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Gantries

Salle de traitement

Développement
d’un gantry Supra-
conducteur rotatif
pour les ions
carbone :

Courtesy L. Piacentini (CERN,
RTU),
E. Felcini, M. Pullia (CNAO)

4 aimants, rotation a 45°, 360°

* CERN-INFN-CNAO-
MedAustron: aimants,
dose delivery, range
verification, systeme de
scanning

* HITRIplus projet EU
(CNAO, RTU, SEEIIST,
CERN: design de 14.05m
I'optique et de la N 2
mechanique

5.75m

CWT-1SO
3.1m

Version VHEE du Gatoroid
gantry, basée sur des
aimants non-supra.
Capabilité de la thérapie
FLASH avec des traitements
multidirectionnels.

Design su CERN.

Développement d’un
gantry toroidal
(Gatoroid) au CERN.

» Etude des différentes versions
pour proton and ion carbone.

» concentré sur une version non-
supra pour €lectrons a tester avec
des protons a faible énergie

(image courtesy T. Lehtinen, L. Bottura)




1¢" Exercise

« Premiers pas sur le fantome TG119

 Traitement par radiotherapie:

« photons vs. protons vs. ions de carbone

« Analyser et comparer les résultats



L’interface Grapli_ique matRad

4] matRadGUI _ %

lad

no data loaded A

(o]
(o)
(o)
(o)
[ )
(o]
[

N7 ) 09:03 E

- 26/02/2021




2

£

1. Charger le fantome TG119 via le bouton Load *.mat data
(TG119.mat)

8 |8 =
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Open 3D-View

Organize +

MNew folder
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Load *mat data | | Cale. influence Mx Dptimize Save to GUI
Load DICOM | Export |

Rad

0 @
0 @
0 @
photons hd

Generic T
251.3 236.4 1626 | @

|| VOlname _ VOltype priorty __obj./const. | penclty| dose |

| 2 |OuterTarget . TARGET o 1 square deviaton 1000 50

N e — inten.. ~| [ lateral |
e —— axial v || Open3D-View |
S—

Show DVHIQ
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Concept a retenir

VOl name .

1.
2. |OuterTarget
3.

. e VOI: volume d'intérét
penalty | dose . < .
a0 25 e OAR: organ at risk = organe a risque
.1 square deviation 1000 50 ° TARGET — cible

priority obj. / const.

e Gross Tumour Volume (GTV) =
Volume tumoral visible sur les images

e Clinical Target Volume (CTV) =
Le volume du tissu, y compris la GTV et les
réegions ou le tissu tumoral invisible est attendu

e Planning Target Volume (PTV) =
Comprend la GTV et la CTV ainsi gu’'une marge de
sécurité pour tenir compte des incertitudes.




Concept a retenir

VOI name

. | VOltype | priority obj. / const.

%
2 |OuterTarget « TARGET v . 1 squaredeviation
3! 0AR v 3squareoverdosing v ‘

(. (
\ .
'\ 8
| | 1]
e N
BN -
‘. : “
) |
. . / I
Bixel j . ( "::‘. ——_—3:' e -

Dose absorbée : énergie ionisante absorbée par unité de masse.
Elle est mesurée en Gray (1 J/kg = 1 Gy)

Modulation d’intensité pour les photons avec pencil beams
“Pencil beams” forment un « pixel » dans la section transversale du
faisceau (ou “fluence”)

= “bixel” (Beam + Pixel)
Nous pondérons tous les pencil beams (plus/moins de photons)
différemment

RBE : Efficacité biologique relative. Facteur qui compare l'efficacité
biologique (les dommages biologiques causés par) un type de
rayonnement ionisant (p. ex., le rayonnement des particules) a
I'efficacité biologique d’un rayonnement de référence (p. ex., le
rayonnemé‘nt de photons)
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3. Régler la modalité de rayonnement sur Photons et définir un
angle de faisceau (angle du gantry)

Calc. influence Mx[ll __Optimize Wl Save to GUI
____ Export |

w0
0
0
[

30
o L

1 zquare deviation -

|T!|La5er
Gantry - ) Collimator
X-ray Target 3 o

Digital Position

" Indicators
Laser | Laser
[ e i m—— ]
— Isocenter
Patient
Treatment
Couch

Photons : sans masse, sans charge électrique et voyage
toujours a la vitesse de la lumiére
* pas d’accélération, mais d’énergie dépendante
de la fréquence
* Comment générer? Nous pouvons accélérer les
électrons!
* les électrons acceélérés touchent une cible
* les électrons perdent de I'énergie en raison de
« bremsstrahlung »
* photons de haute énergie

gantry : déplace la source de rayonnement
autour du patient
lit : fait pivoter le patient
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4. Déclencher le calcul de la dose via le bouton (« Calc. Influence Mx »)
et lancer ’optimisation inverse en cliquant sur ( « Optimize »)

AN NS E RN

Load *.matdata | | Calc.influence Mx|  Optimize | Save to GUI
Load DICOM T T Do

Import from Bin...

Generic -
251.3 236.4 162.6




5. Analyser la distribution de dose resultante

Load *mat data | | Calc. influence Mx/|  Optimize || SavetoGUI | R a d
Load DICOM . Export |
Import from Bin... B

@ Result ii.e. dose) ~]
® Custom A
® :
photons S N e ——
. 1.7

Generic -
I I —

2613 236.4 162.6 | @

| VOlname | VOltype priority  obj./const. | penalty| dose |EUD| volume ro

| 2 |OuterTarget o TARGET 1 square deviaion 1000 50 NaN  NaN no -

N — inten... |
- v.
| Show DVH/QI

= physicalDose
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6. Enregistrer le résultat de I’optimisation via (« Save to GUI »)
Ensuite, afficher le DVH par (« Show DVH/QI »)
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Volume [%]

Concept a retenir

o Show DVH/QI: Histogram dose-volume
— : : 100
100 5_—: T T — - 90 - .
80 . Ny -—;on = 80 A \“'- X% du volume
\ 9; 70 - atteint au
60 \ £ 60 - moins d% de
\ i
40 = la dose
20 \ Shl prescrite
< 30 1
1 - o i
00 05 1 1.5 2 25 20
Dose [Gy] 10 - i
0 T
mean std max min D2 D5 D 50 D 95 D93 V_0Gy V_04Gy V_0.9Gy V_14Gy V. 0 50 1 00
= N N T T S rel. dose (%)
BODY 01443 0.4188 23420 ] 17203 1.2694 0 0 0 1 01019 0.02845 0.0393
o A
Ideal Objective
o -
E ___ Real Objective g
= = .,
- 3
E-' -:; *, Real Organ in need
|
E ® . , p
® g DANS LE CAS TDEAL, SEULE LA TUMEUR EST TRRADIEE SANS
Ideal Organ in need \\"---..,_ AFF[(T[K [ES AUTR[S TISSUS (SAINS)

Dose [Gy]

v

Dose [Gy]



7. Remplacer la modalité de rayonnement par : Protons

laisser les angles du faisceau inchangeés.
& " 0 8y 5E| N

Load *mat data | |Calc. influence Mx| | Optimize | Save to GUI B a d
Load DICOM | Export |

Import from Bin... ~
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8. Déclencher le calcul de la dose via le bouton (« Calc. Influence Mx »)
et lancer I’optimisation inverse en cliquant sur (« Optimize »)
G| PSSR

Load *.mat data | Calc. inflyence Mx| | Optimize ||  SavetoGUI |% ad
Load DICOM . of%ic || Export |
Import from Bin. r
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9. Enregistrer le résultat de I’optimisation via (« Save to GUI »)
Ensuite, afficher le DVH par (« Show DVH/QI »)

Load *matdata | Calc.influence Mx| | Optimize || SavetoGUI | R ad
Load DICOM At
Import from Bin... -EL e | B
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Volume [%]
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Show DVH/QI
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nas .i. i....
0 1.5
RBE x Dose [Gy(RBE)]
mean std max min D2 D5 D_50 D95 D 98 V_ DGy V_ 040Gy V_0.8Gy V_13Gy V)
Core 01815 0.2356 09866 2.0356e-09 0.8509 0.7549 0.0744 2.4933e-05 &.0723e07 1 0.1682 0.0470 0
OuterTarget 1.6449 0.1770 21789 0.7475 1.9403 1.8726 1.6533 14205 09187 1 1 09945 09722
BODY 0.0640 0.2912 2211 0 1.4572 0.23584 0 0 0 1 0.0482 0.0405 0.0282




Comparaison des résultats

» doses moyennes pour différent regions (Gy):

Region/Radiation Photons Protons
Base 1.0665 0.1815
Cible 1.5852 1.6449
Corps 0.1443 0.0640

Le treatment par Photons délivre la dose la plus élevée a la

surface

Les Protons deélivrent la dose la plus élevée a la cible (tumeur) et

protegent les organes sensibles




C’est tout pour ce matin !



9. Try to define a better photon treatﬁent plan by defining more beam

angles (e.g. [0, 72, 144, 216, 288]). Trigger dose calculation (,,Calc.

Influence Mx*) and start inverse optimization (,,Optimize*).
PR R R
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10. Save the optimization result via (,,Save to GUI*). Show

the DVH by (,,Show DVH/QI”’). Analyze resulting dose
distribution.

& " |0 % ¥ 9@ i
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—
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Results

« Mean doses for different regions (Gy):

Radiation(angles) Photons(0) Protons(0) Photons
(0,72,144,216,288)

Outer Target 1.5852 1.6449 1.6563

» Treatment plan using multiple photon beams
gives better results than single photon beam.

« Best results are obtained using protons.

*
-
N

N\

-



11. Change optimization objective to improve the photon treatment

plan. Use Table (,,Objectives &constraints*) and add for e.g.
maximal dose for the core or minimal dose for the outer target.

NSRS SE 2B -

Load *.mat data |  Calc. influence Mx| | Optimize | Saveto GUI__| R ad
Load DICOM | Export |
port i B

®
o
®
ns hil
s
K (]

| VOIneme _ \VOltype priority _obj /const. | penzlgg dose | EUD volume ro

| 2 |OuterTarget v TARGET + 1min dose constraint D Nall Mal no

o
I e ateral B =
ial - L 0]
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|Show DVHIG L] I




12. Trigger dose calculation (,,Calc. Influence Mx*) and start inverse

optimization (,,Optimize*). Save the optimization result via (,,Save to
GUI*). Next, show the DVH by (,,Show DVH/QI”).

6 | PSSy W

Load “mat data |  Calc. inflyence Mx| | Optimize || SavetoGUI | Rad
Load DICOM | Reghe | Exlfft |
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Dose [Gy]

Care

OuterTarget

BODY

mean
0.6974
1.9652
0.2343

std
0.1876
01732
044281

max
0.9386
2.7054
27054

min
0.1704
1.5511
0

D2
09743
2.3409

1.7993

D5 D50 Do5 D98 V_0Gy V_0.5Gy V_1Gy V_1.6Gy V)
0.9563 0.7188 0.2781 0.1931 1 0.8848 0 0
22387 1.9766 1.6761 1.6190 1 1 1 0.9857
1.2858 0.0110 0 0 1 0.1730 0.0784 0.0288
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Results

« Mean doses for different regions (Gy) using 5
beams with and without constraints:

With constraints | Without constraints

Outer Target 1.6563 1.9652




2nd Exercise

« Carbon ion treatment plan for a liver patient

 Defining treatment plan using photons and
protons

« Analysing and comparing diferent treatment
plans
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1. Load the liver patient case via the Load *.mat button
(LIVER.mat)

Rad

072 144 216 2565

00000 Organize - MNew folder = « [ @

protons v tratification Levels Y Favorites I F\{arrje Date modified Type

761.3 236.4 162.6 B Desktop | standalone 6/19/20198:34 AM  File folder

30
const_RBExD -

__VOlname | VOltype |priorityl __obj./ const. __ penalty _dose EUD| volume

& Downloads
Uz
"=l Recent Places

%2 Dropbox

. Libraries
@ Documents

J’ Music

[ Pictures

*d Homegroup

-

4

) tools

J unitTest

| vmc++

|| BOXPHANTOM

|| carbon_Generic

|| HEAD_AMD_NECK

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

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

|| LIVER

6,19/2019 8:33 AM

MAT File

| photons_Generic

|| PROSTATE

| protons_Generic
|2 TG119

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

MAT File
MAT File
MAT File
MAT File

Filename: LIVER = | MAT-fles (*mat)

I Open |vl l Cancel ]
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2. Define your own photon treatment plan with approx. 4-5
beam directions.

Load *matdata | | Calc.influence Mx| | Optimize || SavetoGUI | R a d
Load DICOM | Export |
Import from Bin... —

0180 225 270 315

ooa0o

; 0 | ]
265.5 296.7 3164 @ " .
E
.
' jet -
) KX I
v GTV

|| \VOInsme | VOltype priorty obj./ const. | penaty| dose |EUD volume ro
-+
1 square deviation - 1000 45 NaN NaN no .

N — inten... |
m= wxal - || Cpcn3D.Viw
E—
N —— B ':
al

Show DVHIQI

| Jol lolelolo)
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3. Trigger dose calculation (,,Calc. Influence Mx*) and start
inverse optimization (,,Optimize*).

G | PSRN

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

0180 225 270 315
ooo0o0

JEN

I ——

» TARGET « 1 square deviation  » 1000 45 Mah NaN no '

. @)
I — s o =
e - o
S T— pen xS
physIDnse - "]
N — - 0
|Show DVH/G [ ] I
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4. Save the optimization result via (,,Save to GUI**). Next, show
the DVH by (,,Show DVH/QI”). Analyze dose distribution.

Q& W Y E S

Load *mat data | |Calc. influence Mx| | Optimize |
Load DICOM Recalc

Import from Bin...

Save to GUI

a!l
ii

Rad

@
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00000 ®
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g 40 T f ";""':"":"HEEETT?""'"'"

- - . -!-.'SP.H‘IH:EUF? -
20 -~+u--1:-~-1-—-r-DE|S«eﬁa|-|-eﬂ--u}u-|-
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 PV 1.8
Dose [Gy] m— cord+Amm
clipl

— cntrance
| jyer-CTY

mean ctd max min D2 D5 D50 D95 D98 V Gy V_0.3Gy V_0.6Gy V0.9
GTV 1.5000 0.00%0 1.5281 1.4727 1.5183 15148 1.5002 1.4831 1.4795 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 £
Stomach 0.0342 0.0366 0.2310 0 0.1940 0.1736 0.0082 0 0 1 0 0
SmallBowel 0 0 0 0 0 0 0 0 0 1 0 0
LargeBowel 26018e-04 0.0012 n.0147 0 0.0047 0.001% i} 0 i} 1 i} 0
Celiac i 0 i 0 i} 0 i} 0 i} 1 i} 0
SMA_SMY 0 0 0 0 i} 0 i} 0 i} 1 i} 0
Liver 0.3033 0.4713 1.5526 0 1.5042 1.4539 0.0387 0 0 1 0.2838 0.2150 0.
Heart 0.22%5 0.2428 1.5232 0.0068 1.1085 05913 01728 n.0182 0.0141 1 0.2202 0.0850 0.
Shinalnrd 0 0391 n NAAA 0 AT 0 0 1960 0 1858 0 n 0 1 n n il
4 mn 3




5. Define your own proton treatment plan with one beam from

e.g. 315°. Then trigger dose calculation (,,Calc. Influence Mx“) and
start inverse optimization (,,Optimize*).

B IEEL

Load *.mat data | | Cale. influence Mx Optimize | SavetoGUI | R a d
Load DICOM | Ref% ||  Export |
Import from Bin... ~

S

Ba
=
Sl

v TARGET - 1 square deviation - 1000 45 Nah Mah no (:3'

Q)

N ——— inten... ~ [ iateral | a
N m Open 3D-View | _ g
— .
| Show DVHIQI [ ]




6. Save the optimization result via (»,Save to GUI*). Next,

show the DVH by (,,Show DVH/QI”). Analyze the resulting
dose distribution.

RGNS R

Load *matdata | Calc. influence Mx||  Optimize || SavetoGUI | R ad
Load DICOM . Expgfk |
Import from Bin... -m. | B
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RBE x Dose [Gy(RBE)]
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clipl

m— cntrance

— | e TV

mean
GTvV 1.5053
Kidney R
Kidney L

Stomach

SmallBowel

LargeBowel

Celiac
SMA_SMY

Liver 0.1694

Heart 0.0172
Sninal™nrd n

(=T~ = I~ I~ I~ N =

std
0.1981

(=T — T — T — T~ 1

0
0.45805
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0

max
20110
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25011
1.8597

D_50
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D95
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D98
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min D2 D5
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(=T~ = I~ I~ I~ N =
(=T~ - - - -]

1.6940 1.4688
0.2483 0.0195

n n
i

= A - - - - - -]
== I — T — R — T — T = Y =
= A - - - - - -]
=R - - == =]

V_0Gy
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7. Create a carbon ion treatment with the exact same settings as
used for the proton treatment plan — What difference can now
be observed?

oo S
- || 36l Tissue |
| s
\&
= N ?‘L-J

| VOlname  VOltype prioity __obj./ const. | penalty| dose EUD volume ro
-+
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8. Save the optimization result via (,,Save to GUI*). Next, show

the DVH by (,,Show DVH/QI”). Analyze the resulting dose
distribution.

P RS E

Load *.mat data | Calc. influence Mx| __ Optimize | SavetoGUI | R ad
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mean std max min D2 (1] D 50 D95 D98 V_0Gy V_04Gy V_08Gy V1.2
GTV 1.5212 0.0830 1.8520 1.2809 1.7385 1.7032 1.5080 1.3843 1.3641 1 1 1 -
Kidney R 0 0 0 0 0 0 0 0 0 1 0 0
Kidney L 0 i 0 i 0 i} 0 i} 0 1 0 i} =
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 i 0 i 0 i} 0 i} 0 1 0 i}
SMA_SMY 0 0 0 0 0 0 0 0 0 1 0 0
Liver 0.1570 04173 1.8880 0 1.5333 1.4456 0 0 0 1 0.1243 0.1004 0.
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Results

- Mean doses for different regions (Gy)
using 5 photon beams, sigle proton beam
and carbon ion beam:

Radiation( | Photons(0,180,22 Protons(315) Carbon(315)
angles) 5,270,315)

Kldneys

Liver 0.3033 0.1694 0.1570

Spinal Cord 0.0391 0.0077

1.4991 1.4595 1.4868




3rd Exercise

Treatment planning uncertainties

Proton radiotherapy plan for patients head

Simulating a patient positioning error

Analysing and comparing resulting dose
distributions




£

1. Load a head patient case (HEAD AND NECK
orALDERSON.mat)

Organize + Mew folder

Mame Date modified

%0 Favorites
B Desktop | standalone 6/19/2019 8:34 AM  File folder
4 Downloads J tools 6/19/2019 8:34 AM  File folder
‘E—-ﬂ Recent Places J unitTest 6/19/2019 8:34 AM  File folder
%% Dropbox = | VmcH+ 6/19/2019 8:34 AM  File folder

|| BOXPHANTOM 6/19/2019 833 AM  MAT File
- Libraries | carbon_Generic 6/19/2019 834 AM  MAT File
@ Docurnents | HEAD_AND_NECK ! 6,/19/2019 833 AM  MAT File
Ji Music | LIVER 6/19/2019 833 AM  MAT File
[/ Pictures | photons_Generic 6/19/2019 834 AM  MAT File
B videos | PROSTATE 6/19/2019 833 AM  MAT File

| protons_Generic 6/19/2019 8:34 AM  MAT File

#% Homegroup | TG119 6/19/2019 834 AM  MAT File

Ll | |

File name: HEAD_AND_NECK ~ | MAT-files (“mat)

I Open |vl ’ Cancel ]




2. Add three proton beam angles on your own. Calculate and
optimize the dose (,,Calc. Influence Mx“ & ,,Optimize*).

G| P SR S

R || Export |
B
.
.
L]

1 square overdosing « 100 25 NaN

N — inten... v
Y — axial v | Open 3D-View| =

| 1ol lelelole)

Show DVHIQ!
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3. Analyze the result (dose& DVH) and save it

Q¥ EE N

(,,Save to GUI*).

Load *mat data | | Calc. influence Mx| | Optimize || SavetoGUI |
Load DICOM Bt |
Import from Bin... m_ M

o
90 150 270 e
.

protons ~ i'l_ir' I'E'f'r‘ i) L=y=l
Generic i

250.4 705.3 138.5 [ ]

const_RBExD ~ .

- 1 sguare overdosing 100 25 NaN

1 sguare deviation
A 9 e cvenedenine | oan a0 manl wam

| lel lelololol

Set lsoDose Levels
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8P G::NR-V:RT ......

SPIMBS CORD

1.5 2 2.5
RBE x Dose [Gy(RBE)] SPINL_CRD_PRV
e TEIP LOBE_LT
m TEIP_LOBE_RT
mean std max min D2 (1] D 50 D a5 D93 V_ 0Gy V_0.6Gy V1.2Gy V1.4
BRAIN_STEM 0.2645 0.383 1.5408 0 1.1587 1.0153 0.0030 0 0 1 0.2549 0.0187 -
BRAIM_STEM_PRY 0.2906 0.4099 1.5754 0 1.2980 1.0852 0.0016 0 0 1 0.2896 0.0251
CEREBELLUM 0.5355 0.3774 20785 0 1.3512 1.1861 0.6933 0 0 1 0.5998 0.0489 7.3233(_
CHIASMA 0 0 0 0 0 0 0 0 0 1 0 0 1
CTVE3 21304 0.1945 3.1861 0.9407 24868 2.4230 21346 1.8175 1.6587 1 1 0.9973 0.
GTV 23305 0.1038 27047 1.9940 25353 24398 23381 21495 2.0835 1 1 1
LARYNX 0.8230 0.4283 1.9881 02394 1.8607 17473 0.8058 0.3375 0.2819 1 0.7831 0.2585 0.
LENS_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 1.16038-35 0.1705 01231 58836806 47064825 6.6316e-30 1 0 0
OPTIE KMRY 1T I I} I I} I I} I I} N 1 N n b
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4. Simulate a patient positioning error:

Remove the hook at the auto iso-center checkbox and define a

new iso-center. Recalculate the dose by clicking on the ,,Recalc*.
G PR Y E

Load *matdata |  Calc.influence Mx| | Optimize | R a d
Load DICOM o
Import from Bin... Impaort Dose »

®
90 180 270 °
]

tesult (i.e. £
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Generic =
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5. Moving “Slice” option find iso-center and analyze and compare the
resulting dose distribution.

Q¥ EE N

Load *mat data | |Calc.influence Mx| | Optimize || SavetoGUI |
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CEREBELLUM nanz2 0.4581 2.5823 0 1.9045 1.7408 0.8620 0.1636 0.0032 1 0.4583 0.0373 L
CHIASMA 0.2487 0.2353 0.80%1 0.0071 0.7505 06536 0.2672 0.0168 0.0118 1 0 0 1
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Results

. Mean doses for diferent regions (Gy) using
three proton beams, with and without patients
movement:

Without movement With movement

Cerebellum 0.6355 0.9112

PTV7/0 2.3102 2.1671



Thank you :)
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