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15t Exercise

o FIrst steps on the TG119 phantom

« Radiotherapy treatment - photons vs. protons
vs. carbon ions

« Analysing and comparing results




2

1. Load the TG119 phantom via the Load *.mat button
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2. Set radiation modality to Photons and define one beam

angle (gantry angle).
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3. Trigger dose calculation viabutton (,,Calc. Influence Mx*)
and start inverse optimization by clicking on (,,Optimize*).
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4. Analyze the resulting dose
distribution.
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5. Save the optimization result via (,,Save to GUI*). Next,
show the DVH by (,,Show DVH/QI”).
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6. Change the radiation modality to: Protons and leave the
beam angles unchanged.
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7. Trigger dose calculation viabutton (,,Calc. InfluenceMx*)
and start inverse optimization by clicking on (,,Optimize*).
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8. Save the optimization result via (,,Save to GUI*). Next, show the
DVH by (,,Show DVH/QI”). Analyze the dose distribution.
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Results
« Mean doses for different regions (Gy):

Outer Target 1.5852 1.6449

« Photons deliver highest dose at the surface

« Protons deliver highest dose at the target
(tumor) and protect sensitive organs



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*).
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10. Save the optimization result via (,,Save to GUI**). Show

the DVH by (,,Show DVH/QI”’). Analyze resulting dose
distribution.
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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.
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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.
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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”).
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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 1on 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)
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2. Define your own photon treatment plan with approx. 4-5
beam directions.
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3. Trigger dose calculation (,,Calc. Influence Mx*) and start
inverse optimization (,,Optimize*).
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4. Save the optimization result via (,,Save to GUI**). Next, show
the DVH by (,,Show DVH/QI”). Analyze dose distribution.
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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*).
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6. Save the optimization result via (»,Save to GUI*). Next,

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




Volume [%o]

100

e

. H H
| EPTEFI PR e
1 H .

T

H 1 .
[LEE ELCEE i

H H

H H

o d
H

o
i

[ F P

H H
- e f e e mn
H

—

H
o e
H

e
]

T
e SRAIN - STEM.- - e H

sl QBTG RG LT

BRAN.STEM.BRV.]
CEREBELEUME i
. s

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

1




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. £
-

protons Ml 3|_i,- .'E'f-,- tion Levelz JEN I

Generic =
260 220 160 || | N

const RBExD ~ | L=C =

v BRAIN_STEM

XN I — g
®

N T
) I—
[ ]
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QIS W BEN

Load *matdata | | Calc.influence Mx|  Optimize | SavetoGUI |
Load DICOM Recalc | Export |
Import from Bin...

d

90 180 270

,Iwr LEVEIZ

1 sguare overdosing 100 25 Nah

1 square deviation  «
‘Aan | alemmeseedamine | oAn a0 wem uam
i | ¢

I — | iateral |

- Eln ==
I

o physicalDose ¥

| lel lololelo]

Show DVH/QI

KN

I —

0 3186

v BRAIN_STEM
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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 |
Load DICOM  Export
Import from Bin...

o
90 150 270 e
.

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

260 220150 || [ ]

const_RBExD ~ .

1 sguare overdosing 100

1 sguare deviation

25 NaN

N I — m | iateral |
— open e
I — physicalDose v

Show DVHIQI

| ol lolololo)

v BRAIN_STEM

< < |




Volume [%]

100

| : : : : | : : : : | : : : : |

-u-uiu-u-u-p-u-u +==-==- 4 =--"-uim-u--l----"-lnu-"--i--"m 4 ...........i.............g........... |.........;.......4.........}........4_...... o eerners HBRNN S:FEMu-u et
: i i i d ' : H : SRR N jmm ERAJ;“;L STE.M F‘R.!'J

ot CERERELIM

— GTV: :
: : .....;......N.. LT ....;E.._
R ..,. ........ . ......... dL.E.Ng R.I..._. ........ .
“:_'OF"I"I.C' NT"N"L T
? ! ! ¢ : ? ! i E')F"TIE NR“& i Tendeee
s R ------§------i—------§-—-—--::-—-—-—i-—-—-—-a--—-- .------mmu&a----a----- i-—
SO OO SO RO USSR U MO St -7y SO SN A0
i i iy SKIN
4 SPINRL_CORD
SPINL_CRD_PRV
m— TEMP_LOBE_LT
= TEMP | OBE RT
mean std max min D2 D5 D 50 D95 D98 V_0Gy V_08Gy V_18Gy Va2
BRAIN_STEM 0.5734 0.5092 1.8823 0 1.5814 1.4439 0.5247 0 0 1 0.3254 0.0048 >
ERAIN_STEM_PRV 0.6153 0.5759 23528 0 1.8157 16326 0.5786 0 0 1 0.3519 0.0240
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
CTV63 1.9376 05348 40525 0.00593 3.1482 28066 1.9997 07031 0.3459 1 0.9282 0.5441 0.
GTvY 22150 0.4518 3.5325 0.4100 3.1003 28592 2.2580 1.3330 1.0648 1 0.5386 0.7%%1 0.
LARYNX 0.5702 0.34593 1.7209 0.0422 15158 1.2552 04717 0.1282 0.1006 1 01789 0
LEMS LT i} 0 i} 0 i} 0 0 0 0 1 0 0
LEMS_RT 0 0 0 0 0 0 0 0 0 1 0 0
LIPS 0.0064 0.0261 0.2263 0 0.0963 00371 B8.7893e-18 0 0 1 0 0
NPT MRV 1T N 077s 2143 N 9a74 I N 9571 N 5AN5 7 5343e-N4 f n 1 0 N3R5 n i

I 3




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 :)



