I Q\ SOZIALSTIFTUNG BAMBERG

Wenn Sie uns brauchen.

Erste Erfahrungen mit
Mobius 3D und Mobius Fx

Thomas Koch
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Stand der Technik in Bamberg

« 2 Elekta Synergy (100% Tandem-Betrieb)
1 Tomotherapie
* |GRT: 2mal kV-CBCT; 2mal MV-EPID, 1Tmal MVCT
« Linacs : 90% IMRT (alles VMAT) plus Tomo (100% IMRT)
* Planungssysteme
— Philips Pinnacle Vers. 9.8 - Smart Enterprise
— Tomotherapie: Volo
« Second-Check: Imsure und Mobius
* Umfangreiche Melausstattung
— Arccheck, Delta4, PTW729 + SR51000
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Aktuelle Problematik

« Zahl der Patienten steigt > mehr Plane
* IGRT > Anatomische Veranderungen jetzt beobachtbar
— > Replanning > mehr Plane

* Insgesamt weitere Verdichtung der Arbeitsablaufe in
der Strahlentherapie

 [Investition in neu Gerate/Entwicklungen und/oder
Personal?

« > Automatisierung der Arbeitsablaufe statt Personal
« Teillosung schon realisiert: PatientenQA optimiert!
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Aktuelle Arbeitsweise

* Planungprozess optimiert
— Schnelle Hardware, Standardisierte Planungs - Protokolle

Bestrahlungsablauf durch VMAT zeit-optimiert:

— 10-min.-Takt inkl. IGRT, RT-Zeit zw. 2 und 3,5 min.
Bottle-Neck: PatientenQA

Linacs:

— Mobius3D und Fx

— ca. 10 % wird gemessen (exemplarisch, , AusreiBer*)
— Machine-QA > DIN-konform

Tomo:

— Jeder Plan wird nach wie vor gemessen

— Delta4, Arccheck und PTW Oktavius SR51000
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Mobius 3D

« Server mit Betriebssystem Ubuntu (Linux)
— Lauft im Hintergrund
« Standard Linac-Modelle vorhanden
— Individuell modellierbar (begrenzt)
« Zugriff von jedem PC im Netz uber Webbrowser
« Export von VMAT-Planen vom Planungssystem

— Dicom: RT-Plan, RT-Structure-Set, RT-Dose und RT-
Image (CT-Dataset)

* Mobius 3D beginnt nach Import automatisch mit der
Berechnung

« Auswerte-Kriterien festlegen und speichern:
— 3%/3mm, Targetstrukturen, Risikoorgane etc.
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Mobius 3D - Modell - PDD

3 Stltzstellen

Machine | [inac A v | Energy | gmv v
PDD Values, 5x5 PDD Values
2 5 cm depth 5 ? 5 cm depth

Field, 100 cm £ 10x10 Field, 100 2

ssD 85.81 cm SSD |86.75
Reference: 8541% Reference: 86.75%
Current: 85.81% Current: 86.75%
15 cm depth 15 cm depth
48 45 51.77
Reference: 48% Reference: 51.73%
Current: 43.45% Current: 51.77%
25 cm depth 25 cm depth
27.45 304

Reference: 30.36%
Current: 30.4%

Reference: 27.24%
Current: 27.45%

Wedge
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No Wedge

PDD Values,
20x20 Field, 100
cm SSD

Wenn Sie uns brauchen.

5 cm depth
86.3

Reference: 87 68%
Current: 86.3%

15 cm depth
5477

Reference: 55.47%
Current: 54.77%

25 cm depth
33.69

Reference: 34.12%
Current: 33.69%
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Mobius 3D - Modell - Profil

Off-Axis Ratios at 5 cm Depth, 40x40 Field, 100 cm SSD

1cm

25cm

5cm

5cm

10¢cm
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Wenn Sie uns brauchen.

15¢cm 20cm

{100 1

Reference: 100 2%

Current: 100 1%

{101

Reference: 100 7%
Current: 101%

[10186

Reference: 101 5%

Current: 101 6%

{1019

Reference: 102%
Current: 101.5%

Output Factors (including Wedge Factors) at 10 cm Depth, 100 cm SSD

X17X2 111 cm
Y1/Y2 111 cm

X1/X2. 151 5cm
Y1I¥Y2 151 5cm

XUX2 2525cm
Y1Y2 2525¢cm

X1UX2: 5/5¢cm
Y1Y2 55 cm

{103

Reference: 103 3%
Current: 103%

X1UX2: 757T5cm
Y1UY2 7575cm

{0796

Reference: 0 7831
Current: 0 706

X1X2 1V10Dcm
Y1Y2 1010 ¢m

[0.848

Reference: 0 8427
Current: 0 848

X17X2 125125cm
Y1/¥Y2 1251125 ¢m

[0903

Reference: 09025
Current: 0 803

X1X2 1515 ¢cm
Y1Y2 1515 em

[1
Reference: 1

Current: 1

X1UX2 1717 cm
YIY2 1717 em

| 1.056

Reference: 1058
Current: 1 058

X1/X2 20720 cm
Y1/¥Y2 20120 cm

1095

Reference: 1 009
Current: 1085

{1122

Reference: 1 123
Current: 1 122

[1142

Reference: 1 143
Current: 1 142

[1153

Reference: 1 153
Current: 1 153

[1161

Reference: 1 162
Current: 1 1681

[1026 97 1

Reference: 102 4%
Current: 102 6%

Reference: 47 2%
Current: 87 1%
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MO bi u S FX Wenn Sie uns brauchen.

Zusatzliche Installation von Mobius-Log auf PC
— Fur jeden Linac getrennte Installation
— Bei uns auf iView-Rechner von Elekta

* Mobius-Log hort uber die iCom-Fx-Schnittstelle wahrend
der Bestrahlung mit und erzeugt eigene Log-Files

* Nach beendeter RT beginnt automatisch die
Kontrollrechnung

— zusatzlich werden Geometrie-Daten ausgewertet: z.B.
Gantry-Position und MLC-Position

* Vergleich mit Plan vom TPS und von Mobius 3D
(Voraussetzung: Mobius 3D ist vorhanden!)
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Mobius - Web-Oberflache
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Mobius 3D - Standardplan
Stehfeld: 20x20cm

Transverse Gamma Transverse Isodose Coronal Gamma Coronal Isodose Sagittal Gamma Sagittal Isodose

Transverse Plane at 0 cm from Isocenter Vertical Dose Profile

QU =
TRANARAARAR ALY ~]U

Patient Coordinate System (cm)

CT Table Height specified in CT DICOM: 26.9 cm; CT couch removed ¢ 03 I LC
TPS (Solid), Mobius3D (Dashed) Dose (Gy)
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Mobius 3D - Standardplan
Stehfeld: 20x20cm

Transverse Plane at 0 cm from Isocenter Vertical Dose Profile

Transverse Gamma

Patient Coordinate System (cm)

CT Table Height specified in CT DICOM: 26.9 cm; CT couch removed. - - 1.3
Dose (Gy)

Solid: TPS; Dashed: Mobius 11
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Mobius 3D - Standardplan
Stehfeld: 20x20cm

Horizontal Dose Profile
15

| - A

0.5

Dose (Gy)

20 10 0 10 20
Patient Coordinate System (cm)

Solid: TPS; Dashed: Mobius3D

12
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Mobius 3D - Standardplan
Stehfeld: 2x2cm

Transverse Gamma Transverse Isodose Coronal Gamma Coronal Isodose Sagittal Gamma Sagittal Isodose

Transverse Plane at 0 cm from Isocenter Vertical Dose Profile

Patient Coordinate System (cm)

CT Table Height specified in CT DICOM: 26.9 cm; CT couch removed. 0 1 2
TPS (Solid), Mobius3D (Dashed) Dose (Gy) 13
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Mobius 3D - Standardplan
o o Stehfeld: 2x2cm

Transverse Gamma

Transverse Plane at 0 cm from Isocenter Vertical Dose Profile

Patient Coordinate System(cm)

CT Table Height specified in CT DICOM: 26.8 cm; CT couch removed. :
Dose (Gy)

Solid: TPS; Dashed: Mobius 14
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Mobius 3D - Standardplan
Stehfeld: 2x2cm

Horizontal Dose Profile

1 5
-

Dose (Gy)

ras

-20 -10 0 10 20
Patient Coordinate System (cm)

Solid: TPS; Dashed: Mobius3D
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Mobius 3D

[u] DVH Graph a

Relative Volume (%)

< Target Coverage a

TPS Name

B rrvratscy

SIB fa 2 Gy und seq Boost

TPS
53.7 Gy

55.8 Gy

..

Dose (Gy)
Mean Dose
M3D % Diff
544Gy 1.1% v/
564Gy 092% J

TPS
50.4 Gy

54.7 Gy

90% Coverage

M3D % Diff
505Gy 0.19%
547Gy 0.13%
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Wenn Sie uns brauchen.

— Auge I

— Alge re

— Gehirn

Hirnstamm

Linse N

= Linse re
- PTV Ia 1,8 Gy

— Region Chiasma

— Sehnerv i
Sehnerv re
SIB fa 2 Gy und seq Boost

Stray Voxels

 None g

g None 0
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Mobius 3D

& 3D Gamma a
Passing Rate Criteria Reference Dose Threshold Dose TPS Voxels M3D Voxels
08 3% v } 58.9 Gy (Max Dose) 5 BP Gy & mm i mm
Transverse Gamma Transverse lscdose Coronal Gamma Coronal Isodose Sagittal Gamma Sagittal Isodose
Coronal Plane at 0 cm from Isocenter Vertical Dose Profile

oordinate System (cm)

m (

Patie

Dose (Gy)

Horizontal Dose Profile Gamms: MiDDose
Hatte
=
Patient Coordinate System (cm) 1 7
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°
Mo b] u S FX Wenn Sie uns brauchen.

Gl DVH Graph 4

100

1 T{ — Auge fi

\ — Auge re

‘.‘\'

t \ — Gehimn

80 . .\‘ Hirnstamm

: Linse i

! — Linse re
g 60 . \‘-.
g [ ."-. 48.20 Gy — PTVfa 1.8 Gy
B ! %\ B Gehirn  7.7% (TPS) vs. 7.6% (M3D) vs. 7.8% (Delivered
° { % B PTV fa 1,8 Gy : 97.9% (TFS) vs. 97.2% (M3D) vs .
> | N\ — Region Chiasma
E
Z

— Sehnerv
Sehnerv re
SIB fa 2 Gy und seg Boost

s

Dose (Gy)

Thick Solid: TPS; Dashed: Mobais2D; Thin Solid: Delivered (MobaisFX)
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Sozialstiftung Bamberg - Buger Strafie 80 - 96049 Bamberg - www.sozialstiftung-bamberg.de




Mobius Fx

& 3D Gamma a
Passing Rate Criteria Reference Dose Threshold Dose
98.1% \9 3% /3 mm 58.9 Gy (Max Dose) 5.89 Gy

= RMS Values a

Beam | All Beams V|

HMS Evror (mam)

Leaf Number

X1 X2 Y1 Y2 Collimator  Gantry

RMS Error - 02 mm 029 mm or oy

TPS Voxels

4 mm

(o)

SOZIALSTIFTUNG BAMBERG

Wenn Sie uns brauchen.

MFX Voxels

3 mm

- Bank A
®- Bank B

19
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Mobius 3D - Grenzen Wenn Sie unsbrauchen

Target Coverage DVH Limits 3D Gamma Deliverable

G
<
S
-

€ Target Coverage

TPS Name Mean Dose 90% Coverage Stray Voxels
TPS M3D % Diff TPS M3D % Diff
PTV li RMS AK 2.04 Gy 2.06 Gy 0.12% v 0.97 Gy 0.93 Gy 0.21% v/ Nane v
. PTV re RMS AK 14.2 Gy 14.6 Gy 2.71% v, 11.8 Gy 12.8 Gy 6.55% v None v,

Passing Rate Criteria Reference Dose Threshold Dose TPS Voxels M3D Voxels

99.5% 3% /3 mm 16.4 Gy (Max Dose) 1.64 Gy 4 mm 3 mm

S

20
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Mobius Fx - Grenzen

Transverse Gamma

Transverse Plane at 0 cm from Isocenter Vertical Dose Profile

Patient Coordinate System (cm)

CT Table Height specified in CT DICOM: 25.3 cm; CT couch removed. i
Dose (Gy)

21
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Mobius 3D - Grenzen

DVH Graph

PTV Ii RMS AK

Solid: TPS; Dashed: Mobius3D OUtSlde-Alr-TreShOIdf) > QECI ZV|
22
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Mo bi us FX - Wa rnun ge n Wenn Sie uns brauchen.

Target Coverage DVH Limits 3D Gamma Deliverable

¢ Target Coverage

%
S
S

TPS Name Mean Dose 90% Coverage
TPS M3D Delivered % Diff TPS M3D Delivered % Diff
i PTV fa 45 Gy 46.3 Gy 46.6 Gy 46.5 Gy 0.44% 7 43.8 Gy 43.7 Gy 43.6 Gy 0.41% ~
. PZV LA 48.3 Gy 46.6 Gy 46.5 Gy 0.44% 7 43.8 Gy 43.7 Gy 43.6 Gy 0.42% 7
SIB fa 50 Gy 50.5 Gy 50.4 Gy 0.74% ) 49.5 Gy 49.7 Gy 49.4 Gy -0.07% )

Passing Rate Criteria Reference Dose Threshold Dose TPS Voxels MFX Voxels
99.1% v 3% /3 mm 52.1 Gy (Max Dose) 5.21 Gy 4 mm 3 mm
23
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Mobius Fx - Warnungen

(l DVH Graph

¥
£ — PTVfa 45 Gy
- — PZVLA
=)
>
@
>
2
B
=
[+
SIB fa

5 10 15 20 25 30

Dose (Gy)

Thick Solid: TPS; Dashed: Mobius3D; Thin Solid: Delivered (MobiusFX)
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Mobius Fx - Warnungen

-8~ Bank A
- Bank B
3
E
E
8
w
w
=
(-4
1
" 5 10 15 20 25 30 5
Leaf Number
Beam: |All Beams ¥
X1 X2 Y1 Y2 Collimator Gantry
RMS Error - - 0.42 mm 0.38 mm 0.1° 0.7°
25
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MO bi U S FX = A la rm Wenn Sie uns brauchen.

Target Coverage DVH Limits 3D Gamma Deliverable

TPS Name Mean Dose 90% Coverage
TPS M3D Delivered % Diff TPS M3D Delivered % Diff
. PTV i BW VMAT 26.3 Gy 28 Gy 28.1 Gy 2.99% v/ 0 Gy 0 Gy 0 Gy 0% v
. PZV liBW 52.2 Gy 51.7 Gy 52.1 Gy 0.11% v 48.7 Gy 48.1 Gy 48.2 Gy -0.86% v/
PZV liSupra 48 Gy 47.4 Gy 47.6 Gy 0.59% v/ 46.3 Gy 45.1 Gy 45.4 Gy 1.,44% v
PZV SIB 56.2 Gy 55.5 Gy 56.2 Gy 0.08% v 54.3 Gy 53.7 Gy 53.8 Gy 0.82% /)

Passing Rate Criteria Reference Dose Threshold Dose TPS Voxels MFX Voxels

91.5%

S

3% /3 mm 59.6 Gy (Max Dose) 5.96 Gy 4 mm 3 mm

26
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Mobius Fx - Alarm

(s DVH Graph

100

— external

- gbere TRachea

- PTV li BW VMAT

- PZV IIBW

- PZV liSupra
PZV SIB

Relative Volume (%)

o
o

—— e ———

0 10 20 30 40 50 60

Dose (Gy)

Thick Solid: TPS; Dashed: Mobius3D; Thin Solid: Delivered (MobiusFX)
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MObiUS FX = Alarm Wenn Sie uns brauchen

Transverse Gamma

Transverse Plane at 0 cm from Max Dose Vertical Dose Profile

Patient Coordinate System (cm)

CT Table Height specified in CT DICOM: 19.9 ¢cm; CT couch removed ) 25
Dose (Gy)

28
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Mobius Fx - Alarm

- Bank A

) -8 Bank B
£
E 15
:
W
wn
=
=

10 15 20 25 30 35 40
Leaf Number
Boar:
X1 X2 Yl Y2 Collimator Gantry
RMS Error .. - 3.92 mm 3.32 mm 0.2° 8.6°
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Mobius Fx - Alarm

Data Transfer

Energy (MV)

Segments

X1 /X2 Jaws (cm)

Y1/Y2 Jaws (cm)

Wedge
MLC
Rotation

Gantry

Collimator

Couch

Delivery Time

Beam On

3a

v
Alent
6
2240
176.0
S541011.7
20410

10.5

11to 15
1151018

None
VMAT
VMAT

180° 10
280.3°

339.8° 10
339.9°

0e

1 min 4
sec

85.4%

4a

Alert

6
2580
176.0
2.01 10
125

2.07 10 13

11to 15
11510 16

None

VMAT

VMAT

280.2° 1o
180.3°

339.8°

0e®

1 min 3
sec

87.6%
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Wenn Sie uns brauchen.

* Neuplanung da BW
angeschwollen war

* Mobius vergleicht
ursprunglichen Plan

(Mobius3D) mit

Neuplan (MobiusFx)
 Die Plane sind ahnlich
aber nicht identisch

30
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Schlussfolgerung - Zusammenfassung — o seus oo

Mobius gut und schnell integriert

Kombination von Mobius 3D und Mobius Fx ist DIN-
konform

Machine-QA-Programm nach DIN
Monatliche Pat-QA (Tandem)
Verbesserungspotential:

— Modell individuell besser anpassbar (bei uns
nicht die aktuellste Version)

— Qutside-Air-Treshold
— Schichten und Profile wahlbar
Tomotherapie?

31
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