dose opacity; 1
0 1
Structure Visibilty |
N

v BRAN_STEM PR
v CEREBELLUM

CHIASMA
CTVE3
GTV
v LARYHNX
v LENS_LT
¥ LENS_RT
¥ LIPS

B oFTic_NRV LT
¥ OPTIC NRV RT ~

4 F
Info
v3.0.0
github.com/ed404/mat
About



A& - B E N

Workflow a; GERMAN
Refresh Load *.mat data | | Calc. influence Mx Optimize Save to GUI mat dkfz. CANCER RESEARCH CENTER
|N THE HELMHOLTZ ASSOCIATION

Load DICOM Recalc Export
Impaort from Bin... Import Dose Viewing min n
3186
max
Status: plan is optimized axial plane z = 140 [mim] ———
Plan Viewer Options
bixel width in [mm] 10 0 Result (i.e. dose) b
Ganity Anglein® 50 130270 ——
Couch Angle in 000 .-
Radiation Mode  protons - 100 Wiiacrw o -
Machine Generic - Window Width: -
IzoCenter in [mrm] 260 220 150 Auto. 319
# Fractions 30 150 Range o 315
Type of optimization | ...t RBExD ~ '
200 == -
= ity:
Objectives & constraints B T— :
i)
= (7]
E . & Structure Visibilty
. . - - > ki -
YOI name YOI type | priority ohj. / const. penalty | dose |EUD| volume 2 ¥ BRAMN STEM PR
Fa L il
1 PAROTID_LT « OAR v 1 square overdosing - 100 25 NaN Hah - 8 4 = v" CEREBELLUM
2 |PAROTDRT + OAR 1 square overdosing 100 25 NaN  MNaN 300 CHIASMA
3 PTVE3 » TARGET » 2 zquare deviation - 1000 83 NaN Nall - {C}':_VUBE‘-
4 V70 » TARGET » 1 =square deviation  « 1000 70 NaN Nall v LARYNX
C I:I.III.I nAan o -u--...- -------- ol i e onn AN klakl klakl 2ave 350 ( LENS_LT
L v LENS_AT
¥ LIPS
Visualization A00 . OPTIC_NRV_LT
~| OFTIC NRV RT ~
i 0 plot CT - -
S i GoT
= Typeofiplot inten... ~ o 2 plot contour 4500 info
Beam Plane axial ~  Open 3D-View Q plot isolines
Pl otie o . . O plot dose L
Offest Disolav ootion. physicalDose plot izolines labels github.com/e0404/mat
@ plotiso center g0 100 150 200 250 300 350 400 450 —
Show DVHIGI % [mim]
= . y
“ Lll Ee-]
‘ -




5. PodeSavanjem opcije “Slice” pronadite izocentar te analizirajte i
uporedite rezultirajucu raspodjelu doze (doza i DVH)

A& - " E
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize
Load DICOM Recalc
Import from Bin...
Status: plan is optimized
Plan
el width in [mm] 10
Gantry Angle in * 90 150 270
Couch Angle in ® 000
Radiation Mode  protons -
Maching Generic -
IsoCenter in [mm] 260 220 150 Auto.
# Fractions 30
Type of optimization  .,n<t RBEXD +
Objectives & constraints
YOI name VOl type | pricrity ohj. / const. penalty | dose
1 PAROTD LT « OAR - 1 sguare overdosing « 100 25
2 |PAROTD RT «~ OAR - 1 sguare overdosing « 100 25
3 PTVB3 » TARGET « 2 zqguare deviation - 1000 63
4 V70 v TARGET « 1 square deviation - 1000 7
c LTIk MAD I i onn an
Fl
Visualization
Slice inten... =  Golo
Beam Plane 1 axial » || Open 3D-View
o Dizolav ootion physicalDose - 2

@
Show DVHIGI @

o

Save to GUI
Export

Import Doze

EUD | volume
Mah
MaN
Mah
MaN

Klakl

Nah » ¥+
Nah|
Bl °
Nal

klmkl
;

SAVE

plot CT

plot contour

plot izolines

plot dose

plot izolines labels
plot izo center

¥ [mm]

mat

Viewing

50

100

180

200

240

300

350

400

450

50 100

‘!

150

kY

200

250

% [rmm]

dkfz.

axial plane z =150 [mm]

J00 350

400

GERMAN

CANCER RESEARCH CENTER
IN THE HELMHOLTZ ASSOCIATION

450

phy=icalboze [Gy]

~

min

n
max 3186

Set lsoDose Levels

Viewer Options
Result (i.e. dose) hd
1Afindnws Dracat

Custom -

Window Center:

Window Width:
3.19

RANgEX 3135

et o |
Dose opacity: \
0 1|
Structure Visibilty

-

¥ BRAIN_STEM_PR
v CEREBELLUM |

CHIASHA
CTV63
GTV

v LARYNX
v LENS LT

v LENS_RT

¥ LPS

B opric_hRv LT

¥ OPTIC NRV AT~

4 F
Info
v3.0.0
github.com/ed404/mat
About



Volume [%]

100

[ Y N & I &
o o O O

o

R - |------+---—-4-—-—-—}—-—-—1—-—-— |----- +---- -‘.'-—-—-—i-—-—-—i—-—-— I 4---- -J.' —-—-—i-—-—-—-ﬂ—-—-— |----- M-EIFWN S-TE-M—-—-L—

; S BRARLSTEM.ERV..
A i i CEREEIELLUM i
S N
: ! : : :
E. . ;.............?............!.......... — LENé L-T----ﬂ---------q:..._
! ........ fereaenas . ......... dL.ENg RT... ........ .
.......+.........:..................+........:..........5.........g.........:........._................ "“‘Olﬂfﬂﬂ' NR'T‘IL‘T"‘"'—
.............. :... GF’-'HE MR oo
-----;------3------1:—-----!----—--;-—----é------i---—-—-a—-—-— o ne e m-ﬂm----+-—-—+—
NN SOPPOOO SOV I SO ANUUS SUNUOE SRR U SECSt 1Yy OO NN WO
: i i SN
4 SPINGL_CORD
RBE x Dose [Gy(RBE)] SPINL_CRD_PRV
m— TEMP_LOBE LT
s TENP_OBE_RT
mean std max min D2 1) D 50 D95 D98 V_0Gy V_0.9Gy V_18Gy V2T
BRAIM_STEM 0.5784 0.5082 1.8823 0 1.5814 1.4459 0.5847 0 0 1 0.3254 0.0048 -
BRAIN_STEM_PRV 06153 0.5758 23528 0 1.8157 1.6326 0.5736 0 0 1 0.3519 0.0240
CEREBELLUM 0.9112 0.4581 25823 0 1.9049 1.7408 0.8520 0.1636 0.0032 1 0.4588 0.0373 L
CHIASMA 0.2487 0.2353 0.30%1 0.0071 0.7505 0.6535 0.2872 0.01869 0.0118 1 0 0 1
CTve3 1.9376 0.6348 40525 0.0083 3.1482 28966 1.9997 0.7051 0.3459 1 0.9282 05441 0.
GTV 22150 0.4%18 3.9825 0.4100 3.1003 25552 22830 1.3330 1.0648 1 09336 0.7981 0.
LARYNX 0.5702 0.3493 1.7209 0.0422 1.5158 1.2552 04717 01252 0.1006 1 0.1789 0
LENS_LT 0 0 0 0 0 0 0 0 0 1 0 0
LEMS RT 0 0 0 0 0 0 0 0 0 1 0 0
LIPS 0.0064 0.0:281 0.2288 0 0.0963 0.0371 3.7893e-18 0 0 1 0 0
MPTIC MRV 1T 00775 n2143 N 9674 n N 9571 N5ANS 7 5343e-04 n N 1 N N3R5 n i

I 3




C=AT )

' Rezultati
? . SrednJe doze po regionima (Gy) dobivene

| pomocu tr1 snopa protona, sa I bez pomijeranja:

Bez pomijeranja Sa pomijeranjem y

Mali mozak 0.6355 0.9112

—_
r GTV 2.3305 2.2150

[

|
. T T T
o

Koza 0.4682 0.4555

Kicmena mozdina 0.6268 0.7466

PTV70 2.3102 2.1671
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