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Hands-On Treatment Planning with matRad




1% Exercise

* First steps on the TG119 phantom

* Radiotherapy treatment - photons vs. protons

vS. carbon ions

* Analysing and comparing results




1. Load the TG119 phantom via the Load *.mat button
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6/19/2019 8:33 AM  MAT File
6/19/2019 8:34 AM  MAT File
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6/19/2019 8:33 AM  MAT File
6/19/2019 8:34 AM  MAT File
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2. Set radiation modality to Photons and define one beam
angle (gantry angle).

@

Workflow
Refresh Load *.mat data
Load DICOM

Import from Bin...
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|soCenterinfmm] " 251.3 236.4 162.6 Auto. Run Direct Aperture Optimizat...
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Type of optimization
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YOI name VOItype | priority obj. / const. penalty | dose | EUD | volume | ro
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2 |OuterTarget + TARGET « 1 =quare deviation - 1000 50 MNaM NaN no
3 | BODY +~ ODAR - 3 zquare overdosing w 100 30 MNaM MaN no -
save
Fl F
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3. Trigger dose calculation viabutton (,,Calc. Influence Mx*)
and start inverse optimization by clicking on (,,Optimize*).

& " 0 S ¥ BE N

Load *matdata |  Calc.influence Mx|  Optimize | Save to GUI B a d
Load DICOM . ncf%c || Export |
Import from Bin... o

| 2 |OuterTarget .+ TARGET + 1 squaredeviaion w1000 50 NaN  NaN no .

no option avail... - |

1ol lolelolo]

Show DVHIQ




AE S 4.
Workflow
Refresh Load *.mat data

Load DICOM

Import from Bin...

Plan
bixel width in [mm] 10
Gantry Angle in * 0
Couch Angle in ® 0

Radiation Mode  photons

Machine Generic

isoCenterinmm] > 251.5 236.4 162.6 Auto.

4. Analyze the resulting dose

distribution.

Cale. influence Mx Optimize Save to GUI
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Import Dose
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b
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Type of optimization
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YOI name VOl type |priority chj. / const. penalty | dose | EUD | volume | ro
1 Core ~ OAR - 2 zguare overdosing - 300 25 NaN HaM no 4
2 |OuterTarget < TARGET « 1 square deviation - 1000 50 MaN NaN no
3 BODY + OAR - 3 square overdosing 100 30 MaN MaN no "
save
Fl 2
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. @ plotCT
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5. Save the optimization result via (,,Save to GUI*). Next,
show the DVH by (,,Show DVH/QI”).

HE S E|n
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM Recalc E rt
Import from Bin... Im ose
Status: plan is optimized
Plan
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lsoCenterin fmm] " 251.3 236.4 162.6 Auto. Run Direct Aperture Optimizat...
# Fractions 30
Type of optimization
Objectives & constraints
VOI name VOl type |priority ohj. / const. penalty | dose |EUD| velumne | ro
1 [Core +~ ODAR - 2 sguare overdosing - 300 25 MNaN Mah no | 4
2 |OQuterTarget « TARGET « 1 =quare deviation - 1000 50 MaN NaN no
3 BODY ~ OAR - 3 square overdosing 100 30 Mah MaM no "
zave
Fl }
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BODY 0.1443 0.4168 2.3420 0 1.7203 1.2694 0 0 0 1 01019 0.0845 0.0383




6. Change the radiation modality to: Protons and leave the
beam angles unchanged.

A& T 85 E N
Workflow =
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7. Trigger dose calculation viabutton (,,Calc. InfluenceMx*)
and start inverse optimization by clicking on (,,Optimize*).

A& - o E
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM Ic Export
Import from Bin...
Status: ready for o ization
Plan 1
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Type of optimization  .,n<t RBEXD
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2 |OQuterTarget » TARGET « 1 =sqguare deviation - 10040 50 Mah Mal no
3 BODY ~ OAR - 3 square overdosing 100 30 Mai MaM no "
23ve
Fl 2
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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.

d@ = - BE N
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
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Import from Bin... Im 5€
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3 BoDy +~ OAR - 3 sguare overdosing 100 30 Mah NaN no "
23ve
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Results
* Mean doses for different regions (Gy):

I e

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

~
.
N

e



9. Try to define a better photon treatment 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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save
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10. Save the optimization result via (,,Save to GUI*). Show
the DVH by (,,Show DVH/QI”’). Analyze resulting dose

dm@ o - 5 E N
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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.

e
.
%,

N

e



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.

- .

RS TR

Load *mat data | Calc. influence Mx| | Optimize ||  SavetoGUI R a d
Load DICOM | Export |
Import from Bin... —
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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”).

G YE. RN )

Viorkflow ¥
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F

Results

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

Outer Target 1.6563 1.9652




2" Fxercise

* 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)
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6/19/2019 8:33 AM
6/19/2019 8:34 AM
6/19/2019 8:33 AM

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

o Music | 7] LIVER

6/19/2019 8:33 AM

MAT File

[E=] Pictures 7| photons_Generic
B videos |Z] PROSTATE
|| protons_Generic
+d, Homegroup |7] TG119

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

v4|

MAT File
MAT File
MAT File
MAT File

File name: LIVER * | MAT-files (*mat)

| Open |VI [ Cancel l
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2. Define your own photon treatment plan with approx. 4-5
beam directions.

S ECNCNE TGN

Load *mat data | |Calc.influence Mx| | Optimize || SavetoGUI | R a d
Load DICOM
Import from Bin... —
0 180 225 270 315 ® :
o000 @ |

e — |

@ K

_ x

| VOlmame _ VOltype priority __obj./ const. | penalty dose | EUD volume ro

1 square deviation - 1000 45 NaN

iten... - (6010 oo
— wal || Open 30view,
.
QI

—

Show DVHIQI

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

' ld &

QS W BREN
Load *matdata | Calc.influence Mx| |  Optimize || SavetoGUI | H ad

Load DICOM . Rf%c || Export |

Import from Bin...
0 180 225 270 315 ® :
aooooao @ -
ﬂ-_
I iy X1

» TARGET +

1 sgquare deviation - 1000 45 NaN HaN no

[ — g
K g [
:
K o)
M [ ] I




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

A& L BE N
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize Save to GUI
Load DICOM Recalc

Import from Bin...

Status: plan is optimized
Plan
ixel width in [mm] 10 use MC (VMC++) dose calculations
Ganiry Anglejn® 0 180 225 270 315 ) conformal
Couch Angle in * 00000 Run Sequencing
R Photons. v Stratification Levels
Maching Generic -
i=oCenterin mm] > 265.5 206.7 316.4 Auto. Run Direct Aperture Optimizat...
# Fractions 30
Type of optimization
Objectives & constraints
YOI name VOl type | pricrity obyj. / const. penalty | dose |EUD | volume | ro
1 [SKin ~ OAR - 2 zguare overdosing - 00 25 NaN Hahfno | 4
2 |PTV + TARGET » 1 sqguare deviation - 1000 45 MNah NaN no
2ave
i F
Visualization
: O plot CT
Slice i GoTo
Typeofplot  inten... ~ O plot contour
Beam Plane axial » | Open 3D-View 2 plot isolines
Pl ke ; : o plot dose
Offact Disolav ootion. v sicalDose - 2 plot isolines labels

plot izo center

@
Show DUH-‘Q@

50

100

150

200

500

550

B00

Ba0

a0

100

180 200 240

GERMAN
dk z CANCER RESEARCH CENTER
. IN THE HELMHOLTZ ASSOCIATION
min n
max 1.572

axial plane z = 317 .5 [mm]

Set lsoDose Levels
Viewer Options

Rezult (i.e. dose) X
Alindnws Dracat

Custom .
Window Center:

Window Width:

Hanges |

jet -
Dose opacity:

Structure Visibilty

.
¥ Kidney R
¥ Kidney L

Stomach
SmallBowel
LargeBowel

v | Celiac
v SWMA_SWHV
v Liver
'« Heart
% SpinalCord
¥ DoseFalioff

4 §

physicallose [Gy]

Info
v3.0.0
github.com/e0404/mat
About
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|
100 - I e e e e ; ;
oo : ERER RN SORR OORE OO O ........ : ; ..... ey Kidney. Ri
L : IS ok I.d.ﬂ.@LL_z_._ _
% ST = ro=y
60 3 ._L._L u}u.4._.i._.4._.p.§fﬁ?ﬂ§_°.“ff_'.__}__§

] —— Large

owgl

Volume [%]

] e g -4w¢m7ﬁém;mr

T S — & A : : : : : : H : ; 7 :
\ ; .i.....i....i..._!_.: T R i Pt o o ‘ ‘ . }u-=+u--1:-~-1-—-r-DuS-eﬁaH-eﬂ--u}u }
I T O o v o A OO A OO e VO

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 PV 1.8
Dose [Gy] m— ord+5mm
clip
— cntrance
| jyer-CTY

mean std max min D2 1] D 50 D95 D98 V_ 0Gy V_ 0.3Gy V_0.6Gy WV 0.9¢
GTV 1.5000 0.0030 1.5281 1.4727 1.5188 1.5148 1.5002 1.4851 1.4738 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 01540 01736 0.0082 0 0 1 0 i}
SmallBowel 0 0 0 0 0 0 0 0 0 1 0 0
LargeBowel 2.6015e-04 0.0012 0.0147 0 0.0047 0.001% 0 0 0 1 0 0
Celiac i} 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 0.3033 0.4713 1.5526 0 1.5042 1.4839 0.0367 0 0 1 0.2838 0.2180 0.
Heart 0.2256 0.2426 15232 0.0066 1.1063 06913 0.1728 n.0182 0.0141 1 0.2202 0.0650 0.
Chinalnrd N 0381 0 N&RA n #R7 n n 19R0 N 1258 n n n 1 n n x
q m 3




S. 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*).

| [P RS 9| R E| Y

Load *.mat data | Cale. influence Mx __ SavetoGUI R a d
Load DICOM . Rref% ||  Export |
Import from Bin... r
3 -
ﬂ--lmﬂ
[T R 57

+ TARGET - 1 square deviation 1000 45 MNaN NaN no

[ TR T - inten.. +
m om axial v | Open 30.View

—

7
b
Show DVHIQI

| lel lelolele]




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

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

G | PSS N

Load *.mat data | Calc. influence Mx| __ Optimize | SavetoGUI | H ad
Load DICOM | ExpgfR |
Import from Bin...  Imporfaigh | B

lesult (i.e. dose)
Custom b

| — )
[
X\
\ i \"\_ jet - .
\r"b};‘?% J '
- .3 F I ——
G =

|| VOlname _ VOltype |priorty _obj./ const. | penalty | dose EUD volume ro
4
1 square deviation - 1000 45 NaN HaN no .

[ —— g

[ — g -
@

T T
0
° [
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40
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PR SR

on e

. . H i
1.5 2
RBE x Dose [Gy(RBE)]

P
(3

m— ord+5mm
clip?

— cntrance

| jypr-CTY

mean ctd max min D2 1] D 50 D95 D98 V_0Gy V_0.5Gy V 1Gy V 1.5¢
GTV 1.5053 01981 2.0110 1.0341 1.8573 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 i 0 i 0 i} 0 i} 0 1 0 i} 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
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 0.4805 2.50M 0 1.6940 1.4633 0 0 0 1 01177 01003 0
Heart 0.0172 0.1143 1.8557 0 0.2433 0.0195 0 0 0 1 0.0127 0.0050 0
Sninallrrd n n n n n n n n n 1 n n x
Fl m 3




7. Create a carbon ion treatment with the exact same settings as used

for the proton treatment plan — What difference can now be
observed?

RGNS E AN

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

[ ] lesutt (i.e. 2] |

;

: L] '
: I ,l“r Lzl 1 —
photons

protons L I —

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

v TARGET - 1 square deviation 1000 45 NaN MaN no

_ lel lolololol
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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

Q% ¥ "EN

distribution.

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

1 square deviation - 1000

| Jeol lolelolo)

o s

- o |
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RBE x Dose [Gy(RBE)] — E;Ji;d1+5mm

m— cpntrance
| e (GTY

mean ctd max min D2 D5 D50 D95 D98 V_0Gy V_04Gy V_ 0BGy V1.2
GTvV 15212 0.0530 1.8920 1.2809 1.7585 1.7032 1.5080 1.3845 1.3841 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 0 0 i} 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 01004 0
Heart 0.0277 01314 1.8137 0 0.413% 0.1145 0 0 0 1 n.0z212 0.0083 0.
Srinal™nrd n 77 0 Ma7 n NR55 n 0 A5G 0 nsa? n n i 1 i n i
4 m 3




Results

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

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

Kidneys

Liver 0.3033 0.1694 0.1570

Spinal Cord 0.0391 0.0077

1.4991 1.4595 1.4868

-

e



3" 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

r Favorites N’arrje ; Date modified

Bl Desktop .. standalone 6/19/2019 8:34 AM  File folder

3 Downloads | tools 6/19/2019 8:34 AM  File folder

“Zl Recent Places J unitTest 6/19/2019 8:34 AM  File folder

%% Dropbox = | VIMCH+ 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 || HEAD_AND_MECK ! 6/19/2019 8:33 AM  MAT File
J‘ Music | ] LIVER 6/19/2019 8:33 AM  MAT File
[=| Pictures Tl 7| photens_Generic 6/19/2019 8:34 AM  MAT File
B videos | 7] PROSTATE 6/19/2019 8:33 AM  MAT File
|| protens_Generic 6/19/2019 8:34 AM  MAT File

*&, Homegroup |7] TG119 6/19/2019 8:34 AM  MAT File
L | | |

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

I Open |vl ’ Cancel I




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

A& - 5 E N
Workflow
Refresh Load *.mat data Calc. inflgence Mx
Load DICOM 2
Import from Bin... 3
Status: ready for dose calculation
Plan
trixel width in [mm] 10
Gantry Angle in * 90 180 270
Couch Angle in ® 000 1
Radiation Mode | protons v
Machine Generic -
isoCenterin [mm) " 250.4 205.3 138.5 Auto.
# Fractions 30
Type of optimization  .,nst RBEXD
Objectives & constraints
VOI name VOl type |pnionty ohj. / const, penalty | dose
1 PAROTID_LT « OAR - 1 sguare overdosing 100 25
2 |PAROTID RT + OAR - 1 square overdosing « 100 25
3 | PTVB3 » TARGET « 2 square deviation - 1000 63
4 V70 » TARGET « 1 sqguare deviation - 1000 7
c LTIk MAD I i onn an
4
Visualization
Slice Type ofplot | inten... ~
Beam Plane axial « | Open 3D-View
-"_- Disolav ootion
Offset

Export

HaN
Mah
HaN
Mah

Klakl

Qoo

plot CT

plot contour
plot isolines
plot dose

EUD | volume

Mal - +
Nal|
Nal
Nall

klmkl 2ayve
¥

plot isolines labels
O plot iso center

¥ [mm]

mat

Viewing

50

100

150

200

280

300

350

400

450

50

100

150

dkfz.

axial plane z = 140 [mm]

200

250

* [mm]

300

350

400

GERMAN

CANCER RESEARCH CENTER
IN THE HELMHOLTZ ASSOCIATION

450

Hounsfield Units

min 1074
max 307

Set lsoDose Levels

Viewer Options

CT (HU} hd
iAfindnws Drocat

Custom A

Window Center:

Window Width:

Ranges  po3zs 2531

bone -

Dosze opacity:
1] 1

Structure Visibilty

B4 Bram_sTEM -
| BRAIN_STEM_PR
v CEREBELLUM

CHIASHA
CTVE3
GTV

LARYNX
v LENS_LT
¥ LENS_AT
LPS
B8 oPTIC_NRV LT
¥ OFTIC NRV RT ~

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



3. Analyze the result (dose& DVH) and save it
(,,Save to GUI*).

Save to GUI

E mat

Imp S€ Viewing

A& BE N
Workflow
Refresh Load *.mat data Cale. influence Mx Optimize
Load DICOM Recalc
Import from Bin...
Status: plan is optimized
Plan
tixel width in [mm] 10
Gantry Angle in * 90 150 270
Couch Angle in ° 000
Radiation Mode  protons -
Maching Generic -
isoCenterin [mm} " 250.4 205.3 138.5 Auto.
# Fractions 30
Type of optimization | .=t REExD ~
Objectives & constraints
YOI name VOl type | pricrity obyj. / const. penalty | dose
1 PAROTD LT « OAR - 1 sguare overdosing 100 25
2 |PAROTD RT « O0AR - 1 sguare overdosing 100 25
3 PTVB3 » TARGET » 2 =guare deviation - 1000 63
4 V70 » TARGET « 1 sqguare deviation - 1000 7
c (=gl n] MmAD D mmimrs s e Armin e~ onn an
4
Visualization
Slice Type ofplot  inten.., ~ Golo
Beam Plane axial » | Dpen 3D-View
. Disolav ootion | perynose -

Show DUH-‘GI@

a0
100
150
200
£
= 250
EUD | volume
Hah Hah - N 4
Nah  Hal 300
bl " L
MaN MaN
klakl klakl ZaVE 35']
F
400
o plotCT
O plot contour
O plot isolines 450
o plot dose

plot izolines labels
O plot izo center

all]

100

150

200

dkfz.

axial plane z = 140 [mm]

240

% [rmim]

300

3450

400

GERMAN

CANCER RESEARCH CENTER
IN THE HELMHOLTZ ASSOCIATION

440

RBE=Doze [Gy(RBE)]

min n
max 3186

Set lsoDose Levels

Viewer Options
Rezult (i.e. dose) -
iAfindnws Drocat
Custom A

Window Center:

Window Width:

Ranges | 3135

jet -
Dose opacity:

Structure Visibilty

[ BRAMN_STEM -
¥ BRAIN_STEM_PR
v CEREBELLUM
CHIASMA
CTVE3
GIvV
LARYNX
v | LENS LT
v LENS AT
LIPS
B8 oFTic NRv LT
+| OPTIC NRV RT ~

4 }

Info
v3.0.0
github.com/e0404/mat
About



Volume [%]
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R S
i
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i
H
H

g OPTICy RY LT

T 1 : :
= BRAIN.STEM.BRY.;
= GEREBELLUME _ }
e il

: T

L
; ...... ;....L.:ENS.?RT"? ...... ? ...... ;.

o OPTIC HRYL R

0 i
3 SPIMS CORD
RBE x Dose [Gy(RBE)] SPINL_CRD_PRV
w— TE\IP_LOBE_LT
s TENIP_LOBE_RT
mean std max min D2 D5 D50 D495 D98 V_0Gy V_0.66Gy V_1.2Gy V1.9
BRAIN_STEM 0.2645 0.3831 1.5408 0 1.1587 1.0153 0.0030 0 0 1 0.2549 0.0167 *
BRAIN_STEM_PRY 0.2906 0.4099 15754 0 1.2980 1.0852 0.0016 0 0 1 0.2395 0.0251
CEREBELLUM 0.5355 0.3774 2.0785 0 13512 1.1861 0.6933 0 0 1 0.5995 0.0469 7.3233)_
CHIASMA 0 0 0 0 0 0 0 0 0 1 0 0 1
CTV63 21304 0.1945 3.1851 0.9407 24868 2.4230 21345 1.8175 1.6587 1 1 0.95973 0.
GTV 2.3305 0.1036 27047 1.9940 25353 2.4398 2.3381 2.1496 2.0935 1 1 1
LARYN 0.8230 0.4283 1.8851 0.2391 1.8507 1.7473 0.8058 0.3375 0.2819 1 0.7351 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  1.1603e-35 0.1705 01231 53836606 47054825 6.63162-30 1 0 0
OPTHE KMRY 1T n I} I I} I I} I I} N 1 N n b
i 3




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*.

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 min 3 ;"%
max RS
Status: ready for dose J| Jrulation HR I S i) Set lsoDose Levels
Plan Viewer Options
bixel width in [mm] 10 50 Resuft (i.e. doze) hd
GantryAnglein® |90 120 210 ——
Couch Angle in ® 0oo -
Radiation Mode  protons = 100 e -
Machine BT = Window Width:
lsoCenterin [mm] | 260 220 150 Autu@ 3.18
# Fractions 30 1 150 Range: | i
Type of optimization  .,n<t RBEXD ~ =
200 g - -
m o ity:
Objectives & constraints ] r— ]
E 2 —
E o Structure Visibilty
< 280 2 !
VOI name VOl type |pricrity ohj. / const. penalty | dose | EUD| volume E « BRAN STEM PR
1 PAROTDLT + OAR 1 square overdosing - o0 s i R - | 4 D CEREBELLUM
2 |PAROTDRT + OAR 1 square overdosing 100 35 NaN  Mah| 300 CHIASMA
3 PTVB3 » TARGET « 2 square deviation - 1000 63 NaN Nahl| - EEBS
4 V70 » TARGET « 1 square deviation  « 1000 70 MaN Hah v LARYNX
C E;III!.I nan o .-..-..._.. ........ Al i e onn 2N K-kl Rlmkl N 2ave 350 ( LENS_LT
L ¥ LENS_AT
: = ¥ LIPS
Visualization A0 B oFTic_NRV LT
o OFTIC NRW RT ~
i o plotCT T — :
Sl i GoT
ice Typeofplot  inten.. - oTo o plot contour 4e0 —
Beam Plane axial » | Open 3D-View @ plot izolines
e ki m . . Q plot dose L
Offsst Disolav ootion. pRExnose - plot isolines labels qithub.com/eD404/imat
o plot iso center Ll 100 150 200 260 300 Gl 400 450 —

Show DVHIQI x [mm]



da - 5N
BT 1 GERMAN
Refresh Load *mat data | | Calc. influence Mx Optimize Save to GUI mat z CANCER RESEARCH CENTER
Load DICOM Recalc Export . IN THE HELMHOLTZ ASSOCIATION
Import from Bin... Import Dose Viewing min 0
max 3.186
Status: plan is optimized axial plang z = 140 [mm] ————
Plan Viewer Options
bixel width in [mm] 10 50 Resuft (ie dose) b4
GantryBnglein® 90 120 270 ———
Couch Angle in * 000 _h
Radiation Mode  protons v 100 Window Cont: -
Machine e = Window Width: =
lzoCenter in [mm] 260 220 150 Auto. 3.19
# Fractions 30 150 Range o 1 1o
Type of optimization | . =t RBExD ~
200 =L -
| ity:
Objectives & constraints " r— :
1]
= (7]
= S Structure Visibilty
< 260 il »
VOl name VOl type | priority obj. / const, penalty | dose |EUD| volume % ¥ BRAN STEM PR
1 PAROTID_LT + OAR v 1 square overdosing - 100 25 NaN Mal - B 4 2 v CEREE_ELLUHI_
7 |PAROTDRT + DAR 1 square overdosing - 100 25 NaN  Nah| 300 CHIASNA
3 | PFTVE3 v TARGET » 2 square deviation - 1000 63 MNaN Mah - (C;TT\.‘;ES
4 V71 v TARGET » 1 square deviation  » 1000 70 NaN HaM v LARYNX
C E;III!I nan 2 nv-.nln. nnnnnnnn A mim e onn AN klakl klakl N 23ve 350 f LENS_LT
[ ¥ LENS_RT
¥ LIPS
Visualization 400 B8l opTic_NRv LT
¥ OPTIC NRW RT ~
I @ plot CT - -
Sl i GoT
= Typeofplet — inten... ~ o o plot contour 450 info
Beam Plane axial »  Open iD-View o plot isolines
Pl . . 0 piot dose VS0
Offset Displavootion. physicalDose v plot isolines labels github.com/e0404/mat
o plotiso center il 100 150 200 260 300 il 400 450 —

% [tnim]

Show DVH/QI



S. Moving “Slice” option find iso-center and analyze and compare the

T

Workflow
Refresh

Status:
Plan
tixel 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 | .=t REExD ~
Objectives & constraints
YOI name VOl type | priorty
1 PAROTID LT + OAR -
2 |PAROTID AT + OAR =
3 PIVE3 ~ |TARGET
4 V70 ~+ TARGET
c (=gl n] MmAD L
4
Visualization
Slice
Beam Flane 1
-"_- Disolav ootion
Offzet

O

Load *.mat data

Load DICOM

Import from Bin...

Cale. influence Mx

Recal

Optimize

C

plan is optimized

obyj. / const.

1 sguare overdosing

=0 YErd ._. -
1 square overdosin

2 =guare deviation -

1 sqguare deviation -

inten... -
axial -

physicalDose

penalty

GoTo

100
100
1000
1000

Dpen 3D-View

-

2

resulting dose distribution.

dose

25

25

63

an

Save to GUI

mat

Import Dose Viewing

a0
100
150
200
g
= 250
EUD | volume
Hah Hah - N 4
NaN  NaN| 300
bl " L
Mah Mah
klakl klakl N ZAVE 350
F
400
o plotCT
O plot contour
O plot isolines 450
o plot dose
plot izolines labels

o plot izo center
Show DVHIQI @

all]

100

150

b3

200

dkfz.

axial plane z =150 [mm]

240

% [rmim]

300

3450

400

GERMAN
CANCER RESEARCH CENTER

IN THE HELMHOLTZ ASSOCIATION

440

phy=icallbose [Gy]

min n
max 3186

Set lsoDose Levels

Viewer Options
Rezult (i.e. dose) -
iAfindnws Drocat
Custom A

Window Center:

Window Width:

Ranges | 3135

jet -
Dose opacity:
1
Structure Visibilty
-

¥ BRAIN_STEM_PR
v CEREBELLUM
CHIASMA

CTVE3

GIvV

LARYNX

LENS LT
LENS_RT

LIPS

B8 oFTic NRv LT

+| OPTIC NRV RT ~

4 }
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RBE x Dose [Gy(RBE)] SPINL_CRD_PRV
= TEWMP _LOBE LT
mm TEMP_LOBE_RT
mean ctd max min D2 1] D50 D95 D98 V_0Gy V_0.9Gy V_18Gy Va2
BRAIM_STEM 0.5784 0.5082 1.8823 0 1.5814 1.4459 0.5847 0 0 1 0.3294 0.0048 -
BRAIN_STEM_PRV 06153 0.5739 23528 0 1.8157 1.6326 0.5786 0 0 1 0.3519 0.0240
CEREBELLUM 0.9112 0.4681 25823 0 1.9045 1.74028 0.8520 0.1636 0.0032 1 0.4588 0.0373 L
CHIASMA 0.2487 0.2353 0.8091 0.0071 0.7505 0.6536 0.2672 0.0169 0.0118 1 0 0 1
CTve3 1.9376 06348 40525 0.0093 31482 2.8966 1.9997 0.7051 0.3465 1 0.9282 0.6441 0.
GTV 2.2150 0.4918 3.9825 0.4100 3.1008 2.8992 2.2080 1.3330 1.0648 1 0.9886 0.7991 0.
LARYMNX 0.5702 0.3493 1.7209 0.0422 1.5158 1.2552 0.4717 01282 0.1008 1 0.1769 0
LEMS_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 0.0281 0.2268 0 0.0963 0.0371 B8.7893e-18 0 0 1 0 0
ADTIE MRV 1T 00775 02143 N SR74 n 0 8571 05805 7 534304 n i 1 0 1385 n o
m |2




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

crves 2134 176
GTV 2.3305 2.2150

Lenses,D) 00 00
Skin 0.4682 0.4555

OpticNerv(LD) 00 0077500002
Spinal Cord 0.6268 0.7466

PTVES 21002 18369
PTV70 2.3102 2.1671

N
.
N

e



Thank you :)
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